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About This Book

This reference manual defines the functionality of the MPC8309. The MPC8309 is a cost-effective,
highly integrated communications processor that addresses the requirements of several networking
applications, including residential gateways, modem/routers, industrial control, and test and measurement
applications.

The MPC8309 extends current PowerQUICC offerings, adding higher CPU performance, additional
functionality, and faster interfaces, while addressing the requirements related to time-to-market, price,
power consumption, and board real estate.

Organization

The major parts of this reference manual are briefly described as follows:

» Chapter 1, “Overview,” provides a high-level description of features and functionality of the
MPC8309. It describes the device, itsinterfaces, and the programming model. The functional
operation of the device, with emphasis on peripheral functions, is also described.

* Chapter 2, “Memory Map,” describes the memory map of the device. An overview of the local
addressmap isprovided. Next, acompletelisting of all memory-mapped registersisprovided, with
cross references to the sections detailing descriptions of each.

» Chapter 3, “Signal Descriptions,” providesalisting of all the external signals, cross-referencesfor
signalsthat serve multiplefunctions, their functional blocks, and 1/0 states. Also, these signalsare
listed by alphabetical order.

» 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 device.

» Chapter 5, “ System Boot,” describes the overall initialization of the MPC8309.

» Chapter 6, “ System Configuration,” provides an overview of several functions that control the
local access windows, system configuration, software watchdog, real time clock, periodic and
general purpose timers, power management, protection, and general utilities.

» Chapter 7, “Arbiter and Bus Monitor,” provides an overview of the arbiter in the device. Also, it
describes the configuration, control, and status registers of the arbiter.

» Chapter 8, “e300 Processor Core Overview,” providesan overview of the basic functionality of the
processor core and briefly describes how the functional units interact.

» Chapter 9, “Integrated Programmable Interrupt Controller (IPIC),” describes the IPIC interrupt
protocol, various types of interrupt sources controlled by the IPIC unit, and the IPIC registerswith
some programming guidelines. It also provides a definition of the external interrupt signals and
their functions. In addition, the interrupt configuration, control, and status registers are described
in this chapter.
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Chapter 10, “DDR Memory Controller,” describes the DDR2 memory controller of the device.
Thisfully programmable controller supports most DDR memories avail able today, including both
buffered and unbuffered devices. Dynamic power management and auto-precharge modes simplify
memory system design.

Chapter 11, “Enhanced Local Bus Controller,” describes the enhanced local bus controller (eLBC)
of the device. It describes the external signals and the memory-mapped registers aswell asa
functional description of the general-purpose chip-select machine (GPCM), Flash control machine
(FCM), and user-programmable machines (UPMs) of the eLBC. Also, it includes an initialization
and applications information section with many specific examples of its use.

Chapter 12, “Enhanced Secure Digital Host Controller,” describes the enhanced SD Host
Controller, which provides an interface between the host system and SD/MMC/SDIO cards. It
provides a functional description of the major system blocks and includes command information
for the host.

Chapter 13, “DMA Engine 1,” describes a second-generation platform modul e capabl e of
performing complex data transfers with minimal intervention from a host processor through 16
programmabl e channels. The hardware micro-architecture includes a DMA engine, which
performs source and destination address calculations, and the actual data movement operations,
along with alocal memory containing the transfer control descriptors (TCD) for the channels.

Chapter 14, “DMA Engine 2,” describes the DMA Engine 2, which supports communication
between two processors on different buses.

Chapter 15, “FlexCAN,” describes the FlexCAN module, which is a communication controller
implementing the CAN protocol according to the CAN 2.0B protocol specification.

Chapter 16, “Universal Seria Bus Interface,” describes the universal serial bus (USB) interface.
The USB DR module isa USB 2.0-compliant serial interface engine for implementing a USB
interface. The DR module supports the required signaling for UTMI low pin count interface
(ULPI) transceivers (PHY's). An external PHY would be used to interface to ULPI.

Chapter 17, “I%C Interfaces,” describes the inter-1C (11C or 1°C) bus controllers of the device.
These synchronous, serial, bidirectional, multiple-master buses allow two-wire connection of
devices, such asmicrocontrollers, EEPROMS, real-time clock devices, A/D converters, and LCDs.
The device powers up in boot sequencer mode, which allows the 12C controllersto initialize
configuration registers,

Chapter 18, “DUART,” describes the (dual) universal asynchronous receiver/transmitters
(UARTS) which feature a PC16552D-compatible programming model. These independent UARTS
are provided specifically to support system debugging.

Chapter 19, “Serial Peripheral Interface,” describesthe MPC8309 serial peripheral interface (SPI)
that allows the exchange of data between the MPC8309 and MPC83xx family of devices. The SPI
can al so be used to communi cate with peripheral devices such asEEPROMS, real-time clocks, A/D
converters, and ISDN devices.

Chapter 20, “JTAG/Testing Support,” describesthejoint test action group (JTAG) interface of the
MPC8309 to facilitate boundary-scan testing. The JTAG interface compliesto the IEEE 1149.1™
boundary-scan specification.
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Chapter 21, “General Purpose I/0O (GPIO),” describes the general purpose I/0 (GPIO) module in
the MPC8309, including adefinition of the external signalsand functionsthey serve. Additionally,
interrupt capabilities, pin description, and register settings are described.

Chapter 22, “ Sequencer,” describes the I/0O sequencer, which switches transactions among its
ports, using a buffer pool to minimize blocking.

Chapter 23, “PCI Bus Interface,” describes the PCI interface, which complies with the PCI Local
Bus Specification, Rev. 2.3. This chapter provides a basic description of PCI bus operations. The
specific emphasisis directed at how this device implements the PCI specification.

Chapter 24, “QUICC Engine Block on the MPC8309,” serves as both a general overview of the
QUICC Engine block and a guide to the specific implementation of the QUICC Engine block on
the MPC8309.

Appendix A, “ Complete List of Configuration, Control, and Status Registers,” listsall theregisters
used with MPC83009.

Appendix B, “Revision History,” lists the major differences between revisions of the MPC8309
Power QUICC Il Pro Integrated Communications Processor Reference Manual.

Suggested Reading

This section lists additional reading that provides background for the information in thismanual aswell as
genera information about the architecture.

General Information

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

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

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

Computer Organization and Design: The Hardware/Software 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:

€300 Core Reference Manual—This book provides a more detailed description of the €300 core.

MPC8309 Power QUICC Il Pro Processor Device Errata—This document details all known
silicon erratafor the Freescale | Psin the MPC8309.

MPC8309 Power QUICC |1 Pro Integrated Communications Processor Hardware
Soecification—This document provides an overview of the MPC8309 features, its hardware
specifications, including a block diagram showing the major functional components. Hardware
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specifications provide specific data regarding bus timing, signal behavior, and AC, DC, and
thermal characteristics, aswell as other design considerations.

For more information on other device 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 issaid to be set.

mnemonics Instruction mnemonics are shown in lowercase bold

italics Italics indicate variable command parameters, for example, beetrx
Book titlesin text are set in italics
Internal signals are set in lowercaseitalics, for example, core_int

0x0 Prefix to denote hexadecimal number

0Ob0 Prefix to denote binary number

rA,rB Instruction syntax used to identify a source GPR

rD Instruction syntax used to identify a destination GPR

REG[FIELD] Abbreviations for registers are shown in uppercase text. Specific bits, fields, or

ranges appear in brackets. For example, MSR[LE] refersto thelittle-endian mode
enable bit in the machine state register.

In some contexts, such assignal encodings, an unitalicized x indicatesadon’t care
Anitalicized x indicates an alphanumeric variable

An italicized n indicates a numeric variable

NOT logical operator

AND logical operator

| OR logical operator

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

Indicates areserved bit field in aregister. Although these bits can be written to as
ones or zeros, they are always read as zeros.

lJ S5 X X

Ro

Rl 0 Indicates areserved bit field in a memory-mapped register. Although these bits
can be written to as ones or zeros, they are always read as zeros.

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

R Indicates awrite-only bit field in amemory-mapped register. Although these bits
wIRELDNAME can be written to as ones or zeros, they are always read as zeros.
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Signal Conventions
OVERBAR An overbar indicates that asignal is active-low.
lowercase_italics Lowercaseitalicsis used to indicate internal signals.

lowercase plaintext  Lowercase plain text isused to indicate signals that are used for configuration.

Acronyms and Abbreviations

Tablei contains acronyms and abbreviations used in this document.
Tablei. Acronymsand Abbreviated Terms

Term Meaning

AFEU ARC four execution unit

BD Buffer descriptor

BIST Built-in self test

CD Collision detect
CoL Collision
CPM Communication processor module

CRC Cyclic redundancy check

CRS Carrier sense
CSB Coherent system bus
CSMA Carrier-sense multiple access

DDR Double datarate

DMA Direct memory access

DRAM Dynamic random access memory

DTLB Data tranglation lookaside buffers

DUART Dual universal asynchronous receiver/transmitter

EA Effective address

ECC Error checking and correction
EHCI Enhanced host controller interface
EHPI Enhanced host port interface

EPROM Erasable programmable read-only memory

FS Full-speed

FCS Frame-check sequence

GMII Gigabit mediaindependent interface

GPCM General-purpose chip-select machine

GPIO General-purpose |/O

GPR General-purpose register
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Tablei. Acronyms and Abbreviated Terms (continued)

Term Meaning
GTM General purpose timers
IAD Internet access device
1C Inter-integrated circuit
IEEE Ingtitute of electrical and electronics engineers
10S 1/0 sequencer
IPG Interpacket gap
ISDN Integrated services digital network
ITLB Instruction translation lookaside buffer
19] Integer unit
JTAG Joint test action group
LALE LBC external address latch enable
LBC Local bus controller
LRU Least recently used
LSB Least-significant byte
Isb Least-significant bit
LSU Load/store unit
MAC Multiply accumulate, media access control
MCP Machine-check interrupt
MDI Medium-dependent interface
MDEU Message digest execution unit
MIB Management information base
MII Media independent interface
MMU Memory management unit
MPH Multi-port host
MSB Most-significant byte
msb Most-significant bit
(O] Open systems interconnection
PCI Peripheral component interconnect
PCS Physical coding sublayer
PIC Programmable interrupt controller
PIT Periodic interval timer
PKEU Public key execution unit
PMA Physical medium attachment
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Tablei. Acronyms and Abbreviated Terms (continued)

Term Meaning

PMD Physical medium dependent

POR Power-on reset

PRI Primary rate interface

RGMII Reduced gigabit media independent interface

RISC Reduced instruction set computing

RMON Remote monitoring

RMW Read-modify-write

RNG Random number generator

RTBI Reduced ten-hit interface

RTC Real time clock module

Rx Receive
RxBD Receive buffer descriptor
SCL Serial clock

SDA Serial data

SFD Start frame delimiter
S Serial interface
SPI Serial periphera interface

SPR Special-purpose register

SRAM Static random access memory

TAP Test access port

TBI Ten-bit interface

TLB Trandation lookaside buffer

TSEC Three-speed Ethernet controller

Tx Transmit

TxBD Transmit buffer descriptor

UART Universal asynchronous receiver/transmitter

UPM User-programmable machine

UTP Unshielded twisted pair

WDT Watchdog timer

ZBT Zero bus turnaround
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Chapter 1
Overview

This chapter provides an overview of the MPC8309 PowerQUICC |1 Pro processor features, including a
block diagram showing the major functional components. The MPC8309 is a cost-effective, highly
integrated communication processors. The device extends the PowerQUICC family, adding higher CPU
performance, additional functionality, and faster interfaces while addressing the requirements related to
time-to-market, price, power consumption, and package size.

1.1 MPC8309 PowerQUICC Il Pro Processor Overview

Figure 1-1 showsthe mgjor functional units within the MPC8309. The €300c3 corein the MPC8309, with
its 16 Kbytes of instruction and 16 Kbytes of data cache, implements the PowerPC user instruction set
architecture and provides hardware and software debugging support. Another is the QUICC Engine, a
communications complex based on QUICC Engine, which provides termination and switching between a
wide range of protocolsincluding Ethernet, IEEE 1588, TDM, and HDL C. Other major featuresinclude a
DDR2 SDRAM memory controller with 8 bit ECC, an enchanced local bus (eLBC), an enhanced secure
digital host controller (eSDHC), a 32-bit PCI-2.3 controller, an integrated programmable interrupt
controller (IPIC), ageneral purpose DMA controller, four FlexCAN interfaces with maximum 64 message
bufferseach, two I2C controllers, two DUARTS, GPIOs, USB, one general purposetimer block, and an SPI
controller.
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2x DUART e300c3 Core with Power
12C Management
Timers 16-KB 16-KB
GPIO I-Cache D-Cache
SPI Int i ULPI
RTC nterrup FPU USB 2.0 HS Enhanced DDR2
Controller Host/Device/OTG Local Bus Controller
$ i A A i A
Y ( Y
A I/0 A A A
Y Sequencer Y Y Y
. (10S) DMA
QUICC Engine Block Engine 1 | [* T1eXCAN eSDHC
|16 KB Multi-User RAM‘
Accelerators|
Baud Rate ‘48 KB Instruction RAM‘ PCI DMA
Engine 2
Generators

|Sing|e 32-bit RISC CPH Serial DMA |

Time Slot Assigner

Serial Interface

1.2

The major features of this device are as follows:

Y

Y

Y

* e300c3 Power Architecture® processor core

latency times

Enhanced version of the MPC603e core
High-performance, superscalar processor core with a four-stage pipeline and low interrupt

2x TDM Ports 2 RMII/MII 1 RMII/MII
2x HDLC 2x |IEEE 1588
Figure 1-1. MPC8309 Block Diagram
Features

Floating-point, dual integer units, load/store, system register, and branch processing units
16-Kbyte instruction cache and 16-K byte data cache with lockable capabilities
Capable of completing two MACs every 3 cycles
Dynamic power management

Enhanced hardware program debug features
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— Software-compatible with Freescal e processor families implementing Power Architecture
technology

— Separate PLL that is clocked by the system bus clock
— Performance monitor
*  QUICC Engine block

— 32-bit RISC controller for flexible support of the communications peripherals with the
following features:

One clock per instruction

Separate PLL for operating frequency that isindependent of system’s bus and €300 core
frequency for power and performance optimization

32-bit instruction object code

Executes code from internal IRAM

32-hit arithmetic logic unit (ALU) data path

Modular architecture allowing for easy functional enhancements
Slave bus for CPU access of registers and multiuser RAM space
48 Kbytes of instruction RAM

16 Kbytes of multiuser data RAM

— Seria DMA channel for receive and transmit on al serial channels

— Five unified communication controllers (UCCs) supporting the following protocols and
interfaces:

10/100 Mbps Ethernet/| EEE® Std. 802.3® through MII and RMII interfaces.
|[EEE Std. 1588™ support

HDL C/Transparent (bit rate up to QUICC Engine operating frequency / 8)
HDLC Bus (bit rate up to 10 Mbps)

Asynchronous HDL C (bit rate up to 2 Mbps)

Multi-channel controller on UCC (UMCC) controller functionality, which can emulate
time-division seria channels using a single unified communication controller (UCC) and a
time-division multiplexed (TDM) physical interface

For more information on QUICC Engine sub-modules, see QUICC Engine™ Block Reference
Manual with Protocol Interworking.

» DDR SDRAM memory controller
— Programmable timing supporting DDR2 SDRAM
— Integrated SDRAM clock generation
— Supports 8 bit ECC
— 16/32-bit datainterface, up to 266-MHz datarate
— 14 address lines
— Thefollowing SDRAM configurations are supported:
— Uptotwo physical banks (chip selects), each bank upto 512-Mbyte addressable space for

32 bit data interface
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— 64-Mbit to 2-Ghit devices with x8/x16/x32 data ports (no direct x4 support)

— One 16-hit device or two 8-bit devices on a 16-bit bus, or two 16-bit devices or four 8-bit
devices on a 32-hit bus

Support for up to 16 simultaneous open pages for DDR2
Two clock pairsto support up to 4 DRAM devices
Supports auto refresh

On-the-fly power management using CKE

* PCl interface

Designed to comply with PCI Local Bus Specification, Revision 2.3

32-bit PCI interface operating at up to 66 MHz

PCI 3.3-V compatible

Not 5-V compatible

Support for host and agent modes

Support for PCI-to-memory and memory-to-PCI streaming

Memory prefetching of PCI read accesses and support for delayed read transactions
Support for posting of processor-to-PCl and PCI-to-memory writes

On-chip arbitration, supporting three masters on PCI

Arbiter support for two-level priority request/grant signal pairs

Support for accesses to al PCI address spaces

Support for parity

Selectable hardware-enforced coherency

Address trandation units for address mapping between host and peripheral
Mapping from an external 32-/64-bit address space to the internal 32-bit local space
Support for dual address cycle (DAC) (as atarget only)

Internal configuration registers accessible from PCI

Selectable snooping for inbound transactions

Four outbound translation address windows

— Support for mapping 32-bit internal local memory space to an external 32-bit PCl address
space and trandating that address within the PCI space

Four inbound translation address windows corresponding to defined PCI BARsS
— Thefirst BAR is 32-bits and dedicated to on-chip register access

— The second BAR is 32-bits for general use

— The remaining two BARs may be 32- or 64-bits and are also for general use

* Enhanced local bus controller (eLBC)

Multiplexed 26-bit address and 8-/16-bit data operating at up to 66 MHz
Eight chip selects supporting eight external slaves

— Four chip selects dedicated

— Four chip selects offered as multiplexed option
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Supports boot from parallel NOR Flash and parallel NAND Flash
Supports programmable clock ratio dividers

Up to eight-beat burst transfers

16- and 8-bit ports, separate LWE for each 8 bit

Three protocol engines available on a per chip select basis:

— General-purpose chip select machine (GPCM)

— Three user programmable machines (UPMSs)

— NAND HFash control machine (FCM)

Variable memory block sizes for FCM, GPCM, and UPM mode
Default boot ROM chip select with configurable bus width (8 or 16)

Provides two Write Enable signals to allow single byte write access to external 16-bit eLBC
slave devices

* Integrated programmable interrupt controller (IPIC)

Functional and programming compatibility with the MPC8260 interrupt controller
Support for external and internal discrete interrupt sources

Programmable highest priority request

Six groups of interrupts with programmable priority

External and internal interrupts directed to host processor

Redirects interrupts to external PCI_INTA signal when in core disable mode
Unique vector number for each interrupt source

* Enhanced secure digital host controller (eSDHC)

Compatible with the SD Host Controller Sandard Specification Version 2.0 with test event
register support
Compatible with the MMC System Specification Version 4.2

Compatiblewith the SO Memory Card Specification Version 2.0 and supports the high capacity
SD memory card

Compatible with the SD Input/Output (SD10) Card Specification, Version 2.0

Designed to work with SD Memory, miniSD Memory, SDIO, miniSDIO, SD Combo, MMC,
MM_Cplus, and RSMMC cards

Card bus clock frequency up to 31.25 MHz

Supports 1-/4-bit SD and SDIO modes, 1-/4-bit modes

— Upto 133 Mbps data transfer for SD/SDIO/MMC cards using 4 parallel datalines
Supports block sizes of 1 ~ 4096 bytes

* Universal serial bus (USB) dual-role controller

Designed to comply with Universal Serial Bus Revision 2.0 Specification
Supports operation as a stand-alone USB host controller
Supports operation as a stand-alone USB device
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— Supportshigh-speed (480-Mbps), full-speed (12-Mbps), and |ow-speed (1.5-M bps) operations.
Low speed isonly supported in host mode.
* FlexCAN module
— Full implementation of the CAN protocol specification version 2.0B
— Up to 64 flexible message buffers of zero to eight bytes data length
— Powerful Rx FIFO ID filtering, capable of matching incoming IDs
— Selectable backwards compatibility with previous FlexCAN module version
— Programmabl e loop-back mode supporting self-test operation
— Global network time, synchronized by a specific message
— Independent of the transmission medium (an external transceiver is required)
— Short latency time due to an arbitration scheme for high-priority messages
« Dua I°Cinterfaces
— Two-wireinterface
— Multiple-master support
— Master or Slave 1°C mode support
— On-chip digital filtering rejects spikes on the bus
— 12C 1 can be used as the boot sequencer
* DMA Enginel
— Support for the DMA engine with the following features:

Sixteen DMA channels
All data movement via dual-address transfers: read from source, write to destination
Transfer control descriptor (TCD) organized to support two-deep, nested transfer operations

Channel activation via one of two methods (for both the methods, one activation per
execution of the minor loop is required):

— Explicit software initiation

— Initiation via a channel-to-channel linking mechanism for continuous transfers
(independent channel linking at end of minor loop and/or major loop)

Support for fixed-priority and round-robin channel arbitration

Channel completion reported via optional interrupt requests

— Support for scatter/gather DMA processing
* |/O sequencer
* Direct memory access (DMA) controller (DMA Engine 2)
— Four independent fully programmable DMA channels
— Concurrent execution across multiple channels with programmable bandwidth control
— Misaligned transfer capability for source/destination address
— Data chaining and direct mode
— Interrupt on completed segment, error, and chain
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« DUART
— Supports two DUART blocks
— Each DUART comprises a 2-wire interface (RxD, TxD).

— A DUART, ie. two UART can be configured to become one UART with a4-wire interface
(RxD, TXD, RTS, CTYS).

— Programming model compatible with the original 16450 UART and the PC16550D
» Serid peripheral interface (SPI)
— Master or slave support
* Power management controller (PMC)
— Support core nap/sleep power management
— Exitslow power state and returns to full-on mode on
— The coreinternal time base unit invokes a request to exit low power state

— The power management controller detects that the system is not idle and there are
outstanding transactions on the internal bus

* Pardld I/O
— General-purpose 1/0 (GPIO)
— 64 paralle 1/0 pins multiplexed on various chip interfaces
— Interrupt capability
e Systemtimers
— Periodic interrupt timer
— Software watchdog timer
— Eight general-purpose timers
* Real time clock (RTC) module
— Maintains a one-second count, unique over a period of thousand of years
— Two possible clock sources:
— External RTC clock (RTC_PIT_CLK)
— CSB busclock
* |EEE $d. 1149.1™ compliant JTAG boundary scan

1.3 MPC8309 Architecture Overview

The following sections describe the major functional units of this deviceM PC8309.

1.3.1 Power Architecture Core

The device contains the e300c3 Power Architecture processor core, which is an enhanced version of the
MPC603e core (used in previous generations of PowerQUICC |1 processors). Enhancements include
integrated parity checking, dual integer units, and other performance-enhancing features. The €300 coreis
upward software-compatible with existing MPC603e core-based products.
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For detailed information regarding the processor core refer to the following:

* The e300 Power Architecture Core Family Reference Manual (chapters describing the
programming model, cache model, memory management model, exception model, and instruction
timing) (Document No. E300CORERM)

» The Programming Environments Manual for 32-Bit Implementations of the PowerPC™
Architecture (Document No. MPCFPE32B)

The €300 core is alow-power implementation of the family of microprocessors that implements Power
Architecture technology. The coreimplementsthe 32-bit portion of the architecture, which provides 32-bit
effective addresses, integer datatypes of 8, 16, and 32 bits, and floating-point data types of 32 and 64 bits.

The coreisasuperscalar processor that can issue three instructions (two plus a branch) and completes and
retires as many as two instructions per clock cycle. Instructions can execute out of order for increased
performance; however, the core makes compl etion appear sequential.

The €300c3 core integrates six execution units—two integer units (IU1 and 1U2) with full multiply and
divides, a branch processing unit (BPU) with static branch prediction, aload/store unit (LSU) for data
transfers, aperformance monitor, and asystem register unit (SRU). The ability to executefive instructions
in parallel and the use of simple instructions with rapid execution times yield high efficiency and
throughput. Most integer instructions execute in one clock cycle; two integer instructions may be executed
at the same time with the dual integer units. The FPU is pipelined so a single-precision multiply-add
instruction can be issued and completed every clock cycle.

The €300c3 core providesindependent on-chip, 16-Kbyte, four-way set-associative, physically-addressed
instruction and data caches with parity and integrated way lock capabilities. The processor also features
independent on-chip instruction and data memory management units (MMUS). The MMUs contain
64-entry, two-way set-associative, data and instruction translation lookaside buffers (DTLB and ITLB)
that provide support for demand-paged virtual memory address trandlation. The caches use a pseudo | east
recently used (PLRU) replacement algorithm; the TLBs use aleast recently used (LRU) replacement
algorithm. The processor also supports block address trandlation through the use of two independent
instruction and data block address translation (IBAT and DBAT) arrays of eight entries each. Effective
addresses are compared simultaneously with al eight entriesin the BAT array during block trandlation. In
accordance with the architecture, if an effective address hitsin both the TLB and BAT array, the BAT
trang ation takes priority.

As an added feature to the e300 core, the device can lock the contents of three of the four waysin the
instruction and data cache (or an entire cache). For example, this alows embedded applications to lock
interrupt routines or other important (time-sensitive) instruction sequences into the instruction cache. It
allows datato be locked into the data cache, which may be important to code that must have deterministic
execution.

The €300 core has high-performance 64-bit data bus and 32-bit address bus interfaces to the rest of the
device. The e300 core supports single-beat and burst data transfers for memory accesses, and
memory-mapped 1/0O operations.

Figure 1-2 provides ablock diagram of the e300 core that shows how the execution units (1U1, U2, FPU,
BPU, LSU, and SRU) operate independently and in parallel. Note that thisis a conceptual diagram and
does not attempt to show how these features are physically implemented on the chip.
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1.3.2 QUICC Engine Block

The QUICC Engine block is aversatile communications complex that integrates several communications
peripheral controllers. It provides an on-chip system design that can be used as a building block for chip
integration in avariety of applications, particularly in communications and networking systems.

The QUICC Engine block is the next generation of the Power QUICC || CPM and maintains a high level
of compatibility with it. It contains the following communication peripherals:
* Fiveunified communication controllers (UCCs) with the following features:
— 10/100 Mbps Ethernet/|EEE Std. 802.3 through MI1I and RMII interfaces
— |EEE Std. 1588 support for MPC8309
— Ethernet, HDLC/HDL C bus, and transparent protocols (also known as fast protocols).
— Ethernet for the First Mile (IEEE 802.3ah 2BASE-TL and 10PASS-TS)
— Async HDLC that are user compatible with the SCC of the CPM
— The HDLC and transparent protocols are user compatible with the FCC of the CPM.
» Timeslot assigner and serial interface (Sl) for 2 TDMsand full duplex routing RAM of 512 entries.

The UCCs are similar to the PowerQUICC 11 peripherals: SCC (HDLC bus), and FCC (fast Ethernet,
HDLC, and transparent).

Figure 1-3 shows the internal architecture and the interfaces provided by the QUICC Engine block. The
QUICC Engine block containsfive UCCs controlled by asingle RISC engine. A common multiuser RAM
isused to store parametersfor RISC engine. Theinstruction RAM isused to run RISC codefrom the RAM.
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1.3.2.1 QUICC Engine Interfaces

The following sections describe the different QUICC Engine interfaces.

1.3.2.1.1 System Interface

The QUICC Engine block communicates with the CPU core in the following ways:

Many parameters are exchanged through the multiuser RAM.

The QUICC Engine block can execute special commands issued by the CPU. These commands
should only be issued in specia situations such as exceptions and error recovery.

The QUICC Engine block generates interrupts through the system interface (SI) interrupt
controller.

The CPU can read/clear the QUICC Engine block status/event registers at any time.

1.3.2.1.2 QUICC Engine Communication Interfaces

The following are the total number of interfaces in the QUICC Engine block:

One of the 3 RMII/MII interfaces is multipliexed with IEEE 1588 functions.
2 TDMs, each containing data, clocks, sync, and strobes
Some of the interfaces are multiplexed and cannot be used simultaneously.
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1.3.2.2 Differences Between the QUICC Engine Block and the MPC82xx/85xx

CPM

The following MPC82xx/MPC85xx features have been modified for the QUICC Engine block:

SCC DPLL isnot provided
SCC 10 Base T (7-wire Ethernet) is no longer provided
HDLC bus protocol programming model is FCC- instead of SCC-compatible

Enhanced Ethernet controller which provides support for frame filtering based on the VLAN tag
or any Ethernet type field and parsing of frame headers to perform table lookups

Genera circuits interface (GCI) circuits through the serial interface are not supported.
Theinstruction RAM isindirectly accessed.

1.3.2.3 Enhanced Features of the QUICC Engine Block Compared with the CPM
The following list highlights some significant improvements in the QUICC Engine block:

Enhanced Ethernet features that provide for:

— Framefiltering based on the MAC destination and source address, VLAN tag field and parsing
of frame headers to perform table lookups.

— IP support for 1Pv4 and 1Pv6 packetsincluding TOS and header checksum processing.
— UEC controller for 10/100 Mbps with support of VLAN
|EEE Std. 1588 support

— ThelEEE Std. 1588 hardware assistance is supported on the RM11/M11 10/100 Mbpsinterfaces
(full and half duplex)

— Per packet timestamp tag for Rx

— Programmabl e timestamp capture for Tx

— Recognition of PTP packet — periodic pulse generation

— Self-correcting precision timer with sub micro-second resolution

— Phase aligned adjustable (divide by N) clock output

— Two 64-bit alarm (future time) registers that hold the value of the future time for comparison
— Maskable interrupts on alarm
— Programmable polarity for both alarm (future time) output signals

— Supports two timestamp trigger pins

User can modify the peripheral’s (UCC) parameter RAM base address in the multi-user RAM

User programmable FIFO size for UCC fast protocols.

The QUICC Engine operating frequency is independent of the SIU bus frequency, providing
greater performance/power flexibility.

Two independent time-stamp registerstriggered by an external or internal clock
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1.3.24 Software Migration from the MPC82xx/MPC85xx Family Devices

The QUICC Engine block was designed to minimize the changes required in run time code devel oped for
the PowerQUICC Il in order to ease the code porting from previous PowerQUICC Il and CPM enabled
devices (MPC82xx family, MPC85xx CPM enabled derivatives) to this device. Specia attention was
given to maintain compatibility with interrupts, events, status, interrupt event queues and data descriptors.
However, significant changes have been made in the Ethernet controllersyielding the significant increase
in performance when using those protocols.

Although some registers are new, many registers in the QUICC Engine block retain the previous mode,
status, and event bits. The buffer descriptor method of transferring data from the QUICC Engine block to
the CPU is maintained. The initialization code differs from that of the MPC82xx.

The UCC isaunification between the SCC and the FCC in the MPC85xx/M PC82xx families of devices.
In HDLC, transparent, and Ethernet modes, the UCC programming model is compatible with the FCC.

For al other protocols (HDLC, transparent, Async HDLC, HDL C Bus, channelized HDL C/transparent),
the QUICC Engine initialization is almost identical to the MPC82xx/M PC85xXx.
1.3.2.5 Serial Protocol Table

Table 1-1 summarizes the available protocols for each serial port.
Table 1-1. QUICC Engine Protocols

Controller
Protocol

ucc Sl
Ethernet V —
HDLC v —
HDLC_BUS v —
Async HDLC \ —
Transparent S —
Multi channel HDLC/Transparent TDM S S
Ethernet management (SMI) V (Opt) —
IEEE 1588 v —
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1.3.2.6 QUICC Engine UCC Capabilities

Not all the UCCsin the QUICC Engine block can be configured for all of the protocols. Table 1-2 liststhe
available protocols per UCC.

Table 1-2. UCC Protocol Enablement in the QUICC Engine Block

Controller
Protocol
UCC1 UCC2 UCC3 UCC5 UCC7
Ethernet v v N _ _
NMSI (HDLC/ Transparent/Async HDLC) — — — \/ N
IEEE 1588 ~ N — _ _

1.3.2.7 QUICC Engine Configurations

The QUICC Engine block offers configuration flexibility for specific applications. The
previously-mentioned functionsare all available, but not all of them can be used at the sametime. Thetwo
physical factors that limit the functionality in any given system are performance and pinout.

Contact a Freescale FAE for more information on serial performance.

1.3.3 DDR2 Memory Controller

Thisfully programmable DDR2 SDRAM controller supports most JEDEC standard x8 or x16 DDR2
memories available today. The DDR memory controller include the following features:

» Support for DDR2 SDRAM
* 16- or 32-bit SDRAM data bus
* Programmable settings for meeting SDRAM timing parameters
* Many different SDRAM configurations supported
— Support for two physical banks (chip selects)
— Support for 64-Mbit to 2-Gbit devices with x8/x16/x32 data ports (no direct x4 support).
e Support for data mask signals and read-modify-write operations for sub-double word writes
* Supports 8-hit ECC
*  Open page management (dedicated entry for each sub-bank)
» Support for error injection on ECC

1.3.4 PCI Bus Interface

The 32-bit PCI controller is compatible with the PCI Local Bus Specification, Rev. 2.3. The PCI interface
can function as a host bridge interface. The PCI interface can optionally function as an agent device. The
PCI controller supports 32-bit addressing and 32-bit data buses. As a host, the device supports read and
write operations to the PClI memory space, the PCI 1/0 space, and the PCI configuration space. Also, the
device can generate PCI special-cycle and interrupt acknowledge commands. As an agent, the device
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supports read and write operations to system memory, as well as PCI configuration space and the on-chip
memory mapped configuration space. The device PCI controller includes the following distinctive
features:

» Address stepping on configuration transactions

» Fast back-to-back transactions

» Datastreaming

»  Supports mapping from an external 32- or 64-bit address space to the internal 32-bit local space
e Supports dual address cycle (DAC) 64-bit addressing mode as target only

* Wheninhost mode, the PCI controller supports external signal isolation, thus enabling power shut
off to external devices

1.3.4.1 PCI Bus Arbitration Unit

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

» Supportsthree REQ/GNT signal pairs, thus supporting three external masters. The device PCI
controller is the fourth member of the arbitration pool.

* Thebusarbitration unit allows fairness as well as a priority mechanism.

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

* Theunit can be disabled to allow a remote arbitration unit to be used.
* Theunit can beisolated to allow power shut off of external devices.

1.3.5 I/0 Sequencer
The 1/0 sequencer switches transactions among the PCI, DMA Engine 2, and internal CSB ports, using a
buffer pool to minimize blocking. The I/O sequencer includes the following features:

» Switches transactions among its ports

» Contains 8 cache-line (32 byte) buffersto alow streaming of PCI transactions

» Performs address translation on outbound PCI transactions

1.3.6 Enhanced Local Bus Controller (eLBC)

The main component of the enhanced local bus controller (eLBC) isitsmemory controller, which provides
a seamless interface to many types of memory devices and peripheras. The memory controller is
responsible for controlling eight memory banks shared by a NAND Flash control machine (FCM), a
general-purpose chip-select machine (GPCM), and up to three user-programmabl e machines (UPMs). As
such, it supports aminimal glue logic interface to SRAM, EPROM, NOR Flash EPROM, NAND Flash
EPROM, burstable RAM, and other peripherals.

The enhanced local bus controller provides two Write Enable signals to allow single byte write access to
external 16-bit eLBC slave devices.
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The main features of the enhanced local bus controller (eLBC) are as follows:
* Memory controller with eight memory banks (chip selects)

32-bit address decoding with mask

Variable memory block sizes (32 Kbytes to 2 Gbytesin FCM mode, 32 Kbytes to 64 Mbytes
in UPM mode, and 32 Kbytes to 64 Mbytesin GPCM mode)

Selection of control signal generation on a per-bank basis

Data buffer controls activated on a per-bank basis

Automatic segmentation of large transactions into memory accesses optimized for bus width
and addressing capability

Write-protection capability

Atomic operation

»  General-purpose chip-select machine (GPCM)

Compatible with SRAM, EPROM, NOR Flash EEPROM, FEPROM, and peripherals
Global (boot) chip-select available at system reset

Boot chip-select support for 8-, 16-bit devices

Minimum three-clock accessto external devices

Two byte-write-enable signals (LWE[0:1])

Output enable signal (LOE)

External access termination signa (LGTA)

* NAND Flash control machine (FCM)

Compatible with small (512 + 16 bytes) and large (2048 + 64 bytes) page parallel NAND
Flash EEPROM

Global (boot) chip-select available at system reset, with 4-Kbyte boot block buffer for
execute-in-place boot loading

Boot chip-select support for 8-bit devices

Dual 2-Kbyte/eight 512-byte buffers allow simultaneous data transfer during Flash reads and
programming

Interrupt-driven block transfer for reads and writes

Programmable command and data transfer sequences of up to eight steps supported

Generic command and address registers support proprietary Flash interfaces

Block write locking to ensure system security and integrity

»  Three user-programmable machines (UPMs)

Programmabl e-array-based machine controls external signal timing with agranularity of up to
one quarter of an external bus clock period

User-specified control-signal patterns run when an internal master requests a single-beat or
burst read or write access

UPM refresh timer runs a user-specified control signal pattern to support refresh
User-specified control-signal patterns can be initiated by software
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— Each UPM can be defined to support devices with depths of 64, 128, 256, and 512 Kbytes, and
1,2, 4,8, 16, 32, and 64 Mbytes

— Support for 8- and 16-bit devices

— Page mode support for successive transfers within a burst

Optional monitoring of transfers between local businternal masters and local bus slaves (local bus
error reporting)

Integrated Programmable Interrupt Controller (IPIC)

The IPIC implements the necessary functions to provide aflexible solution for general-purpose interrupt
control. The IPIC includes the following features:

1.3.8

Functional and programming models are compatible with the MPC8260 interrupt controller
Support for external and internal discrete interrupt sources

Support for one external (optional) and seven internal machine checkstop interrupt sources
Programmable highest priority request

Two programmable priority mixed groups of four on-chip and four external interrupt signals with
two priority schemes for each group: grouped and spread

Four programmable priority internal groups of eight on-chip interrupt signals with two priority
schemes for each group: grouped and spread

Priority interrupts can be programmed to support a critical (cint) or system management (smi)
interrupt type

External and internal interrupts directed to a host processor

Unique vector number for each interrupt source

IPIC can support external interrupt request with programmable triggering mechanism. It can be
programmed to use one of the following mechanisms:

— Activelow level triggering
— Active high level triggering
— Raising edge triggering
— Falling edge triggering

Enhanced Secure Digital Host Controller (eSDHC)

The enhanced secure digital host controller (eSDHC) provides an interface between the host system and
these types of memory cards:

MultiMediaCard (MMC)

MMC isauniversal low-cost data storage and communication medium designed to cover awide
areaof applicationsincluding mobilevideo and gaming, which are availablefrom either pre-loaded
MMC cards or downloadable from cellular phones, WLAN, or other wireless networks.

Secure digital (SD) card
The secure digital (SD) card is an evolution of old MMC technology. It is specifically designed to
meet the security, capacity, performance, and environment requirements inherent in the emerging
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audio and video consumer electronic devices. The physical form factor, pin assignments, and data
transfer protocol are backward-compatible with the old MMC.

« SDIO
Under the SD protocol, the SD cards can be categorized asamemory card, 1/0 card, or combo card.
The memory card invokes a copyright protection mechanism that complies with the security of the

SDMI standard. The 1/O card provides high-speed data I/O with low power consumption for
mobile electronic devices. The combo card has both memory and 1/0 functions.

TheeSDHC actsasabridge, passing host bustransactionsto SD/SDIO/MMC cards by sending commands
and performing data accesses to or from the cards. It handles the SD/SDIO/MMC protocol at the
transmission level.

The eSDHC can select the following modes for data transfer:

e SD 1-bit
» SD 4-bit
» MMC 1-bit
» MMC 4-bit

* ldentification mode (up to 400 KHz)
* Full-speed mode (up to 25 MHZz) or high-speed mode (up to 31.25 MHz)

The eSDHC includes the following features:
» Supports single- and multi-block read and write
» Supports write protection switch for write operations
e Supports synchronous and asynchronous abort
e Supports pause during the data transfer at a block gap
» Supports SDIO read wait and suspend/resume operations
* Supports Auto CMD12 for multi-block transfer
* Host can initiate non-data transfer commands while the data transfer isin progress
* Allowscardsto interrupt the host in 1- and 4-bit SDIO modes
» Embodies afully configurable 128 x 32-bit FIFO for read/write data
e Built-in DMA capabilities

1.3.9 Universal Serial Bus (USB) 2.0

The USB 2.0 controller offers operation as a host or device. The USB controller provides point-to-point
connectivity, which complies with the Universal Serial Bus Revision 2.0 Specification. The USB
controllers can be configured to operate as a stand-alone host or stand-alone device. See Figure 1-4 for
more information.
The host and device functions are both configured to support the following four types of USB transfers:
* Bulk
» Control
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1.3.9.1 USB Dual-Role Controller

» Designed to comply with Universal Serial Bus Revision 2.0 Specification
» Supports operation as a stand-alone USB host controller

— Supports USB root hub with one downstream-facing port

— Enhanced host controller interface (EHCI) compatible
* Supports operation as a stand-alone USB device

— Supports one upstream-facing port

— Supports three programmable bidirectional USB endpoints

»  Supports high-speed (480-Mbps), full-speed (12-Mbps), and low-speed (1.5-Mbps) operations.
Low speed is only supported in host mode.

* Host mode direct connect of full-speed and low-speed devices
* Supports USB on-the-go mode when using an external ULPI (UTMI+ low-pin interface) PHY

1.3.10 FlexCAN Module

* Full implementation of the CAN protocol specification version 2.0B
— Standard data and remote frames (up to 109 bits long)
— Extended data and remote frames (up to 127 bits long)
— 0-8 bytes data length
— Programmable bit rate up to 1 Mbps
— Content-related addressing

* Upto 64 flexible message buffers of zero to eight bytes datalength, each configurableas Rx or Tx,
all supporting standard and extended messages

* Individual mask registers for each message buffer
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* Includes 1056 bytes of RAM (254 x 4) for 64 message buffers storage

* Includes 256 bytes of RAM (64 x 4) for 64 individual Rx mask registers

* Full featured Rx FIFO with storage capacity for six frames and internal pointer handling
* Unused message buffer and Rx mask register space can be used as general purpose RAM space
* Listen only mode capability

* Programmable transmission priority scheme: lowest 1D or lowest buffer number

» Time stamp based on 16-bit, free-running timer

» Globa network time, synchronized by a specific message

* Maskableinterrupts

* Independent of the transmission medium (an external transceiver is required)

» Short latency time due to an arbitration scheme for high-priority messages

1.3.11 Dual I2C Interfaces

Theinter-IC (I1C or I2C) busisatwo-wire—seria data (SDA) and serial clock (SCL)— bidirectional
serial busthat provides asimple, efficient method of dataexchange between the system and other devices,
such as microcontrollers, EEPROMS, real-time clock devices, A/D converters, and LCDs. The two-wire
bus mi nimizes the i nterconnections between devices. The synchronous, multi-master bus of thel 2Calows
the connection of additional devices to the bus for expansion and system development.

The I%C controller is atrue multi-master bus which includes collision detection and arbitration that
prevents data corruption if two or more masters attempt to control the bus simultaneously. This feature
allows for complex applications with multiprocessor control. The 12C controller consists of a
transmitter/receiver unit, clocking unit, and control unit. Thel 2C unit supportsgeneral broadcast mode and
on-chip filtering rejects spikes on the bus.
The 12C interfaces include the fol lowi ng features:

* Two-wireinterface

* Multi-master operational

e Arbitration lost interrupt with automatic mode switching from master to slave

» Cadling addressidentification interrupt

* Bushbusy detection

» Software-programmable clock frequency

» Software-sel ectable acknowledge bit

*  On-chip filtering for spikes on the bus

* Address broadcasting supported

« 1%C 1 can be used as the boot sequencer

1.3.12 DMA Engine 1

The DMA (direct memory access) is capable of performing complex data transfers with minimal
intervention from ahost processor viatwo programmable channels. The hardware architecture includes a
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DMA engine which performs source and destination address cal culations, and the actual data movement
operations, along with alocal memory containing the transfer control descriptors (TCD) for the channels.
This SRAM-based implementation is utilized to minimize the overall module size.

The DMA is a highly-programmable data transfer engine, which has been optimized to minimize the
required intervention from the host processor. It is intended for use in applications where the data size to
be transferred is statically known, and is not defined within the data packet itself. The DMA hardware

supports:
* Single design with two channels (Tx and Rx)
o 32-bytetransfer control descriptor per channel stored in local memory
o 32 bytes of dataregisters, used as temporary storage to support burst transfers

1.3.13 DMA Engine 2

The DMA Engine 2 supports communication between two processors on different buses, for example, a
local processor and a processor on a PCl bus. This unit operates with generic messages and doorbell
registers. This block also providesa DMA controller, which transfers blocks of dataindependent of the
local processor or PCI hosts. The DMA module has four high-speed DMA channels, which share buffer
space in the 1/0 sequencer (10S) to facilitate the gathering and sending of data. The DMA Engine 2 has
the following features:

» Message and doorbell registers for inter-processor communication
* DMA controller
— Four DMA channels
— Concurrent execution across multiple channels with programmabl e bandwidth control
— Misaligned transfer capability
— Datachaining and direct mode
— Interrupt on completed segment, chain, and error

1.3.14 Dual Universal Asynchronous Receiver/Transmitter (DUART)

MPC8309 includes two DUARTSs intended for use in maintenance, bring up, and debug systems. The
device provides a standard two-wire data(TXD, RXD) for each port (can also be configured as one 4-wire
interface (RxD, TxD, RTS, CTYS)). The DUART isadlaveinterface. An interrupt is provided to the
interrupt controller. Interrupts are generated for transmit, receive, and line status.

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

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

The DUART includes the following features:
* Full-duplex operation
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* Programming model compatible with the original PC16450 UART and the PC16550D (an
improved version of the PC16450 that also operates in FIFO mode)

* PC16450 register reset values
* FIFO mode for both transmitter and receiver, providing 16-byte FIFOs

» Serial data encapsulation and decapsulation with standard asynchronous communication bits
(START, STORP, and parity)

» Maskable transmit, receive, and line status interrupts

«  Software-programmable baud rate generators that divide the system clock by 1 to (216 — 1) and
generate a 16x clock for the transmitter and receiver engines

» Software-selectable serial-interface dataformat (data length, parity, 1/1.5/2 STOP bit, baud rate)
* Linestatusregisters

* Line-break detection and generation

* Internal diagnostic support, local loopback, and break functions

» Prioritized interrupt reporting

» Overrun, parity, and framing error detection

1.3.15 Serial Peripheral Interface (SPI)

The seria periphera interface (SPI) allows the device to exchange data between other
PowerQUICC family chips, Ethernet PHY sfor configuration, and peripheral devices such as EEPROMS,
real-time clocks, A/D converters, and ISDN devices.

The SPI is afull-duplex, synchronous, character-oriented channel that supports a four-wire interface
(receive, transmit, clock, and slave select). The SPI block consists of transmitter and receiver sections, an
independent baud-rate generator, and a control unit.

1.3.16 System Timers

The system includes the following timers:
» Periodic interrupt timer
» Software watchdog timer

* Two genera-purpose timer blocks, each supporting four 16-bit programmable timers, two
cascaded 32-bit timers, or one cascaded 64-bit counter

1.3.17 Real Time Clock

RTC has the following features:
* Maintains a one-second count, unique over a period of thousand of years
* A 32-bit counter, which:
— Increments for every one second
— Can beinitialized by software to a specific initial count value
e Anaarm function with programmable and maskable alarm interrupt

MPC8309 PowerQUICC Il Pro Integrated Communications Processor Reference Manual, Rev. 2

Freescale Semiconductor 1-22



Overview

* Programmable and maskable every second interrupt
» Two possible clock sources:

— External RTC clock (RTC_PIT_CLK)

— CSB busclock
» RTC function can be disabled, if required
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Chapter 2
Memory Map

This chapter describes the MPC8309 memory map. The internal memory mapped registers are described,
including acompletelisting of all memory mapped registers with cross referencesto the sections detailing
descriptions of each.

2.1 Internal Memory Mapped Registers

All of the memory mapped registersin the device are contained within a2-Mbyte address region. To allow
for flexibility, the base address of the memory mapped registersisre-locatable in the local address space.
Thelocal address map location of thisregister block iscontrolled by theinternal memory mapped registers
base address register IMMRBAR). See Section 6.2.4.1, “Internal Memory Map Registers Base Address
Register IMMRBAR),” for more information. The default value for IMMRBAR is OxFF40_0000.

2.2 Accessing IMMR Memory from the Local Processor

When the local e300 processor is used to configure IMMR space, the IMMR 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 the associated memory
regions.

To guarantee that the results of any sequence of writesto configuration registers are in effect, the final
configuration register write should be followed immediately by aread of the sameregister, 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 IMMR Address Map

Table 2-1 liststhe location of the functional block base addressesfor the entire IMMRBAR space. Unless
stated otherwisein aparticular block, all accessesto and from the memory mapped registers must be made
with 32-hit accesses. There is no support for accesses of sizes other than 32 hits.

Reading from address |ocations which appear as reserved in the memory map table is not guaranteed to
return predictable data. Writing to address | ocations which appear as reserved in the memory map tableis
not allowed and could |ead to unpredictable behavior of the device. Reserved bitsin non-reserved registers
are read as zero unless the reset value of those bitsis different due to internal logic considerations.

When writing to registers with reserved bits, those reserved bits should be cleared. By doing so, existing
software would be able to run on a future modified device in which some reserved bits were allocated for
enhanced modes. Thiswould allow for maintaining the legacy functionality when set to zero.
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In certain specific cases, reserved bits should not be cleared but should keep their reset value. Thus, the
software should perform a ‘read-modify-write’ and make sure that it does not change the reset value of

those bits. The description of the specific bits indicate when this is needed.

Cross-references are provided to the IMMRBAR maps for each individual block. A completelisting of all
registersis provided in Appendix A, “Complete List of Configuration, Control, and Status Registers.”

Table 2-1. IMMR Memory Map

Block Base Address Block Actual Size Window S:‘:;‘;"’
0x0_0000—0x0_01FF System configuration 512 bytes 512 bytes 6.3.1/6-16
0x0_0200—0x0_02FF Watchdog timer 16 bytes 256 bytes 6.4.4/6-41
0x0_0300—0x0_03FF Real time clock 32 bytes 256 bytes 6.5.5/6-48
0x0_0400—0x0_04FF Periodic interval timer 32 bytes 256 bytes 6.6.5/6-55
0x0_0500—-0x0_05FF Global timers module 1 64 bytes 256 bytes 6.7.5/6-64
0x0_0600—0x0_06FF Reserved — 256 bytes —
0x0_0700-0x0_07FF Integrated programmable 128 bytes 256 bytes 9.5/9-5
interrupt controller (IPIC)
0x0_0800—0x0_08FF System arbiter 30 bytes 256 bytes 7.2/7-2
0x0_0900-0x0_09FF Reset module 44 bytes 256 bytes 4.5.1/4-27
0x0_0A00—0x0_OAFF Clock module 44 bytes 256 bytes 4.5.2/4-31
0x0_0B00-0x0_OBFF Power management control 20 bytes 256 bytes 6.8.2/6-77
module
0x0_0C00-0x0_OCFF |GPIO 1 24 bytes 256 bytes 21.3/21-2
0x0_0D00-0x0_ODFF |GPIO 2 24 bytes 256 bytes 21.3/21-2
0x0_OEO00-0x0_12FF Reserved — 1.25 Kbytes —
0x0_1300-0x0_13FF QUICC Engine port 20 bytes 256 bytes 9.5.24/9-32
interrupts
0x0_1400-0x0_17FF Reserved — 1 Kbyte —
0x0_1800-0x0_1FFF Reserved — 2 Kbytes —
0x0_2000-0x0_2FFF DDR memory controller 3.8 Kbytes 4 Kbytes 10.4/10-9
0x0_3000-0x0_30FF I2C controller 1 24 pytes 256 bytes 17.3/17-4
0x0_3100-0x0_31FF I°C controller 2 24 pytes 256 bytes 17.3/17-4
0x0_3200-0x0_44FF Reserved — 4.75 Kbytes —
0x0_4500-0x0_46FF DUART1 18 bytes x 2 512 bytes 18.3/18-4
(UART1 and UART2)
0x0_4700-0x0_48FF Reserved — 512 bytes —
0x0_4900-0x0_4AFF DUART2 18 bytes x 2 512 bytes 18.3/18-4

(UART3 and UART4)
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Table 2-1. IMMR Memory Map (continued)

Memory Map

Block Base Address Block Actual Size Window S:‘:;Zn/
0x0_4B00-0x0_4FFF | Reserved — 1.25 Kbytes —
0x0_5000-0x0_5FFF | elLBC 224 bytes 4 Kbytes 11.3/11-8
0x0_6000-0x0_6FFF Reserved — 4 Kbytes —
0x0_7000-0x0_70FF SPI 24 bytes 256 bytes 19.4/19-8
0x0_7100-0x0_7FFF Reserved — 3.75 Kbytes —
0x0_8000-0x0_82FF DMA Engine 2 680 bytes 768 bytes 14.2/14-2
0x0_8300—-0x0_83FF Reserved — 256 bytes —
0x0_8400—0x0_84FF I/O sequencer 256 bytes 256 bytes 22.3/22-2
0x0_8500-0x1_BFFF Reserved — 78.75 Kbytes —
0x1_C000-0x1_CFFF | FlexCAN 1 1 Kbyte 4 Kbytes 15.3/15-5
0x1_DO000-0x1_DFFF | FlexCAN 2 1 Kbyte 4 Kbytes 15.3/15-5
Ox1_E000-0x2_2FFF | Reserved — 20 Kbytes —
0x2_3000-0x2_3FFF |USB DR (Device/ OTG) 1280 bytes 4 Kbytes 16.3/16-4
0x2_4000-0x2_8FFF Reserved — 20 Kbytes —
0x2_9000-0x2_9FFF FlexCAN 3 1 Kbyte 4 Kbytes 15.3/15-5
0x2_A000-0x2_AFFF  |FlexCAN 4 1 Kbyte 4 Kbytes 15.3/15-5
0x2_B000-0x2_BFFF Reserved — 4 Kbytes —
0x2_C000-0x2_DFFF | DMA Engine 1 8 Kbytes 8 kbytes 13.2/13-2
0x2_E000-0x2_EFFF |eSDHC 4 Kbytes 4 Kbytes 12.4/12-5
0x2_F000-OxF_FFFF |Reserved — 836 Kbytes —
0x10_0000-0x1F_FFFF | QUICC Engine 1 Mbytes 1 Mbytes 9.5.24/9-32
0x20_0000-0xFF_FFFF | Reserved — 14 Mbytes —
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Chapter 3
Signal Descriptions

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

» Overview of signals and cross references for signals that serve multiple functions, including alist
ordered by functional block and alist by alphabetical order.

» Listof output signal states at reset.

NOTE

A bar over asignal name indicates that the signal is active low, such as
MWE. Active-low signals arereferred to as asserted (active) when they are
low and negated when they are high. Signals that are active high, such as
FEC3 RX_DV, arereferred to as asserted when they are high and negated
when they are low.

3.1 Signals Overview

The signals are grouped as follows:

» DDR2 memory interface signals * |EEE 1588 signals

* DUART interface signals * |PICinterface signas

« I%Cinterface signals * SPlinterface signals

*  QE Ethernet management signals o JTAG interface signals

* QEFECsignas * FlexCAN interface signals
* QETDM/HDLC signds e System control signals
 eLBCsignas » Testinterface signals

* GPlIOinterface signals » Clock interface signals

* Global timers * eSDHC interface signals
 USBsignas * Miscellaneous signals

» PCl signals

Figure 3-1, Figure 3-2, and Figure 3-3 show the external signals of the device and how the signals are
grouped for the MPC8309. Refer to the MPC8309 Power QUICC 11 Pro Integrated Communications
Processor Hardware Specification for a pinout diagram showing pin numbers and alisting of all the
electrical and mechanical specifications.

Note that individual chapters of this document provide details for each signal, describing each signal’s
behavior when asserted and negated and when the signal is an input or an output.
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Figure 3-1. MPC8309 Signal Groupings (1 of 3)
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Figure 3-2. MPC8309 Signal Groupings (2 of 3)
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Figure 3-3. MPC8309 Signal Groupings (3 of 3)

The following tables provide summaries of MPC8309 signal functions. Table 3-1 provides asummary of
signals grouped by function, and Table 3-2 provides a summary of the signals grouped alphabetically.
These tables detail the signal name, interface, aternate functions, number of signals, and whether the
signal isan input,output, or bidirectional. Finally, the table provides a pointer to the table where the signal
function is described.

Table 3-1. MPC8309 Signal Reference by Functional Block

Name Description Functional Alter_nate No. of /o Table/

Block Function(s) Signals Page
MA[0:13] DDR address DDR2 — 14 (0] 10.3/10-3
MECC[0:7] DDR ECC bits DDR2 — 8 /0 10.3/10-3
MBA[0:2] DDR bank select DDR2 — 3 (0] 10.3/10-3
MCAS DDR column address strobe DDR2 — 1 0 10.3/10-3
MCKJO0:1] DDR differential clocks DDR2 — 2 (0] 10.3/10-3
MCK]0:1] DDR differential clocks DDR2 — 2 (0] 10.3/10-3
MCKE DDR clock enable DDR2 — 1 0] 10.3/10-3
MCS[0:1] DDR chip select DDR2 — 2 O | 10.3/10-3
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Table 3-1. MPC8309 Signal Reference by Functional Block (continued)

Signal Descriptions

Name Description Functional Alternate No. of /o Table/
P Block Function(s) Signals Page
MDM][0:3] DDR data mask DDR2 — 4 0] 10.3/10-3
MDM[8] DDR data mask DDR2 — 1 0] 10.3/10-3
MDQ[0:31] DDR data DDR2 — 32 I/0 10.3/10-3
MDQSJ[0:3] DDR data strobe DDR2 — 4 I/0 10.3/10-3
MDQSJ[8] DDR data strobe DDR2 — 1 I/0 10.3/10-3
MODT[0:1] DDR on-die termination DDR2 — 2 (0] 10.3/10-3
MRAS DDR row address strobe DDR2 — 1 (0] 10.3/10-3
MVREF DDR DRAM reference DDR2 — 1 PWR | 10.3/10-3
MWE DDR write enable DDR2 — 1 0] 10.3/10-3
LA[16:25] LBC port address eLBC — 10 (0] 11.2/11-4
LAD[0:15] LBC address date eLBC — 16 I/0 11.2/11-4
LALE LBC address latch enable eLBC — 1 (0] 11.2/11-4
LB_POR_CFG_BOOT |Enable/disable ECC for eLBC USBDR_PCTLI[0)/ 1 I/0 11.2/11-4
_ECC flash during RCW load UART2_SOUTI[1]
LB_POR_BOOT_ Status of ECC error during eLBC USBDR_PCTL[1) 1 (0] 11.2/11-4
ERR boot loading from flash UART2_SOUTI[2)/
UART2_RTS[1]
LBCTL LBC date buffer control eLBC — 1 (0] 11.2/11-4
LCLKO LBC clock 0 eLBC — 1 1/0 11.2/11-4
LCLKA1 LBC clock 1 eLBC GPIO[12)/RXCAN3/ 1 1/0 11.2/11-4
LSRCID4
LCS[0:3] LBC chip select 0-3 eLBC — 4 (0] 11.2/11-4
LCS[4] LBC chip select 4 eLBC GPIO[8/RXCAN1/ 1 (0] 11.2/11-4
LSRCID[0]
LCS[5] LBC chip select 5 eLBC GPIO[9J/TXCAN1/ 1 1/0 11.2/11-4
LSRCID[1]
LCSI[6] LBC chip select 6 eLBC GPIO[10)//RXCAN2/ 1 0] 11.2/11-4
LSRCID[2]
LCS[7] LBC chip select 7 eLBC GPIO[11)/TXCAN2/ 1 1/0 11.2/11-4
LSRCID[3]
LGPL[O)/LFCLE LBC UPM general purpose eLBC — 1 (0] 11.2/11-4
line 0
LGPL[1)/LFALE LBC UPM general purpose elLBC — 1 o 11.2/11-4
line 1
LGPL[2)/LOE/LFRE LBC UPM general purpose elLBC — 1 o 11.2/11-4
line 2
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Table 3-1. MPC8309 Signal Reference by Functional Block (continued)

Name Description Functional Alternate No. of /o Table/
P Block Function(s) Signals Page
LGPL[3]J/LFWP LBC UPM general purpose eLBC — 1 (0] 11.2/11-4
line 3
LGPL4/LGTA/LUPWAI | LBC UPM general purpose eLBC — 1 /0 11.2/11-4
T/LFRB line 4
LGPL5 LBC UPM general purpose eLBC — 1 o 11.2/11-4
line 5
LWE[0)LFWE/LBS0 LBC write enable 0 elLBC — 1 o 11.2/11-4
LWE[1)J/LBS1 LBC write enable 1 elLBC — 1 o 11.2/11-4
LSRCID[0] Local bus debug LBC GPIO[8)/RXCAN1/LCS4 1 1/0 11.2/11-4
source ID O
LSRCID[1] Local bus debug source ID 1 LBC GPIO[9)/TXCAN1//LCS 1 1/0 11.2/11-4
5
LSRCID[2] Local bus debug source ID 2 LBC GPIO[10)/RXCAN2/ 1 1/0 11.2/11-4
LCS6
LSRCID[3] Local bus debug source ID 3 LBC GPIO[11)/TXCAN2/LCS 1 /0 11.2/11-4
7
LSRCID[4] Local bus debug source ID 4 LBC GPIO[12)/RXCAN3/ 1 0] 11.2/11-4
LCLK1
LDVAL Local bus debug data valid LBC GPIO[13)/TXCAN3 1 1/0 11.2/11-4
UART1_CTS[1] DUART clear to send 1 DUART UART1_SIN[2] 1 I/0 18.2/18-3
UART1_RTS[1] DUART ready to send 1 DUART UART1_SOUT[2] 1 0] 18.2/18-3
UART1_SIN[1] DUART serial data in 1 DUART — 1 I/0 18.2/18-3
UART1_SIN[2] DUART serial data in 2 DUART UART1_CTS[1] 1 I/0 18.2/18-3
UART1_SOUTI1] DUART serial data out 1 DUART — 1 0] 18.2/18-3
UART1_SOUTI[2] DUART serial data out 2 DUART UART1_RTS[1] 1 0] 18.2/18-3
UART2_CTS[1] DUART clear to send 1 DUART USBDR_CLK/ 1 | 18.2/18-3
UART2_SIN[2]
UART2_RTS[1] DUART ready to send 1 DUART USBDR_PCTL[1}/ 1 o 18.2/18-3
UART2_SOUT[2)/
LB_POR_BOOT_
ERR
UART2_SIN[1] DUART serial data in 1 DUART USBDR_NXT/QE_EXT 1 1/0 18.2/18-3
_REQ_4
UART2_SIN[2] DUART serial data in 2 DUART USBDR_CLK/ 1 | 18.2/18-3
UART2_CTS[1]
UART2_SOUTI1] DUART serial data out 1 DUART USBDR_PCTL[O)/ 1 I/0 18.2/18-3
LB_POR_CFG_BOOT_
ECC
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Table 3-1. MPC8309 Signal Reference by Functional Block (continued)

Signal Descriptions

Name Description Functional Alternate No. of /o Table/
P Block Function(s) Signals Page
UART2_SOUTI[2] DUART serial data out 2 DUART USBDR_PCTL[1}/ 1 0] 18.2/18-3
UART2_RTS[1)/
LB_POR_BOOT_
ERR
QE_CLK_IN Reference clock input for QE Clocks — 1 | 4.1.2/4-2
PLL
RTC_PIT_CLOCK Clock input for RTC and PIT Clocks — 1 | 4.1.2/4-2
blocks (32.768 KHz clock is
commonly used)
SYS_CLK_IN Reference input clock for Clocks — 1 | 4.1.2/4-2
system PLL
SYS_XTAL_IN Crystal clock input Clocks — 1 | 4.1.2/4-2
SYS_XTAL_OUT Crystal clock output Clocks — 1 (0] 4.1.2/4-2
PCI_SYNC_IN PCI clock sync input Clocks — 1 | 4.1.2/4-2
PCI_SYNC_OUT PCI clock sync output Clocks — 1 (0] 4.1.2/4-2
CFG_CLKIN_DIV Configuration clock in Reset and — 1 | 4.1.2/4-2
division selection clock
SD_CD Card detection signal eSDHC GPIO[2[/MSRCIDI[2] 1 /0 12.3/12-4
SD_CLK eSDHC clock out eSDHC GPIO[0)/MSRCIDI0] 1 1/0 12.3/12-4
SD_CMD eSDHC command/ eSDHC GPIO[1/MSRCIDI[1] 1 1/0 12.3/12-4
response signal
SD_DAT[0] Data signal 0 eSDHC GPIO[4]/MSRCID[4] 1 1/0 12.3/12-4
SD_DAT[1] Data signali eSDHC GPIO[5]/MDVAL 1 1/0 12.3/12-4
SD_DAT[2] Data signal2 eSDHC GPIO[6)/ 1 1/0 12.3/12-4
QE_EXT_REQ_3
SD_DAT[3] Data signal3 eSDHC GPIO[7)/ 1 /0 12.3/12-4
QE_EXT_REQ_1
SD_WP Write protection signal eSDHC GPIO[3Y/ 1 I/0 12.3/12-4
MSRCIDI[3]
PCI_INTA PCI interrupt output PCI — 1 0] 23.2/23-4
PCI_RESET_OUT PCI reset PCI — 1 0] 23.2/23-4
PCI_ADI[0:31] PCI address/data 0 PCI — 32 I/0 23.2/23-4
PCI_C_BEJ[0:3] PCl command/byte enable PCI — 4 1/0 23.2/23-4
0:4
PCI_PAR PCI parity PCI — 1 I/0 23.2/23-4
PCI_FRAME PCI frame PCI — 1 I/0 23.2/23-4
PCI_TRDY PCI target ready PCI — 1 I/0 23.2/23-4
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Table 3-1. MPC8309 Signal Reference by Functional Block (continued)

input

Name Description Functional Alter_nate No. of /o Table/
Block Function(s) Signals Page
PCI_IRDY PCI — 1 I/0 | 23.2/23-4
PCI_STOP PCI stop PCI — 1 /O | 23.2/23-4
PCI_DEVSEL PCI device select PCI — 1 /O | 23.2/23-4
PCI_IDSEL PCl initial device select PCI — 1 I/O | 23.2/23-4
PCI_SERR PCI system error PCI — 1 /O | 23.2/23-4
PCI_PERR PClI parity error PCI — 1 /O | 23.2/23-4
PCI_REQO PCI request 0 PCI — 1 /O | 23.2/23-4
PCI_REQf PCI request 1 PCI CPCI_HS_ES 1 /O | 23.2/23-4
PCI_REQ2 PCI request 2 PCI — 1 I 23.2/23-4
PCI_GNTO PCl grant 0 PCI — 1 /O | 23.2/23-4
PCI_GNT1 PCI grant 1 PCI CPCI_HS_LED 1 O | 23.2/23-4
PCI_GNT2 PCI grant 2 PCI CPCI_HS_ENUM 1 O | 23.2/23-4
M66EN 66-MHz system PCI — 1 | 23.2/23-4
configuration
PCI_CLK[0:2] PCI clock 0:2 PCI — 3 O | 23.2/23-4
CPCI_HS_ES Compact PCI hot-swap PCI PCI_REQf 1 /O | 23.2/23-4
ejector switch
CPCI_HS_LED Compact PCI hot-swap LED PCI PCI_GNT1 1 0 23.2/23-4
CPCI_HS_ENUM Compact PCI hot-swap PCI PCI_GNT2 1 0 23.2/23-4
enumerator
SPICLK SPI clock SPI — 1 /O | 19.3/19-6
SPIMISO SPI master-in slave-out SPI — 1 1/0 19.3/19-6
SPIMOSI SPI master-out slave-in SPI — 1 1/0 19.3/19-6
SPISEL SPI slave select SPI — 1 1/0 19.3/19-6
SPISEL_BOOT SPI slave select boot SPI — 1 0 19.3/19-6
IRQ[O0] External interrupt 0/ IPIC MCP_IN 1 I 9.4/9-5
Machine check interrupt
input
IRQ[1] External interrupt 1 IPIC MCP_OUT 1 I/0 9.4/9-5
IRQ[2] External interrupt 2 IPIC CKSTOP_IN 1 I 9.4/9-5
TRQ[3] External interrupt 3 IPIC CKSTOP_OUT 1 I/0 9.4/9-5
MCP_OUT Machine check interrupt IPIC TRQ[1] 1 I/0 9.4/9-5
output
MCP_IN Machine check interrupt IPIC 1RQ[0] 1 I/0 9.4/9-5
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Table 3-1. MPC8309 Signal Reference by Functional Block (continued)

Signal Descriptions

Name Description Functional Alternate No. of /o Table/
P Block Function(s) Signals Page

TCK Test clock JTAG — 1 | 20.2/20-1

TDI Test data in JTAG — 1 | 20.2/20-1

TDO Test data out JTAG — 1 (0] 20.2/20-1

TMS Test mode select JTAG — 1 | 20.2/20-1

TRST Test reset JTAG — 1 | 20.2/20-1

FEC_MDC FEC management data FEC — 1 (0] 6.3.2/6-17

clock
FEC_MDIO FEC management data FEC — 1 /10 | 6.3.2/6-17
in/out

FEC1_COL FECA1 collision detect FECA1 GTM1_TIN[1}/GPIO[16] 1 /0 | 6.3.2/6-17

FEC1_CRS FEC1 carrier case FECA1 GTM1_TGATE[1)/ 1 /0 | 6.3.2/6-17
GPIO[17]

FEC1_RX_CLK(CLK9 | FEC1 recieve clock FECA GPIO[18] 1 /0 | 6.3.2/6-17

)

FEC1_RX_DV FEC1 recieve data valid FECH GTM1_TIN[2)/GPIO[19] 1 /10 | 6.3.2/6-17

FEC1_RX_ER FEC1 recieve error FECH GTM1_TGATE[2)/ 1 /10 | 6.3.2/6-17
GPIO[20]

FEC1_RXDI0] FEC1 recieve data 0 FECH GPIO[21] 1 /10 | 6.3.2/6-17

FEC1_RXDI[1] FEC1 recieve data 1 FECH GTM1_TIN[3V/ 1 /10 | 6.3.2/6-17
GPIO[22]

FEC1_RXDI[2] FEC1 recieve data 2 FECH1 GTM1_TGATE[3)/ 1 /0 | 6.3.2/6-17
GPIO[23]

FEC1_RXDI[3] FEC1 recieve data 3 FECA1 GPIO[24] 1 /0 | 6.3.2/6-17

FEC1_TX_CLK FEC1 transmit clock in FECA1 GTM1_TIN[4)/ 1 /0 | 6.3.2/6-17

(CLK10) GPIO[25]

FEC1_TX_EN FEC1 transmit enable FECA1 GTM1_TGATE[4)/ 1 /0 | 6.3.2/6-17
GPIO[26]

FEC1_TX_ER FEC1 transmit error FEC1 GTM1_TOUT[4)/ 1 /0 | 6.3.2/6-17
GPIO[27]

FEC1_TXDIO0] FEC1 transmit data O FECH GTM1_TOUT[1Y/ 1 /10 | 6.3.2/6-17
GPIO[28]

FEC1_TXDI[1] FEC1 transmit data 1 FECH GTM1_TOUT[2)/ 1 /10 | 6.3.2/6-17
GPIO[29]

FEC1_TXDI[2] FEC1 transmit data 2 FECH1 GTM1_TOUT[3)/ 1 /0 | 6.3.2/6-17
GPIO[30]

FEC1_TXDI[3] FEC1 transmit data 3 FECH1 GPIO[31] 1 /0 | 6.3.2/6-17
FEC2_COL FEC2 collision detect FEC2 GTM2_TIN[1)/GPIO[32] 1 /0 | 6.3.2/6-17
MPC8309 PowerQUICC Il Pro Integrated Communications Processor Reference Manual, Rev. 2
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Table 3-1. MPC8309 Signal Reference by Functional Block (continued)

Name Description Functional Alternate No. of /o Table/
P Block Function(s) Signals Page

FEC2_CRS FEC2 carrier case FEC2 GTM2_TGATE[1)/ 1 /0 | 6.3.2/6-17
GPIO[33]

FEC2_RX_CLK FEC2 recieve clock FEC2 GPIO[34] 1 /0 | 6.3.2/6-17

(CLK?7)

FEC2_RX_DV FEC2 recieve data valid FEC2 GTM2_TIN[2)/ 1 /0 | 6.3.2/6-17
GPIO[35]

FEC2_RX_ER FEC2 recieve error FEC2 GTM2_TGATE[2)/ 1 /10 | 6.3.2/6-17
GPIO[36]

FEC2_RXDIO0] FEC2 recieve data 0 FEC2 GPIO[37] 1 /10 | 6.3.2/6-17

FEC2_RXDI[1] FEC2 recieve data 1 FEC2 GTM2_TIN[3V/ 1 /10 | 6.3.2/6-17
GPIO[38]

FEC2_RXDI[2] FEC2 recieve data 2 FEC2 GTM2_TGATE[3)/ 1 /10 | 6.3.2/6-17
GPIO[39]

FEC2_RXDI[3] FEC2 recieve data 3 FEC2 GPIO[40] 1 /0 | 6.3.2/6-17

FEC2_TX_CLK FEC2 transmit clock in FEC2 GTM2_TIN[4)/ 1 /0 | 6.3.2/6-17

(CLK8) GPIO[41]

FEC2_TX_EN FEC2 transmit enable FEC2 GTM2_TGATE[4)/ 1 /0 | 6.3.2/6-17
GPIO[42]

FEC2_TX_ER FEC2 transmit error FEC2 GTM2_TOUT[4)/ 1 /0 | 6.3.2/6-17
GPIO[43]

FEC2_TXDIO0] FEC2 transmit data 0 FEC2 GTM2_TOUT[1)/ 1 /10 | 6.3.2/6-17
GPIO[44]

FEC2_TXDI[1] FEC2 transmit data 1 FEC2 GTM2_TOUT[2)/ 1 /10 | 6.3.2/6-17
GPIO[45]

FEC2_TXDI[2] FEC2 transmit data 2 FEC2 GTM2_TOUT[3)/ 1 /10 | 6.3.2/6-17
GPIO[46]

FEC2_TXDI[3] FEC2 transmit data 3 FEC2 GPIO[47] 1 /0 | 6.3.2/6-17

FEC3_COL FECS3 collision detect FEC3 GPIO[48] 1 /0 | 6.3.2/6-17

FEC3_CRS FECS carrier case FECS3 GPIO[49] 1 /0 | 6.3.2/6-17

FEC3_RX_CLK FEC3 recieve clock FEC3 GPIO[50] 1 /0 | 6.3.2/6-17

(CLK11)

FEC3_RX_DV FEC3 recieve data valid FEC3 GPIO[51] 1 /0 | 6.3.2/6-17

FEC3_RX_ER FEC3 recieve error FEC3 GPIO[52] 1 /0 | 6.3.2/6-17

FEC3_RXDI0] FEC3 recieve data 0 FEC3 GPIO[53] 1 /0 | 6.3.2/6-17

FEC3_RXDI[1] FEC3 recieve data 1 FEC3 GPIO[54] 1 /0 | 6.3.2/6-17

FEC3_RXDI[2] FEC3 recieve data 2 FEC3 TSEC_TMR_TRIG[1])/ 1 /0 | 6.3.2/6-17
GPIO[55]
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Signal Descriptions

Table 3-1. MPC8309 Signal Reference by Functional Block (continued)

Name Description Functional Alternate No. of /o Table/
P Block Function(s) Signals Page
FEC3_RXDI[3] FEC3 recieve data 3 FEC3 TSEC_TMR_TRIG[2)/ 1 /0 | 6.3.2/6-17
GPIO[56]
FEC3_TX_CLK FECS3 transmit clock in FECS3 TSEC_TMR_CLK/ 1 /10 | 6.3.2/6-17
(CLK12) GPIO[57]
FEC3_TX_EN FECS3 transmit enable FECS3 TSEC_TMR_GCLK/ 1 /10 | 6.3.2/6-17
GPIO[58]
FEC3_TX_ER FECS3 transmit error FECS3 TSEC_TMR_PP[1)/ 1 /10 | 6.3.2/6-17
GPIO[59]
FEC3_TXDI[0] FECS3 transmit data 0 FECS3 TSEC_TMR_PP[2)/ 1 /0 | 6.3.2/6-17
GPIO[60]
FEC3_TXD[1] FECS3 transmit data 1 FECS TSEC_TMR_PP[3)/ 1 /0 | 6.3.2/6-17
GPIO[61]
FEC3_TXDI[2] FEC3 transmit data 2 FEC3 TSEC_TMR_ALARM[1)/ 1 /0 | 6.3.2/6-17
GPIO[62]
FEC3_TXDI3] FECS3 transmit data 3 FECS3 TSEC_TMR_ALARMI[2)/ 1 /10 | 6.3.2/6-17
GPIO[63]
RXCAN1 FlexCAN 1 receive data FlexCAN GPIO[8]/LSRCID0/LCS4 1 1/0 15.2/15-5
TXCAN1 FlexCAN 1 transmit data FlexCAN GPIO[9]/LSRCID1/LCS5 1 1/0 15.2/15-5
RXCAN2 FlexCAN 2 receive data FlexCAN GPIO[10)/LSRCID2/LCS 1 1/0 15.2/15-5
6
TXCAN2 FlexCAN 2 transmit data FlexCAN GPIO[11]/LSRCID3/LCS 1 110 15.2/15-5
7
RXCANS3 FlexCAN 3 receive data FlexCAN GPIO[12])/LSRCID4/ 1 1/0 15.2/15-5
LCLKA1
TXCAN3 FlexCAN 3 transmit data FlexCAN GPIO[13)/TXCANS/ 1 1/0 15.2/15-5
LDVAL
RXCAN4 FlexCAN 4 receive data FlexCAN GPIO[14] 1 /0 15.2/15-5
TXCAN4 FlexCAN 4 transmit data FlexCAN GPIO[15] 1 /0 15.2/15-5
GTM1_TGATE[1] Timer gate 1 Global timers | FEC1_CRS/GPIO[17] 1 /10 | 6.7.4/6-62
GTM1_TGATE[2] Timer gate 2 Global timers | FEC1_RX_ER/GPIO[20 1 /0 | 6.7.4/6-62
]
GTM1_TGATE[3] Timer gate 3 Global timers | FEC1_RXD[2]/GPIO[23] 1 /10 | 6.7.4/6-62
GTM1_TGATE[4] Timer gate 4 Global timers | FEC_TX_EN/GPIO[26] 1 /10 | 6.7.4/6-62
GTM1_TIN[1] Timer in 1 Global timers | FEC1_COL/GPIO[16] 1 /10 | 6.7.4/6-62
GTM1_TIN[2] Timerin 2 Global timers | FEC1_RX_DV/GPIO[19 1 /0 | 6.7.4/6-62
]
GTM1_TIN[3] Timerin 3 Global timers | FEC1_RXD[1]/GPIO[22] 1 /10 | 6.7.4/6-62
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Table 3-1. MPC8309 Signal Reference by Functional Block (continued)

Name Description Functional Alternate No. of /o Table/
P Block Function(s) Signals Page
GTM1_TIN[4] Timer in 4 Global timers | FEC1_TX_CLK(CLK10) 1 /0 | 6.7.4/6-62
/GPIO[25]

GTM1_TOUTI[1] Timer out 1 Global timers | FEC1_TXD[0)/GPIO[28] 1 /0 | 6.7.4/6-62

GTM1_TOUTI[2] Timer out 2 Global timers | FEC1_TXD[1)/GPIO[29] 1 /0 | 6.7.4/6-62

GTM1_TOUTI3] Timer out 3 Global timers | FEC1_TXD[2)/GPIO[30] 1 /0 | 6.7.4/6-62

GTM1_TOUTI[4] Timer out 4 Global timers | FEC1_TX_ER/GPIO[27] 1 /0 | 6.7.4/6-62

GTM2_TGATE[1] Timer gate 1 Global timers | FEC2_CRS/GPIO[33] 1 /10 | 6.7.4/6-62

GTM2_TGATE[2] Timer gate 2 Global timers | FEC2_RX_ER/GPIO[36 1 /0 | 6.7.4/6-62

]

GTM2_TGATE[3] Timer gate 3 Global timers | FEC2_RXD[2)/GPIO[39] 1 /0 | 6.7.4/6-62

GTM2_TGATE[4] Timer gate 4 Global timers | FEC2_TX_EN/GPIO[42] 1 /0 | 6.7.4/6-62

GTM2_TIN[1] Timerin 1 Global timers | FEC2_COL/GPIO[32] 1 /0 | 6.7.4/6-62

GTM2_TIN[2] Timerin 2 Global timers | FEC2_RX_DV/GPIO[35 1 /0 | 6.7.4/6-62

]
GTM2_TIN[3] Timerin 3 Global timers | FEC2_RXD[1])/GPIO[38] 1 /0 | 6.7.4/6-62
GTM2_TIN[4] Timer in 4 Global timers | FEC1_TX_CLK(CLK10) 1 /0 | 6.7.4/6-62
/GPIO[41]

GTM2_TOUTI[1] Timer out 1 Global timers | FEC2_TXD[0)/GPIO[44] 1 /0 | 6.7.4/6-62

GTM2_TOUTI[2] Timer out 2 Global timers | FEC2_TXD[1)/GPIO[45] 1 /10 | 6.7.4/6-62

GTM2_TOUTI3] Timer out 3 Global timers | FEC2_TXD[2)/GPIO[46] 1 /0 | 6.7.4/6-62

GTM2_TOUTI[4] Timer out 4 Global timers | FEC2_TX_ER/GPIO[43] 1 /0 | 6.7.4/6-62

GPIO[0] General purpose input/ GPIO SD_CLK/ 1 1/0 21.2/21-2
output signal 0 MSRCIDI[O0]

GPIO[1] General purpose input/ GPIO SD_CMD/ 1 1/0 21.2/21-2
output signal 1 MSRCIDI[1]

GPIO[2] General purpose input/ GPIO SD_CD/ 1 1/0 21.2/21-2
output signal 2 MSRCIDI[2]

GPIO[3] General purpose input/ GPIO SD_WP/ 1 1/0 21.2/21-2
output signal 3 MSRCIDI[3]

GPIO[4] General purpose input/ GPIO SD_DAT[0)/ 1 1/0 21.2/21-2
output signal 4 MSRCID[4]

GPIO[5] General purpose input/ GPIO SD_DAT[1)/ 1 1/0 21.2/21-2
output signal 5 MDVAL

GPIO[6] General purpose input/ GPIO SD_DAT[2)/ 1 1/0 21.2/21-2
output signal 6 QE_EXT_REQ_3

GPIO[7] General purpose input/ GPIO SD_DAT[3)/ 1 1/0 21.2/21-2
output signal 7 QE_EXT_REQ_1
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Signal Descriptions

Table 3-1. MPC8309 Signal Reference by Functional Block (continued)

Name Description Functional Alternate No. of /o Table/
P Block Function(s) Signals Page

GPIO[8] General purpose input/ GPIO RXCAN1/LSRCIDO/LCS4 1 1/0 21.2/21-2
output signal 7

GPIO[9] General purpose input/ GPIO TXCAN1/LSRCID1/LCS5 1 /0 | 21.2/21-2
output signal 0

GPIO[10] General purpose input/ GPIO RXCAN2/LSRCID2/LCS6 1 /0 | 21.2/21-2
output signal 1

GPIO[11] General purpose input/ GPIO TXCAN2/LSRCID3/LCS7 1 /O | 21.2/21-2
output signal 2

GPIO[12] General purpose input/ GPIO RXCAN3/LSRCID4/LCLK1 1 I/0 21.2/21-2
output signal 3

GPIO[13] General purpose input/ GPIO TXCANS3/LDVAL 1 I/0 21.2/21-2
output signal 4

GPIO[14] General purpose input/ GPIO RXCAN4 1 1/0 21.2/21-2
output signal 5

GPIO[15] General purpose input/ GPIO TXCAN4 1 1/0 21.2/21-2
output signal 6

GPIO[16] General purpose input/ GPIO FEC1_COL/ 1 1/0 21.2/21-2
output signal 16 GTM1_TIN[1]

GPIO[17] General purpose input/ GPIO FEC1_CRS/ 1 1/0 21.2/21-2
output signal 17 GTM1_TGATE[1]

GPIO[18] General purpose input/ GPIO FEC1_RX_CLK(CLK9) 1 I/0 21.2/21-2
output signal 18

GPIO[19] General purpose input/ GPIO FEC1_RX_DV/ 1 I/0 21.2/21-2
output signal 19 GTM1_TIN[2]

GPIO[20] General purpose input/ GPIO FEC1_RX_ER/ 1 1/0 21.2/21-2
output signal 20 GTM1_TGATE[2]

GPIO[21] General purpose input/ GPIO FEC1_RXD[0] 1 /0 | 21.2/21-2
output signal 21

GPIO[22] General purpose input/ GPIO FEC1_RXD[1}/ 1 1/0 21.2/21-2
output signal 22 GTM1_TIN[3]

GPIO[23] General purpose input/ GPIO FEC1_RXDI[2)/ 1 1/0 21.2/21-2
output signal 23 GTM1_TGATE[3]

GPIO[24] General purpose input/ GPIO FEC1_RXD[3] 1 I/0 21.2/21-2
output signal 24

GPIO[25] General purpose input/ GPIO FEC1_TX_CLK(CLK10) 1 I/0 21.2/21-2
output signal 25 /GTM1_TIN[4]

GPIO[26] General purpose input/ GPIO FEC_TX_EN/ 1 1/0 21.2/21-2
output signal 26 GTM1_TGATE[4]

GPIO[27] General purpose input/ GPIO FEC_TX_ER/ 1 1/0 21.2/21-2
output signal 27 GTM1_TOUT[4]
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Table 3-1. MPC8309 Signal Reference by Functional Block (continued)

Name Description Functional Alternate No. of /o Table/
P Block Function(s) Signals Page

GPIO[28] General purpose input/ GPIO FEC_TXDI[0J/ 1 1/0 21.2/21-2
output signal 28 GTM1_TOUT[1]

GPIO[29] General purpose input/ GPIO FEC_TXD[1}/ 1 1/0 21.2/21-2
output signal 29 GTM1_TOUT[2]

GPIO[30] General purpose input/ GPIO FEC_TXD[2)/ 1 1/0 21.2/21-2
output signal 30 GTM1_TOUT[3]

GPIO[31] General purpose input/ GPIO FEC_TXDI[3] 1 1/0 21.2/21-2
output signal 31

GPIO[32] General purpose input/ GPIO FEC2_COL/GTM2_TIN[1] 1 1/0 21.2/21-2
output signal 32

GPIO[33] General purpose input/ GPIO FEC2_CRS/ 1 1/0 21.2/21-2
output signal 33 GTM2_TGATE[1]

GPIO[34] General purpose input/ GPIO FEC2_RX_CLK(CLK?) 1 1/0 21.2/21-2
output signal 34

GPIO[35] General purpose input/ GPIO FEC2_RX_DV 1 1/0 21.2/21-2
output signal 35 /GTM2_TIN[2]

GPIO[36] General purpose input/ GPIO FEC2_RX_ER/GTM2_TG 1 1/0 21.2/21-2
output signal 36 ATE[2]

GPIO[37] General purpose input/ GPIO FEC2_RXDI0] 1 1/0 21.2/21-2
output signal 37

GPIO[38] General purpose input/ GPIO FEC2_RXD[1)/GTM2_TIN[ 1 1/0 21.2/21-2
output signal 38 3]

GPIO[39] General purpose input/ GPIO FEC2_RXD[2)/GTM2_TG 1 I/0 21.2/21-2
output signal 39 ATE[3]

GPIO[40] General purpose input/ GPIO FEC2_RXDI[3] 1 1/0 21.2/21-2
output signal 40

GPIO[41] General purpose input/ GPIO FEC2_TX_CLK(CLK8) 1 I/0 21.2/21-2
output signal 41 /GTM2_TIN[4]

GPIO[42] General purpose input/ GPIO FEC2_TX_EN/GTM2_TG 1 I/0 21.2/21-2
output signal 42 ATE[4]

GPIO[43] General purpose input/ GPIO FEC2_TX_ER/GTM2_TO 1 1/0 21.2/21-2
output signal 43 UT[4]

GPIO[44] General purpose input/ GPIO FEC2_TXD[0)GTM2_TO 1 I/0 21.2/21-2
output signal 44 UT[1]

GPIO[45] General purpose input/ GPIO FEC2_TXD[1)/GTM2_TO 1 I/0 21.2/21-2
output signal 45 UT[2]

GPIO[46] General purpose input/ GPIO FEC2_TXD[2)/GTM2_TO 1 1/0 21.2/21-2
output signal 46 UT[3]

GPIO[47] General purpose input/ GPIO FEC2_TXD[3] 1 1/0 21.2/21-2
output signal 47
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Table 3-1. MPC8309 Signal Reference by Functional Block (continued)

Signal Descriptions

Name Description Functional Alternate No. of /o Table/
P Block Function(s) Signals Page

GPIO[48] General purpose input/ GPIO FEC3_COL 1 1/0 21.2/21-2
output signal 48

GPIO[49] General purpose input/ GPIO FEC3_CRS 1 1/0 21.2/21-2
output signal 49

GPIO[50] General purpose input/ GPIO FEC3_RX_CLK(CLK11) 1 1/0 21.2/21-2
output signal 50

GPIO[51] General purpose input/ GPIO FEC3_RX_DV 1 1/0 21.2/21-2
output signal 51

GPIO[52] General purpose input/ GPIO FEC3_RX_ER 1 I/0 21.2/21-2
output signal 52

GPIOI[53] General purpose input/ GPIO FEC3_RXD|0] 1 I/0 21.2/21-2
output signal 53

GPIO[54] General purpose input/ GPIO FEC3_RXDI[1] 1 1/0 21.2/21-2
output signal 54

GPIO[55] General purpose input/ GPIO FEC3_RXD[2)/ 1 1/0 21.2/21-2
output signal 55 TSEC_TMR_TRIG[1]

GPIO[56] General purpose input/ GPIO FEC3_RXD[3)/ 1 1/0 21.2/21-2
output signal 56 TSEC_TMR_TRIG[2]

GPIO[57] General purpose input/ GPIO FEC3_TX_CLK(CLK12) 1 1/0 21.2/21-2
output signal 57 /

TSEC_TMR_CLK

GPIO[58] General purpose input/ GPIO FEC3_TX_EN/ 1 I/0 21.2/21-2
output signal 58 TSEC_TMR_GCLK

GPIO[59] General purpose input/ GPIO FEC3_TX_ER/ 1 1/0 21.2/21-2
output signal 59 TSEC_TMR_PP[1]

GPIO[60] General purpose input/ GPIO FEC3_TXDI[0)/ 1 1/0 21.2/21-2
output signal 60 TSEC_TMR_PP[2]

GPIO[61] General purpose input/ GPIO FEC3_TXD[1)/ 1 1/0 21.2/21-2
output signal 61 TSEC_TMR_PP[3]

GPIO[62] General purpose input/ GPIO FEC3_TXDI[2)/ 1 1/0 21.2/21-2
output signal 62 TSEC_TMR_ALARMI[1]

GPIO[63] General purpose input/ GPIO FEC3_TXD[3)/ 1 I/0 21.2/21-2
output signal 63 TSEC_TMR_ALARM[2]

HDLC1_CD HDLC1 carrier detect HDLC GPIO[4)/TDM1_TFS 1 I/0 21.2/21-2

HDLC1_CTS HDLCH1 clear to send HDLC GPIO[5)/TDM1_RFS 1 /0 | 6.3.2/6-17

HDLC1_RTS HDLC1 ready to send HDLC GPIO[6Y/ 1 /0 | 6.3.2/6-17

TDM1_STROBE/
CFG_RESET_
SOURCE[1]
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Signal Descriptions

Table 3-1. MPC8309 Signal Reference by Functional Block (continued)

Name Description Functional Alternate No. of /o Table/
P Block Function(s) Signals Page
HDLC1_RXCLK HDLCH1 recieve clock HDLC TDM1_RCK(CLKS3) 1 110 6.3.2/6-17
(CLK15) /GPIO[1]
HDLC1_RXD HDLC1 recieve data HDLC TDM1_RD/GPIO[3] 1 1/10 6.3.2/6-17
HDLC1_TXCLK HDLC1 transmit clock HDLC GPIO[0)/QE_BRGI[5)/ 1 1/10 6.3.2/6-17
CLK(16) TDM1_TCK(CLK4)
HDLC1_TXD HDLC1 transmit data HDLC GPIO[2)/TDM1_TD/ 1 1/10 6.3.2/6-17
CFG_RESET_
SOURCEJ0]
HDLC2_CD HDLC2 carrier detect HDLC GPIO[20)/TDM2_TFS 1 110 6.3.2/6-17
HDLC2_CTS HDLC2 clear to send HDLC GPIO[21)/TDM2_RFS 1 110 6.3.2/6-17
HDLC2_RTS HDLC2 ready to send HDLC GPIO[22)/ 1 110 6.3.2/6-17
TDM2_STROBE/
CFG_RESET_
SOURCE[3]
HDLC2_RXCLK HDLC?2 recieve clock HDLC GPIO[17] 1 1/10 6.3.2/6-17
(CLK13) /TDM2_RCK(CLK5)
/QE_BRG[8]
HDLC2_RXD HDLC2 recieve data HDLC GPIO[19)/TDM2_RD 1 110 6.3.2/6-17
HDLC2_TXCLK HDLC2 transmit clock HDLC GPIO[16)/QE_BRGI[7)/ 1 110 6.3.2/6-17
(CLK14) TDM2_TCK(CLK®6)
HDLC2_TXD HDLC2 transmit data HDLC GPIO[18)/TDM2_TD/ 1 110 6.3.2/6-17
CFG_RESET_
SOURCE[2]
IIC_SCL1 I2C 1 serial clock 1°C1 — 1 /0 | 17.2/17-3
IIC_SDAT1 I°C 1 serial data 1°C1 — 1 /0 | 17.2/17-3
IIC_SCL2 I2C 2 serial clock 1°C2 CKSTOP_IN 1 /0 | 17.2/17-3
IIC_SDA2 I°C 2 serial data 1°C2 CKSTOP_OUT 1 /0 | 17.2/17-3
QUIESCE Quiescent state Misc — 1 (0] —
THERMO Thermal resistor access 0 Misc — 1 | —
QE_BRG[1] QE baud rate generated QUICC USBDR_TXDRXDI[2)/ 1 110 6.3.2/6-17
clock 1 Engine GPIO[34]
QE_BRG[2] QE baud rate generated Quicc USBDR_TXDRXDI[3)/ 1 /0 | 6.3.2/6-17
clock 2 Engine GPIO[35]
QE_BRG[3] QE baud rate generated Quicc USBDR_TXDRXDI[4)/ 1 /0 | 6.3.2/6-17
clock 3 Engine GPIO[36]
QE_BRG[4] QE baud rate generated Quicc USBDR_TXDRXDI5)/ 1 /0 | 6.3.2/6-17
clock 4 Engine GPIO[37]
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Table 3-1. MPC8309 Signal Reference by Functional Block (continued)

Signal Descriptions

Name Description Functional Alternate No. of /o Table/
P Block Function(s) Signals Page
QE_BRG[5] QE baud rate generated QuiccC HDLC1_TXCLK(CLK16) 1 /0 | 6.3.2/6-17
clock 5 Engine /GPIO[0]
/TDM1_TCK(CLK4)
QE_BRG[7] QE baud rate generated QuiCcC HDLC2_TXCLK(CLK14) 1 /0 | 6.3.2/6-17
clock 7 Engine /GPIO[16]
/TDM2_TCK(CLK®6)
QE_BRG[8] QE baud rate generated QUICC HDLC2_RXCLK(CLK13 1 110 6.3.2/6-17
clock 8 Engine )/GPIO[17]
/TDM2_RCK(CLKS5)
QE_BRG[9] QE baud rate generated QuiccC USBDR_TXDRXDI[6Y/ 1 /0 | 6.3.2/6-17
clock 9 Engine GPIO[38]
QE_BRG[11] QE baud rate generated Quicc USBDR_TXDRXDI[7Y/ 1 /0 | 6.3.2/6-17
clock 11 Engine GPIO[39]
QE_EXT_REQ_1 QE external request 1 QuicC GPIO[7]/SD_DAT[3] 1 /0 | 6.3.2/6-17
Engine
QE_EXT_REQ_2 QE external request 2 Quicc USBDR_STP 1 /0 | 6.3.2/6-17
Engine
QE_EXT_REQ_3 QE external request 3 Quicc GPIO[6]/SD_DAT[2] 1 /10 | 6.3.2/6-17
Engine
QE_EXT_REQ_4 QE external request 4 QuicC USBDR_NXT/ 1 /0 | 6.3.2/6-17
Engine UART2_SIN[1]
CFG_RESET_ Reset configuration source Reset and HDLC1_TXD/ 1 /0 4.1.1/4-1
SOURCE[0] source selection 0 clock GPIO[2)/
TDM1_TD
CFG_RESET_ Reset configuration source Reset and HDLC1_RTS/GPIO[6)/ 1 1/0 4.1.1/4-1
SOURCE[1] source selection 1 clock TDM1_STROBE
CFG_RESET_ Reset configuration source Resetand | HDLC2_TXD/GPIO[18]/ 1 1/0 4.1.1/4-1
SOURCE[2] source selection 2 clock TDM2_TD/
CFG_RESET_ Reset configuration source Reset and | HDLC2_RTS/GPIO[22])/ 1 1/0 4.1.1/4-1
SOURCE[3] source selection 3 clock TDM2_STROBE
CKSTOP_IN Checkstop in Reset and IIC_SCL2 1 I/0 4.1.1/41
clock
CKSTOP_IN Checkstop in Reset and 1RQ[2] 1 /0 | 4.1.1/41
clock
CKSTOP_OUT Checkstop out Reset and IIC_SDA2 1 1/0 4.1.1/4-1
clock
CKSTOP_OUT Checkstop out Reset and IRQ[3] 1 /0 | 4.1.1/41
clock
HRESET Hard reset System — 1 1/0 —
control
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Table 3-1. MPC8309 Signal Reference by Functional Block (continued)

Name Description Functional Alternate No. of /o Table/
P Block Function(s) Signals Page
PORESET Power on reset System contr — 1 | —
ol
TDM1_TCK TDM1 transmit clock TDM HDLC1_TXCLK(CLK16) 1 /0 | 6.3.2/6-17
(CLK4) /GPIO[0)/QE_BRGI5]
TDM1_RCK TDM1 recieve clock TDM HDLC1_RXCLK(CLK15 1 /0 | 6.3.2/6-17
(CLK3) )/GPIO[1]
TDM1_TD TDM1 transmit data TDM HDLC1_TXD/GPIO[2)/ 1 /0 | 6.3.2/6-17
CFG_RESET_
SOURCE[0]
TDM1_RD TDM1 recieve data TDM HDLC1_RXD/GPIO[3] 1 /0 | 6.3.2/6-17
TDM1_TFS TDM1 transmit frame sync TDM HDLC1_CD/GPIO[4] 1 /10 | 6.3.2/6-17
TDM1_RFS TDMT1 recieve frame sync TDM HDLC1_CTS/GPIO[5] 1 /10 | 6.3.2/6-17
TDM1_STROBE TDM1 strobe output TDM HDLC1_RTS/GPIO[6)/ 1 /0 | 6.3.2/6-17
CFG_RESET_
SOURCE[1]
TDM2_RCK TDM2 recieve clock TDM HDLC2_RXCLK(CLK13 1 /0 | 6.3.2/6-17
(CLK5) )/GPIO[17]/QE_BRGI8]
TDM2_RD TDM2 recieve data TDM HDLC2_RXD/GPIO[19] 1 /0 | 6.3.2/6-17
TDM2_RFS TDM2 recieve frame sync TDM HDLC2_CTS/GPIO[21] 1 /0 | 6.3.2/6-17
TDM2_STROBE TDM2 strobe output TDM HDLC2_RTS/GPIO[22])/ 1 /0 | 6.3.2/6-17
CFG_RESET_
SOURCE[3]
TDM2_TCK TDM2 transmit clock TDM HDLC2_TXCLK(CLK14) 1 /0 | 6.3.2/6-17
(CLK®6) /GPIO[16]/QE_BRG[7]
TDM2_TD TDM2 transmit data TDM HDLC2_TXD/GPIO[18)/ 1 /0 | 6.3.2/6-17
CFG_RESET_
SOURCE[2]
TDM2_TFS TDM2 transmit frame sync TDM HDLC2_CD/GPIO[20] 1 /0 | 6.3.2/6-17
TEST_MODE Internal test signal Test — 1 | —
Note: "This pin must always
be tied to VSS"
TSEC_TMR_TRIG[1] |1588 trigger in 1 IEEE 1588 | FEC3_RXDI[2]/GPIO[55] 1 /0 | 6.3.2/6-17
TSEC_TMR_TRIG[2] |1588 triggerin 2 IEEE 1588 | FEC3_RXDI[3]/GPIO[56] 1 /0 | 6.3.2/6-17
TSEC_TMR_CLK 1588 clock in IEEE 1588 | FEC3_TX_CLK(CLK12) 1 /0 | 6.3.2/6-17
/
GPIO[57]
TSEC_TMR_GCLK 1588 clock out IEEE 1588 | FEC3_TX_EN/GPIO[58] 1 /0 | 6.3.2/6-17
TSEC_TMR_PP[1] 1588 timer pulse out 1 IEEE 1588 |FEC3_TX_ER/GPIO[59] 1 /0 | 6.3.2/6-17
TSEC_TMR_PPI[2] 1588 timer pulse out 2 IEEE 1588 | FEC3_TXD[0])/GPIO[60] 1 /0 | 6.3.2/6-17
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Table 3-1. MPC8309 Signal Reference by Functional Block (continued)

Name Description Functional Alternate No. of /o Table/
P Block Function(s) Signals Page
TSEC_TMR_PP[3] 1588 timer pulse out 3 IEEE 1588 | FEC3_TXD[1)/GPIO[61] 1 /10 | 6.3.2/6-17
TSEC_TMR_ 1588 timer alarm out 1 IEEE 1588 | FEC3_TXDI[2)/GPIO[62] 1 /10 | 6.3.2/6-17
ALARM[1]
TSEC_TMR_ 1588 timer alarm out 2 IEEE 1588 | FEC3_TXDI[3)/GPIO[63] 1 /10 | 6.3.2/6-17
ALARM[2]
USBDR_CLK Clocking signal for ULPI USB UART2_SIN[2)/ 1 | 16.2/16-2
PHY interface UART2_CTS[1]
USBDR_DIR Direction of data bus USB — 1 1/0 16.2/16-2
USBDR_NXT Next data USB UART2_SIN[1]//QE_EX 1 1/0 16.2/16-2
T_REQ_4
USBDR_PCTL[O0] Port control 0 USB UART2_SOUT[1)/ 1 1/0 16.2/16-2
LB_POR_CFG_BOOT_
ECC
USBDR_PCTL[1] Port control 1 USB UART2_SOUT[2)/ 1 (0] 16.2/16-2

UART2_RTS[1)/
LB_POR_BOOT_ERR

USBDR_PWR_FAULT | USB VBus power fault USB — 1 /0 | 16.2/16-2

USBDR_STP End of a transfer on the bus uSB QE_EXT_REQ_2 1 /0 16.2/16-2

USBDR_TXDRXD[0] |Data bit 0 USB GPI0[32] 1 /0 | 16.2/16-2

USBDR_TXDRXD[1] |Data bit 1 USB GPIO[33] 1 /0O | 16.2/16-2

USBDR_TXDRXD[2] |Data bit 2 usSB GPIO[33]/QE_BRGI[1] 1 /0 | 16.2/16-2

USBDR_TXDRXD[3] |Data bit 3 usSB GPIO[35]/QE_BRG[2] 1 /0 | 16.2/16-2

USBDR_TXDRXD[4] |Data bit 4 usSB GPIO[36]/QE_BRGI[3] 1 /0 | 16.2/16-2

USBDR_TXDRXD[5] |Data bit 5 usSB GPIO[37)/QE_BRG[4] 1 /0 | 16.2/16-2

USBDR_TXDRXD[6] |Data bit 6 uSsSB GPIO[38]/QE_BRGI[9] 1 /0 | 16.2/16-2

USBDR_TXDRXD[7] |Data bit7 uSsSB GPIO[39)/QE_BRG[11] 1 /0 | 16.2/16-2

MSRCIDI[O0] DDR memory debug DDR GPIO[0)/SD_CLK 1 I/O | 10.3/10-3
source ID 0

MSRCID[1] DDR memory debug DDR GPIO[1)/SD_CMD 1 I/O | 10.3/10-3
source ID 1

MSRCID[2] DDR memory debug DDR GPIO[2)/SD_CD 1 /0 | 10.3/10-3
source ID 2

MSRCID[3] DDR memory debug DDR GPIO[3)/SD_WP 1 /0 | 10.3/10-3
source ID 3

MSRCID[4] DDR memory debug DDR GPIO[4)/SD_DATI0] 1 /O | 10.3/10-3
source ID 4

MDVAL Memory debug data valid DDR GPIO[5)/SD_DAT[1] 1 /0O | 10.3/10-3
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Table 3-2 lists the signals in alphabetical order.

3.2 Output Signal States During Reset

When asystem reset isrecognized, the device abortsall current internal and external transactions (with the
exception of RTC) and releases al bidirectional 1/0 signals to a high-impedance state. See Chapter 4,
“Reset, Clocking, and Initialization,” for a complete description of the reset functionality.

During reset, the device ignores most input signals (except for the reset configuration signals) and drives
most of the output-only signalsto an inactive state. The bidirectional pinsare held input state and the input
values are ignored. Table 3-2 shows the states of the output-only signals.

Table 3-2. Output Signal States During System Reset

Interface Signal State During Reset
MA[0:13] DDR address High-Z
MECCI0:7] DDR ECC bits High-Z
MBA[0:2] DDR bank select High-Z
MCAS DDR column address strobe High-Z
MCK][0:1] DDR differential clocks High-Z
MCK][0:1] DDR differential clocks High-Z
MCKE DDR clock enable Driven Low
MCS[0:1] DDR chip select Driven Low
MDMI0:3] DDR data mask Driven Low
MDM[8] DDR data mask Driven Low
MDQ[0:31] DDR data Driven Low
MDQSJ[0:3] DDR data strobe Driven Low
MDQSI8] DDR data strobe Driven Low
MODT[0:1] DDR on-die termination Driven Low
MRAS DDR row address strobe Driven Low
MVREF DDR DRAM reference Driven Low
MWE DDR write enable Driven Low
LA[16:25] LBC port address Active—used to load reset configuration
word
LADI[0:15] LBC address date Active—used to load reset configuration
word
LALE LBC address latch enable Active—used to load reset configuration
word
LCLKO LBC clock 0 High-Z
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Signal Descriptions

Table 3-2. Output Signal States During System Reset (continued)

Interface Signal State During Reset
LCSo LBC chip select 0-3 Active—used to load reset configuration
word
LCS[1:3] LBC chip select 0-3 High
LCS[4] LBC chip select 4
LGPL[O}/LFCLE LBC UPM general purpose line 0 High-Z
UART1_SOUTI[1:2] DUART serial data out Driven High
FEC_MDC Ethernet management data clock Driven Low
TDO Test data out High-Z
QUIESCE Quiescent state High
USBDR_STP End of a transfer on the bus High
NOTE

All the GPIOs have PULL-UP enabled on reset. It can be changed later by
setting configuration bitsin the register GPR_1 (General Purpose Register
1). Refer to Chapter 6, “ System Configuration”.
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Chapter 4
Reset, Clocking, and Initialization

The reset, clocking, and control signals offer many options for operating the device. Various modes and
features can be configured during hard reset or power-on reset. Most configurable features are loaded to
the device through areset configuration word, and afew device signals are used as reset configuration
inputs during the reset sequence.

4.1 External Signals

The following sections describe the reset and clock signalsin detail.

4.1.1 Reset Signals

Table 4-1 describesthe reset signals of the device. Section 4.3.2, “Reset Configuration Words,” describes
the signals that also function as reset configuration signals.

Table 4-1. System Control Signals

Signal /0 Description

PORESET I | Power-on reset. Initiates the power-on reset flow that resets the device and configures various
attributes of the device, including its clock modes.

State Meaning | Asserted—An external agent has triggered a power-on reset sequence.
Negated—No power-on reset.

Timing | For timing information, see MPC8309 PowerQUICC Il Pro Integrated
Communications Processor Hardware Specification.

Reset State | Always input.

HRESET I/0 | Hard reset. Causes the device to abort all current internal and external transactions and set most
registers to their default values. HRESET can be asserted completely asynchronously with respect to
all other signals. The device can detect an external assertion of HRESET while the device is not
asserting hard reset. HRESET is an open-drain signal.

State Meaning | Asserted—An external agent or internal hardware has triggered a hard reset. The
internal hardware drives HRESET until the sequence completes.
Negated—No hard reset.

Timing | Assertion—Occur at any time, asynchronously to any clock.
Negation—Must be asserted for at least 32 SYS_CLK_IN cycles.

Requirements | An open-drain signal. An external pull-up is required.

Reset State | Output, driven low during power-on and hard reset flows. High impedance after reset
flow completes. Pull-up is enabled by default (out of reset) for these pins. It can be
changed at a later time by configuring General Purpose Register 1.
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Reset, Clocking, and Initialization

Table 4-1. System Control Signals (continued)

Signal /0 Description
CFG_RESET_ | | Reset configuration word source selection. These signals are on device pins that have other functions
SOURCE[0:3] when the device is not in reset. They are sampled during the assertion of PORESET to determine the

interface from which the device loads the reset configuration words.

State Meaning | See Section 4.3.1.1, “Reset Configuration Word Source.”

Timing | These signals are sampled during the assertion of PORESET after a stable clock is
supplied (PORESET flow) and must be pulled high or low by external resistors as
long as HRESET is asserted.

Requirements | During PORESET and HRESET flows, all other signal drivers connected to these

signals must be in the high-impedance state. For proper resistor values to pull reset
configuration signals high or low, see MPC8309 PowerQUICC Il Pro Integrated
Communications Processor Hardware Specification.

Reset State | Input during power-on and hard reset flows. Functional signal after reset flow

completes.

4.1.2 Clock Signals

In Table 4-2, some clock signals are specific to blocks within the device. Although some of their
functionality isdescribed in Section 4.4, “ Clocking,” they are defined in detail in their respective chapters.
See Figure 4-7 for the interna distribution of clocksin the device.

Table 4-2. External Clock Signals

Signal

/0

Description

SYS_CLK_IN

System clock. In PCI host mode, SYS_CLK_IN is the primary input clock. SYS_CLK_IN
directly feeds the PCI output clock dividers and is driven out on the PCI_SYNC_OUT signal for
de-skewing external PCI clocks routing. If the device is used as PCI agent, PCI_CLK can be
provided from a PCI source. In this case, SYS_CLK_IN may no longer be needed and should
be tied low. If SYS_CLK_IN is the clock source, SYS_XTAL_IN should be tied low and
SYS_XTAL_OUT should be left unconnected.

Timing | Assertion/Negation—For timing information, see MPC8309 PowerQUICC Il
Pro Integrated Communications Processor Hardware Specification.

Requirements | Should be tied low in PCI agent mode.

Reset State | Always input.

SYS_XTAL_IN

Crystal input. SYS_XTAL_IN allows the system clock to be provided using an external crystal
oscillator. If a crystal source is used, SYS_CLK_IN should be tied low.

Timing | Assertion/Negation—See the MPC8309 PowerQUICC Il Pro Integrated
Communications Processor Hardware Specification for timing
information.

Reset State | Always input.
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Reset, Clocking, and Initialization

External Clock Signals (continued)

Signal

/0

Description

SYS_XTAL_OUT

Crystal output. SYS_XTAL_OUT allows the system clock to be provided through an external
crystal oscillator. If a crystal source is used, SYS_CLK_IN should be tied low.

Timing

Assertion/Negation—See the MPC8309 PowerQUICC Il Pro Integrated
Communications Processor Hardware Specification for timing
information

Reset State

Always output.

PCI_SYNC_IN

PCl input synch

ronization clock

Timing

Assertion/Negation—For timing information, see MPC8309 PowerQUICC Il
Pro Integrated Communications Processor Hardware Specification.

Reset State

Always input

PCI_SYNC_OUT

PCI output synchronization clock

Timing

Assertion/Negation—For timing information, see MPC8309 PowerQUICC Il
Pro Integrated Communications Processor Hardware Specification.

Reset State

Always output, toggling in PCI host mode.

QE_CLK_IN I |QE_CLK_IN is the the reference clock for the QE PLL.
Timing | Assertion/Negation—For timing information, see MPC8309 PowerQUICC Il
Pro Integrated Communications Processor Hardware Specification.
Reset State | Always input.
FEC1_RX_CLK, | | Ethernet Receive clock
FEC2_RX_CLK, —_ ) . . .
FEC3 RX CLK Timing | Assertion/Negation—For timing information, see MPC8309 PowerQUICC Il
-7 Pro Integrated Communications Processor Hardware Specification.
Reset State | Always input.
FEC1_TX_CLK, | | Ethernet Transmit Clock.
FEC2_TX _CLK, Timing | Assertion/Negation—For timing information, see MPC8309 PowerQUICC Il
FEC3_TX_CLK Pro Integrated Communications Processor Hardware Specification.
Reset State | Always input.
HDLC1_TCK, | |HDLC/TDM Transmit clock
HDLC2_TCK, Timing | Assertion/Negation—For timing information, see MPC8309 PowerQUICC Il
TDM1_TCK, Pro Integrated Communications Processor Hardware Specification.
TDM2_TCK -
Reset State | Always input.
HDLC1_RCK, | |HDLC/TDM Recieve clock
HDLC2_RCK, Timing | Assertion/Negation—For timing information, see MPC8309 PowerQUICC Il
TDM1_RCK, Pro Integrated Communications Processor Hardware Specification.
TDM2_RCK

Reset State

Always input.
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Table 4-2. External Clock Signals (continued)

Signal /0 Description

USBDR_CLK | | USB controller clock

Timing | Assertion/Negation—For timing information, see MPC8309 PowerQUICC Il
Pro Integrated Communications Processor Hardware Specification.

Reset State | Always input.

RTC_PIT_CLOCK I | This signal is used as timebase for real time clock module. RTC_PIT_CLK is used as the
source for the following modules - RTC, PIT and FlexCAN. For FIexCAN, it is used as the
alternative source of CAN clock.

Timing | 32.768 KHz typical.

Reset State | Always input.

4.2 Functional Description

This section describes the various ways to reset the device, the power-on reset configurations, and
clocking.

4.2.1 Reset Operations

The device has the following inputs to the reset logic:
« Power-on reset (PORESET)
« External hard reset (HRESET)
» Software watchdog reset
»  System bus monitor reset
» Checkstop reset
» Software hard reset
All of thesereset sourcesarefed into thereset controller and, depending on the source of thereset, different

actions are taken. The reset status register, described in Section 4.5.1.3, “ Reset Status Register (RSR),”
indicates the last source to cause areset.

4211 Reset Causes
Table 4-3 describes reset causes.

Table 4-3. Reset Causes

Name Description
Power-on reset Input signal. Asserting this signal initiates the power-on reset flow that resets the entire device
(PORESET) except RTC and configures various attributes of the device including its clock modes.
Hard reset (HRESET) A bidirectional 1/0 signal. The device can detect an external assertion of HRESET only while it is
not asserting hard reset. HRESET is an open-drain signal.
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Table 4-3. Reset Causes (continued)

Name

Description

Software watchdog reset

After the device watchdog counts to zero, a software watchdog reset is signaled. The enabled

software watchdog event then generates an internal hard reset sequence.

System bus monitor reset

After the device CSB bus monitor reaches a timeout condition, a bus monitor reset is asserted.
The enabled bus monitor event then generates an internal hard reset sequence.

Checkstop reset

If the core enters checkstop state and the checkstop reset is enabled (RMR[CSRE] = 1), the
checkstop reset is asserted. The enabled checkstop event then generates an internal hard reset

sequence.

Software hard reset

A hard reset sequence can be initialized by writing to a memory-mapped register (RCR).

4.21.2 Reset Actions

The reset control logic determines the cause of reset, synchronizesit if necessary, and resets the
appropriate internal hardware. Each reset flow has a different impact on the device logic:

» Power-on reset has the greatest impact, resetting the entire device, including clock logic and error

capture registers.

» Hard reset resets the entire device, excluding RTC module, clock logic, and error capture registers.
Table 4-4 identifies the reset actions for each reset source.

Table 4-4. Reset Actions

Reset Source

External Hard Reset
Action Software Watchdog
Power-On Reset Bus Monitor
Checkstop
Software Hard Reset
Resets: Yes No
PLLs, clocks, and error capture registers
Resets: Yes Yes
DDR controller, LBC, I/O multiplexors,
GTM, PIT, GPIO, system configuration,
and local access windows
Resets other internal logic Yes Yes
Reset configuration words loaded Yes Yes
HRESET driven by SoC Yes Yes
Hard reset to e300 core Yes Yes
SRESET: No No
High priority interrupt to the e300 core
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4.2.2 Power-On Reset Flow

Assertion of the PORESET external signal initiatesthe power-on reset flow. PORESET should be asserted
externally for at least 32 input clock cycles after stable external power to the device is applied.

Directly after the negation of PORESET, the device starts the configuration process. The device asserts
HRESET throughout the power-on reset process, including configuration. Configuration time varies
accordingtothe configuration sourceand SYS _CLK_IN frequency. Initially, thereset configurationinputs
are sampled to determine the configuration source. Next, the device starts |oading the reset configuration
words. The system PLL beginsto lock according to the clock mode valuesin the reset configuration word
low. When the system PLL islocked, the clock unit starts distributing clock signalsin the device. At this
stage, the core PLL beginsto lock. When it is locked and the reset configuration words are loaded,
HRESET isreleased.

The detailed power-on reset (POR) flow for the device is asfollows:

1. Power isapplied to meet the specifications in the device data sheet.

2. Thesystem asserts PORESET and TRST, causing all registersto beinitialized to their default states
and most /O driversto be released to high-impedance.

3. Thesystem appliesastable SYS CLK_IN signal and stable reset configuration inputs
(CFG_RESET_SOURCE).

4. The system negates PORESET after at least 32 stable SYS CLK_INclock cycles.

5. Thedevice samplesthereset configuration input signal sto determine the reset configuration words
source.

6. The device starts loading the reset configuration words.
L oading time depends on the reset configuration word source.

7. When the reset configuration word low isloaded, the system PLL beginsto lock.
When the system PLL islocked, csb_clkis supplied to the core PLL.

8. Thecore PLL beginsto lock.

9. ThedevicedrivesHRESET asserted until thee300 PLL islocked and the reset configuration words
are loaded.

10. The user optionally negates HRESET if it was not negated earlier.

JTAG logic must always beinitialized by asserting TRST. If the JTAG signals are not used, TRST
should be connected directly to PORESET. TRST must not remain asserted after the negation of
PORESET.

11. Theinternal reset to the core and the rest of the logic is negated. I/O drivers are enabled.

12. The device stops driving HRESET. The reset to the e300 core is negated and the core is enabled.
The boot sequencer, if enabled, isreleased, causing it to load configuration datafrom serial ROMss,
as described in Section 17.4.5, “Boot Sequencer Mode.”

13. If the e300 core is required to proceed before the boot sequencer finishes, the boot sequencer
should enable boot vector fetch by clearing ACR[COREDI ] as described in Section 7.2.1,
“Arbiter Configuration Register (ACR).”

14. The boot vector fetch by the core can proceed, if enabled.
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The deviceisnow initsready state.
Figure 4-1 shows atiming diagram of the power-on reset flow.

SYS_CLK_IN |

Stable clock .

Min. 32 SYS_CLKUN| & | | E
PORI|ESET 1+ cycles o ! . PlLLsare .
(Input) - . : : : locked (no

L S , . external |

L Lo ! / indication)
HRESET | . Lo l ' l B
(Output) L P ! ' - /
TRST @ / 7
(Input) L

Reset Configuration — — : : : \/

Input Signals L L ' ' X X
Reset Configuration Lo ! / . X \
Words Loading ' AN : /

. Start loading reset . Enfq Ioa<tjling resgt

™~ configuration words ! o

. ! ' Duration depends on
; source

Figure 4-1. Power-On Reset Flow

NOTE

It takesabout 150 SYS CLK_IN cyclesbetween the negation of PORESET
and access to reset configuration word.

4.2.3 Hard Reset Flow

The HRESET signal isinitiated externally by asserting HRESET or internally when the device detects a
reason to generate an internal hard reset sequence. In both cases, the device continues asserting HRESET
throughout the HRESET state. The hard reset sequence time varies according to the configuration source
and SYS _CLK _IN frequency. The reset configuration input signal (CFG_RESET_SOURCE) is not
sampled by hard reset (only by power-on reset), so the device immediately starts loading the reset
configuration words and configures the device as explained in Section 4.3.3, “Loading the Reset
Configuration Words.” After the configuration sequence compl etes, the device rel easesthe HRESET
signal and exitsthe HRESET state. An externa pull-up resistor should negate the signals. After negation
is detected, a 16-cycle period is taken before testing for the presence of an external (hard) reset.

NOTE

Because the device does not sample the reset configuration input signals
(CFG_RESET_SOURCE) during a hard reset flow, setting a new value on
those signal's (other than that set during power-on reset) has no effect.
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Figure 4-2 shows atiming diagram of the hard reset flow.

SYS_CLK_IN |

Stable clock

PORESET .
(Input)

dRESET T\ | N
(Input or Output) . . . . . . . .

TRST .
(Input) |

Reset Configuration
Input Signals

Reset Configuration ! : : / ! ! N
Words Loading - b4\ ; /

. Start loading reset : Enfd loading reset

= configuration words . | configuration words.

. . . . Duration depends on
source

Figure 4-2. Hard Reset Flow

4.3 Reset Configuration

The deviceisinitialized using two complementary methods: latching CFG_RESET SOURCE and
loading the reset configuration words. Initially, CFG_RESET SOURCE is sampled during the assertion
of the PORESET signal. These signals determine whether a reset configuration word is required and the
device source interface from which it is loaded. According to the value on these signals, the device
continues loading the reset configuration word.

4.3.1 Reset Configuration Signals

Reset configuration input signals are on device pins that have other functions when the deviceisnot in
reset state. These input signals are sampled into registers during the assertion of PORESET, after astable
clock issupplied (SYS_CLK_IN), and must be pulled high or low by external resistorsaslongasHRESET
isasserted. Whilethe PORESET or HRESET signal is asserted, all other signal drivers connected to these
signals must be in the high-impedance state. For proper resistor values for pulling reset configuration
signalshigh or low, see MPC8309 Power QUICC |1 Pro Integrated Communications Processor Hardware
Soecification.

This section describes the modes configured by the reset configuration signals. Note that the reset
configuration input sampled values are accessible to software through memory-mapped registers, as
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described in Section 4.5.1.3, “ Reset Status Register (RSR),” and Section 4.5.2.1, “ System PLL Mode
Register (SPMR).”

NOTE

Implement one of the following methods to control the selection between
the reset and non-reset function of these pins.

* Resistors—-Use pull-up or pull-down resistors to set the desired value on
thereset configuration input signals. During the power-on and hard reset
sequences, these signals are inputs to the device.

» Activedriving device— Use HRESET to control the driving device.
When HRESET isasserted, drive reset configuration valueson the pins;
when HRESET is negated, stop driving the reset configuration input
signals.

43.1.1 Reset Configuration Word Source

The reset configuration word source options, shown in Table 4-5, select whether the device |oads a reset
configuration word from NOR Flash, NAND Flash, or an 12C EEPROM or uses hard-coded default
options. The value of these signals also affects the duration of power-on and hard reset sequences. In any
case, the reset sequence does not exceed 1ms.

Table 4-5. Reset Configuration Words Source

CFG_RESET_SOURCE[0:3] Meaning
0000 Reset configuration word is loaded from NOR Flash
0001 Reset configuration word is loaded from NAND Flash memory (8-bit small page).
0010 Reserved
0011 Reserved
0100 Reset configuration word is loaded from an I°C EEPROM. SYS_CLK_IN is in the range of
24-66.666 MHz.
0101 Reset configuration word is loaded from NAND Flash memory (8-bit large page).
0110 Reserved
0111 Reserved
1000 Hard-coded option 0. Reset configuration word is not loaded.
1001 Hard-coded option 1. Reset configuration word is not loaded.
1010 Hard-coded option 2. Reset configuration word is not loaded.
1011 Reset configuration word is loaded from NOR Flash.
1100 Hard-coded option 4. Reset configuration word is not loaded.
1101 Hard-coded option 5. Reset configuration word is not loaded.
1110 Hard-coded option 6. Reset configuration word is not loaded.
1111 Hard-coded option 7. Reset configuration word is not loaded.
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4.3.1.2 Selecting Reset Configuration Input Signals

The exampledescribed in Table 4-6 shows how the user should pull down or pull up the reset configuration
input signal (CFG_RESET _SOURCE). The reset sequence duration is measured from the negation of
PORESET to the negation of HRESET. Note that the duration mentioned in Table 4-6 istypical, and does
not represent cases in which the process of loading the reset configuration word had to be retried due to
errors.

Table 4-6. Selecting Reset Configuration Input Signals

12C EEPROM SYS OLK IN Reset Sequence
Configuration Fre_ uenc: CFG_RESET_SOURCE[0:3] Duration in Duration
Words quency SYS_CLK_IN Cycles
No 33 MHz 0000 15210 456 us
(RCW loaded from NOR Flash)
Yes 33 MHz 0100 (1°C EEPROM) 106534 196 us

4.3.2 Reset Configuration Words

The reset configuration words control the clock ratios and other basic device functions such as boot
location and endian mode. The reset configuration words are loaded from NOR Flash, NAND Flash, or
the 1°C interfaces or from hard-coded values duri ng the power-on or hard reset flows. See Section 4.3.1,
“Reset Configuration Signals,” for information on the reset configuration word source. Although the
configuration reset words are loaded during hard reset flows, the clocks and PLL modes are reset only
when PORESET is asserted during a power-on reset flow. See Section 4.2.1.2, “Reset Actions.” The
values of fieldsin the reset configuration words registers (RCWLR and RCWHR) reflect only their state
during the reset flow. Some of these parameters and modes can be modified by changing their valuesin
the memory-mapped registers of other units, which does not affect RCWLR and RCWHR.

The reset configuration settings are accessible to software through the following read-only
memory-mapped registers:

* Reset configuration word low register (RCWLR)

* Reset configuration word high register (RCWHR)

* Reset statusregister (RSR)

e System PLL mode register (SPMR)

See Section 4.5, “Memory Map/Register Definitions.”
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Field

Reset

Field

Reset

Reset, Clocking, and Initialization

Reset Configuration Word Low Register (RCWLR)

RCWLR is shown in Figure 4-3. This read-only register obtains its values according to the reset
configuration word low loaded during the reset flow.

0 1 2 3 4 7 8 9 15
LBCM |DDRCM| SVCOD SPMF — COREPLL
n n n n n n n n n n n n n n n ‘ n
16 23 24 25 26 27 31
— CEVCOD |CEPDF CEPMF
n n n n n n n n n n n n n n n ‘ n

Figure 4-3. Reset Configuration Word Low Register (RCWLR)

Table 4-7 defines the RCWLR bhit fields.

Table 4-7. RCWLR Bit Settings

Bits Name Description
0 LBCM Local bus memory controller clock mode. Selects the local bus controller clock ratio. The local bus
memory controller operates with a frequency equal to the frequency of csb_clk. This bit should be cleared.
LBC controller clock: csb_clk
01:1
1 DDRCM | DDR SDRAM memory controller clock mode. Selects the DDR SDRAM memory controller clock ratio.
The DDR SDRAM memory controller operates at twice the frequency of the csb_clk.
0 Reserved
1 csb_clkratio is 2:1
2-3 SVCOD | System PLL VCO division. See Section 4.3.2.1.1, “System PLL VCO Division.”
4-7 SPMF | System PLL multiplication factor.
See Section 4.3.2.1.1, “System PLL VCO Division,” for more information.
8 — Reserved, should be cleared
9-15 | COREPLL | Core PLL configuration. COREPLL sets the ratio between the e300 core clock and the internal csb_clk of
the device. For information on the encodings for COREPLL, see MPC8309 PowerQUICC Il Pro Integrated
Communications Processor Hardware Specification.
16-23 — Reserved, should be cleared.
24-25 | CEVCOD | QUICC Engine PLL VCO division. Establishes the internal ratio between the QUICC Engine PLL VCO
point and the QUICC Engine PLL output.
00 2
01 4
10 8
11 Reserved
Notes:Set CEVCOD to 00 (Division factor of 2) for QE frequency below 150 MHz.
Set CEVCOD to 01 (Division factor of 4) for QE frequency above 150 MHz.
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Table 4-7. RCWLR Bit Settings (continued)

Bits Name Description

26 CEPDF | QUICC Engine PLL division factor. Selects whether the PLL output is halved. By setting this bit,
non-integer ratios between the primary clock input and ge_clk can be achieved.

0 ge_clk = primary clock input x CEPMF

1 ge_clk = (primary clock input x CEPMF)/ 2

27-31 | CEPMF |QUICC Engine PLL multiplication factor.
See Section 4.3.2.1.3, “QUICC Engine PLL Multiplication Factor,” for more information

43.2.1.1 System PLL VCO Division

The RCWLR field SVCOD (system PLL VCO division), shown in Table 4-8, establishestheinterna ratio
between the system PLL VCO frequency and the PLL output clock frequency. The PLL output clock
frequency equalscsb_clk frequency if RCWLR[LBCM] and RCWLR[DDRCM)] are both cleared or twice
the csb_clk frequency if RCWLR[LBCM] or RCWLR[DDRCM] or both of them are set.

Table 4-8 describes the setting of SVCOD hits.
Table 4-8. System PLL VCO Division

Reset Configur?tion _ Value o
Word Low Reqlster Field Name (Binary) VCO Division Factor
(RCWLR) Bits
2-3 SvCOD 00 2
01 4
10 8
11 Reserved
NOTE
For the frequency of operation for MPC8309, 00 isthe only applicablevalue

of SVCOD.
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4.3.2.1.2 System PLL Configuration

The system PLL ratio reset, shown in Table 4-9, establishes the clock ratio between the SYS CLK_IN
signal and the internal csb_clk of the device. csb_clk drivesinternal units and feeds the e300 core PLL.

Table 4-9. System PLL Ratio

Reset, Clocking, and Initialization

RCWLR Bits | Field Name u;’i*::r‘;) csb_clk : SYS_CLK_IN
4-7 SPMF 0000 Reserved
0001 Reserved
0010 2:1
0011 3:1
0100 4:1
0101 5:1
0110 6:1
0111-1111 Reserved, should not be set

4.3.2.1.3 QUICC Engine PLL Multiplication Factor

The RCWLR field CEPMF (QUICC Engine PLL multiplication factor), shown in Table 4-10, along with
the QUICC Engine PLL division factor (CEPDF,) establishes the ratio between ge_clk and the primary

input clock.

Table 4-10. QUICC Engine PLL Multiplication Factor

RCWLR Bits Field Name (;’f:::,) Qun:liﬁig:;gai;z::?aﬂi;u

27-31 CEPMF 00000 Reserved, should be cleared.
00001 Reserved, should be cleared.

00010 2

00011 3

00100 4

00101 5

00110 6

00111 7

01000 8
01001-11111 Reserved, should be cleared.

MPC8309 PowerQUICC Il Pro Integrated Communications Processor Reference Manual, Rev. 2

Freescale Semiconductor

4-13



Reset, Clocking, and Initialization

4.3.2.2

Reset Configuration Word High Register (RCWHR)

RCWHRisshownin Figure 4-4. Thisread-only register getsitsvaluesaccording to thereset configuration
word high loaded during the reset flow.

Offset 0x0_0904

Access: Read/Write

0 1 2 3 4 5 6 7 8 9 11 12 13 14 15
Field PCS'THO — |PciARB| — CglFS‘E BMS |BOOTSEQ|SWEN| ROMLOC RLEXT —
Reset n n n n n n n n n n n n n n n n

16 27 28 29 30 31
Field — TLE —
Reset n n n n n n n n n n n n n n n n

Figure 4-4. Reset Configuration Word High Register (RCWHR)

Table 4-11 defines the reset configuration word high bit fields.

Table 4-11. Reset Configuration Word High Bit Settings

Bits Name

Description

0 PCIHOST

PCI host mode.

1 —

Reserved, should be cleared.

2 PCIARB

PCI internal arbiter mode. Enables the on-chip PCI arbiter.

0 On-chip PCI arbiter is disabled. External arbitration is required.

1 On-chip PCI arbiter is enabled.

The value of PCIARB also defines the function of the PCI arbitration signals that are multiplexed with
CompactPCl signals, as follows:

Pin Function When
PCIARB =0

Pin Function When
PCIARB =1

CPCI_HS_ES

PCI_REQ[1]

CPCI_HS_LED

PCI_GNT[1]

CPCI_HS_ENUM

PCI_GNT[2]

3 J—

Reserved, should be cleared.

4 COREDIS

Core disable mode. Specifies the e300 core mode out of reset. If COREDIS is set, the core cannot fetch

boot code until it is configured by an external master. The external master frees the core to boot by

clearing the COREDIS bit in the arbiter configuration register as described in Section 7.2.1, “Arbiter

Configuration Register (ACR).”

This bit must be set when the boot sequencer is enabled to initiate the device (BOOTSEQ is 01 or 10).

Otherwise, unpredictable behavior occurs.

0 The core can boot without waiting for configuration by an external master.

1 Core boot hold-off mode. The core is prevented from fetching instruction opcode until this bit is
cleared.
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Table 4-11. Reset Configuration Word High Bit Settings (continued)

Bits Name Description

5 BMS Boot memory space.
See Section 4.3.2.2.1, “Boot Memory Space (BMS),” for more information.

6-7 BOOTSEQ | Boot sequencer configuration.
See Section 4.3.2.2.2, “Boot Sequencer Configuration,” for more information.

8 SWEN Software watchdog enable. Selects whether the software watchdog is enabled to start counting down
immediately when coming out of reset. The user can override this value by writing to the system
watchdog control register (SWCRR[SWEN]) during system initialization.

0 Disabled

1 Enabled

9-11 ROMLOC | Boot ROM interface location.
This bit combined with bit RLEXT determines where the device boots from. See Section 4.3.2.2.3, “Boot
ROM Location,” for more information.

12-13 RLEXT Boot ROM location extension.

This bit combined with bit ROMLOC determines where the device boots from. See Section 4.3.2.2.3,

“Boot ROM Location,” for more information.

00 Legacy mode—allows for booting from on-chip peripherals. For more information, see Table 4-14.

01 NAND Flash mode—allows for booting from NAND flash devices. For more information, see
Table 4-14.

10 Reserved

11 Reserved

14-27 — Reserved, should be cleared.
28 TLE True little-endian. See Section 4.3.2.2.4, “e300 Core True Little-Endian,” for more information.
29-31 — Reserved, should be cleared.

4.3.2.2.1 Boot Memory Space (BMS)

BMS defines theinitial value of the €300 core MSR[1P] bit, which specifies the location of the interrupt
vectors (including the hard reset exception vector). The device defines the default boot ROM memory
space to be 8 Mbytes at addresses 0x0000_0000 to 0x007F_FFFF or OxFF80_0000 to OxFFFF_FFFF.
When the core comes out of reset, if it isenabled to boot, it fetches boot code from one of two addresses,
0x0000_0100 or OxFFFO_0100, and exceptions are vectored to the physical addresses, 0x000n_nnnn or
OxFFFn_nnnn appropriately. Thisbit specifieswhether an interrupt vector offset is prepended with OxFFF
or 0x000. In the description below, n_nnnn is the offset of the exception vector.
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The boot memory space reset configuration word field, shown in Table 4-12, specifies both the device boot
ROM address window and the initial €300 core boot address.

Table 4-12. Boot Memory Space

Value

RCWHR Bit | Field Name .
(Binary)

Meaning

5 BMS 0 Boot memory space is 8 Mbytes at 0x0000_0000 to 0x007F_FFFF.

€300 core register MSRJIP] initial value is Ob0.

The core, if enabled to boot, begins fetching boot code from address 0x0000_0100
and exceptions are vectored to the physical address of 0x000n_nnnn.

1 Boot memory space is 8 Mbytes at OxFF80_0000 to OxFFFF_FFFF.

€300 core register MSRJIP] initial value is Ob1.

The core, if enabled to boot, begins fetching boot code from address OxFFFO_0100
and exceptions are vectored to the physical address of OxFFFn_nnnn.

4.3.2.2.2 Boot Sequencer Configuration

The boot sequencer configuration options, shown in Table 4-13, allow the boot sequencer to load
configuration datafrom the serial ROM located on the 12C port before the host triesto configure the device.
These options also specify normal or extended 12C addressi ng modes. See Section 17.4.5, “Boot

Sequencer Mode.”
Table 4-13. Boot Sequencer Configuration
RCWHR Bits | Field Name | _2lue Meaning
(Binary)
6-7 BOOTSEQ 00 Boot sequencer is disabled. No [°C ROM is accessed.

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

10 Extended I12C addressing mode is used. Boot sequencer is enabled and loads
configuration information from a ROM on the IC interface. A valid ROM must be
present.

11 Reserved, should be cleared.

NOTE

When the boot sequencer is enabled, the e300 core must be prevented from
fetching boot code by setting the core disabl e reset configuration word field
(COREDIS) as described in Section 4.3.2.2, “ Reset Configuration Word
High Register (RCWHR).” If the e300 coreis required to proceed, the boot
sequencer should enable boot vector fetch by clearing ACR[COREDIS] as
described in Section 7.2.1, “ Arbiter Configuration Register (ACR).”

4.3.2.2.3 Boot ROM Location

The device defines the default boot ROM address range to be 8 Mbytes at addresses 0x0000_0000 to
0x007F_FFFF or OxFF80_0000 to OxFFFF_FFFF (selected by the BM S reset configuration word field).
However, the on-chip peripheral that manages these boot ROM accesses can be selected at power up.
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The boot ROM location reset configuration word field, shown in Table 4-14, establishes the location of
boot ROM. The exact boot ROM location table to be used is defined by the setting of RCWHR[RLEXT]
bits, as shown in Table 4-11. Accesses to the boot vector and the default boot ROM region of the local
address map are directed to the interface specified by thisfield.

Table 4-14. Boot ROM Location

Meaning
R%‘?{:“ Field Name (;Ii?"l:f)
y Legacy Mode (RLEXT = 00) NAND Flash Mode (RLEXT = 01)
9-11 ROMLOC 000 DDR SDRAM Reserved
001 PCI Local bus NAND Flash—8-bit small page
ROM
010 eSDHC Boot ; BMS has to be 1 for eSDHC | Reserved

boot.

011 SPI Boot ; BMS has to be 1 for SPI boot. Reserved

100 |Reserved Reserved

101 Local bus GPCM—8-bit ROM Local bus NAND Flash—8-bit large page
ROM

110 |Local bus GPCM—16-bit ROM Reserved

111 Reserved Reserved

Thelocal accesswindow of the selected boot ROM interfaceis enabled and initialized with the proper base
address and size, as described in Section 6.2, “Local Memory Map Overview and Example.”

4.3.2.2.4 e300 Core True Little-Endian

Thetrue little-endian reset configuration word field, shown in Table 4-15, selects whether the €300 core
operates in big-endian mode or true little-endian mode at reset.

Table 4-15. e300 Core True Little-Endian

Reset Configuration Value
Word High Register Field Name (Binary) Meaning
(RCWHR) Bit v
28 TLE 0 Big-endian mode
1 True little-endian mode

4.3.3 Loading the Reset Configuration Words

The deviceloadsthe reset configuration wordsfrom alocal bus EEPROM, alocal bus NAND Flash, or an
1°C serial EEPROM, or uses hard-coded configuration, as selected by the reset configuration inputs
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described in Section 4.3.1, “Reset Configuration Signals.” The following sections describe each of these

options.

4.3.3.1

Loading from Local Bus

Thereset configuration words are assumed to residein an EEPROM or NOR Flash or NAND Flash device
connected to LCSO of the devicelocal bus. Because the port size of this EEPROM is unknown, the device
reads all configuration words byte-by-byte only from locations that are independent of port size.

Table 4-16 shows addresses that should be used to contain the reset configuration words. Byte addresses
that do not appear in this table have no effect on the configuration of the device. The values of the bytes
in Table 4-16 are aways read on byte lane LD[0:7] regardless of the port size.

Table 4-16. Local Bus Configuration EEPROM Addresses

Reset Configuration Word

Bits [0:7] Address

Bits [8:15] Address

Bits [16:23] Address

Bits [24:31] Address

Low

0x00

0x08

0x10

0x18

High

0x20

0x28

0x30

0x38

Table 4-17 shows the data structure of the local bus device containing the reset configuration words

(RCWL and RCWH).

Table 4-17. Local Bus Reset Configuration Words Data Structure

EEPROM Data Bits
EEPROM Address
[0:7] [8:15] [16:23] [24:31]
0x00 RCWLJ0:7]
0x04
0x08 RCWL][8:15]
0x0C
0x10 RCWL[16:23]
0x14
0x18 RCWL[24:31]
0x1C
0x20 RCWHI0:7]
0x24
0x28 RCWH][8:15]
0x2C
0x30 RCWH[16:23]
0x34
0x38 RCWH[24:31]
0x3C
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4.3.3.1.1 Local Bus Controller Setting

The device uses GPCM to load the reset configuration from EEPROM or NOR Flash. The device reads 64
bytesin this case. The local bus controller’s registers setting is set according to Table 4-18.

The device uses FCM to load the reset configuration from NAND Flash. The device reads 512 bytes if
small page size NAND Flash isused or 2048 bytesif large page NAND Flash is used. The local bus
controller’s registers setting are set according to Table 4-18.

Table 4-18. Local Bus Controller Setting when Loading RCW

CFG_RESET_SOURCE Meaning BRO[PS] BRO[MSEL] ORO[SCY] ORO[PGS]
0000 NOR Flash 10 000 1111 NA
0001 NAND Flash, 8 bit, 01 001 0010 0
small page
0101 NAND Flash, 8 bit, 01 001 0010 1
large page

4.3.3.2 Loading from I°C EEPROM

The device is capable of loading the reset configuration word from the | 2C interface. If the deviceis
configured to |oad the reset configuration word from the 12C interface according to the reset configuration
input signals, the device uses the 1°C unit boot sequencer in a special mode. In this mode, the 1°C boot
sequencer isactivated whiletherest of the deviceisstill in reset state (HRESET asserted) to |oad the reset
configuration words from an 1°C serial EEPROM.

Note that this does not prevent using the 12C boot sequencer to initiate the device in the normal functional
mode after reset state has completed. The only restriction is that the first two EEPROM data structures
contain dedicated reset information.

4.3.3.2.1

For more information on 1%C interface and the boot sequencer, see Section 17.4.5, “Boot Sequencer
Mode.”

Using the Boot Sequencer Reset Configuration

NOTE

When reset configuration words are loaded from an 1°C EEPROM, an 12C
seriadl EEPROM of extended addressing type must be used.

If the 12C interface is used for loading the reset configuration words, the 1°C module addresses the
EEPROM and reads the first two data structures (after reading the preamble). Upon being read, the reset
configuration words are latched inside the device and the I2C module enters its reset state until HRESET
is negated. There should be no other 12C traffic when the boot sequencer is active.

After HRESET is negated, the functional boot sequencer, in extended 12C addressi ng mode, may be
activated if the BOOTSEQ field of the reset configuration word high is set to 0b10.
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4.3.3.2.2 EEPROM Calling Address

The device uses 0b101_0000 for the EEPROM calling address. The EEPROM to be addressed must
contain the reset configuration information and be programmed to respond to this address. No additional
EEPROMss are accessed by the boot sequencer in reset configuration mode.

4.3.3.2.3 EEPROM Data Format in Reset Configuration Mode

The 12C module expectsthat aparticular dataformat be used for datain the EEPROM. A preamble should
be the first 3 bytes programmed into the EEPROM. It should have avalue of OXAA_55AA. The I2C
module checks to ensure that this preambleis correctly detected before proceeding further. Following the
preambl e, there should be the two reset configuration words, programmed according to aparticular format,
as shown in Figure 4-5.

Thefirst 3 bytes hold the attributes and address offset. The addresses of the two reset configuration words
must be programmed to the offset of the reset configuration word low register (RCWLR) and reset
configuration word high register (RCWHR) respectively (see Section 4.5.1.1, “Reset Configuration Word
Low Register (RCWLR),” and Section 4.5.1.2, “Reset Configuration Word High Register (RCWHR)”).
The attributes should be programmed as follows: alternate configuration space (ACS) should be cleared
(Ob0), byte enables should be al ones, and continue (CONT) should be set.

After thefirst 3 bytes, 4 bytes of data should hold the desired value of the reset configuration word. The
boot sequencer assumes that a big-endian address is stored in the EEPROM.

IMMRBAR valueis prepended to the EEPROM address to generate the compl ete memory-mapped
register’s address.

When the 1%C operatesin reset configuration mode, the cyclic redundancy check (CRC) isignored, aswell
as any registersfollowing the first two reset configuration words.
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0 1 4 5 6 7
ACS BYTE_EN CONT RCWLR
(0) (1111) (1) | ADDR[12-13]
RCWLR ADDR[14:21]
RCWLR ADDR[22:29]

Reset configuration word low [0-7]

Reset configuration word low [8—15]

Reset configuration word low [16-23]

Reset configuration word low [24—-31]

ACS BYTE_EN CONT RCWHR
(0) (1111) (1) ADDR[12-13]

RCWHR ADDRJ[14-21]
RCWHR ADDR[22-29]

Reset configuration word high [0-7]

Reset configuration word high [8—15]

Reset configuration word high [16-23]

Reset configuration word high [24-31]

Figure 4-5. EEPROM Data Format for Reset Configuration Words Preload Command

Figure 4-6 shows an example of the CRC and EEPROM contents, including the preamble, reset
configuration words and additional initialization data. In this example, it is assumed that the EEPROM
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contains information additional to the reset configuration words, which should be loaded in the functional
state after the device completesits reset flow.

0 1 2 3 4 5 6 7
1 0 1 0 1 0 1 0 Preamble
0 1 0 1 0 1 0 1
1 0 1 0 1 0 1 0
0 1 1 1 1 1 RCWLR
ADDR[12-13]
RCWLR ADDRJ[14-21]
RCWLR ADDR[22—-29] Resetconfiguration
Reset configuration word low [0-7] word low
preload command
Reset configuration word low [8—15]
Reset configuration word low [16-23]
Reset configuration word low [24-31]
0 1 1 1 1 1 RCWHR
ADDR[12-13]
RCWHR ADDR[14-21]
RCWHR ADDR[22-29] Resetconfiguration
Reset configuration word high [0-7] word high
preload command
Reset configuration word high [8—15]
Reset configuration word high [16-23]
Reset configuration word high [24-31]
ACS BYTE_EN ‘ 1 ‘ ADDR[12—13]
ADDR[14-21]
ADDR[22-29]
DATA[0-7] Last configuration
preload command
DATA[8-15]
DATA[16—-23]
DATA[24-31]
0 0
0 0 End command
0 0
CRCI[0-7]
CRC[8—15] Cyclic redundancy
check
CRC[16-23]
CRC[24-31]

Figure 4-6. EEPROM Contents
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43.3.24 Reset Configuration Load Fail

Failure of reset configuration load by the 12C boot sequencer can be caused by anincorrect EEPROM data
structure or 1°C bus problem. If areset configuration load failure occurs, due to preamblefail or any other
12C bus error detection, the device conti nuously attemptsto reload the hard reset configuration wordsfrom
the 1°C bus. The device does not negate HRESET and remainsin hard reset state until the RCWs are
successfully loaded or the PORESET flow is restarted.

4.3.3.3 Default Reset Configuration Words

If the deviceis configured not to load the reset configuration words from NOR Flash, NAND Flash, or an
1°C EEPROM, it can also be initialized with one of five hard-coded default options, selected by the reset
configuration input signals, CFG_RESET_SOURCE[0:3].

The reset configuration words are driven internally with the values shown in Table 4-19, Table 4-20, and
Table 4-21.

Table 4-19. RCW Values Corresponding to Hard Coded Options

CFG_RESET_SOURCE RCWLR [0:31] RCWHR [0:31]
0b1000 42040003 A4600000
0b1001 44040007 A4600000
0b1010 42230003 A4600000
0b1100 44050006 A4600000
Ob1101 44040003 A4200000
0b1110 44050007 A4200000
Ob1111 44050007 A4300000

Table 4-20. Hard Coded Reset Configuration Word Low Fields Values

RCW bits 0 1 2-3 4-7 8 9-15 16-23 24-25 26 27-31
Fields LBCM | DDRCM | SVCOD | SPMF | Reserve | COREPL | Reserve | CEVCOD | CEPDF | CEPMF
L
Meaning LBC DDR System | csb_clk Core QUICC |QuiCC | QuicC
Control | Controll | VCO : Clock: Engine | Engine | Engine
CFG_RESET | o |erclock: | PLL |SYS_C csb_clk VCOPLL| PLL | PLL
—SOURCE | ¢iock : | csb_clk | division | LK_IN Division | Divisio | Multipli
value csb_clf 0 factor factor n cation
01:1 | Reserve Factor | Factor
12:1
1000 0 1 00 0010 0 0000100 | 0000000 00 0 00011
0
1001 0 1 00 0100 0 0000100 | 0000000 00 0 00111
0
1010 0 1 00 0010 0 0100011 | 0000000 00 0 00011
0
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Table 4-20. Hard Coded Reset Configuration Word Low Fields Values (continued)

1100 0 1 00 0100 0 0000101 | 0000000 00 0 00110
0

1101 0 1 00 0100 0 0000100 | 0000000 00 0 00011
0

1110 0 1 00 0100 0 0000101 | 0000000 00 0 00111
0

1111 0 1 00 0100 0 0000101 | 0000000 00 0 00111
0

Table 4-21 defines the hard-coded reset configuration word high fields values. These values select
hard-coded reset configuration words options, as described in Section 4.3.1.1, “ Reset Configuration Word
Source.”

Table 4-21. Hard-Coded Reset Configuration Word High Field Values

Field Values when CFG_RESET_SOURCE[0-3] = 1000-1111

Bits Name Meaning
1000 1001 1010 1100 1101 1110 1111
0 PCIHOST 1 —
1 Reserved 0 —
2 PCIARB 1 —
3 Reserved 0 -
4 COREDIS 0 e300 core is enabled

(boot hold-off)

5 BMS 1 Boot memory space is
O0xFF80_0000-
OxFFFF_FFFF.
MSRI[IP] initial value is

Ob1.
6-7 |BOOTSEQ 00 Boot sequencer is
disabled
8 SWEN 0 Software watchdog
disabled
9-11 | ROMLOC 110 010 011 Boot ROM interface
location
12-13 RLEXT 00 Legacy mode
14-15 | Reserved 00 —
16—27 | Reserved 0000_0000_0000 —
28 TLE 0 Big-endian mode
29-31 | Reserved 000 —
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4.4 Clocking

The following external clock sources are utilized on the MPC8309:
e Systemclock (SYS CLK_IN)
* Rea-timeclock (RTC_PIT_CLOCK)
e QE_CLK_IN

All clock inputs can be supplied using an external canned oscillator, aclock generation chip, or some other
source that provides a standard CM OS square wave input.

Figure 4-7 shows the internal distribution of clocks within the device.

Lo oy T —— — — — — — a
: MPC8309 e300c3 core

L/
L 4

Core PLL — core_clk |

I
I
Rest of the System |
L

i |
_— e e — — — — — — -
/n csb_clk E]) eEr)nDoTy
| controller
1 OB » MEMC_MCK | DDR
L I [ Memory
Divider » MEMC_MCK Device
/2
ddr_clk
Clock
Unit
System > lbo_clk » ﬂ
PLL }
to Idcal bus| LBC Local Bus
SYS_XTAL_OUT_'__| Wv Clock » LCLKJ[0:1] IE)/Iemory
o — Divider evice
CRYSTAL [ csb_clk to rest
SYS_XTAL_IN of the device ~ PCI_SYNC_IN
SYS_CLK_IN —>D v - .I
' p ' PCI_SYNC_OUT
PCI Clock Divider |—— pm
CFG_CLKIN_DIV p» PCI_CLK[0:2]
QE_CLK_IN _[QEPLL ClKGen |9 I"GE Block

Figure 4-7. MPC8309 Clock Subsystem
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4.4.1 System Clock Domains

Asshownin Figure 4-7, the primary clock input (SYS_CLK _IN) frequency ismultiplied up by the system
phase-locked loop (PLL) and the clock unit to create three major clock domains:

» The coherent system bus clock (csb_clk)
e Theinterna clock for the DDR controller (ddr_clk)
* Theinterna clock for the local bus interface unit (Ibc_clk)

The csb_clk frequency is derived as follows:
csb_clk =[SYS CLK_IN] x SPMF

The csb_clk serves as the clock input to the €300 core. A second PLL inside the core multiplies up the
csb_clk frequency to create theinternal clock for the core (core _clk). The system and core PLL multipliers
are selected by the SPMF and COREPLL fields in the reset configuration word low (RCWL), whichis
loaded at power-on reset or by one of the hard-coded reset options. See Section 4.3, “Reset Configuration
Section 4.3, “Reset Configuration.”

The ge_clk frequency is determined by the QUICC Engine PLL multiplication factor (RCWL[CEPMF])
and the QUICC Engine PLL division factor (RCWL[CEPDF]) according to the following equations:

When QE_CLK _IN isthe primary input clock, the ge_clk frequency is determined as follows:
ge_clk = (QE_CLK_IN x CEPMF) + (1 + CEPDF)

See Section 4.3.2.1.3, “QUICC Engine PLL Multiplication Factor,” and Section 4.3.2.1, “ Reset
Configuration Word Low Register (RCWLR),” for more information.

The DDR SDRAM memory controller operates with afrequency equal to twice the frequency of csb_clk.
Notethat ddr_clkisnot the external memory busfrequency; ddr_clk passesthrough the DDR clock divider
(+2) to create the differentiall DDR memory bus clock outputs (MCK and MCK). However, the data rate
isthe same frequency asddr_clk.

The local bus memory controller operates with a frequency equal to the frequency of csb_clk. Note that
Ibc_clkisnot the external local bus frequency; Ibc_clk passes through the LBC clock divider to create the
external local bus clock output (LCLK). The LBC clock divider ratio is controlled by LCRR[CLKDIV].
See Section 11.1.3.1, “eLBC Bus Clock and Clock Ratios,” for more information.

In addition, some of the internal units may be required to be shut off or operate at lower frequency than
the csb_clk frequency. These units have adefault clock ratio that can be configured by a memory-mapped
register after the device comes out of reset. Table 4-22 specifies which units have a configurable clock
frequency. For more information, see Section 4.5.2.3, “System Clock Control Register (SCCR).”

Table 4-22. Configurable Clock Units

Unit Default Frequency Options
1°C csb_clk Off, csb_clk, csb_clk/2, csb_clk/3
USB DR csb_clk Off, csb_clk, csb_clki2, csb_clk/3
DMA Engine 1 csb_clk Off, csb_clk, csb_clk/2, csb_clk/3
DMA Engine 2 csb_clk Off, csb_clk
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Table 4-22. Configurable Clock Units (continued)

Unit Default Frequency Options
eSDHC csb_clk Off, csb_clk, csb_clk/2, csb_clk/3
QUICC Engine ge_clk Off, ge_clk
NOTE

The clock ratios of these units must be set before they are accessed.

4.5 Memory Map/Register Definitions

This section presents the memory maps and register descriptions for both reset and clocking.

4.5.1 Reset Configuration Register Descriptions

The reset configuration and status registers are shown in Table 4-23.
Table 4-23. Reset Configuration and Status Registers Memory Map

Address Register Access Reset Section/Page

Reset Configuration—Block Base Address 0x0_0900

0x0_0900 Reset configuration word low register (RCWLR) R Oxnnnn_nnnn 4.5.1.1/4-27
0x0_0904 Reset configuration word high register (RCWHR) R Oxnnnn_nnnn 4.5.1.2/4-27
0x0_0908— Reserved, should be cleared — — —
0x0_090C

0x0_0910 Reset status register (RSR) R/W 0x0000_000 4.5.1.3/4-28
0x0_0914 Reset mode register (RMR) R/W 0x0000_0000 4.5.1.4/4-29
0x0_0918 Reset protection register (RPR) R/W 0x0000_0000 4.5.1.5/4-30
0x0_091C Reset control register (RCR) R/W 0x0000_0000 4.5.1.6/4-30
0x0_0920 Reset control enable register (RCER) R/W 0x0000_0000 4.5.1.7/4-31

0x0_0924 Reserved. — — _

0x0_0928— Reserved, should be cleared — — —
0x0_09FC

4511 Reset Configuration Word Low Register (RCWLR)

The reset configuration word low register (RCWLR) is shown in Figure 4-3 and described in
Section 4.3.2.1, “Reset Configuration Word Low Register (RCWLR).”

45.1.2 Reset Configuration Word High Register (RCWHR)

The reset configuration word high register (RCWHR) is shown in Figure 4-4 and described in
Section 4.3.2.2, “Reset Configuration Word High Register (RCWHR).”
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4.5.1.3

Reset Status Register (RSR)

RSR, shown in Figure 4-8, captures various reset eventsin the device. The RSR accumulates reset events.
For example, because software watchdog expiration resultsin ahard reset, SWRS and HRS are al| set after
a software watchdog reset. This register returnsto its reset value only when power-on reset occurs.

Address 0x0_0910

Access: Read/Write

Reset

0 3 4 ‘ 14 15
RSTSRC — BSF

ni 0 0 0 o | o0 0 0 o | o 0 0 0

16 18 19 20 22 23 24 26 27 28 29 30 31
— SWHR — JHRS — CSHR |SWRS|BMRS | — | HRS
00 O 0 0 0 0 0 0 0 0 0 0 0 0 0

1 The reset value of this field is determined according to the reset configuration input signals CFG_RESET_SOURCE[0:2]
sampled during the reset flow.

Figure 4-8. Reset Status Register (RSR)

Table 4-24 defines the reset status register bit fields.

Table 4-24. Reset Status Register Field Descriptions

Bits Name Description

0-3 RSTSRC | Reset configuration word source. Reflects the value of CFG_RESET_SOURCE input signal during the
reset flow. See Section 4.3.1.1, “Reset Configuration Word Source.” Changing this field has no effect.

4-14 — Reserved, should be cleared.

15 BSF Boot sequencer fail. If set, indicates that the I°C boot sequencer has failed while loading the reset
configuration words. Cleared by writing a 1 to it (writing zero has no effect).

16-18 — Reserved, should be cleared.

19 SWHR Software hard reset. If set, indicates a software hard reset. SWHR is cleared by writing a 1 to it (writing

zero has no effect).
20-22 — Reserved

23 JHRS JTAG HRESET. If set, indicates that a hard reset request arrived from the Test Module by a JTAG

command. Cleared by writing a 1 to it (writing zero has no effect).
24-26 — Reserved, should be cleared.

27 CSHR Check stop reset status. When the core enters a checkstop state and the checkstop reset is enabled by
the RMR[CSRE], CSRS is set and it remains set until software clears it. CSRS is cleared by writing a 1
to it (writing zero has no effect).

0 No enabled check stop reset event.
1 Enabled check stop reset event.
28 SWRS Software watchdog reset status. When a software watchdog expire event (which causes a reset) is

detected, SWRS is set and remains that way until the software clears it. SWRS is cleared by writing a
1 to it (writing zero has no effect).

0 No software watchdog reset event.

1 Software watchdog reset event.
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Table 4-24. Reset Status Register Field Descriptions (continued)

Bits Name Description

29 BMRS Bus monitor reset status. When a bus monitor expire event (which causes a reset) is detected, BMRS
is set and remains set until the software clears it. BMRS can be cleared by writing a 1 to it (writing zero
has no effect).
0 No bus monitor reset event.
1 Bus monitor reset event.

30 — Reserved

31 HRS Hard reset status. When an external or internal hard reset event is detected, HRS is set and remains
set until software clears it. HRS is cleared by writing a 1 (writing zero has no effect).
0 No hard reset event.
1 Hard reset event.

45.1.4 Reset Mode Register (RMR)

RMR, shown in Figure 4-9, enables a hard reset sequence on the device when the €300 core enters

checkstop state.
Address 0x0_0914 Access: Read/Write
0 | | | 15
R
w
Reset All zeros
16 30 31
R
— CSRE
w
Reset All zeros

Figure 4-9. Reset Mode Register (RMR)

Table 4-25 describes the RMR fields.

Table 4-25. RMR Field Descriptions

Bits | Name Function
0-30 — Reserved, should be cleared.
31 | CSRE |Checkstop reset enable. The core can enter checkstop mode as the result of several exception conditions.

Setting CSRE configures the device to perform a hard reset sequence when the core enters checkstop state.
0 Reset not generated when core enters checkstop state.
1 Reset generated when core enters checkstop state.
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45.1.5 Reset Protection Register (RPR)

RPR, shown in Figure 4-10, prevents unintended software reset requests caused by writes to the reset
control register (RCR). To disable awrite to the reset control register (RCR), the user should writea 1 to
RCER[CRE].

Address 0x0_0918 Access: Read/Write
0 | | | 15
R
RCPW
w
Reset All zeros
16 31
R
RCPW
w
Reset All zeros

Figure 4-10. Reset Protection Register (RPR)

Table 4-26 defines the bit fields of RPR.
Table 4-26. RPR Bit Descriptions

Bits | Name Description

0-31 | RCPW | Reset control protection word. Prevents unintended software reset requests because of a write to the RCR.
The user should write the value 0x5253_5445 (RSTE in ASCII) to enable. Enable indication appears in the
reset control enable register (RCER[CRE]). Reading this register always returns all zeros.

45.1.6 Reset Control Register (RCR)

RCR, shownin Figure 4-11, can be used by software to initiate a hard reset sequence. To allow writing to
this register, the user must enable it by writing the value 0x5253 5445 to the RPR.

Address 0x0_091C Access: Read/Write

0 | | | 15

Reset All zeros

16 29 30 31

— SWHR| —

Reset All zeros

Figure 4-11. Reset Control Register (RCR)
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Table 4-27 defines the bit fields of RCR.
Table 4-27. RCR Bit Settings

Bits | Name Description

029 — Reserved, should be cleared.

30 SWHR | Software hard reset. Setting this bit causes the device to begin a hard reset flow. This bit returns to its reset
state during the reset sequence, so reading it always returns all zeros.

31 — Reserved.

45.1.7 Reset Control Enable Register (RCER)

RCER, shownin Figure 4-12, indicates by the CRE field that the RPR isaccessed with avalue that enables
RCR.

Address 0x0_0920 Access: Read/Write
0 | | | 15
R
W —
Reset All zeros
16 30 31
R
W — CRE
Reset All zeros

Figure 4-12. Reset Control Enable Register (RCER)

Table 4-28 defines the bit fields of RCER.
Table 4-28. RCER Bit Settings

Bits | Name Description
0-30 — Reserved, should be cleared.
31 CRE | Control register enabled. When set, indicates that the RPR was accessed with a value that enables the RCR.
Writing 1 to this bit disables the RCR and clears this bit. Writing zero has no effect.

4.5.2 Clock Configuration Registers

The clock configuration and status registers are shown in Table 4-29.
Table 4-29. Clock Configuration Registers Memory Map

Address Register Access Reset Section/Page

Reset Configuration—Block Base Address 0x0_0A00

0x0_OA00 | System PLL mode register (SPMR) R Oxnnnn_nnnn 4.5.2.1/4-32
0x0_0A04 |Output clock control register (OCCR) R/W 0x0000_C0CO0 4.5.2.2/4-33
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Table 4-29. Clock Configuration Registers Memory Map (continued)

Address Register Access Reset Section/Page
0x0_0A08 | System clock control register (SCCR) R/W 0x0542_0010 4.5.2.3/4-34
0x0_0AOC- | Reserved, should be cleared — — —
0x0_OAFC
45.2.1 System PLL Mode Register (SPMR)

SPMR is shown in Figure 4-13. It obtains its values according to the reset configuration input signal and
thereset configuration word low loaded during the reset flow. Notethat thisregister isupdated only during
apower-on reset sequence and not by a hard reset sequence. It may hold values different than thosein the
RCWLR after aahard reset sequence.

Address 0x0_0A00

Access: Read only

0 1 2 3 4 7 8 9 ‘ 15
R| LBCM |DDRCM — SPMF — COREPLL
w | [ ] [ ] [ L]
Reset! n n n n n n n n n n n n n n n n
16 ‘ 23 24 25 26 27 ‘ 31
R — CEVCOD |CEPDF CEPMF
w [ [ | [ | [ [
Reset n n n n n n n n n n n n n n n n

1

Table 4-30 defines the system PLL mode register bit fields.

Figure 4-13. System PLL Mode Register

See Table 4-30 for reset values.

Table 4-30. System PLL Mode Register Bit Settings

Bits Name Meaning Description
0 LBCM Local bus memory controller clock mode. Section 4.3.2.1, “Reset Configuration Word Low
Register (RCWLR)”
1 DDRCM | DDR SDRAM memory controller clock mode. Section 4.3.2.1, “Reset Configuration Word Low
Register (RCWLR)”
2-3 — Reserved, should be cleared. —
4-7 SPMF System PLL multiplication factor Section 4.3.2.1.2, “System PLL Configuration”
8 — Reserved —
9-15 | COREPLL |Core PLL configuration. For more information, see MPC8309
PowerQUICC Il Pro Integrated Communications
Processor Hardware Specification.
16-23 — Reserved, should be cleared. —
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Table 4-30. System PLL Mode Register Bit Settings (continued)

Bits Name Meaning Description
24-25 | CEVCOD |QUICC Engine PLL VCO division Section 4.3.2.1, “Reset Configuration Word Low
Register (RCWLR)
26 CEPDF QUICC Engine PLL division factor Section 4.3.2.1, “Reset Configuration Word Low
Register (RCWLR)
27-31 CEPMF | QUICC Engine PLL multiplication factor Section 4.3.2.1.3, “QUICC Engine PLL
Multiplication Factor”
45.2.2 Output Clock Control Register (OCCR)

The OCCR shown in Figure 4-14, controls the device output clocks. It is possible to control some output
clock modes by writing to this memory mapped register as described below.

Address 0x0_0A04

Reset

R
w
Reset

0

1

2 5 | |

Access: Read/Write

15

PCICOE
0

PCICOE | PCICOE

1

2

16

17

All zeros

‘ 23 24 25 26

31

MCK0O
E, MCK_
BOOE

— LCLKOE | LCLK1E

1

0 0 \ 0 0 0 0 1 1 0
Figure 4-14. Output Clock Control Register (OCCR)

Table 4-31 defines the bit fields of OCCR.

Table 4-31. OCCR Bit Settings

Bits Name Description
0 PCICOEO |PCI_CLK_OUTO enable.
0 PCI_CLK_OUTO signal is disabled (drive constant zero).
1 PCI_CLK_OUTO signal is enabled to toggle.
1 PCICOE1 |PCI_CLK_OUT1 enable.
0 PCI_CLK_OUT1 signal is disabled (drive constant zero).
1 PCI_CLK_OUT1 signal is enabled to toggle.
2 PCICOE2 |PCI_CLK_OUT2 enable.
0 PCI_CLK_OUT2 signal is disabled (drive constant zero).
1 PCI_CLK_OUT2 signal is enabled to toggle.
3-15 — Reserved, should be cleared
16 MCKOOE, |Enable/Disable MCK[0] pins clock out
MCK_BOOE |0 Disable MCK[0] and MCK]O]
1 Enable MCK]0] and MCK]J0]
17-23 — Reserved, should be cleared
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Table 4-31. OCCR Bit Settings (continued)

Bits Name Description

24 LCLKOE |Enable/Disable LCLKJ[0] pin clock out
0 Disable LCLK]0]
1 Enable LCLK[O]

25 LCLK1E |Enable/Disable LCLK[1] pin clock out
0 Disable LCLK[1]
1 Enable LCLK[1]

26-31 — Reserved, should be cleared

45.2.3 System Clock Control Register (SCCR)

The system clock control register (SCCR), shown in Figure 4-15, controls device units that have a
configurable clock ratio.

NOTE

SCCR isnot meant for dynamic on/off of the clock to the module. This can
be only disabled once after reset. To use the modul e again, a power-on reset
cycle hasto take place.

Address 0x0_0A08 Access: Read/Write
0 3 4 5 6 7 8 9 10 ‘ 15
R
W — SDHCCM — USBDRCM — PCICM
Reset 0 0 0 0 0 1 0 1 0 1 0 0 0 0 1 0
16 25 26 27 31
R
_ DMACCM —
w
Reset 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0

Figure 4-15. System Clock Control Register (SCCR)

Table 4-32 defines the bit fields of SCCR.
Table 4-32. SCCR Bit Descriptions

Bits Name Description

0-3 — Reserved

4-5 SDHCCM SDHC clock mode

00 SDHC core clock is disabled.

01 SDHC core clock/csb_clk ratio is 1:1.
10 SDHC core clock/csb_clk ratio is 1:2.
11 SDHC core clock/csb_clk ratio is 1:3.

6-7 — Reserved
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Table 4-32. SCCR Bit Descriptions (continued)

Bits

Name

Description

USBDRCM

USB DR clock mode. It also controls 12C1 clock ratio.
00 USB DR clock is disabled. I2C1 clock is 1:1.

01 USB DR clock/csb_clk ratio is 1:1. 12C1 clock is 1:1.
10 USB DR clock/csb_clk ratio is 1:2. 1°C1 clock is 1:2.
11 USB DR clock/csb_clk ratio is 1:3. 12C1 clock is 1:3.

10-14

Reserved

15

PCICM

PCI clock mode. Define the clock mode for all of the PCI complex - PCI and DMA.
0 PCI complex clocks are disabled.
1 PCI complex clocks are enabled.

16-25

Reserved

26-27

DMACCM

DMACCM. DMA Engine 1.

00 DMAC core clock is disabled.

01 DMAC core clock/csb_clk ratio is 1:1.
10 DMAC core clock/csb_clk ratio is 1:2.
11 DMAC core clock/csb_clk ratio is 1:3.

28-31

Reserved
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Chapter 5

System Boot

This chapter describes the overall initialization of the MPC8309.

5.1

Booting from On Chip ROM

Selecting on-chip ROM in boot ROM location causes the e300 CPU to fetch data from the on-chip ROM.
The on-chip ROM is selected by configuring the POR config values of RCWHR appropriately as shown
in Table 5-1. For more information, see Section 4.3.2.2.3, “Boot ROM L ocation.

The following different configurations are provided for boot from the on-chip ROM:
* Boot from eSDHC

* Boot from SPI

Table 5-1. Boot Source Selection for On-Chip ROM Boot- RCWHR Settings

Bits' Name Description
5 BMS Boot Memory Space

1 : For booting from On-Chip ROM for both SPI and eSDHC boot.

9-11 ROMLOC Boot ROM interface location
010 Boot from eSDHC
011 Boot from SPI

12-13 RLEXT Boot ROM location extension.
IThis bit combined with bit ROMLOC determines where the device boots from.
00 Legacy mode—allows for booting from on-chip peripherals.
For booting from On Chip ROM, these bits must be set to 00.

' This table shows only relevant bits for On-Chip Boot configuration.

5.2

eSDHC Boot

This section explains how to boot from eSDHC. The following is discussed in this section:
e Section5.2.1, “Overview”
* Section5.2.2, “Features’
» Section 5.2.3, “SD/MMC Card Data Structure”
» Section 5.2.4, “eSDHC Controller Initial Configuration”
e Section 5.2.5, “eSDHC Controller Boot Sequence”
» Section 5.2.6, “eSDHC Boot Error Handling”
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5.2.1 Overview

The MPC8309 is capable of loading initialization code from a memory device that is connected to the
eSDHC controller interface. Thisdevice can be either aSD card, SDIO card, MMC card, or other variants
compatible with these devices. The term SD/MMC is used when referring to the memory device.

Boot from eSDHC is supported by the M PC8309 using an on-chip ROM, which containsthe basic eSSDHC
devicedriver and the code to perform block copy from SD/MMC to any target memory. Selecting on-chip
ROM in boot ROM location (see Table 5-1) causes the e300 CPU to fetch data from the on-chip ROM.
Prior to boot, the user should ensure that the SD/MMC card to boot from isinserted.

After the device has completed the reset sequence, if the ROM location selects the on-chip ROM eSDHC
boot configuration, the e300 core starts to execute code from the internal on-chip ROM. The €300 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 €300 core starts
to execute the code from the target memory device.

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

A more advanced option isfor the on-chip ROM to only copy a small user-customized subroutine, which
configuresthe 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 utilize 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 at
which the MPCB8309 is operating.

5.2.2 Features

The main features are as follows:

* Provides mechanism to load initialization code from the following external devices:
— SD memory cards (up to and including version 2.0)
— MMC, RSMMC (up to and including version 4.0)
— SDHC cards (SD High Capacity, from 4 GByte to 32 GByte)

* Boot from the following devicesis not supported
— SDIO and miniSDIO cards that 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 is checked to validate that the SD/MMC card contains valid code

MPC8309 PowerQUICC Il Pro Integrated Communications Processor Reference Manual, Rev. 2
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* Supports variable code length in SD/MMC card

* Flexibletarget memory device

» Supportstarget memory configuration controlled by the user

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

» Initial setting uses 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 50 MHz SD and 52 MHz MMC).
* Control word allows 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.

e Compatiblewith 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 aread CRC error is
found.

5.2.3 SD/MMC Card Data Structure

The SD/MMC card should contain the initialization code length in bytes, source addressin the SOD/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 5-1 shows the required SD/MMC card data structure.

0x00

Reserved
Ox3F
0x40

Control Words

0x63
0x64

Reserved
Ox7F
0x80

Confi tion Word
onfiguiration ¥¥ords Source Address

A

User’s Code

Figure 5-1. SD/MMC Card Data Structure
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Table 5-2 describes the SD/MCC card data structure.

Table 5-2. SD/MMC Card Data Structure

Address Data Bits [0-31]

0x00—-0x3F Reserved.

0x40-0x43 BOOQOT signature
This location should contain the value 0x424F_4F54 , which is the ascii code for 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 hang in
an infinite loop.

0x44—-0x47 Reserved

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 < 2 GBytes.

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(SDHC) cards (> 2Gbytes), the 32-bit source address specifies the memory address
in byte address format. However, it must be a multiple of block length, which is fixed to 512 bytes as per
the SDHC 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.

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.

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 + 8x(N-1)

Config Address N

0x80 + 8x(N-1)+4

Config Data N (final Config Data N optional)
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Table 5-2. SD/MMC Card Data Structure (continued)

Address Data Bits [0-31]

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

T N<40if compatibility with FAT12/FAT16/FAT32 filesystems is required. Refer to “Notes on Compatibility with
FAT12/FAT16/FAT32 Filesystems” for details.

5.2.3.1 Configuration Words Section

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

The Config Addressfield has two modesthat are selected by the least significant bit inthefield (CNT). If
the CNT bit isclear, 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.

Notethat it isillegal to change the content of the IMMRBAR 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 IMMRBAR maps all memory mapped registerswithin the lowest 4-GByte segment of memory,
and the user is prohibited from changing IMMRBAR with a configuration access, thisis not an issue.

The Config Address structure is shown in Figure 5-2.

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

Figure 5-2. Config Address Fields

Table 5-3 defines the Config Address bits when CNT = 0 (address mode), and Table 5-4 describes the
Config Address bitswhen CNT = 1.

Table 5-3. Config Address Field Description, CNT =0

Bits Name Description

029 Address Address bits 0—29. The data in the Config Data field is copied by the e300 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.

MPC8309 PowerQUICC Il Pro Integrated Communications Processor Reference Manual, Rev. 2

Freescale Semiconductor 5-5



System Boot

Table 5-3. Config Address Field Description, CNT = 0 (continued)

Bits Name Description
30 — Reserved. Must be zero.
31 CNT Control. Select between Address mode and Control mode.

0 Address mode
1 Control mode

Table 5-4. 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 e300 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 e300 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 CSB clocks. Valid only if bit CNT is set.

0 No delay
1 Delay
2-30 — 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.

5.2.3.2 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 alimit
on the number of Configuration Wordsthat can be parsed by the processor prior to fetching the user’s code.
Compatibility is achieved by ensuring that the entire data structure of Control Words and Configuration
Words is contained within the first 446 byte (Ox1BE) master boot record code area of the filesystem.

Given that Configuration Words start at address 0x80, and all Configuration Words (except the last one
with EC = 1 to end the configuration) occupy 8 bytes per Configuration Address/Data pair, thisimposes
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 FAT 32 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
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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, FAT 12 and FAT 16 define aboot sector with defined fieldsin the first 0x36 addressabl e bytes
(which does not conflict with the SD/MMC Card Data Structure for boot from SD/MMC defined in this
document). Therefore FAT12 and FAT16 filesystems are completely compatible with the defined data
structure, even if they also contain a FAT boot sector. However, FAT 32 defines a boot sector with defined
fieldsin 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 areaof 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.

5.2.4 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 isinitially configured to operate in the following configuration:

* AddressInvariant Mode (eSDHC.PROTCTL[EMODE] = 10)

» SDHC_DAT][3] does not monitor card insertion.

* 1-bit Mode (eSDHC.PROTCTL[DTW] = 00)

» SDCLK at 400 kHz or below, but higher than 100 kHz .

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

» TheeSDHC DMA engineis 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 (XFERTY P[DMAEN] = 0). The eSDHC DMA
engine is used for user code accesses.

5.2.5 eSDHC Controller Boot Sequence

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

1. TheeSDHC controller is configured as per Section 5.2.4, “eSDHC Controller Initial
Configuration.”

Card-detect.

The SD/MMC card is reset.

SD/MMC card voltage validation is performed.

SD/MMC card identification.

With CM D9, the CSD (Card-Specific Data) register of the SD/MMC card is read.

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

8. The eSDHC begins reading the SD/MMC data structure from the card.
9. The eSDHC begins fetching the User Code from the card.
10. Following might be the possibilities because of bad block on the SD/MMC memory card:
— BOQT signature is not found at memory offset 0x40
— A read CRC error is detected while reading the control and configuration words or user’s code

To counteract thisand provide error resilience, the eSDHC returnsto step 8, fetching datafrom an
address 0x200 greater than the previously fetched address. For example, if there have beenii failed
attempts, then on the following try the BOOT signature is checked at offset 0x40 + i x 0x200.

If this sequence fails 24 times, the system boot is deemed to have failed.
11. The processor core waits until the User Code DMA transfer is compl ete.
12. The processor core jumps to the execution starting address to begin execution of the user’s code.

5.2.6 eSDHC Boot Error Handling

If at any stage the boot loader code detects an error and cannot continue, it will hang. 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).

» Thereisno common protocol, voltage or frequency mutually supported by the SD/MMC card and
the eSDHC.

» TheeSDHC readsasfar asthe source address (specified by the control word of the SD/MMC data
structure) without seeing a EC = 1 configuration word.

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

For reference, Figure 5-3 shows an example SD/MMC memory card data structure that can be used for
maximum SD/MMC card data redundancy.

Notethat if 0x40 + 8 x (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 x 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 utilized 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.

0x00

Control/Configuration
Words (Copy 1) Source Address 1

Reserved

0x200 Control/Configuration N

Words (Copy 2) Source Address 2

Reserved
2 x 0x200 .

Control/Configuration
Words (Copy 24)

(24 — 1) x 0x200

Source Address 24

L |

Reserved

A

User’s Code (Copy 1)

Reserved

A

User’'s Code (Copy 2)

Reserved

A

User's Code (Copy 24)

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

Figure 5-3. SD/MMC Card Data Structure for Maximum Redundancy

5.3 SPI Boot ROM
This section explains how to boot from SPI. The following is discussed in this section:

* Section5.3.1, “Overview”

» Section 5.3.2, “Features’

* Section 5.3.3, “EEPROM Data Structure”

» Section 5.3.4, “SPI Controller Configuration”
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5.3.1 Overview

The MPC8309 is capable of loading initialization code from amemory device that is connected to the SPI
controller interface. This device can be either an EEPROM or a serial flash with an SPI-compatible
interface. The term EEPROM will be used when referring to the memory device.

Boot from SPI is supported by the MPC8309 using an on-chip ROM which contains the basic SPI device
driver and the code to perform block copy from SPI EPROM to any target memory. Selecting on-chip
ROM in boot ROM location, see Table 5-1, causes the e300 CPU to fetch data from the on-chip ROM.
After the device has completed the reset sequence, if the ROM location selectsthe on-chip ROM SPI Boot
configuration, the e300 core starts to execute code from the internal on-chip ROM. The €300 core
configures the SPI 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 theinitialization code to atarget memory device (for example, the DDR)
through the SPI interface. After all the code has been copied, the €300 core starts to execute the code from
the target memory device.

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

A more advanced option is for the on-chip ROM to only copy a small user-customised subroutine, which
configuresthe SPI in an optimal way. The user-customised subroutine then copiestherest of the boot code
potentially much faster than the on-chip ROM software can achieve.

5.3.2 Features

The main features are as follows:
* Provides mechanism to load initialization code from external SPl EEPROM
» Simple data structure in SPI EEPROM
» BOOT signature will be checked to validate that the EEPROM contains valid code
» Supports variable code length in EEPROM
* Flexibletarget memory device
» Supportstarget memory configuration controlled by the user

5.3.3 EEPROM Data Structure

The EEPROM should contain the initialization code length in bytes, source addressin the SPI 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 5-4 shows the required SPIl EEPROM data structure.

0x00

Reserved
Ox3F
0x40

Control Words

0x63
0x64

Reserved
Ox7F
0x80

Configuration Words
Source Address

A

User’s Code

Figure 5-4. SPI EEPROM Data Structure

Table 5-5 describes the SPI EEPROM data structure.

Table 5-5. SPI 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 SPI 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 does not match the BOOT signature, it means that the SPI device
doesn't contain a valid user code. In such case the SPI loader code will hang.

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 < 2 Gbytes.

0x4C—-0x4F Reserved

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

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.

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.

0x64-0x67 Reserved
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Table 5-5. SPI EEPROM Data Structure (continued)

Address Data Bits [0-31]

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 + 8x(N-1)

Config Address N

0x80 + 8x(N-1) + 4

Config Data N (Final Config Data N optional)

User’'s Code

5.3.3.1 Configuration Words Section

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

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

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

The Config Address structure is shown in Figure 5-5.

0 1

3

30 31

CNT=0

Address

—|CNT

CNT =1|EC|DLY

CF —

CNT

Figure 5-5. Config Address Fields
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Table 5-6 shows the Config Address field description, CNT = 0.
Table 5-6. Config Address Field Description, CNT =0

Bits Name Description
029 Address Address bits 0—29. The data in the Config Data field is copied by the e300 core to this address.
30 — Reserved. Must be zero.
31 CNT Control. Select between Address mode and Control mode.
0 Address mode
1 Control mode

Table 5-7 shows the Config Address field description, CNT = 1.
Table 5-7. 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 e300 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 e300 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 CSB clocks. Valid only if bit CNT is set.

0 No delay.

1 Delay.

2 CF Change frequency. Instruct the e300 core to perform sequence of operations to setup the SPI 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 SPI 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 SPI controller before and after changing the SPI mode register.

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

3-30 — 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.

5.3.4 SPI Controller Configuration

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

The SPI controller is configured to operate in master mode. The SPISEL input should be forced inactive
by an external pull up. The SPI chip select (SPISEL_BOOT) must be connected to the EEPROM CS and
selectively enables the EEPROM.
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Figure 5-6 shows the external signal connection.

MPC8309 EEPROM
SPIMOSI > D (Data In)
SPIMISO |« Q (Data Out)
SPICLK > C (Serial Clock)

Vee
SPISEL_BOOT —% > S (Chip Select)
Vee Vee

SPISEL J —L> HOLD

Figure 5-6. External Signal Connection
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Chapter 6
System Configuration

6.1 Introduction

This chapter describes several functions that control the local access windows, system configuration,
protection, and general utilities. These functions are discussed in the following sections:

» Section 6.2, “Local Memory Map Overview and Example’

» Section 6.3, “ System Configuration”

* Section 6.4, “ Software Watchdog Timer (WDT)”

» Section 6.5, “Real Time Clock Module (RTC)”

* Section 6.6, “Periodic Interval Timer (PIT)”

» Section 6.7, “ General-Purpose Timers (GTMs)”

» Section 6.8, “Power Management Control (PMC)”

6.2 Local Memory Map Overview and Example

Thedeviceprovidesaflexiblelocal memory map. Thelocal memory map refersto the 32-bit address space
seen by the processor asit accesses memory and I/0 space. Internal DMA engines also see this samelocal
memory map. All memory accessed by the DDR SDRAM and local bus memory controllers existsin this
memory map, as do all memory-mapped configuration, control, and status registers.

The local memory map is defined by a set of seven local access windows. Each of these windows maps a
region of memory to a particular target interface, such asthe DDR SDRAM controller. Note that the local
access windows do not perform any address translation. The size of each window can be configured from
4 Kbytesto 2 Gbytes. Each local access window is assigned to a specific target interface as specified in
Table 6-1.

Table 6-1. Local Access Windows Target Interface

Window Number Target Interface Comments
0 Configuration registers (IMMR) Fixed 2-Mbyte window size
1 Local bus —
2 Local bus —
3 Local bus —
4 Local bus —
5 PCI —
6 PCI —

MPC8309 PowerQUICC Il Pro Integrated Communications Processor Reference Manual, Rev. 2

Freescale Semiconductor 6-1



System Configuration

Table 6-1. Local Access Windows Target Interface (continued)

Window Number Target Interface Comments
7 DDR2 SDRAM —
8 DDR2 SDRAM —

Figure 6-1 shows an example memory map.

0 Example Local Memory Map

DDR2 SDRAM
Memory
0x8000_0000) _ |
Local Bus SRAM — |
0xA000_0000
I/0
Configuration Registers
Local Bus Flash IMMPR

OXFFFF_FFFF | D0t ROM

Figure 6-1. Local Memory Map Example

Table 6-2 shows one example of local access window settings.

Table 6-2. Local Access Windows Example

Window Base Address Size Target Interface
5 0x0000_0000 2 Gbytes DDR2 SDRAM
2 0x8000_0000 1 Mbyte Local bus
7 0xA000_0000 1 Mbyte PCI
3 0xC000_0000 256 Mbytes | Local bus
0 0xFF40_0000 2 Mbyte Configuration registers (IMMR)
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Table 6-2. Local Access Windows Example (continued)

Window Base Address Size Target Interface
1 0xFF80_0000 8 Mbytes Local bus boot ROM Flash
6,4 Unused

In this example, the local access window of the boot ROM is defined as window number 1, on alocal bus
device, in the highest 8 Mbytes of memory as set by the reset configuration word high during the reset
sequence (see Section 4.3.2.2.3, “Boot ROM Location”) and Section 6.2.4.3.1,
“LBLAWBARO[BASE_ADDR] Reset Value.” The local access window, which describes the range of
memory used for memory-mapped registers (IMMR), is afixed 2-Mbyte space pointed to by the
IMMRBAR register, using its default value (OxFF40_0000). See Section 6.2.4.1, “Internal Memory Map
Registers Base Address Register IMMRBAR).”

6.2.1 Address Translation and Mapping

In addition to any address translation performed by the e300 core MMU, onethree distinct types of
tranglation and mapping operations isare performed on transactions at the integrated device level. These
are asfollows:

* Mapping alocal addressto atarget interface
» Trandating the local 32-bit address to an external address space
» Trandating external addresses to the local 32-bit address space

The local access windows perform target mapping for transactions within the local address space. The
local access windows do not perform any address trandlation.

Outbound windows perform the mapping from the local 32-bit address space to the address space of the
PCI Expressinterface, which may be much larger than the local space.

Inbound windows perform address transation from the external address spaces of the PCI Express
interface to the local address space.

Outbound windows perform the mapping from the local 32-bit address space to the address space, which
may be much larger than the local space.

Inbound windows perform address translation from the external address spaces to the local address space.

All of the configuration registers that define mapping of local access windows follow the same register
format. Table 6-3 summarizes the general format of these window definitions.

Table 6-3. Format of Window Definitions

Register Function

Base address High-order address bits defining location of the window in the initial address space
1

Window size/attributes Window enable, window size

T An exception is the IMMR window, which is always enabled and has a fixed 2-Mbyte size.
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Windows must be a power-of-two size. To perform a 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 within awindow, the transaction isdirected
to the appropriate target.

6.2.2 Window into Configuration Space

The internal memory map registers’ base address register IMMRBAR) defines awindow that is used to
access all memory-mapped configuration, control, and status registers, referred to asinternal memory map
registers or IMMR. Thiswindow is always enabled with afixed size of 2 Mbytes, and no other attributes
are attached so thereis no associated size/attribute register. Thiswindow always takes precedence over all
local access windows. The IMMRBAR aways come out of reset with a default base address value of
OxFF40_0000, and this base address value can be modified by writing to this register. For more
information, see Section 6.2.4.1, “Internal Memory Map Registers Base Address Register IMMRBAR).”

NOTE

Althoughitislegal to usethe 2-Mbyte space consecutive to the 2 M bytes of
the IMMR (for example, if IMMRBAR is OxFF40_0000, the 2-Mbyte
address space consecutiveto it is OXFF60_0000-OxFF7F_FFFF), it is not
recommended. This space may be used in future derivatives of the device
that require alarger internal memory space.

6.2.3 Local Access Windows

As demonstrated in the address map overview in Section 6.2, “Local Memory Map Overview and
Example,” local access windows associate arange of thelocal 32-bit address space with aparticular target
interface. This allows the internal interconnections of the device to route a transaction from its source to
the proper target. No addresstranglation is performed. The base address definesthe high order address bits
that give the location of the window in the local address space. The window attributes enabl e the window
and define its size, while the window number specifies the target interface.

With the exception of configuration space (mapped by IMMRBAR), all addresses used by the system must
be mapped by alocal accesswindow. PCI Thisincludes addressesthat are mapped by PCl Expressinbound
windows.

The local access window registers exist as part of the local access block in the system configuration
registers. See Section 6.3.2, “ System Configuration Registers.” A detailed description of the local access
window registersis given in the following sections. Note that the minimum size of awindow is 4 Kbytes,
so the low order 12 bits of the base address cannot be specified.

6.2.3.1 Local Access Register Memory Map
Table 6-4 shows the memory map for the local access registers.
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Table 6-4. Local Access Register Memory Map

System Configuration

Local Access—Block Base Address 0x0_0000

Local Memory

Offset (Hex) Register Access Reset Section/Page
0x0_0000 Internal memory map base address register IMMRBAR) R/W | OxFF40_0000 | 6.2.4.1/6-6
0x0_0004 Reserved — — —
0x0_0008 Alternate configuration base address register (ALTCBAR) R/W | 0x0000_0000 | 6.2.4.2/6-7

0x0_000C-0x0_001C | Reserved — — —

0x0_0020 eLBC local access window 0 base address register R/W | 0x0000_0000" | 6.2.4.3/6-8
(LBLAWBARUO)

0x0_0024 eLBC local access window 0 attribute register (LBLAWARO) | R/W | 0x0000_0000° | 6.2.4.4/6-9

0x0_0028 eLBC local access window 1 base address register R/W | 0x0000_0000 | 6.2.4.3/6-8
(LBLAWBART)

0x0_002C eLBC local access window 1 attribute register LBLAWAR1) | R/W | 0x0000_0000 | 6.2.4.4/6-9

0x0_0030 eLBC local access window 2 base address register R/W | 0x0000_0000 | 6.2.4.3/6-8
(LBLAWBAR2)

0x0_0034 eLBC local access window 2 attribute register (LBLAWAR2) | R/W | 0x0000_0000 6.2.4.4/6-9

0x0_0038 eLBC local access window 3 base address register R/W | 0x0000_0000 | 6.2.4.3/6-8
(LBLAWBARS3)

0x0_003C eLBC local access window 3 attribute register (LBLAWAR3) | R/W | 0x0000_0000 6.2.4.4/6-9

0x0_0040-0x0_005C | Reserved — 0x0000_0000 —

0x0_0060 PCI local access window 0 base address register R/W | 0x0000_0000% | 6.2.4.5/6-10
(PCILAWBARO)

0x0_0064 PCI local access window 0 attribute register (PCILAWARO) | R/W 0x0000_0000* | 6.2.4.6/6-11

0x0_0068 PCI local access window 1 base address register R/W | 0x0000_0000° | 6.2.4.5/6-10
(PCILAWBART1)

0x0_006C PCI local access window 1 attribute register (PCILAWAR1) | R/W | 0x0000_0000 | 6.2.4.6/6-11

0x0_0070— Reserved — — —

0x0_00

0x0_00AO0 DDR2 local access window 0 base address register R/W | 0x0000_00008 | 6.2.4.7/6-12
(DDRLAWBARO)

0x0_00A4 DDR2 local access window 0 attribute register R/W | 0x0000_0000" | 6.2.4.8/6-13
(DDRLAWARO)

0x0_00A8 DDR2 local access window 1 base address register R/W | 0x0000_0000 | 6.2.4.7/6-12
(DDRLAWBART1)

0x0_00AC DDR2 local access window 1 attribute register R/W | 0x0000_0000 | 6.2.4.8/6-13

(DDRLAWAR1)

0x0_00B0-0x0_00FC

Reserved

1 Depends on reset configuration word high values. See Section 6.2.4.3.1, “LBLAWBARO[BASE_ADDR] Reset Value,” for

details.

2 Depends on reset configuration word high values. See Section 6.2.4.4.1, “LBLAWARO[EN] and LBLAWARO[SIZE] Reset

Value,” for details.

3 Depends on reset configuration word high values.
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4 Depends on reset configuration word high values.

5 Depends on reset configuration word high values. See Section 6.2.4.6.1, “PCILAWARO[EN] and PCILAWARO[SIZE] Reset
Value,” for details.

6 Depends on reset configuration word high values. See Section 6.2.4.7.1, “DDRLAWBARO[BASE_ADDR] Reset Value;” for
details.

7 Depends on reset configuration word high values. See Section 6.2.4.8.1, “DDRLAWARO[EN] and DDRLAWARO[SIZE] Reset
Value,” for details.

6.2.4 Local Access Register Descriptions

This section describes the local access registers.

6.2.4.1 Internal Memory Map Registers Base Address Register (IMMRBAR)

ThelMMR window contains configuration, control, and statusregisters, aswell asinternal device memory
arrays. The internal memory map occupies a 2-Mbyte region of memory space. Itslocation is
programmabl e using the internal memory map register (IMMR). The default base address for the internal
memory map register is OxFF40_0000. Because IMMRBAR is at offset 0x0 from the beginning of the
local accessregisters, IMMRBAR aways points to itself.

6.2.4.1.1 Updating IMMRBAR

Updates to IMMRBAR that relocate the entire 2-Mbyte region of the internal memory block 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, the following guidelines should be
followed:

 IMMRBAR should be updated during initial configuration of the device when only one host or
controller has access to the device as follows:

— If thecoreisinitializing the device, it should set IMMRBAR to the desired final location before
enabling other 1/O devices to access the device.

*  When the €300 coreiswriting to IMMRBAR, it should use the following sequence:

— Read the current value of IMMRBAR using aload word instruction followed by anisync. This
forces all accesses to configuration space to complete.
— Write the new value to IMMRBAR.

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

— Read the contents of IMMRBAR from its new location, followed by another isync.
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The IMMRBAR is shown in Figure 6-2.

Offset 0x00 Access: Read/Write
0 ‘ ‘ 10 11 ‘ 15
R
W BASE_ADDR —
Reset 1 1 1 1 1 1 1 1] 0 1 0 oo 0 0 0
16 | | 31
R
W —
Reset All zeros

Figure 6-2. Internal Memory Map Registers’ Base Address Register (IMMRBAR)

Table 6-5 defines the bit fields of IMMRBAR.
Table 6-5. IMMRBAR Bit Settings

Bits Name Description

0-10 BASE_ADDR | Identifies the 11 most-significant address bits of the base of the 2-Mbyte internal memory window.

11-31 — Reserved. Software must write all zeros.

6.2.4.2 Alternate Configuration Base Address Register (ALTCBAR)

The alternate configuration base address register (ALTCBAR) is used to define the base address for an
alternate 2-Mbyte region of configuration space to be used by the boot sequencer. By loading the proper
boot sequencer command in the serial ROM, the base addressin the ALTCBAR can be combined with the
21 bits of address offset supplied from the serial ROM to generate a 32-bit address. Thus, by configuring
this register, the boot sequencer has access to the entire memory map, one 2-Mbyte block at atime. See
Section 17.4.5, “Boot Sequencer Mode,” for more information.

NOTE

ALTCBAR isnot considered aloca accesswindow on its own, so the boot
sequencer must configure one of the other seven local access windows
properly to reach the desired target peripherals.

The alternate configuration base address register is shown in Figure 6-3.

Offset 0x08 Access: Read/Write
0 ‘ ‘ 10 11‘ ‘ ‘ 31
R
BASE_ADDR _
w
Reset All zeros

Figure 6-3. Alternate Configuration Base Address Register (ALTCBAR)
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Table 6-6 defines the bit fields of ALTCBAR.

Table 6-6. ALTCBAR Bit Settings

Bits Name Description

0-10 | BASE_ADDR | Identifies the11 most-significant address bits of an alternate base address used for boot sequencer
configuration accesses.

11-31 — Reserved. Write has no effect, read returns 0.

6.2.4.3 LBC Local Access Window n Base Address Registers
(LBLAWBARO-LBLAWBARS3)

The LBC local access window n base address registers (LBLAWBARO-LBLAWBARS3) are shown in
Figure 6-4.

Offset 0x20, 0x28, 0x30, 0x38 Access: Read/Write
0 | | | | 19 20 | | 31
R 1
BASE_ADDR —
w
Reset All zeros

Figure 6-4. LBC Local Access Window n Base Address Registers (LBLAWBARO-LBLAWBARS3)

! The LBLAWBARO[BASE_ADDR] reset value depends on the reset configuration word high values. See Section 6.2.4.3.1,
“LBLAWBARO[BASE_ADDR] Reset Value,” for a detailed description.

Table 6-7 defines the bit fields of LBLAWBARO-LBLAWBARS.
Table 6-7. LBLAWBARO-LBLAWBARS3 Bit Settings

Bits Name Description

0-19 | BASE_ADDR | Identifies the 20 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 LBLAWARN[SIZE].

20-31 — Reserved. Write has no effect, read returns 0.

6.2.4.3.1 LBLAWBARO[BASE_ADDRY] Reset Value

The core may also use alocal bus peripheral deviceto fetch its boot vector. For this purpose, the
LBLAWBARO[BASE_ADDR] reset valueis set according to the value set in the reset configuration word
high BMSfield.

Table 6-8 defines the reset value of LBLAWBARO[BASE _ADDR].
Table 6-8. LBLAWBARO[BASE_ADDR] Reset Value

RCWHR[BMS] BASE_ADDR Reset Value
0 0x00000
1 0xFF800
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6.2.4.4 LBC Local Access Window n Attributes Registers
(LBLAWARO-LBLAWARS3)

TheLBC local accesswindow n attributes registers (LBLAWARO-LBLAWARS) are shown in Figure 6-5.

Offset 0x24, 0x2C, 0x34, 0x3C Access: Read/Write
0 1 ‘ ‘ ’ ’ ‘ ‘ 25 26 ‘ 31
R
EN —_— SIZE
w

Reseto1ooo\oooo\oooo\oooooooo\oooo\oooo\ooooz

1 The LBLAWARO[EN] reset value depends on the reset configuration word high values. See Section 6.2.4.4.1, “LBLAWARO[EN]
and LBLAWARO[SIZE] Reset Value,” for a detailed description.

2 The LBLAWARO[SIZE] reset value is always 0b010110, meaning an 8-Mbyte local access window. See Section 6.2.4.4.1,
“LBLAWARO[EN] and LBLAWARO[SIZE] Reset Value,” for a detailed description.

Figure 6-5. LBC Local Access Window n Attributes Registers (LBLAWARO-LBLAWAR3)

Table 6-9 defines the bit fields of LBLAWARO-LBLAWARS3.
Table 6-9. LBLAWARO-LBLAWARS Bit Settings

Bits | Name Description

0 EN |0 Local bus local access window n is disabled.
1 Local bus local access window n is enabled and other LBLAWARO and LBLAWBARQO fields combine to
identify an address range for this window.

1-25 — Reserved. Write has no effect, read returns 0.

26-31 | SIZE |Identifies the size of the window from the starting address. Window size is 2(SIZE+1) bytes.
000000-001010 Reserved. Window is undefined.

001011 4 Kbytes

001100 8 Kbytes

001101 16 Kbytes

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

011110 2 Gbytes

011111-111111 Reserved. Window is undefined.

6.2.4.4.1 LBLAWARO[EN] and LBLAWARO[SIZE] Reset Value

The core may use alocal bus peripheral device to fetch its boot vector. For this purpose an 8-Mbyte
(2(22*1)) |ocal access window is defined by the LBLAWBARO[SIZE] reset value, and LBLAWARO is
enabled according to the value set in the reset configuration word high ROMLOC field.
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Table 6-10 defines the reset value for LBLAWARO[EN].
Table 6-10. LBLAWARO[EN] Reset Value

RCWHR[ROMLOC] | RLEXT?! LBLAWARO[EN] Description
Reset Value
001 01 1 e300 core boot performed from a local bus device. Local bus
8-Mbyte (2(22*1)) |ocal access window is enabled.

101 00

01
110 00

others 0 €300 core boot not performed from a local bus device.

' For more information, see Section 4.3.2.2, “Reset Configuration Word High Register (RCWHR).”

6.2.4.5 PCI Local Access Window n Base Address Register
(PCILAWBARO-PCILAWBART1)

The PCI local access window n base address registers (PCILAWBARO-PCILAWBARI1) are shown in
Figure 6-6.

Offset 0x60 Access: Read/Write
0x68
0 19|20 31
R
BASE_ADDR _
W
Reset All zeros'

T The reset value of PCILAWBARO[BASE_ADDR] depends on the reset configuration word high values. See
Section 6.2.4.5.1, “PCILAWBARO[BASE_ADDR] Reset Value,” for a detailed description.

Figure 6-6. PCl Local Access Window n Base Address Registers (PCILAWBARO-PCILAWBAR1)

Table 6-11 defines the bit fields of PCILAWBARO-PCILAWBARI.
Table 6-11. PCILAWBARO-PCILAWBAR/1 Bit Settings

Bits Name Description

0-19 | BASE_ADDR | Identifies the 20 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 PCILAWARN[SIZE].

20-31 — Reserved. Write has no effect, read returns 0.

6.2.4.5.1 PCILAWBARO[BASE_ADDR] Reset Value

The core may use a PCI peripheral device to fetch its boot vector. For this purpose, the
PCILAWBARO[BASE_ADDR] reset value is set according to the value set in the reset configuration word
high BMS field.
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Table 6-12 defines the reset value of PCILAWBARO[BASE_ADDR].
Table 6-12. PCILAWBARO[BASE_ADDR] Reset Value

PCILAWBARO[BASE_ADDR
RCWHR[BMS] Reset[VaIue_ :
0 0x00000
1 OxFF800

6.2.4.6 PCI Local Access Window n Attributes Registers
(PCILAWARO-PCILAWART1)

The PCI local access window n attributes registers (PCILAWARO-PCILAWAR]1) are shown in Figure 6-7.

Offset 0x64 Access: Read/Write
0x6C
0 1 | | | | | | 526 | 3t
R
EN — SIZE
w
Reset All zeros'2

' The reset value of PCILAWARO[EN] depends on the reset configuration word high values. See Section 6.2.4.6.1,
“PCILAWARO[EN] and PCILAWAROI[SIZE] Reset Value,” for a detailed description.

2 The reset value of PCILAWARO[SIZE] is always 0b010110, meaning an 8-Mbyte local access window. See
Section 6.2.4.6.1, “PCILAWARO[EN] and PCILAWARO[SIZE] Reset Value,” for a detailed description

Figure 6-7. PCI Local Access Window n Attributes Registers (PCILAWARO-PCILAWAR1)

Table 6-13 defines the bit fields of PCILAWARO-PCILAWARI.
Table 6-13. PCILAWARO-PCILAWAR/1 Bit Settings

Bits | Name Description

0 EN |0 The PCI local access window n is disabled.
1 The PCl local access window n is enabled and other PCILAWARnN and PCILAWBARRN fields combine to
identify an address range for this window.

1-25 — Reserved. Write has no effect, read returns 0.

26-31 | SIZE |ldentifies the size of the window from the starting address. Window size is 2(5'2E+1) pytes.
000000-001010 Reserved. Window is undefined.

001011 4 Kbytes

001100 8 Kbytes

001101 16 Kbytes

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

011110 2 Gbytes

011111-111111 Reserved. Window is undefined.

6.2.4.6.1 PCILAWARO[EN] and PCILAWARO[SIZE] Reset Value

The core may use a PCI peripheral device to fetch its boot vector. For this purpose an 8-Mbyte (22D
local access window is defined by the PCILAWBARO[SIZE] reset value, and PCILAWARO is enabled
according to the value set in the reset configuration word high ROMLOC field.
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Table 6-14 defines the reset value of PCILAWARO[EN].
Table 6-14. PCILAWARO[EN] Reset Value

RCWHR[ROMLOC] | FCILAWRO[EN] Description
Reset Value
000 0 €300 core boot not performed from a PCI device.

6.2.4.7 DDR Local Access Window n Base Address Registers
(DDRLAWBARO-DDRLAWBAR1)

The DDR local access window n base address registers (DDRLAWBARO-DDRLAWBARL) are shown
in Figure 6-8.

Offset 0xAO0 Access: Read/Write
O0xA8
0 ‘ 19 | 20 31
R
BASE_ADDR —
w
Reset All zeros!

! The reset value of DDRLAWBARO[BASE_ADDR] depends on the reset configuration word high values. See Section 6.2.4.7.1,
“DDRLAWBARO[BASE_ADDR] Reset Value,” for a detailed description

Figure 6-8. DDR Local Access Window n Base Address Registers (DDRLAWBARO-DDRLAWBAR1)

Table 6-15 defines the bit fields of DDRLAWBARO-DDRLAWBARL.
Table 6-15. DDRLAWBARO-DDRLAWBAR1 Bit Settings

Bits Name Description

0-19 BASE_ADDR | Identifies the 20 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 DDRLAWARN[SIZE].

20-31 — Reserved. Write has no effect, read returns 0.

6.2.4.7.1 DDRLAWBARO[BASE_ADDR] Reset Value

The core may use a DDR SDRAM device to fetch its boot vector. For this purpose, the
DDRLAWBARO[BASE_ADDR] reset value is set according to the value set in the reset configuration
word high BMSfield.

Table 6-16 defines the reset value DDRLAWBARO.
Table 6-16. DDRLAWBARO[BASE_ADDR] Reset Value

DDRLAWBARO[BASE_ADDR

RCWHR[BMS] Reset glalue - :
0 0x00000
1 0xFF800

MPC8309 PowerQUICC Il Pro Integrated Communications Processor Reference Manual, Rev. 2

6-12 Freescale Semiconductor




System Configuration

6.2.4.8 DDR Local Access Window n Attributes Registers
(DDRLAWARO-DDRLAWAR1)

The DDR local access window n attributes registers (DDRLAWARO-DDRLAWARZ1) are shown in
Figure 6-9.

Offset 0xA4 Access: Read/Write
0xAC
0o 1 25 26 31
R
EN — SIZE
w
Reset All zeros'+2

The reset value of DDRLAWARO[EN] depends on the reset configuration word high values. See Section 6.2.4.8.1,
“DDRLAWARO[EN] and DDRLAWARO[SIZE] Reset Value,” for a detailed description.

2 The reset value of DDRLAWARO[SIZE] is always 0b010110, meaning an 8-Mbyte local access window. See Section 6.2.4.8.1,
“DDRLAWARO[EN] and DDRLAWARO[SIZE] Reset Value,” for a detailed description.

Figure 6-9. DDR Local Access Window n Attributes Registers (DDRLAWARO-DDRLAWAR1)

Table 6-17 defines the bit fields of DDRLAWARO-DDRLAWARL.
Table 6-17. DDRLAWARO-DDRLAWAR1 Bit Settings

Bits | Name Description

0 EN 0 The DDR local access window n is disabled.
1 The DDR local access window n is enabled and other DDRLAWARN and DDRLAWBARnN fields combine
to identify an address range for this window.

1-25 — Reserved. Write has no effect, read returns 0.

26-31 | SIZE |ldentifies the size of the window from the starting address. Window size is 2(5'ZE+1)

000000—001010 Reserved. Window is undefined.
001011 4 Kbytes

001100 8 Kbytes

001101 16 Kbytes

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

011110 2 Gbytes

011111-111111 Reserved. Window is undefined.

bytes.

6.2.4.8.1 DDRLAWARO[EN] and DDRLAWARO[SIZE] Reset Value

The core may use a DDR SDRAM device to fetch its boot vector. For this purpose an 8-Mbyte (2(22+1))
local access window is defined by DDRLAWBARO[SIZE] reset value, and DDRLAWARQO is enabled
according to the value set in the reset configuration word high ROMLOC field.
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Table 6-18 defines the reset value DDRLAWARO[EN] and DDRLAWARO[SIZE].
Table 6-18. DDRLAWARO[EN] Reset Value

RCWHR[ROMLOC]|  RLEXT DDRLAWARO[EN] Description
Reset Value
000 00 1 €300 core boot performed from a DDR SDRAM device. DDR
8-Mbyte (2(22*1)) |ocal access window is enabled.
Else - 0 €300 core boot not performed from a DDR SDRAM device.

' For more information, see Section 4.3.2.2, “Reset Configuration Word High Register (RCWHR).”

6.2.5 Precedence of Local Access Windows

If two local access windows overlap, the lower numbered window takes precedence (see Table 6-19 for
window numbers). For instance, if two windows are set up as shown in Table 6-19, local accesswindow 1
governs the mapping of the 1-Mbyte region from Ox7FF0_0000 to Ox7FFF_FFFF, even though the
window described in local access window 5 also encompasses that memory region.

Table 6-19. Overlapping Local Access Windows

Window Base Address Size Target Interface
1 0x7FF0_0000 1 Mbyte Local bus
5 0x0000_0000 2 Gbytes |DDR SDRAM

6.2.6 Configuring Local Access Windows

After alocal access window isenabled, it should not be modified while any device in the system may be
using the window. Accordingly, a new window should not be used until the effect of the write to the
window isvisible to all blocks that use the window. This can be guaranteed by completing aread of the
last local access window configuration register before enabling any other devices to use the window. For
instance, if local buslocal access windows 1-3 are being configured in order during the initialization
process, the last write (to LBLAWARS3) should be followed by aread of LBLAWARS3 before any devices
try to use any of these windows. If the configuration is being done by the local €300 core, the read of
LBLAWARS should be followed by an isync instruction.

6.2.7 Distinguishing Local Access Windows from Other Mapping
Functions

It isimportant to distinguish between the mapping function performed by the local access windows and
the additional mapping functionsthat happen at the target interface. The local access windows define how
atransaction is routed through the device internal interconnects from the transaction’s source to its target.
Once 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 aparticular external device. The local bus controller has base registers that perform a similar function.
The PCI Express interface has outbound address tranglation units that map the local address into an
external address space.
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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. A single local access window can be further
decoded to any number of chip selects at the target interface.

6.2.8 hashasOutbound Address Translation and Mapping Windows

Outbound address trand ation and mapping refers to the translation of addresses from the local 32-bit
address space to the external address space and attributes of a particular I/O interface. On this device, the
PCI block has an outbound address transl ation unit.

The PCI controller has six outbound windows plus a default window. See Section 4.5, “Memory

Map/Register Definitions,” for a detailed description of the PCI outbound windows.

6.2.9 Inbound Address Translation and Mapping Windows

Inbound address translation and mapping refersto the tranglation of an address from the external address
gpace of an 1/O interface (such as PCl address space) to the local address space understood by theinternal
interfaces of this processor. It aso refersto the mapping of transactions to a particular target interface and
the assignment of transaction attributes. The PCI controller has inbound address translation unit.

6.2.9.1 PCI Express Inbound Windows

The PCI Express controller has four inbound windows. In the PCI Express EP (End Point) mode, these
windows are same asthe base addressregistersin the PCI Express programming model. Inthe PCI Express
RC (Root Complex) mode, there are four separate registers, PEX_RCIWBARL][0:3].

6.2.9.2 PCI Inbound Windows

The PCI controller has three general inbound windows plus a dedicated window for memory-mapped
configuration accesses (PIMMR). 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 windows, this processor does not
respond with an assertion of PCI_DEVSEL. See Section 23.4.6, “PCI Inbound Address Translation,” for
a detailed description of the PCI inbound windows.

6.2.10 hasinternal Memory Map

All of the memory mapped configuration, control, and status registersin the device are contained within
a 2-Mbyte address region, referred asthe IMMR. To allow for flexibility, the internal memory map block
can be relocated in the local address space. The local address map location of this register block is
controlled by the internal memory map registers base addressregister IMMRBAR); see Section 6.2.4.1,
“Internal Memory Map Registers Base Address Register IMMRBAR).” The default value for the
IMMRBAR is OxFF40_0000.
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NOTE

Theinternal memory map window isawaysthe highest priority local access
window.

6.2.11 Accessing Internal Memory from External Masters

In addition to being accessible by the e300 processor, the IMMR memory window is accessible from
external interfaces. This allows external masters on the I/O ports to configure the device.

External masters do not need to know the location of the IMMR memory in thelocal address map. Rather,
they accessthisregion of the local memory map through awindow defined by aregister in the interface’s
programming model that is accessible to the external master from its external memory map.

6.3 System Configuration
The following sections describe some general information and configuration options that affect system

behavior and performance.

6.3.1 System Configuration Register Memory Map

Table 6-20 shows the memory map for the system configuration registers.
Table 6-20. System Configuration Register Memory Map

Local
Memory Register Access Reset Section/Page
Offset (Hex)
System Configuration—Block Base Address 0x0_0000
0x00100 | System general purpose register low (SGPRL) R/W 0x480E_FF20 6.3.2.1/6-17
or 0x0000_0000

0x00104 | System general purpose register high (SGPRH) R/W 0x0000_0000 6.3.2.2/6-18
0x00108 | System part and revision ID register (SPRIDR) R 0x8110_0010 6.3.2.3/6-18
0x0010C | Reserved — — —
0x00110 | System priority configuration register (SPCR) R/W 0x0000_0000 6.3.2.4/6-19
0x00114 | System I/O configuration register 1 (SICR_1) R/W 0x0000_000A 6.3.2.5/6-21

(other-boot)

0x0028_000A

(esdhc-boot)
0x00118 | System I/O configuration register 2 (SICR_2) R/W 6.3.2.6/6-24

0x9040_5500

(PCIARB=1)

0x9042_5500

(PCIARB=0)
0x00128 | DDR control driver register (DDRCDR) R/W 0x0000_0000 6.3.2.9/6-29
0x0012C | DDR debug status register (DDRDSR) R 0x3300_0000 6.3.2.10/6-30
0x00144 | eSDHC Control Regiser (SDHCCR) R/W 0x0000_0000 | 6.3.2.11/66-30
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Table 6-20. System Configuration Register Memory Map (continued)

Local
Memory Register Access Reset Section/Page
Offset (Hex)
0x00148 | CAN access control register (CAN_DBG_CTRL) R/W 0x0000_0000 | 6.3.2.12/66-32
0x0014C | SPI chip select register (SPI_CS) R/W 0x0000_0000 | 6.3.2.13/66-33
0x00150 | General purpose register 1 (GPR_1) R/W 0x0080_8001 6.3.2.14/66-34
0x00154— | Reserved — — —
0x00167
0x168 SIDCR2 R/W | 0x0000_0000 6.3.2.16/66-36
(MB6EN=0)
0xFC00_0000
(MB6EN=1)
0x00169— | Reserved — — —
0x001BC
0x00154— | Reserved — — —
0x00164
0x00168 | SIDCR2 ()
0x0016C— | Reserved — — —
0x001BC
0x001CO | CAN interrupt status register (CAN_INT_STAT) R 0x0000_0000 | 6.3.2.16/66-36
0x001C4 | DUART interrupt status register (DUART_INT_STAT) R 0x0000_0000 | 6.3.2.17/66-38
0x001C8 | GPIO interrupt status register (GPIO_INT_STAT) R 0x0000_0000 | 6.3.2.18/66-39
0x001CC— | Reserved — — —
0x00IFC
6.3.2 System Configuration Registers

This section discusses the system configuration registers.

6.3.2.1

System General Purpose Register Low (SGPRL)

The system general purpose register low (SGPRL), shown in Figure 6-10, can be used by softwarefor any
purpose. The values set in this register have no effect on the internal hardware.

Offset 0x00100 Access: Read/Write

0 | | | s

R
GP

W

Reset If esdhc-boot or spi-boot =>480E_FF20 else All Zeros
Figure 6-10. System General Purpose Register Low (SGPRL)
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Table 6-21 defines the bit fields of SGPRL.
Table 6-21. SGPRL Bit Settings

Bits | Name Description

0-31 GP | General purpose

6.3.2.2 System General Purpose Register High (SGPRH)

The system general purpose register high (SGPRH), shown in Figure 6-11, can be used by software for
any purpose. The values set in this register have no effect on the internal hardware.

Offset 0x00104 Access: Read/Write
0 | | | o
R
GP
w
Reset All zeros

Figure 6-11. System General Purpose Register High (SGPRH)

Table 6-22 defines the bit fields of SGPRH.
Table 6-22. SGPRH Bit Settings

Bits | Name Description

0-31 GP | General purpose

6.3.2.3 System Part and Revision ID Register (SPRIDR)

SPRIDR, shown in Figure 6-12, provides information about the device and revision numbers.

Offset 0x00108 Access: Read only
0 23 24 31
R PARTID REVID
W
Reset See Table 6-24 and Table 6-25 for reset values of this register.

Figure 6-12. System Part and Revision ID Register (SPRIDR)
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Table 6-23 defines the bit fields of SPRIDR.
Table 6-23. SPRIDR Bit Settings

System Configuration

Bits Name

Description

0-23 | PARTID | Part identification.
This read-only field is mask-programmed with a code corresponding to the device number. It is intended to
help factory test and user code that is sensitive to device changes. The device number changes according
to manufacturing considerations. See Table 6-24 for values of this field.

24-31 | REVID |Revision identification.
This read-only field is mask-programmed with a code corresponding to the revision number of the part

defined in PARTID field. It is intended to help factory test and user code that is sensitive to device changes.
The mask number is programmed in a commonly changed layer, and changes with each mask set change.
See Table 6-25 for values of this field.

6.3.2.3.1

6.3.2.3.2

6.3.2.4

SPRIDR[PARTID] Coding

Table 6-24 defines the reset values of SPRIDR[PARTID].
Table 6-24. PARTID Coding

PARTID

Device Name Package Type

0x811000

MPC8309 PBGA

SPRIDR[REVID] Coding
Table 6-25 defines the reset values of SPRIDR[REVID].

Table 6-25. REVID Coding

REVID

Device Revision

0x10

1.0

System Priority and Configuration Register (SPCR)

The system priority and configuration register (SPCR), shown in Figure 6-13, controls the priority of
requests for transactions on the internal system bus. This priority is considered by the system arbiter
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whenever an internal unit requests mastership of the coherent system bus (CSB). The SPCR also includes
some other control functions.

Offset 0x00110 Access: Read/Write
0 1 2 3 7 8 9 10 11 12 15
R EN_SEONAK_
— FIX PCIHPE — PCIPR | OPT | TBEN | COREPR —
w
Reset All zeros
16 31
R
w
Reset All zeros

Figure 6-13. System Priority Configuration Register (SPCR)

Table 6-26 defines the bit fields of SPCR.
Table 6-26. SPCR Bit Settings

Bits Name Description
0-1 — Reserved. Should be cleared.
2 EN_SEONAK_ | enable_seOnak_fix for USBDR
FIX If set, disables the SOF reporting when in SE0_NAK test mode.
3 PCIHPE PCI highest priority enable. If this bit is set, the PCI bridge is permitted to request the coherent system

bus (CSB) with highest priority, regardless of SPCR[PCIPR] value, when it needs to complete a posted
write transaction from an external PCI master. To follow PCI ordering rules specifications, the PCI bridge
must flush any outstanding write transactions before it can start a new read transaction. Setting this bit
allows faster flushing of the outstanding write transactions coming from the PCI bus onto the CSB and to
the device targets, such as DDR SDRAM and local bus memories.

4— — Reserved. Should be cleared.

6—7 PCIPR PCI bridge CSB request priority. The level of priority can be chosen from 4 possible levels.
00 Level O (lowest priority)
01 Level 1
10 Level 2

11 Level 3 (highest priority)
Note: DMA has the same priority as PCI.

8 OPT Optimize. Setting this bit may enhance the performance of transactions issued to the internal coherent
system bus (CSB) by the and the . Performance is enhanced by reading more bytes on the bus than
actually needed by the master in the case that this is more efficient. The user may set this bit only if it is
known that transactions sent to the internal CSB are not accessing devices in which speculative reads
may change the state of the device (for example, FIFOs in which reading a byte may advance some
internal counter).

0 No performance enhancement.

1 Performance enhancement by speculative reading is enabled.

9 TBEN €300 core time base unit enable
0 Time base unit is disabled.
1 Time base unit is enabled.

MPC8309 PowerQUICC Il Pro Integrated Communications Processor Reference Manual, Rev. 2

6-20 Freescale Semiconductor




System Configuration

Table 6-26. SPCR Bit Settings (continued)

Bits Name Description

10-11 COREPR €300 core CSB request priority. The priority level for the core in accessing the CSB can be chosen from
4 possible levels.

00 Level O (lowest priority)

01 Level 1

10 Level 2

11 Level 3 (highest priority)

12-31 — Reserved. Should be cleared.

6.3.2.5 System 1/O Configuration Register 1 (SICR_1)

Thesystem I/O configuration register 1 (SICR_1) controlsthe multiplexing of some of the devicel/O pins.
Each bit or set of bitsin the SICR_1 selects which function is used by a certain group of the device pins.

Figure 6-14 shows SICR_1.

Offset 0x00114 Access: Read/Write
0 1 2 3 4 5 6 7
R
W Reserved UART1 12C IRQ_A
Reset 0 0 0 0 0 0 0 0
8 9 10 11 12 13 14 15
R
W IRQ_B GPIO_A GPIO_B GPIO_C
Reset 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23
R
W GPIO_D GPIO_E GPIO_F USB_A
Reset 0 0 0 0 0 0 0 0
24 25 26 27 28 29 30 31
R
W USB_B USB_C FEC1 FEC2
Reset 0 0 0 0 1 0 1 0

Figure 6-14. System 1/O Configuration Register 1 (SICR_1)
NOTE

In case of eSDHC boot, the reset for SICR_1 changes from 0000_000A to
0028 _000A.
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Table 6-27 defines the bit fields of SICR_1 for MPC8309.

Table 6-27. SICR_1 Bit Settings for MPC8309

SICR_1[Bits] Value 0b00 0b01 0b10 Ob11
Reset
Bits Group Pin Function 0 Pin Function 1 Pin Function 2 Pin Function 3
0-1 — — — — — 00
2-3 UARTI[1] UART1_SOUT[2] UART1_RTS[1] — — 00
UART1_SIN[2] UART1_CTS[1] — —
4-5 12C 12C_SDA[2] CKSTOP_OUT — — 00
12C_SCL[2] CKSTOP_IN — —
6-7 IRQ_A IRQ[1] MCP_OUT — — 00
8-9 IRQ_B IRQ[2] CKSTOP_IN — — 00
IRQ[3] CKSTOP_OUT INTA —
10-11 GPIO_A GPIO[0] — SD_CLK MSRCIDI[O0] 00
(DDR ID) (10in
case of
GPIO[1] — SD_CMD MSRCIDI[1] eSDHC
(DDR ID) boot)
GPIO[2] — SD_CD MSRCIDI[2]
(DDR ID)
GPIO[3] — SD_WP MSRCIDI[3]
(DDR ID)
GPIO[4] — SD_DATI0] MSRCID[4]
(DDR ID)
GPIO[5] — SD_DAT[1] MDVAL(DDR ID)
12-13 GPIO_B GPIOI6] — SD_DAT[2] QE_EXT_REQ_3 00
101
GPIO[7] — SD DAT[3]  |QE_EXT REQ 1| oo™
eSDHC
boot)
14-15 GPIO_C GPIO[8] RXCAN[1] LSRCIDI[O0] LCS[4] 00
(DDR ID)
GPIO[9] TXCANI1] LSRCID[1] LCS[5]
(DDR ID)
16-17 GPIO_D GPIO[10] RXCAN[2] LSRCID[2] LCS[6] 00
(DDR ID)
GPIO[11] TXCANI[2] LSRCIDI[3] LCS[7]
(DDR ID)
18-19 GPIO_E GPIO[12] RXCAN][3] LSRCID[4] LCLK]1] 00
(DDR ID)
GPIO[13] TXCANI3] LDVAL(DDR ID)
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Table 6-27. SICR_1 Bit Settings for MPC8309 (continued)

SICR_1[Bits] Value 0b00 0b01 0b10 0b11
Reset
Bits Group Pin Function 0 Pin Function 1 Pin Function 2 Pin Function 3
20-21 GPIO_F GPIO[14] RXCAN[4] CKSTOP_OUT — 00
GPIO[15] TXCAN[4] CKSTOP_IN —
22-23 USB_A USBDR_NXT UART2_SIN[1] — QE_EXT_REQ_4| 00
USBDR_PCTL[0] UART2_SOUTI[1] — —
24-25 USB_B USBDR_CLK UART2_SIN[2] UART2_CTS — 00
USBDR_PCTL][1] UART2_SOUT[2] UART2_RTS —
2627 | USB_C USBDR_DIR — — — 00
USBDR_PWRFLT — — —
USBDR_STP — — QE_EXT_REQ_2
28-29 FECH FEC1_COL GTM1_TIN[1] GPIO[16] — 10
FEC1_CRS GTM1_TGATE[1] GPIO[17] —
FEC1_RX_CLK (CLK9) — GPIO[18] —
FEC1_RX_DV' GTM1_TIN[2] GPIO[19] —
FEC1_RX_ER! GTM1_TGATE[2] GPI0[20] —
FEC1_RXD[0]' — GPIO[21] —
FEC1_RXD[1] GTM1_TIN[3] GPIO[22] —
FEC1_RXD[2] GTM1_TGATE[3] GPIO[23] —
FEC1_RXD[3] — GPIO[24] —
FEC1_TX_CLK (CLK10) GTM1_TIN[4] GPIO[25] —
FEC1_TX_EN' GTM1_TGATE[4] GPIO[26] —
FEC1_TX_ER GTM1_TOUT[4] GPIO[27] —
FEC1_TXD[0]' GTM1_TOUT[1] GPIO[28] —
FEC1_TXD[1] GTM1_TOUT[2] GPIO[29] —
FEC1_TXD[2] GTM1_TOUT[3] GPIO[30] —
FEC1_TXD[3] — GPIO[31] —
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Table 6-27. SICR_1 Bit Settings for MPC8309 (continued)

SICR_1[Bits] Value 0b00 0b01 0b10 0b11
Reset
Bits Group Pin Function 0 Pin Function 1 Pin Function 2 Pin Function 3

30-31 FEC2 FEC2_COL GTM2_TIN[1] GPIO[32] — 10

FEC2_CRS GTM2_TGATE[1] GPIO[33] —

FEC2_RX_CLK (CLK7) — GPIO[34] —

FEC2_RX_DV' GTM2_TIN[2] GPIO[35] —

FEC2_RX_ER! GTM2_TGATE[2] GPIO[36] —

FEC2_RXD[0]' — GPIO[37] —

FEC2_RXD[1] GTM2_TIN[3] GPIO[38] —

FEC2_RXD[2] GTM2_TGATE[3] GPIO[39] —

FEC2_RXD[3] — GPIO[40] —

FEC2_TX_CLK (CLK8) GTM2_TIN[4] GPIO[41] —

FEC2_TX_EN' GTM2_TGATE[4] GPIO[42] —

FEC2_TX_ER GTM2_TOUT[4] GPIO[43] —

FEC2_TXD[0]' GTM2_TOUT[1] GPIO[44] —

FEC2_TXD[1] GTM2_TOUT[2] GPIO[45] —

FEC2_TXD[2] GTM2_TOUTI[3] GPIO[46] —

FEC2_TXD[3] — GPIO[47] —

' For multiplexed QE_UART signals, refer to Table 6-29.

NOTE

An empty column cannot be used for this register. A function should be
selected so that the column is non-empty.

6.3.2.6 System I/O Configuration Register 2 (SICR_2)

The system I/O configuration register 2, shown in Figure 6-15, controls the multiplexing of the rest of the
device I/O pins. Each bit or set of bitsin thisregister select which function is used by a certain group of
the device pins.
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Offset 0x00118 Access: Read/Write
0 1 2 3 4 5 6 7
VI\?/ FECS3 HDLC1_A eLBC_A eLBC_B
Reset 1 0 0 1 0 0 0 0
8 11 12 13 14 15
v'\q/ HDLC2_A o USB_D PCI
Reset 0 1 0 0 0 0 0 0
16 17 18 19 20 21 22 23
\; HDLC1_B HDLC1_C HDLC2_B HDLC2_C
Reset 0 1 0 1 0 1 0 1
o 24 25 26 27 \ 28 29 30 31
W QIESCE_B —
Reset 0 0 0 0 ‘ 0 0 0 0

Figure 6-15. System I/0 Configuration Register 2 (SICR_2)

NOTE

The reset value shown is for the case when PCIARB = 1. If PCIARB =0,
the reset for SICR_2 changes from 9040 5500 to 9042 5500.
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Table 6-28 definesthe bit fields of SICR_2. Each Pin Function column lists the name of the multi-function
pin used in this option.

Table 6-28. SICR_2 Bit Settings for MPC8309

SICR_2[Bits] Value 0b00 0b01 0b10 Ob11 Reset
Bits Group Pin Function 0 Pin Function 1 Pin Function 2 | Pin Function 3 Value

0-1 FEC3 FEC3_COL — GPIO[48] — 10

FEC3_CRS — GPIO[49] —

FEC3_RX_CLK — GPIO[50] —

(CLK11)

FEC3_RX_DV' — GPIO[51] —

FEC3_RX_ER! — GPIO[52] —

FEC3_RXDI[0] — GPIO[53] —

FEC3_RXD[1] — GPIO[54] —

FEC3_RXD[2] TSEC_TMR_TRIG[1] GPIO[55] —

FEC3_RXD[3]' TSEC_TMR_TRIG[2] GPIO[56]] —

FEC3_TX_CLK TSEC_TMR_CLK GPIO[57] —

(CLK12)

FEC3_TX_EN' TSEC_TMR_GCLK GPIO[58] —

FEC3_TX_ER TSEC_TMR_PP[1] GPIO[59] —

FEC3_TXDI[0] TSEC_TMR_PP[2] GPIO[60] —

FEC3_TXD[1] TSEC_TMR_PP[3] GPIO[61] —

FEC3_TXD[2] TSEC_TMR_ALARM[1] GPIO[62] —

FEC3_TXD[3]' TSEC_TMR_ALARM[2] GPIO[63] —
2-3 HDLC1_A HDLC1_TXD' GPIO[2] TDM1_TD — 01

HDLC1_RXD' GPIO[3] TDM1_RD —

HDLC1_CD' GPIO[4] TDM1_TFS —

HDLC1_CTS! GPIO[5] TDM1_RFS —

HDLC1_RTS! GPIO[6] TDM1_STROBE —
4-5 eLBC_A LA[16] — — — 00
6-7 eLBC_B LCLK[O] — — — 00
8-9 HDLC2_A HDLC2_TXD' GPIO[18] TDM2_TD — 01

HDLC2_RXD' GPIO[19] TDM2_RD —

HDLC2_CD' GPIO[20] TDM2_TFS —

HDLC2_CTS' GPIO[21] TDM2_RFS —

HDLC2_RTS! GPIO[22] TDM2_STROBE —
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Table 6-28. SICR_2 Bit Settings for MPC8309

SICR_2[Bits] Value 0b00 0b01 0b10 0b11 Reset
Bits Group Pin Function 0 Pin Function 1 Pin Function 2 | Pin Function 3 | V2IU®
10-11 — — — — — 00
12-13 USB_D USBDR_TXDRXDIO] — GPIO[32] 00
USBDR_TXDRXDI[1] — GPIO[33]
USBDR_TXDRXDI[2] — GPIO[34] QE_BRG._1
USBDR_TXDRXDI[3] — GPIO[35] QE_BRG_2
USBDR_TXDRXDI[4] — GPIO[36] QE_BRG_3
USBDR_TXDRXDI5] — GPIO[37] QE_BRG_4
USBDR_TXDRXDI6] — GPIO[38] QE_BRG_9
USBDR_TXDRXDI[7] — GPIO[39] QE_BRG_11
14-15 PCI PCI_REQ[1] — CPCI_HS_ES — 00
PCIL_GNT[1] — CPCI_HS_LED — Sc(:)uii
PCI_GNT[2] — CPCI_HS_ENUM — R(E)‘)=
16-17 HDLC1_B HDLC1_TXCLK GPIO[0] QE_BRG_5 TDM1_TCK | 01
(CLK16) (CLK4)
18-19 HDLC1_C HDLC1_RXCLK GPIO[1] TDM1_RCK — 01
(CLK15) (CLK3)
20-21 HDLC2_B HDLC2_TXCLK GPIO[16] QE_BRG_7 TDM2_TCK | 01
(CLK14) (CLK8)
22-23 HDLC2_C HDLC2_RXCLK GPIO[17] TDM2_RCK QE_BRG_8 | 01
(CLK13) (CLK5)
24-25| QUIESCE_B QUIESCE — — — 00
26-31 — — — — — 00

' For multiplexed QE_UART signals, refer to Table 6-29.

Table 6-29. QE UART Multiplexing Details

UART UCC signals

Signals

uccC1 ucc2 UCC3 UCC5 uccC7

CTS_B FEC1_RX_DV |FEC2_RX_DV |FEC3_RX_DV HDLC2_CTS_B |HDLC1_CTS_B

CD_B FEC1_RX_ER |FEC2_RX_ER |FEC3_RX_ER HDLC2_CD_B HDLC1_CD_B

SIN FEC1_RXD0O |FEC2_RXD0O |FEC3_RXDO0 HDLC2_RXD HDLC1_RXD
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Table 6-29. QE UART Multiplexing Details

UART UCC signals
Signals ucct ucca uccs uccs ucc?
RTS.B  |FEC1 TX_EN |FEC2_ TX EN |FEC3_TX EN |HDLC2 RTS B |HDLC1 RTS.B
SOUT  |FEC1_TXDO |FEC2 TXDO |FEC3_TXDO  |HDLC2 TXD  |HDLC1 TXD

6.3.2.7

Few functions muxed with the 10s are needed only during the period when the deviceisin reset state.
Those functionality are selected by default during the reset phase. Once the device comes out of reset, the
pad switches to the function needed for normal operation mode. The table below providesthelist.

Selection of Pin Functions During Reset

Pin Name

Function selection during reset

Normal Operation
Mode

USBDR_PCTLA1

LB_POR_BOOT_ERR

USBDR_PCTLA1

USBDR_PCTLO

LB_POR_CFG_BOOT_ECC

USBDR_PCTLO

HDLC1_TXD CFG_RESET_SOURCEI(] HDLC1_TXD
HDLC1_RTS CFG_RESET_SOURCE[1] HDLC1_RTS
HDLC2_TXD CFG_RESET_SOURCE[2] HDLC2_TXD
HDLC2_RTS CFG_RESET_SOURCEI[3] HDLC2_RTS

6.3.2.8

Debug information may be driven on the device pins. Thisinformation can identify the internal source of
atransaction that reached the DDR SDRAM or local businterfaces. The device can be configured to drive
the MSRCID[0:4] and MDVAL, LSRCID[0:4] and LDVAL signals, respectively on other device pins. The
coding of the source 1D debug information is the same as the coding of the MSTR_ID field inthe AEATR

Debug Configuration

register of the arbiter (See Section 7.2.6, “Arbiter Event Attributes Register (AEATR)”).
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6.3.2.9

DDR Control Driver Register (DDRCDR)

System Configuration

The DDR control driver register (DDRCDR) contains bits that allow control over the driver of the DDR

SDRAM controller.

DDRCDR is shown in Figure 6-16.

Offset 0x00128

Access: Read/Write

0 1 10 11 12 13 14 15
R DDR_TYPE
W — DSO_EN DSO_Pz DSO_Nz ODT | (Reserved —
to 0)
Reset All zeros
16 ‘ 28 29 30 31
R MVREF_S
W — EL M_odr| —
Reset All zeros

Figure 6-16. DDR Control Driver Register (DDRCDR)
Table 6-30 shows the bit definition of the DDRCDR.

Table 6-30. DDRCDR Field Descriptions

Bits

Name

Description

Reserved

DSO_EN

0 DDR driver software override disable
1 DDR driver software override enable

DSO_PzZ

DDR driver software p-impedance override
0000 Half strength—Highest Z

1000 Much higher Z than nominal

1100 Higher Z than nominal

1110 Nominal impedance setting

1111 Lower Z than nominal

DSO_NZz

DDR driver software n-impedance override
0000 Half strength—Highest Z

1000 Much higher Z than nominal

1100 Higher Z than nominal

1110 Nominal impedance setting

1111 Lower Z than nominal

10-11

Reserved. Should be cleared.

12

oDT

ODT termination value for I/Os
0 75Q
1 150 Q

13

DDR_TYPE

Selects voltage level for DDR pads

0 DDR2 (1.8V mode) nominal impedance—18 Q
Note: DDR_TYPE must be set according to the logical type of the DDR memory devices, as it effects
logic behavior of the DDR controller as well as the physical parameters of the DDR I/O pads.

14-28

Reserved
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Table 6-30. DDRCDR Field Descriptions (continued)

Bits Name Description

29 MVREF_SEL | MVREF_SEL
0 MVREEF is i/p from external source
1 MVREF is generated internally from GVDD

30 M_odr Disable memory transaction reordering
0 Memory transaction reordering enabled
1 Memory transaction reordering disabled

31 — Reserved

6.3.2.10 DDR Debug Status Register (DDRDSR)
Figure 6-17 contains the debug status bits from the DDR SDRAM controller.

Offset 0x0012C Access: Read Only
0 1 2 ‘ 5 6 ‘ 9 10 ‘ ‘ ‘ ‘ | 31
Rl — | Pz | NZ | —
w

Resetoo11\oo1 1\000o\oooo\oooo\oooo\oooo\oooo
Figure 6-17. DDR Debug Status Register (DDRDSR)

Table 6-31 shows the bit settings of the DDRDSR.
Table 6-31. DDRDSR Field Descriptions

Bits | Name Description

0-1 — Reserved

2-5 PZ | Current setting of PFET driver impedance
0000 Half strength—highest Z

1000 Higher Z than nominal

1100 Nominal impedance setting

1110 Lower Z than nominal

1111 Much lower Z than nominal

6-9 NZ | Current setting of NFET driver impedance
0000 Half strength—highest Z

1000 Higher Z than nominal

1100 Nominal impedance setting

1110 Lower Z than nominal

1111 Much lower Z than nominal

10-31 — Reserved

6.3.2.11 eSDHC Control Register (SDHCCR)

The eSDHC control register can be used to control various settings that affect the priority and DMA
operations. SDHCCRL islocated at offset Ox144.
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Figure 6-18 shows the SDHCCR bit settings.

Offset 0x00144

Access: Read/Write

0 1 2 3 4 5 6 7 13 14 15
RD_P |RD_PR | RD_S DMA ERR SNO
REFE | EFETC | AFE_ W OR_| _ |OP_E . PRIORITY_
TCH_ |H_DISA | ENAB ETR_L DISA NABL CTRL
VAL BLE LE BLE E
All zeros
16 31
All zeros

Figure 6-18. eSDHC Control Register (SDHCCR)
Table 6-32 describes the bits of the SDHCCR register.

Table 6-32. SDHCCR Field Description

Bits

Name

Description

RD_PREFETCH_VAL

This determines the prefetch byte count to be used if RD_PREFETCH_DISABLE is
not set.

0 32 byte prefetch

1 64 byte prefetch

RD_PREFETCH_DISABLE

Read prefetch disable. This should be cleared if the target of read DMA operation
is a well behaved memory which is not affected by the read operation and returns
the same data if read again from the same location. This means that prefetch of
data can be done by the internal bus units and it results in faster read completion.
0 Itis allowed to prefetch data on DMA read operation

1 ltis not allowed to prefetch data on DMA read operation

RD_SAFE_ENABLE

Read Safe enable. This bit should be set only if the target of read DMA operation is
a well behaved memory which is not affected by the read operation and returns the
same data if read again from the same location. This means that unaligned reading
operation can be rounded up to enable more efficient read operations.

0 Itis not safe to read more bytes that were intended

1 ltis safe to read more bytes that were intended

DMA_W_CTRL

Write delay control bit.
0 No delay
1 Delay the Write/Read transaction till the interrupt is active

ERROR_DISABLE

Ignore or react to bus errors.
0 React to bus transaction errors
1 Ignore bus transaction errors

Reserved.

SNOOP_ENABLE

Snoop attribute.
0 DMA transactions are not snooped by e300 CPU data cache
1 DMA transactions are snooped by e300 CPU data cache

7-13

Reserved
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Table 6-32. SDHCCR Field Description (continued)

Bits Name Description

14-15 PRIORITY_CTRL Priority. This field is used to present priority level for CSB arbitration for eSDHC dma
requests.
00 Level O (lowest priority)
01 Level 1
10 Level 2
11 Level 3 (highest priority)

16-31 Reserved —

6.3.2.12 CAN Access Control Register (CAN_DBG_CTRL)

The CAN access control register, shown in Figure 6-19, contains the bits to control the FlexCAN module.
The CAN module can be put to the debug mode by settingthe DBG_EN bit. For more information on how
to use the FlexCAN module after it is put into the debug mode, see FlexCAN chapter.

FlexCAN module memory map can be set into the supervisor mode by setting the SUP_EN bit.

Offset 0x00148 Access: Read/Write
0 1 2 ‘ !
R|CAN1_DBG_ | CAN1_SUP_ _
w EN EN
Reset All zeros
8 9 10 15
R|CAN2_DBG_ | CAN2_SUP_ _
w EN EN
Reset All zeros
16 17 18 23
R|CAN3_DBG_ | CAN3_SUP_ _
w EN EN
Reset All zeros
24 25 26 31
R|CAN4_DBG_ | CAN4_SUP_ _
w EN EN
Reset All zeros

Figure 6-19. CAN Access Control Register (CAN_DBG_CTRL)
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Table 6-33 defines the bit fields of CAN_DBG_CTRL.
Table 6-33. CAN_DBG_CTRL Field Descriptions

System Configuration

Bits Name Description
0 CAN1_DBG_ |0 CANf1 is in normal mode
EN 1 CANT1 is in debug mode
1 CAN1_SUP_ |0 CANT1 is in normal mode
EN 1 CANT1 is in supervisor mode
2—7 — Reserved
8 CAN2_DBG_ |0 CAN2 s in normal mode
EN 1 CAN2 is in debug mode
9 CAN2_SUP_ |0 CAN2 s in normal mode
EN 1 CAN2 is in supervisor mode
10-15 — Reserved
16 CAN3_DBG_ |0 CANS3 s in normal mode
EN 1 CANS is in debug mode
17 CAN3_SUP_ |0 CANS s in normal mode
EN 1 CANBS is in supervisor mode
18-23 — Reserved
24 CAN4_DBG_ |0 CAN4 is in normal mode
EN 1 CAN4 is in debug mode
25 CAN4_SUP_ |0 CAN4 is in normal mode
EN 1 CAN4 is in supervisor mode
26-31 — Reserved

6.3.2.13 SPI Chip Select Register (SPI_CS)

The SPI chip select register, shown in Figure 6-20, is used to control SPISEL_BOOT pin. Any value

written to thisregister is reflected on SPISEL_BOOT.

Offset 0x0014C

0

Access: Read/Write

R| spi_BooT _
w| _SEL
Reset All Zeros

Figure 6-20. SPI Chip Select Register (SPI_CS)

Table 6-35 defines the bit fields of SPI_CS.
Table 6-34. SPI_CS Field Descriptions

Bits Name Description
0 SPI_BOOT_ | Any value written to it is reflected on SPISEL_BOOT.
SEL 0 SPISEL_BOOQOT goes low
1 SPISEL_BOOQT goes high
1-31 — Reserved
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6.3.2.14 General Purpose Register 1 (GPR_1)

The general purpose register 1, shown in Figure 6-21, contains the control bit for PULLUP_EN for a set
of pins, HDLC open drain selection, QUICC Engine PIO (programmable | O) selection, QUICC Engine
debug enable, and Ethernet management interface selection..

Offset 0x00150 Access: Read/Write

0 1 2 3 4 5 6 7
R . PULLUP_ PULLUP_ PULLUP_ PULLUP_ PULLUP_
w CTRL_A1 CTRL_2 CTRL_3 CTRL_6 CTRL_7
Reset All zeros
8 9 10 11 12 15
R . . PULLUP_ .
w CTRL_11
Reset 1 0 0 0 0 0 0 0
16 17 \ 23
R MDIO_SEL
W _
Reset 1 0 0 0 ‘ 0 0 0 0
24 25 26 27 28 29 30 31
R| GPIO_0_ GPIO_16_ GPIO_32_ . HDLC1_ HDLC2_ .
w 6_SEL 22 _SEL 39_SEL OD_EN OD_EN
Reset 0 0 0 0 0 0 0 1

Figure 6-21. General Purpose Register 1 (GPR_1)

Table 6-35 defines the bit fields of GPR_1.
Table 6-35. GPR_1 Field Descriptions

Bits Name Description
0 — Reserved
1 PULLUP_ 1 Pull-up disable
CTRL_1 0 Pull-up enable for the following pads:
FEC1_COL, FEC1_CRS, FEC1_RX_CLK, FEC1_RX_DV, FEC1_RX_ER, FEC1_RXD|0],
FEC1_RXD[1], FEC1_RXD[2], FEC1_RXD[3], FEC1_TX_CLK, FEC1_TX_EN,
FEC1_TX_ER, FEC1_TXD[0], FEC1_TXD[1], FEC1_TXDI[2], FEC1_TXD[3]
2 PULLUP_ 1 Pull-up disable
CTRL_2 0 Pull-up enable for the following pads:
FEC2_COL, FEC2_CRS, FEC2_RX_CLK, FEC2_RX_DV, FEC2_RX_ER, FEC2_RXD|0],
FEC2_RXD[1], FEC2_RXD[2], FEC2_RXD[3], FEC2_TX_CLK, FEC2_TX_EN,
FEC2_TX_ER, FEC2_TXD[0], FEC2_TXDI[1], FEC2_TXDI[2], FEC2_TXD[3]
3 PULLUP_ 1 Pull-up disable
CTRL_3 0 Pull-up enable for the following pads:
FEC3_COL, FEC3_CRS, FEC3_RXD[1], FEC3_RX_DV, FEC3_TXD[1], FEC3_TXDI0],
FEC3_RXDI0], FEC3_RXD[3], FEC3_RX_CLK, FEC3_TX_EN, FEC3_TX_ER,
FEC3_TXD[3], FEC3_TXD[2], FEC3_TX_CLK, FEC3_RXD[2], FEC3_RX_ER
4-5 — Reserved
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Table 6-35. GPR_1 Field Descriptions (continued)

Bits Name Description
6 PULLUP_ 1 Pull-up disable
CTRL_6 0 Pull-up enable for the following pads:
GPIO[0], GPIO[1], GPIO[2], GPIO[3], GPIO[4], GPIO[5], GPIO[6], GPIO[7]
7 PULLUP_ 1 Pull-up disable
CTRL_7 0 Pull-up enable for the following pads:
GPIO[8], GPIO[9], GPIO[10], GPIO[11], GPIO[12], GPIO[13], GPIO[14], GPIO[15]
8-10 — Reserved
11 PULLUP_ 1 Pull-up disable
CTRL_11 0 Pull-up enable for the following pads:
HDLC1_CD, HDLC1_CTS, HDLC1_RTS, HDLC1_TXCLK, HDLC1_TXD, HDLC1_RXD,
HDLC1_RX_CLK, HDLC2_CD, HDLC2_CTS, HDLC2_RTS, HDLC2_RXCLK,
HDLC2_RXD, HDLC2_TXCLK, HDLC2_TXD
12-15 — Reserved
16 MDIO_SEL | The pins FEC_MDC and FEC_MDIO forms the Ethernet management port. This can be
controlled from SPI (SPI inside QUICC Engine) for faster operation or via the UCC based
MDC/MDIO. The selection is done by this bit.
0 QUICC Engine SPI selected as Ethernet management port
1 QUICC Engine MDC/MDIO selected as Ethernet management port
17-23 — Reserved
24 GPIO_0_6_ | GPIO[0:6] is multiplexed at two locations: as primary function and multiplexed with HDLC/TDM
SEL pads.
0 Pads GPIO[0:6] selected
1 GPIO multiplexed with HDLC/TDM pads selected
25 GPIO_16_22_ | GPIO[16:22] is multiplexed at two locations: with FEC1 and with HDLC2.
SEL 0 GPIO multiplexed with FEC1 is selected
1 GPIO multiplexed with HDLC2 is selected
26 GPIO_32_39_ | GPIO[32:39] is multiplexed at two locations: with FEC2 and with USB.
SEL 0 GPIO multiplexed with FEC2 is selected
1 GPIO multiplexed with USB is selected
27 — Reserved
28 HDLC1_OD_ |0 HDLC1 normal mode
EN 1 HDLC1 bus mode enable
29 HDLC2_OD_ |0 HDLC2 normal mode
EN 1 HDLC2 bus mode enable
30-31 — Reserved

6.3.2.15 SIDCR2

168
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6.3.2.16 CAN Interrupt Status Register (CAN_INT_STAT)

The CAN interrupt status register, shown in Figure 6-22, indicates the interrupt status of the FlexCAN
modules (CAN1, CAN2, CAN3, and CAN4).

All theinterrupts of the FlexCAN modul es are ORed together and connected to IPIC. Once an interrupt is
detected by the software, the CAN_INT_STAT register is read to decode which CAN module has
generated the interrupt. And then, the interrupt register is read from the corresponding module.

Offset 0x001CO

Access: Read Only

0 1 2 3 4 5 6 7
o | omn [ own || o T o -
BOFF_INT ERR_INT MBOR_INT - -
INT INT
Reset All zeros
8 9 10 11 12 13 14 15
Tome [ ome [ owe [ | oo T oW -
BOFF_INT ERR_INT MBOR_INT - -
INT INT
Reset All zeros
16 17 18 19 20 21 22 23
Toms T oms [ oms [ | owe T oW -
BOFF_INT ERR_INT MBOR_INT - -
INT INT
Reset All zeros
24 25 26 27 28 29 30 31
T ome T ome [ owu [ | oo T omE -
BOFF_INT ERR_INT MBOR_INT - -
INT INT
Reset All zeros

Figure 6-22. CAN Interrupt Status Register (CAN_INT_STAT)

Table 6-36 defines the bit fields of CAN_INT_STAT. Refer to FlexCAN chapter for more information.
Table 6-36. CAN_INT_STAT Field Descriptions

Bits Name Description
0 CAN1_BOFF_ | CAN1 bus Ored interrupt from MB. Refer to IFLAG1 and IFLAG 2 registers in FlexCAN module.
INT
1 CAN1_ERR_ | CAN1 error interrupt
INT
2 CAN1_MBOR_ | CAN1 MBOR interrupt
INT
— Reserved
CAN1_ CAN1 TX warning interrupt
TXWARN_INT
5 CAN1_ CAN1 RX warning interrupt
RXWARN_INT
MPC8309 PowerQUICC Il Pro Integrated Communications Processor Reference Manual, Rev. 2
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Table 6-36. CAN_INT_STAT Field Descriptions (continued)

System Configuration

Bits Name Description
6-7 — Reserved
8 CAN2_BOFF_ | CAN2 bus off interrupt
INT
9 CAN2_ERR_ | CAN2 error interrupt
INT
10 CAN2_MBOR_ | CAN2 MBOR interrupt
INT
11 — Reserved
12 CAN2_ CAN2 TX warning interrupt
TXWARN_INT
13 CAN2_ CAN2 RX warning interrupt
RXWARN_INT
14-15 — Reserved
16 CAN3_BOFF_ | CAN3 bus off interrupt
INT
17 CAN3_ERR_ | CANS error interrupt
INT
18 | CAN3_MBOR_ | CAN3 MBOR interrupt
INT
19 — Reserved
20 CAN3_ CAN3 TX warning interrupt
TXWARN_INT
21 CAN3_ CANS3 RX warning interrupt
RXWARN_INT
22-23 — Reserved
24 CAN4_BOFF_ | CAN4 bus off interrupt
INT
25 CAN4_ERR_ | CAN4 error interrupt
INT
26 | CAN4_MBOR_ | CAN4 MBOR interrupt
INT
27 — Reserved
28 CAN4_ CAN4 TX warning interrupt
TXWARN_INT
29 CAN4 _ CAN4 RX warning interrupt
RXWARN_INT
30-31 — Reserved
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6.3.2.17 DUART Interrupt Status Register (DUART_INT_STAT)

The DUART interrupt status register, shown in Figure 6-23, indicates the interrupt status of the DUART
modules (DUART1 and DUART?2).

All the interrupts of the DUART modules are ORed together and connected to IPIC. Once an interrupt is
detected by the software, the DUART _INT_STAT register isread to decode which DUART has generated
the interrupt. And then, the interrupt register is read from the corresponding DUART.

Offset 0x001C4 Access: Read/Write
0 1 ‘ 7
R
DUART1_1 —
W _
Reset All zeros
8 9 15
R DUART1_2
W _
Reset All zeros
16 17 23
R DUART2_1
W _
Reset All zeros
24 25 31
R DUART2_2
W _
Reset All zeros

Figure 6-23. DUART Interrupt Status Register (DUART_INT_STAT)

Table 6-37 defines the bit fields of DUART _INT_STAT.
Table 6-37. DUART_INT_STAT Field Descriptions

Bits Name Description
0 DUART1_1 0 No interrupt
1 Interrupt asserted
1-7 — Reserved
8 DUART1_2 |0 No interrupt
1 Interrupt asserted
9-15 — Reserved

16 DUART2_1 0 No interrupt
1 Interrupt asserted

17-23 — Reserved

24 DUART2_2 |0 No interrupt
1 Interrupt asserted

25-31 — Reserved
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6.3.2.18 GPIO Interrupt Status Register (GPIO_INT_STAT)

The GPIO interrupt status register, shown in Figure 6-24, indicates the interrupt status of the GPIO
modules (GPIO1 and GPIO2).

All the interrupts of the GPIO modules are ORed together and connected to IPIC. Once an interrupt is
detected by the software, the GPIO_INT_STAT register is read to decode which GPIO module has
generated the interrupt. And then, the interrupt register is read from the corresponding module.

Offset 0x001C8 Access: Read/Write
0 1 7 8 9 15
R| GPIO_INT_ . GPIO_INT_ .
w STAT_1 STAT_2
Reset All zeros
16 31
R
w
Reset All zeros

Figure 6-24. GPIO Interrupt Status Register (GPIO_INT_STAT)

Table 6-38 defines the bit fields of GPIO_INT_STAT.
Table 6-38. GPIO_INT_STAT Field Descriptions

Bits Name Description

0 GPIO_INT_ | GPIO 1 interrupt (GPIO[0:31])
STAT_1 0 No interrupt
1 Interrupt asserted

1-7 — Reserved

8 GPIO_INT_ | GPIO 2 interrupt (GPIO[32:63])
STAT_2 0 No interrupt
1 Interrupt asserted

9-31 — Reserved

6.3.3 Multisite Muxing
Multisite muxing allows user to choose an interface from more than one location.

For example, UART 1 interface is provided at two locations: LCS[4:7] and USB. If the user chooses
LCY4:7], then UART1 cannot be used. Therefore, the same UART1 is also provided at another location,
multiplexed with USB. However, note that, if the user wants to use both USB and LCS[4:7], UART1
cannot be used.
With MPCB83009, the user has flexibility to choose the following interfaces from more than one location:
* CKSTOP_IN and CKSTOP_OUT are multiplexed at the following locations:
— IRQ[2] and IRQ[3]
— IIC_SDA2 and IIC_SCL?2
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Thereis no control bit to select one of the two and any of the location can be selected using the
SICR_1 and SICR_2 registers. For more information of SICR_1 and SICR_2 registers, see
Section 6.3.2.5, “ System I/O Configuration Register 1 (SICR_1)” and Section 6.3.2.6, “ System
I/O Configuration Register 2 (SICR_2).”

. GPIO[0:6], GPIO[16:22], and GPIO[32:39]

Refer to GPIO_0 6 SEL, GPIO_16 22 SEL, and GPIO_32 39 SEL hitsin Section 6.3.2.14,
“General Purpose Register 1 (GPR_1).”

6.4 Software Watchdog Timer (WDT)

The following sections describe the theory of operation of the software watchdog timer (WDT) in the
device, including a definition of the external signals and the functions they serve. Additionally, the
configuration, control, and status registers are also described. Note that individual chaptersin this book
describe specific initialization aspects for each individual block.

6.4.1 WDT Overview

The device provides a software watchdog timer (WDT) feature to prevent system lock in case the software
becomes trapped in loops with no controlled exit. Watchdog timer operations are configured in the system
watchdog control register (SWCRR).

The watchdog counter is a free-running down-counter that generates a reset or a non-maskable interrupt
on underflow. To prevent areset, software must periodically restart the countdown. The WDT is
responsible for asserting a hardware reset or machine-check interrupt (mcep) if the software failsto service
the software watchdog timer for a certain period of time (for example, because softwareislost or trapped
in aloop with no controlled exit).

Figure 6-25 shows a high-level block diagram of the WDT.

System Software Reset
clock > W"_T_ti?gfg " ormep

i

Register Interface
Figure 6-25. Software Watchdog Timer High-Level Block Diagram
The software watchdog timer is enabled after reset to cause a hardware reset if it times out. The user has
the option of disabling the software watchdog if it is not needed. If used, the software watchdog timer

requires a special service sequence to be executed periodically. Without this periodic servicing, the
software watchdog timer times out and issues areset or a non-maskable interrupt.
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6.4.2 WDT Features

The WDT includes the following key features:
* Based on 16-bit prescaler and 16-bit down-counter
* Provides a selectable range for the time-out period
* Provides ~34.36-sec maximum software time-out delay for 125-MHz input clock
* Functional and programming compatibility with MPC8260 watchdog timer

6.4.3 WDT Modes of Operation

The WDT unit can operate in the following modes:
* WDT enable/disable mode:

If the software watchdog timer is not needed, the user can disable it with software after a system
reset. When the watchdog timer is disabled, the watchdog counter and prescaler counter are held
in a stopped state.

* WDT output reset/interrupt mode:

Without software periodic servicing, the software watchdog timer times out and issues areset or a
nonmaskabl e interrupt (mcp)

* WDT prescaled/non-prescaled clock mode:

The WDT counter clock can be prescaled by programming the SWCRR[SWPR] bit, which
controls the divide-by-65,536 of the WDT counter.

6.4.4 WDT Memory Map/Register Definition

The WDT programmable register map occupies 16 bytes of memory-mapped space. Reading undefined
portions of the memory map returns all zeros; writing has no effect.

All WDT registers are 16- or 32-bits wide, located on 16-bit address boundaries, and should be accessed
as 16- or 32-bit quantities. All addresses used in this chapter are offsetsfrom the WDT base, asdefined in
Chapter 2, “Memory Map.”

Table 6-39 shows the WDT memory map.
Table 6-39. WDT Register Address Map

Offset Register Access Reset Value Section/ Page

Watchdog Timer (WDT)—Block Base Address 0x0_0200
0x00-0x03 | Reserved — — —

0x004 System watchdog control register (SWCRR) R/W OxFFFF_0003 6.4.4.1/6-42
or OXFFFF_0007"
0x008 System watchdog count register (SWCNR) R 0x0000_FFFF 6.4.4.2/6-43
0x00C-0x0 | Reserved — — —
oD
0x00E System watchdog service register (SWSRR) R/W 0x0000 6.4.4.3/6-43
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! SWCRR[SWEN] reset value directly depends on RCWHR[SWEN] (reset configuration word high).

6.4.4.1 System Watchdog Control Register (SWCRR)

The system watchdog control register (SWCRR), shown in Figure 6-26, controls the software watchdog
period and configures watchdog timer operation. SWCRR can be read at any time but can be written only
once after system reset.

Offset 0x4 Access: Read/Write
0 ‘ ‘ ‘ 15/16 ‘ ‘ ‘28 29 30 31

\2 SWTC — SWEN |SWRI|SWPR
Reset1111\1111]1111\11110000]0000\00000 o 1 1

1 SWCRR[SWEN] reset value directly depends on RCWHR[SWEN] (reset configuration word high).
Figure 6-26. System Watchdog Control Register (SWCRR)

Table 6-40 defines the bit fields of SWCRR.
Table 6-40. SWCRR Bit Settings

Bits Name Description

0-15 SWTC | Software watchdog time count

The SWTC field contains the modulus that is reloaded into the watchdog counter by a service sequence.

When a new value is loaded into SWCRR[SWTC], the software watchdog timer is not updated until the

servicing sequence is written to the SWSRR. If SWCRR[SWEN] is loaded with 0, the modulus counter

does not count. The new value is also used at the next and all subsequent reloads. Reading the SWCRR

register returns the value in the system watchdog control register. Reset initializes the SWCRR[SWTC]

field to OXFFFF.

Note: The prescaler counter is reset any time a new value is loaded into the watchdog counter and also
during reset.

1628 — Write reserved, read = 0

29 SWEN | Watchdog enable bit

Enables the watchdog timer. The reset value directly depends on the value of the RCWHR[SWEN] bit. It
should be cleared by software after a system reset to disable the software watchdog timer. When the
watchdog timer is disabled, the watchdog counter and prescaler counter are held in a stopped state.

0 Watchdog timer disabled

1 Watchdog timer enabled

Note: After software writes the SWRI bit, the state of SWEN cannot be changed.

30 SWRI Software watchdog reset/interrupt select bit

A WDT time out causes either a hard reset or machine check interrupt to the core.
0 Software watchdog timer causes a machine check interrupt to the core

1 Software watchdog timer causes a hard reset

31 SWPR | Software watchdog counter prescale bit

Controls the divide-by-65,536 WDT counter prescaler
0 The WDT counter is not prescaled.

1 The WDT counter clock is prescaled.
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6.4.4.2 System Watchdog Count Register (SWCNR)

The system watchdog count register (SWCNR), shown in Figure 6-27, providesvisibility to the watchdog
counter value. SWCNR is aread-only register. Writes to SWCNR have no effect and terminate without
transfer error exception.

Offset 0x8 Access: Read only
0 | | | 15| 16 | | | 31
R SWCN
w _
Resetoooo\oooo\oooo\oooo1111\1111\1111\1111

Figure 6-27. System Watchdog Count Register (SWCNR)

Table 6-41 defines the bit fields of SWCNR.
Table 6-41. SWCNR Bit Settings

Bits | Name Description

0-15 — Write reserved, read = 0

16-31 | SWCN | Software watchdog count field. The read-only SWCNR[SWCN] field reflects the current value in the watchdog

counter. Writing to the SWCNR register has no effect, and write cycles are terminated normally. Reset

initializes the SWCNR[SWCN] field to OxFFFF.

Note: Reading the 16 least-significant bits of 32-bit SWCNR register with two 8-bit reads is not guaranteed
to return a coherent value.

6.4.4.3 System Watchdog Service Register (SWSRR)

The system watchdog service register (SWSRR) is shown in Figure 6-28. When the watchdog timer is
enabled, awrite of 0x556C followed by awrite OXxAA39 to the SWSRR register before the watchdog
counter times out preventsadevicereset. If the SWSRR register isnot serviced before the timeout, asignal
from the watchdog timer to the reset or interrupt controller module asserts a system reset or interrupt
(depending on the setting of SWCRR[SWRI]).

Both writes must occur before the timeout in the order listed, but any number of instructions can be
executed between the two writes. However, writing any value other than 0x556C or OXAA39 to the
SWSRR register resets the servicing sequence, requiring both values to be written to keep the watchdog
timer from causing areset. Reset initializes the SWSRR[WS] field to 0x0000. SWSRR can be written at
any time, but returns all zeros when read.

Offset OxE Access: Write only
0 | | | 15
R
W WS
Reset All zeros

Figure 6-28. System Watchdog Service Register (SWSRR)
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Table 6-42 defines the bit fields of SWCNR.
Table 6-42. SWSRR Bit Settings

Bits | Name Description

0-15 WS | Software watchdog service field.
The user should periodically write 0x556C followed by 0xAA39 to this register to prevent a software watchdog
timer timeout. SWSRR[WS] can be written at any time, but returns all zeros when read.

6.4.5 Functional Description

This section provides a functional description of the software watchdog timer (WDT) unit, including a
state diagram, block diagram, and discussion of modes of operation.

6.4.5.1 Software Watchdog Timer Unit

The device provides asoftware watchdog timer (WDT) feature to prevent system lock in case the software
becomes trapped in loops with no controlled exit. Watchdog timer operations are configured in the system
watchdog control register (SWCRR).

The software watchdog timer is enabled after reset to cause a soft reset or non-maskable interrupt (MCP)
if ittimesout. If the software watchdog timer isnot needed, the user must clear SWCRR[SWEN] to disable
it. If used, the software watchdog timer requires a special service sequence to be executed periodically.
Without this periodic servicing, the software watchdog timer times out and issues areset or anonmaskable
interrupt, as programmed in SWCRR[SWRI]. Once software writes SWRI, the state of SWEN cannot be
changed.

The software watchdog timer service sequence consists of the following two steps:
*  Write Ox556C to the system watchdog service register (SWSRR)
*  Write 0OXAA39 to SWSRR
The service sequence rel oads the watchdog timer and the timing process begins again. If avalue other than

0x556C or OxAA 39 iswritten to the SWSRR, the entire sequence must start over. Although the writes must
occur in the correct order before a time-out, any number of instructions can be executed between the
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writes. Thisalowsinterrupts and exceptionsto occur between the two writes when necessary. Figure 6-29
shows a state diagram for the watchdog timer.

Reset

N

0x556C / Do Not Reload

State 0
Waiting for 0x556C

State 1
Waiting for 0XAA39

0xAA39 / Reload

Not 0x556C / Do Not RelQad

Not 0xAA39 / Do Not Reload

Figure 6-29. Software Watchdog Timer Service State Diagram

Although most software disciplines permit or even encourage the watchdog concept, some systemsrequire
a selection of time-out periods. For this reason, the software watchdog timer must provide a selectable
range for the time-out period. Figure 6-30 shows how to handle this need.

SWCRR[SWEN] SWCRR[SWPR] SWSRR[WS] SWCRR[SWRI]
Y ] Sevice i
System Clock 65,536 ! y =envioe ! Y
L > >

Clocking Disable Divider ! SWCNR Time-out ! | Event
, | 16-Bit Decrementer . | Logic

- | A Reload : l
Reset
SWCRR[SWTC] or mecp

Figure 6-30. Software Watchdog Timer Functional Block Diagram

Figure 6-30 shows that the range is determined by SWCRR[SWTC]. The valuein SWTC is then loaded

into a 16-bit decrementer clocked by the system clock. An additional divide-by-65,536 prescaler valueis
used when needed.

The decrementer begins counting when loaded with a value from SWTC. After the timer reaches 0x0, a
software watchdog expiration request is issued to the reset or mep (machine check) control logic. Upon
reset, SWTC is set to the maximum value and is again loaded into the system watchdog service register
(SWSRR), starting the process over. When anew valueisloaded into SWTC, the software watchdog timer

isnot updated until the servicing sequenceiswritten to the SWSRR. If SWCRR[SWEN] isloaded with O,
the modulus counter does not count.
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6.4.5.2 Modes of Operation

The WDT unit can operate in the following modes:
* WDT enable/disable mode:

If the software watchdog timer is not needed, the user can disable it. The SWCRR[SWEN] bit
enables the watchdog timer. It should be cleared by software after a system reset to disable the
software watchdog timer. When the watchdog timer is disabled, the watchdog counter and
prescaler counter are held in a stopped state.

— WDT enable mode (SWCRR[SWEN] = 1)
— Thisisthe default value after hard reset.
— Selectable by RCWHR[8].
— WODT disable mode (SWCRR[SWEN] = 0)
o WDT reset/interrupt output mode

Without software periodic servicing, the software watchdog timer times out and issues areset or a
nonmaskabl e interrupt (mcp), programmed in SWCRR[SWRI].

According to the value of SWCRR[SWRI], the WDT timer causes a hard reset or machine check
interrupt to the core.

— Reset mode (SWCRR[SWRI] = 1).
Software watchdog timer causes a hard reset (thisis the default value after hard reset).
— Interrupt mode (SWCRR[SWRI] = 0).
Software watchdog timer causes a machine check interrupt to the core.
* WDT prescaled/non-prescaled clock mode

The WDT counter clock can be prescaled by programming the SWCRR[SWPR] bit that controls
the divide-by-65,536 of the WDT counter.

— Prescale mode (SWCRR[SWPR] = 1)
The WDT clock is prescaled.

— Non-prescale mode (SWCRR[SWPR] = 0)
The WDT clock is not prescaled.

6.4.6 Initialization/Application Information (WDT Programming
Guidelines)

The software watchdog timer is enabled (by the default value of SWCRR[SWEN]) after reset. The
following initialization sequence of WDT is required:
 WDT disabling

If the software watchdog timer is not needed, the user must clear SWCRR[SWEN] bit to disable
the WDT not later than its timer times out (~34.36 sec. for a 125-MHz system clock).
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 WDT initia servicing
If the software watchdog timer is to be used, the special service sequence, described in

Section 6.4.5.1, “ Software Watchdog Timer Unit,” must be executed after system reset and not
later than the first WDT time-out (~34.36 sec. for a 125-MHz system clock).

Subsequently, periodical WDT servicing should be performed according to the programming
guidelines given in Section 6.4.5.1, “ Software Watchdog Timer Unit.”

6.5 Real Time Clock Module (RTC)

This section describes the theory of operation of the real time clock module (RTC) including a definition
of the external signals and the functions it serves. Additionally, the configuration, control, and status
registers are described.

6.5.1 Overview

Thedeviceplatform providesareal time clock (RTC) timer suitablefor timestamping or time and calendar
generation. It can maintain a one-second count which is unique over a period of approximately 136 years.

The RTC can beinitialized by softwarewith aninitial count value using the real time counter |oad register
(RTLDR). It can also be programmed to generate an interrupt every second. The real time counter control
register (RTCTR) is used to enable or disable the various timer functions. The real time counter event
register (RTEVR) isused to report the interrupt source. The RTC counter isinitialized by software and can
be disabled if needed.

Figure 6-31 shows the high level RTC block diagram.

RTC Input Second
Clock Real Time Interrupt
Clock Module
CSB Bus Alarm
Clock > Interrupt

Register Interface
Figure 6-31. Real Time Clock Module High Level Block Diagram

6.5.2 Features

The key features of the RTC module include the following:
* Maintains a one-second count, unique over a period of thousand of years
» 32-bit RTC counter can beinitialized by software to specific initial count value
* Provides an alarm function with programmable and maskable alarm interrupt
* Provides programmable and maskable every second interrupt
» Usestwo possible clock sources. the CSB bus clock or an external RTC clock
» RTC function can be disabled if needed
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6.5.3

Modes of Operation

The RTC unit can operate in the following modes:
* RTC enable/disable mode

* RTC every-second interrupt enable/disable mode

» RTC darm interrupt enable/disable mode
* RTCinternal/external input clock mode

6.5.4

Table 6-43 lists the external signals for the RTC module.

External Signal Description

Table 6-43. RTC External Signals

Signal

Te}

Description

RTC_PIT_CLOCK| |

This signal is used as the timebase for the real time clock module.

State Meaning | —

Timing | 32.768 KHz typical

Requirements | —

Reset State | Always input

6.5.5

RTC Memory Map/Register Definition

The RTC programmabl e register map occupies 32 bytes of memory-mapped space. Reading undefined
portions of the memory map returns all zeros; writing has no effect.

All RTC registers are 32 bits wide that are located on 32-bit address boundaries and should only be
accessed as a 32-bit quantities.

All addresses used in this section are offsets from the RTC base, as defined in Chapter 2, “Memory Map.”

Table 6-39 shows the memory map of the RTC.
Table 6-44. RTC Register Address Map

Offset Register Access Reset Value Si‘:;:n/
Real Time Clock (RTC)—Block Base Address 0x0_0300
0x00 Real time counter control register (RTCNR) R/W 0x0000_0000 6.5.5.1/6-49
0x04 Real time counter load register (RTLDR) R/W 0x0000_0000 6.5.5.2/6-49
0x08 Real time counter prescale register (RTPSR) R/W 0x0000_0000 6.5.5.3/6-50
0x0C Real time counter register (RTCTR) R 0x0000_0000 6.5.5.4/6-50
0x10 Real time counter event register (RTEVR) wic 0x0000_0000 6.5.5.5/6-51
0x14 Real time counter alarm register (RTALR) R/W OxFFFF_FFFF 6.5.5.6/6-51
0x18-0x1F | Reserved — —
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6.5.5.1 Real Time Counter Control Register (RTCNR)

Thereal time counter control register (RTCNR), shown in Figure 6-32, is used to enable RTC functions.
The register can be read at any time.

Offset 0x00 Access: Read/Write
0 ‘ ‘ ‘ ‘ ‘ 23| 24 25 26 ‘ 29 30 31
R
— CLEN|CLIN — AIM|SIM
w
Reset All zeros

Figure 6-32. Real Time Counter Control Register (RTCNR)

Table 6-45 defines the bit fields of RTCNR.
Table 6-45. RTCNR Bit Settings

Bits | Name Description

0-23 — Write reserved, read = 0

24 CLEN | Clock enable control bit.

This bit controls the counting of the RTC. When the RTC’s clock is disabled, the counter maintains its old
value. When the counter’s clock is enabled, it continues counting using the previous value.

0 Disable counter.

1 Enable counter.

25 CLIN | Input clock control bit.

The input clock to the RTC may be either the CSB clock or an external RTC clock.
0 The input clock to the RTC is CSB input clock.

1 The input clock to the RTC is the external RTC clock.

2629 — Write reserved, read = 0

30 AIM | Alarm interrupt mask bit.

Used to enable or disable (mask) the RTC alarm interrupt when the RTC’s 32-bit counter reaches
RTALR[ALRM] value.

0 Alarm interrupt generation disabled.

1 Alarm interrupt generation enabled.

31 SIM | Second interrupt mask bit.

Used to enable or disable (mask) the RTC periodic interrupt.
0 Periodic interrupt generation disabled.

1 Periodic interrupt generation enabled.

6.5.5.2 Real Time Counter Load Register (RTLDR)

Thereal time counter load register (RTLDR), shown in Figure 6-33, containsthe 32-bit value to be loaded
in the 32-bit RTC counter.

Offset 0x04 Access: Read/Write
0 | | | | | | | s
R
CLDV
w
Reset All zeros

Figure 6-33. Real Time Counter Load Register (RTLDR)
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Table 6-46 defines the bit fields of RTLDR.
Table 6-46. RTLDR Bit Settings

Bits | Name Description

0-31 CLDV | Contains the 32-bit value to be loaded in the 32-bit RTC counter.

6.5.5.3 Real Time Counter Prescale Register (RTPSR)

Thereal time counter prescale register (RTPSR), shown in Figure 6-34, is aread/write register used to
configure the RTC prescaler’s value.

Offset 0x08 Access: Read/Write
0 | | | | | a1
R
PRSC
w
Reset All zeros

Figure 6-34. Real Time Counter Prescale Register (RTPSR)

Table 6-47 defines the bit fields of RTPSR.
Table 6-47. RTPSR Bit Settings

Bits | Name Description

0-31 | PRSC | RTC prescaler bits. Select the input clock divider for the RTC counter clock. The prescaler is programmed to
divide the RTC clock input by values from 1 to 4,294,967,296. The value 0x0000 divides the clock by 1 and
OxFFFF_FFFF divides the clock by 4,294,967,296.

To accurately predict the timing of the next count, change the RTPSR[PRSC] field only when the enable bit
RTCNRICLE] is clear. Changing the RTPSR[PRSC] bits resets the prescaler counter. System reset and the
loading of a new value into the counter both reset the prescaler counter. Clearing RTCNR[CLE] stops the
prescaler counter.

6.5.5.4 Real Time Counter Register (RTCTR)

Thereal time counter register (RTCTR), shown in Figure 6-35, is aread-only register that shows the
current value in the RTC counter.

The CNTV valueis not affected by reads or writesto RTCTR.

Offset 0x0C Access: Read only
0 ‘ 31
R CNTV
W
Reset All zeros

Figure 6-35. Real Time Counter Register (RTCTR)
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Table 6-48 defines the bit fields of RTCTR.
Table 6-48. RTCTR Bit Settings

Bits | Name Description

0-31 | CNTV |RTC counter value field. RTCTR[CNTV] contains the current value of the time counter. This is a read-only
field. Writes have no effect on RTCTR[CNTV].

6.5.5.5 Real Time Counter Event Register (RTEVR)

Thereal time counter event register (RTEVR), shown in Figure 6-36, is used to report the source of the
interrupts. The register can be read at any time.

Offset 0x10 Access: wic
0 | | | | | | | 20 %0 st
R AlF | SIF
w B wic|wic
Reset All zeros

Figure 6-36. Real Time Counter Event Register (RTEVR)

RTEVR bits are cleared by writing ones. Writing zeros does not affect the value of the status bits.
Table 6-49 defines the hit fields of RTEVR.
Table 6-49. RTEVR Bit Settings

Bits | Name Description

0-29 — Write reserved, read =0

30 AIF | Alarm interrupt flag bit.

Used to indicate the alarm interrupt. It is set if the RTC counter equals RTALR minus one.This bit can be
cleared by writing 1.

31 SIF | Second interrupt flag bit.

Used to indicate the every-second interrupt. This status bit is set each time that the prescaler count reaches
zero. This bit can be cleared by writing 1.

6.5.5.6 Real Time Counter Alarm Register (RTALR)

Thereal time counter alarm register (RTALR), shown in Figure 6-37, contains the 32-bit alarm (ALRM)
value. When the value of the RTC counter equals the RTALR[ALRM] value, a maskable interrupt is
generated.

Offset 0x14 Access: Read/Write
0 | | | | | | | a1
R ALRM
w

Reset1111\1111\1111\1111\1111\1111\1111\1111
Figure 6-37. Real Time Counter Alarm Register (RTALR)
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Table 6-50 defines the bit fields of RTALR.
Table 6-50. RTALR Bit Settings

Bits | Name Description

0-31 | ALRM | RTC alarm value.
The alarm interrupt is generated when the value of the RTC counter equals RTALR[ALRM].

6.5.6 Functional Description

This section provides a functional description of the real time counter unit (RTC), including a block
diagram.

6.5.6.1 Real Time Counter Unit

The RTC timer is suitablefor time stamping or time and calendar generation. It can maintain aone-second
count, which is unigue over a period of approximately 136 years. Software can convert this count into
time-of-day or calendar information, as required. An alarm function is also provided. The RTC can be
clocked by theinternal system bus clock or by an external clock source. The RTC consists of 32-bit
up-counter, whichisincremented by aone-second count clock derived from the RTC input clock. The RTC
can be programmed to generate a maskabl e interrupt when the time value matches the value in its
associated alarm register.

The RTC can be initialized by software with an initial count value in the real time counter load register
(RTLDR). It can also be programmed to generate an interrupt every second. The real time counter control
register (RTCTR) isused to enable or disable various timer functions. The real time counter event register
(RTEVR) is used to report the interrupt source. The RTC counter is reset to zero on hard reset or
PORESET. RTC registers are initialized by the software. The RTC function can be disabled by
programming the RTC registers.

Figure 6-38 shows the functional RTC block diagram.

RTCNR[SIM] |—
RTCNR[CLIN] RTPSR[PRSC] | | RTLDR[CLDV] }Seoond
Interrupt
v > RTEVRISIF] —
RTC \ v
input Clock 32-bit 32-bit
Disable > Prescaler > Counter > RTCTR[CNTV]
System
Bus Clock — > ¢
RTCNR[CLEN] RTEVR[AIF] ]
}Alarm
Interrupt
RTCNRAM] —
RTALR[ALRM]

Figure 6-38. Real Time Clock Module Functional Block Diagram
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6.5.6.2 RTC Operational Modes

The RTC unit can operate in the following modes:

6.5.7

RTC enable/disable mode

RTCNR[CLEN] enablesthe RTC timer. It should be set by software, after an RTC reset, to enable
the RTC timer.

— RTC disable mode (RTCNR[CLEN] = 0)
When the RTC's clock is disabled, counter maintainsits old value (default).
— RTC enable mode (RTCNR[CLEN] = 1)
When the counter’s clock is enabled, it continues counting using the previous value.
RTC every-second interrupt enable/disable mode
— RTC every-second interrupt enable mode (RTCNR[SIM] = 1)

In this mode, RTC sets the RTEVR[SIF] flag and generate an interrupt after the RTC's 32-bit
counter reaches zero.

— RTC every-second interrupt disable mode (RTCNR[SIM] = 0)

In this mode, the RTC sets the RTEVR[SIF] flag but does not generate an interrupt after the
RTC's 32-bit counter reaches zero.

RTC alarm interrupt enable/disable mode
— RTC aarm interrupt enable mode (RTCNR[AIM] = 1)

Inthismode, the RTC setsthe RTEVR[AIF] flag and generates an interrupt each timewhen the
RTC’s 32-bit counter reaches the RTALR[ALR] value.

— RTC aarminterrupt disable mode (RTCNR[AIM] =0)

In this mode, the RTC sets the RTEVR[AIF] flag but does not generate an interrupt when the
RTC's 32-bit counter reaches the RTALR[ALR] value.

RTC internal/external input clock mode

The input clock to the RTC may be the CSB clock or an external RTC_PIT_CLK.
— RTC usestheinternal input clock mode (RTCNR[CLIN] =0)

— RTC usesthe external RTC_PIT_CLK (RTCNR[CLIN] = 1)

RTC Initialization Sequence

The recommended initialization sequence for the RTC is asfollows:

A wbdpE

Write to RTPSR to set the RTC prescaler to the desired value
Writeto RTLDR to initialize the RTC initial value
Write to RTALR to program the RTC alarm value, if needed

Write to RTCNR to configure and start the RTC operation: RTC input clock source, second/alarm
interrupt mask, and RTC clock enable
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6.6 Periodic Interval Timer (PIT)

The following sections describe theory of operation of the periodic interval timer (PIT) including a
definition of the external signals and the functions it serves. Additionally, the configuration, control, and
status registers are described. Note that individual chaptersin this reference manual describe additional
specific initialization aspects for each individual block.

6.6.1 PIT Overview

The periodic interval timer (PIT) that generates periodic interrupts for areal-time operating system or an
application software.

The PIT consists of a 32-bit down-counter which is decremented by a clock derived from a CSB clock or
from an external 32.768-kHz crystal. The 32-bit counter decrements to zero when loaded with aiinitial
value from the periodic interval timer load register (PTLDR). The periodic interval timer control register
(PTCTR) isused to enable or disable the varioustimer functions. The periodic interval timer event register
(PTEVR) is used to report the interrupt source. The PIT function can be disabled if needed.

Figure 6-39 shows the functional PIT block diagram.

PIT
Clock Periodic Periodic
Interval > Interrupt
System Timer
Clock

Register Interface

Figure 6-39. Periodic Interval Timer High Level Block Diagram

6.6.2 PIT Features

The key features of the PIT include the following:
* Maintains a 32-bit down-counter, clocked by a 32-bit prescaled input clock
o 32-bit PIT counter can beinitialized by software to specific initial count value
* Provides programmable and maskable periodic interrupt
» Usestwo possible clock sources: the CSB clock or an external RTC_PIT_CLOCK
* PIT function can be disabled

6.6.3 PIT Modes of Operation

The PIT unit can operate in the following modes:
* PIT enable/disable mode
* PIT periodic interrupt enable/disable mode
* PIT internal/external input clock mode
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PIT External Signal Description
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This section provides an overview and detailed descriptions of the PIT signals.

Thereis one distinct external input signal (PIT clock), defined in Table 6-51.
Table 6-51. PIT Signal Properties

Name

Function

/0 Reset

Pull Up

RTC_PIT_CLOCK

Periodic interval timer.

| N/A

Table 6-52 describes of the external PIT signal.
Table 6-52. PIT External Signal—Detailed Signal Descriptions

Signal /10 Description
RTC_PIT_ | | This signal is used as the timebase for the periodic interval timer module.
CLOCK
6.6.5 PIT Memory Map/Register Definition

The PIT programmable register map occupies 32 bytes of memory-mapped space. Reading undefined
portions of the memory map returns all zeros; writing has no effect.

All PIT registers are 32 bits wide and reside on 32-bit address boundaries and should only be accessed as
32-bit quantities.

All addresses used in this chapter are offsets from PIT base, as defined in Chapter 2, “Memory Map.”

Table 6-53 shows the PIT memory map.
Table 6-53. PIT Register Address Map

Offset Register Access Reset Value S:‘:;Zn/
Periodic Interval Timer (PIT)—Block Base Address 0x0_0400
0x000 Periodic interval timer control register (PTCNR) R/W 0x0000_0000 6.6.5.1/6-56
0x004 Periodic interval timer load register (PTLDR) R/W 0x0000_0000 6.6.5.2/6-56
0x008 Periodic interval timer prescale register (PTPSR) R/W 0x0000_0000 6.6.5.3/6-57
0x00C Periodic interval timer counter register (PTCTR) R 0x0000_0000 6.6.5.4/6-57
0x10 Periodic interval timer event register (PTEVR) wic 0x0000_0000 6.6.5.5/6-58

0x014—-0x01F

Reserved
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6.6.5.1 Periodic Interval Timer Control Register (PTCNR)

The periodicinterval timer control register (PTCNR), shown in Figure 6-40, is used to enabl e the different
PIT functions. The register can beread at any time.

Offset 0x00 Access: Read/Write
0 ‘ ‘ ‘ ‘ ‘ 23| 24 25 26 ‘ 30 31
R
— CLEN|CLIN — PIM
w
Reset All zeros

Figure 6-40. Periodic Interval Timer Control Register (PTCNR)

Table 6-54 defines the bit fields of PTCNR.
Table 6-54. PTCNR Bit Settings

Bits Name Description

0-23 — Write reserved, read = 0

24 CLEN | Clock enable control bit. Controls the counting of the PIT. When the PIT’s clock is disabled, the counter
maintains its old value. When the counter’s clock is enabled, it continues counting using the previous value.
0 Disable counter.

1 Enable counter.

25 CLIN | Input clock control bit. The input clock to the PIT can be either an internal system clock or an external PIT
clock.

0 The input clock to the periodic interrupt timer is internal system clock.
1 The input clock to the periodic interrupt timer is external RTC_PIT_CLOCK.

26-30 — Write reserved, read =0

31 PIM Periodic interrupt mask bit. Used to enable or disable (mask) the PIT periodic interrupt.
0 Periodic interrupt generation disabled.
1 Periodic interrupt generation enabled.

6.6.5.2 Periodic Interval Timer Load Register (PTLDR)

The periodic interval timer load register (PTLDR), shown in Figure 6-41, contains the 32-bit value to be
loaded in a 32-bit PIT counter.

Offset 0x04 Access: Read/Write
0 | | | | | | | 31
R
CLDV
w
Reset All zeros

Figure 6-41. Periodic Interval Timer Load Register (PTLDR)
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Table 6-55 defines the bit fields of PTLDR.
Table 6-55. PTLDR Bit Settings

Bits | Name Description

0-31 CLDV | Contains the 32-bit value to be loaded in a 32-bit PIT counter.

6.6.5.3 Periodic Interval Timer Prescale Register (PTPSR)

The periodic interval timer prescale register (PTPSR), shown in Figure 6-42, is aread/write register that
used to configure the PIT prescaler’s value.

Offset 0x08 Access: Read/Write
0 | | | | | | | 31
R PRSC
w
Reset All zeros

Figure 6-42. Periodic Interval Timer Prescale Register (PTPSR)

Table 6-56 defines the bit fields of PTPSR.
Table 6-56. PTPSR Bit Settings

Bits | Name Description

0-31 | PRSC |PIT prescaler bits. Selects the input clock divider to generate the PIT counter clock. The prescaler is
programmed to divide the PIT clock input by values from 1 to 4,294,967,296. The value 0x0000 divides the
clock by 1 and OxFFFF_FFFF divides the clock by 4,294,967,296.

To accurately predict the timing of the next count, change the PRSC bit only when the enable bit PTCNR[CLE]
is clear. Changing PRSC resets the prescaler counter. System reset and the loading of a new value into the
counter also reset the prescaler counter. Clearing the PTCNR[CLE] bit stops the prescaler counter.

6.6.5.4 Periodic Interval TimerCounter Register (PTCTR)

The periodic interval timer counter register (PTCTR), shown in Figure 6-43, is aread-only register that
shows the current value in the PIT counter. The PTCTR counter is not affected by reads or writes.

Offset 0x0C Access: Read only
0 | | | | | | | 3
R CNTV
W
Reset All zeros

Figure 6-43. Periodic Interval Timer Counter Register (PTCTR)

Table 6-57 defines the bit fields of PTCTR.
Table 6-57. PTCTR Bit Settings

Bits | Name Description

0-31 | CNTV | PIT counter value field. Contains the current value of the time counter. This is a read-only field. Writes have
no effect on PTCTR[CNTV].
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6.6.5.5 Periodic Interval TimerEvent Register (PTEVR)

The periodic interval timer event register (PTEVR), shown in Figure 6-44, is used to report the source of
the interrupts. The register can be read at any time.

PTEVR bits are cleared by writing ones. Writing zeros does not affect the value of the status bits.

Offset 0x10 Access: wic
Y ‘ ‘ ‘ ‘ ‘ ‘ ‘ 30 31
R PIF
W o wic
Reset All zeros

Figure 6-44. Periodic Interval Timer Event Register (PTEVR)

Table 6-58 defines the hit fields of PTEVR.
Table 6-58. PTEVR Bit Settings

Bits | Name Description
0-30 — | Write reserved, read =0
31 PIF | Periodic interrupt flag bit. Used to indicate the periodic interrupt. It is asserted after the SPMPIT counter

counts to zero. If PTCNR[PIM] bit is enabled, then an interrupt would be generated. This status bit should be
cleared by software.

6.6.6 Functional Description

This section provides afunctional description of the PIT unit, including ablock diagram and discussion of
operational modes.

6.6.6.1 Periodic Interval Timer Unit

ThePIT generates periodicinterruptsfor use with areal -time operating system or the application software.
It consists of a 32-bit down-counter which is decremented by aclock derived from the CSB clock or from
the RTC_PIT_CLOCK. The 32-bit counter decrements to zero when loaded with ainitial value from the
periodic interval timer load register (PTLDR). After the timer reaches zero, PTEVR[PIF] is set and an
interrupt is generated if PTCNR[PIM] = 1. At the next count cycle, the valuein the PTLDR[CLDV] is
loaded into the counter and the process repeats. When anew value isloaded into the PTLDR[CLDV], the
PIT isupdated, the prescaler counter is reset, and the counter begins counting. Setting of PTEVR[PIF]
generates an interrupt, that remains pending until PTEVR[PIF] iscleared. If PTEVR[PIF] is set again
before being cleared, the interrupt remains pending until PTEVR[PIF] is cleared. Any write to the
PTLDR[CLDV] stops the current countdown and the count resumes with the new valuein
PTLDR[CLDV]. If PTCNR[CLEN] =0, the PIT cannot count and retains the old count value. PTCTR
contain the PIT current value. The PIT function can be disabled if needed.
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Figure 6-45shows the functional PIT block diagram.

Figure 6-45. Periodic Interval Timer Functional Block Diagram

PERIODIC
PTCNRICLIN] PTPSR[PRSC] PTLDR[CLDV] PTCNR[PIM] —L)%af:pt
REE621—> Y Y J—> PTEVRIPIF]
- 5| Clock ,| 32-Bit | 32-Bit
System Disable Prescaler >l Counter
Clocking A |—> PTCTRICNTV]

PTCNR[CLEN]

6.6.6.2 PIT Operational Modes

The PIT unit can operate in the following modes:
* PIT enable/disable mode:

The PTCNR[CLEN] bit enablesthe PIT timer. It should be set by software after a system reset to
enablethe PIT timer.

— PIT disable mode (PTCNR[CLEN] = 0). When the PIT’s clock is disabled, counter maintains
itsold value.

— PIT enable mode (PTCNR[CLEN] = 1). When the counter’s clock is enabled, it continues
counting using the previous value.

* PIT periodic interrupt enable/disable mode:

— PIT periodicinterrupt enable mode (PFTCNR[PIM] = 1). After the PIT’s 32-bit counter reaches
zero, the PIT setsthe PTEVR[PIF] flag and generates an interrupt.

— PIT periodicinterrupt disable mode (PTCNR[PIM] = 0). After the PIT’s 32-bit counter reaches
zero, the PIT setsthe PTEVR[PIF] flag but does not generate an interrupt.

* PIT internal/external input clock mode:
The input clock to the PIT may be an internal system clock or the RTC_PIT_CLOCK.
— PIT use theinternal input clock mode (PFTCNR[CLIN] = 0)
— PIT usethe RTC_PIT_CLOCK (PTCNR[CLIN] =1)

6.6.7 PIT Programming Guidelines

The following initialization sequence of PIT is recommended:
1. Writeto PTPSR to set the PIT prescaler to the desired value
2. Writeto PTLDR to initializethe PIT initial value

3. Writeto PTCNR to configure and start the PIT operation: PIT input clock source, periodic interrupt
mask, PIT clock enable.
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6.7 General-Purpose Timers (GTMs)

The following sections describe theory of operation of the general purpose (global) timer module,
including adefinition of the external signalsand the functionality. Additionally, the configuration, control,
and status registers are described. Note that individual chaptersin this book describe additional specific
initialization aspects for each individual block.

6.7.1 GTM Overview

Each global timer module (GTM) includes four identical 16-bit general-purpose timers, two 32-bit timers
or one 64-bit timer. Each GTM timer consists of atimer prescale register (GTPSR), atimer mode register
(GTMDR) atimer captureregister (GTCPR), atimer counter register (GTCNR), atimer reference register
(GTRFR), atimer event register (GTEVR), and atimer global configuration register (GTCFR). The
GTPSRs and the GTMDRs contain the primary and secondary prescalers, programmed by the user.

Figure 6-46 shows the functional GTM block diagram.
Figure 6-46. Global Timers Block Diagram

General
ggﬁg; Global Configuration Register 1 > SystTm|CI|ock
Y |
GTEVR1 Event Register < > —
o)
' £ |« — TGATET
Timer c =«
GTPSR1 Prescale Register - > Clock | £ TGATE2
: Generator| £ TGATE3
GTMDR1 Mode Register - - & —— TGATE4
lock
Divider | coc - TINT
TIN2
TIN3
Y TIN4
GTCNR1 16-Bit Counter <> Capture 50T
: € —»
Detection > TOUT3
- » TOUT2
GTRFR1 Reference Register » TOUT1
GTCPR1 Capture Register -
Timer1
[ Timer2
[ Timer3
[ Timer4

Registers Interface

6.7.2 GTM Features

The key features of the timer include the following:
* The maximum input clock is the system bus clock
* Four 16-bit programmable timers
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Two timers cascaded internally or externally (using TIN and TOUT external signals) to form a
32-bit timer

Onetimer cascaded internally or externally to form a 64-bit timer

Maximum period of ~549.6 (at 125-MHz bus clock and prescaler = 256) for 16-bit timer
Maximum period of ~8796 seconds (at 125-MHz bus clock and prescaler = 256) for 32-bit timer
Maximum period of thousands of years (at 125-MHz bus clock and prescaler = 256) for 64-bit
timer

8-nanosecond timer resolution (at 125-MHz bus clock and no prescaler)

Resolution and maximum period can be traded off by selecting prescaler divisor

Three programmable input clock sources for the timer prescalers

Input capture capability

Output compare with programmable mode for the output pin

Free run and restart modes

Functional and programming compatibility with MPC8260 timers

GTM Modes of Operation

The GTM unit can operate in the following modes:

Cascaded modes
Clock source modes
Reference modes
Capture modes

6.7.3.1 Cascaded Modes
GTCFRN[PCAS] and GTCFR2[SCAS] are used to put the timers into different cascaded modes:

Non-cascaded mode: Each timer (timer 1, timer 2, timer 3, and timer 4), function as aindependent
16-bit timer with a 16-bit GTRFR, GTCPR, GTMDR, and GTCNR. In thismode, the
non-cascaded GTRFR, GTCPR, and GTCNR should be referenced with corresponding 16-bit bus
cycles.

Pair-cascaded mode: In this mode, two 16-bit timers can be internally cascaded to form a 32-bit
counter: timer 1 can be internally cascaded to timer 2 and timer 3 may be internally cascaded to
timer 4. Because the decision to cascade timers is made independently, the user has the option of
selecting two 16-hit timers and one 32-bit timer, or two 32-bit timers. When working in the
pair-cascaded mode, the cascaded GTRFR, GTCPR, and GTCNR should be referenced with 32-bit
bus cycles.

Super-cascaded mode: In this mode, all four 16-bit timers can be internally cascaded to form a
64-bit counter. When working in the super-cascaded mode, the cascaded GTRFR, GTCPR, and
GTCNR should be referenced with two 32-bit bus cycles.
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6.7.3.2 Clock Source Modes

The clock input to the timer’s prescaler can be selected from three sources:
* The system clock
» The system slow go clock (system bus clock internally divided by 16)
* Thecorresponding TINX pin

6.7.3.3 Reference Modes

Each timer can be configured to count until areference isreached and then either begin a new time count
immediately or continue to run. The FRR bit of the corresponding GTMRR selects each mode.

» Freerunreference mode. The corresponding timer count continuesto increment after the reference
value is reached.

* Resetreferencemode. The corresponding timer count isreset immediately after thereferencevalue
is reached.

6.7.3.4 Capture Modes

Each timer has a 16-bit field in GTCPR, used to latch the value of the counter when a defined transition
of TINX is sensed by the corresponding input capture edge detector.

* Normal gate mode enables the count on afalling edge of the TGATE pin and disables the count on
therising edge of TGATE. Thismode allows the timer to count conditionally, based on the state of
TGATE.

» Therestart gate mode performs the same function as normal mode, except it al so resets the counter
on the falling edge of the TGATE pin. This mode has applicationsin pulse interval measurement
and bus monitoring.

6.7.4 GTM External Signal Description
This section provides an overview and detailed descriptions of the GTM signals.

There are four distinct external input timer capture signals (TINZ1, TIN2, TINS3, and TIN4), four distinct
external input timer gate signals (TGATEL, TGATE2, TGATES, and TGATE4), and four distinct external
timer output signals (TOUT1, TOUT2, TOUT3, and TOUT4). The GTM interface signals are defined in
Table 6-59.

Table 6-59. GTM Signal Properties

Name Port Function /0 Reset T,iﬂu&r:
TIN1 TIN1 Global timer 1 capture control signal | 0 No
TIN2 TIN2 Global timer 2 capture control signal | 0 No
TINS TIN3 Global timer 3 capture control signal | 0 No
TIN4 TIN4 Global timer 4 capture control signal | 0 No
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Table 6-59. GTM Signal Properties (continued)

Name Port Function /10 Reset T,iﬂulijr:
TGATEH1 TGATEH1 Global timer 1 counter gate control signal I 0 No
TGATE2 TGATE2 Global timer 2 counter gate control signal I 0 No
TGATE3 TGATE3 Global timer 3 counter gate control signal I 0 No
TGATE4 TGATE4 Global timer 4 counter gate control signal I 0 No
TOUT1 TOUT1 Global timer 1 counter output signal o 1 No
TOUT2 TOUT2 Global timer 2 counter output signal o 1 No
TOUT3 TOUT3 Global timer 3 counter output signal o 1 No
TOUT4 TOUT4 Global timer 4 counter output signal o 1 No

Table 6-60 provides detailed descriptions of the external GTM signals.
Table 6-60. GTM External Signals—Detailed Signal Descriptions
Signal /0 Description
TINn | | Global timer capture control signal. Used to latch the value of the counter when a defined transition of

TINn is sensed by the corresponding input capture edge detector.

State | Asserted/Negated —According to the programmed polarity by the corresponding
Meaning GTMDRn[CE]). Each timer has a 16-bit GTCPR used to latch the value of the counter
when a defined transition of TINn is sensed by the corresponding input capture edge
detector. Upon a capture or reference event, the corresponding GTEVR bit is set and
a maskable interrupt request is issued to the interrupt controller.

Timing | Assertion/Negation—Asynchronous to internal bus clock. TINnis internally synchronized to
the system bus clock. If TINn meets the asynchronous input setup time, the value of
counter is captured after one system bus clock when working with the internal clock.

TGATEn I | Global timer counter gate control signal. Used to gate/restart the counter when a defined transition of
TGATEnR is sensed by the corresponding input capture edge detector.

State | Asserted/Negated—According to the programmed polarity by the corresponding
Meaning GTCFR[GMX] bits. In a restart gate mode (GTCFR[GMn] = 0), the TGATEn pin is used
to enable/disable count. A falling TGATEn pin enables and restarts the count and a
rising edge of TGATEn disables the count. In a normal gate mode (GTCFR[GMn] = 1),
the TGATEn have similar functionality, except the falling edge of TGATEn does not
restart the appropriate count value in GTCNRn[CNVn.

Timing | Assertion/Negation—Asynchronous to internal bus clock. TGATEn is internally
synchronized to the system bus clock. If TGATEn meets the asynchronous input setup
time, the counter begins counting or stops counting depending on the signal state and
the configured mode .
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Table 6-60. GTM External Signals—Detailed Signal Descriptions (continued)

Signal

/10

Description

TOUTn

o]

Global timer counter output signal. The GTM output a signal on the timer output pin TOUTn when the
reference value is reached.

State | Asserted/Negated—According to the programmed polarity by the corresponding
Meaning GTMDRnN[OM~n].

1. Active-low pulse on TOUTn for one timer input clock cycle as defined by the
GTMDRN[ICLKn] bits (GTMDRn[OMn] = 1). Thus, TOUTn may be low for one general
system clock period, one general system slow go clock period, or one TINn pin clock
cycle period.

2. Toggle the TOUTn pin (GTMDRn[OMn] = 0). TOUTn changes occur on the rising edge of
the timer input clock.

Timing | Assertion/Negation—TOUTn changes occur on the rising edge of the timer input clock.

6.7.5 GTM Memory Map/Register Definition

The GTM programmable register map occupies 64 bytes of memory-mapped space. Reading undefined
portions of the memory map returns all zeros; writing has no effect.

All GTM registersare 8 or 16 bitswide, located on 8-bit or 16-bit address boundaries, and should only be
accessed as 8-bit or 16-bit quantities. All addresses used in this chapter are offsets from GTM, as defined
in Chapter 2, “Memory Map.”

Table 6-61 shows the memory map of the GTM.

Table 6-61. GTM Register Address Map

Offset Register Access S:ﬁ:: S:‘:;Zn/
General Purpose (Global) Timer Module 1—Block Base Address 0x0_0500
General Purpose (Global) Timer Module 1—Block Base Address 0x0_0600
0x000 Timer 1 and 2 global timers configuration register (GTCFR1) R/W 0x00 6.7.5.1/6-65
0x001-0x003 | Reserved — — —
0x004 Timer 3 and 4 global timers configuration register (GTCFR2) R/W 0x00 6.7.5.1/6-65
0x005—-0x00F | Reserved — — —
0x010 Timer 1 global timers mode register (GTMDR1) R/W 0x0000 | 6.7.5.2/6-69
0x012 Timer 2 global timers mode register (GTMDR2)
0x014 Timer 1 global timers reference register (GTRFR1) R/W OxFFFF | 6.7.5.3/6-70
0x016 Timer 2 global timers reference register (GTRFR2)
0x018 Timer 1 global timers capture register (GTCPR1) R/W 0x0000 | 6.7.5.4/6-70
0x01A Timer 2 global timers capture register (GTCPR2)
0x01C Timer 1 global timers counter register (GTCNR1) R/W 0x0000 | 6.7.5.5/6-71
0x01E Timer 2 global timers counter register (GTCNR2)
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Offset Register Access 3:3:’: S:‘:;Zn/
0x020 Timer 3 global timers mode register (GTMDR3) R/W 0x0000 | 6.7.5.2/6-69
0x022 Timer 4 global timers mode register (GTMDR4)
0x024 Timer 3 global timers reference register (GTRFR3) R/W OxFFFF | 6.7.5.3/6-70
0x026 Timer 4 global timers reference register (GTRFR4)
0x028 Timer 3 global timers capture register (GTCPR3) R 0x0000 | 6.7.5.4/6-70
0x02A Timer 4 global timers capture register (GTCPR4)
0x02C Timer 3 global timers counter register (GTCNR3) R/W 0x0000 | 6.7.5.5/6-71
0x02E Timer 4 global timers counter register (GTCNR4)
0x030 Timer 1 global timers event register (GTEVR1) wic 0x0000 | 6.7.5.6/6-71
0x032 Timer 2 global timers event register (GTEVR2)
0x034 Timer 3 global timers event register (GTEVR3)
0x036 Timer 4 global timers event register (GTEVR4)
0x038 Timer 1 global timers prescale register (GTPSR1) R/W 0x0003 | 6.7.5.7/6-72
0x03A Timer 2 global timers prescale register (GTPSR2)
0x03C Timer 3 global timers prescale register (GTPSR3)
0x03E Timer 4 global timers prescale register (GTPSR4)
General Purpose (Global) Timer Module 2:
All registers defined for GTM1 are also defined for GTM2; the base address of GTM2 registers is 0x0_0600. The offset for
the registers of Global Timer Module 2 timers (GTM 5-8) remains the same.

6.7.5.1 Global Timers Configuration Registers (GTCFRn)

Theglobal timersconfiguration registers (GTCFR1 and GTCFR2), shown in Figure 6-47 and Figure 6-48,
contain configuration parameters used by the timers. These registersallow simultaneous starting, stopping
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and resetting of apair of timers (1 and 2 or 3 and 4) or of agroups of timers(1, 2, 3, and 4) if onebuscycle
isused. GTCFR is cleared by reset.

NOTE

For proper operation of thetimers, do not change the modes of operation and
enable the timer in the same register write operation. The modes can be
changed when GTCFRN[RSTn] is cleared. However, when
GTCFRN[RSTnN] are set, they are the only bits that can be changed.

Offset 0x00

Access: Read/Write

1 2 3 4 5 6 7

Reset

PCAS

BCM STP2 RST2 GM2 GM1 STP1 RST1

All zeros

Figure 6-47. Global Timers Configuration Register 1 (GTCFR1)

Table 6-62 defines the bit fields of GTCFR1.

Table 6-62. GTCFR1 Bit Settings

Bits

Name

Description

PCAS

Pair-cascade mode

0 Normal operation

1 Timers 1 and 2 cascade to form a 32-bit timer.

Note: This bit is ignored in super-cascade mode (GTCFR2[SCAS] = 1).

Note: It is allowed to change the value of this bit only when the corresponding timers are in reset mode.
Thus, the user should first clear the RST1 and RST2 bits (without changing PCAS) and then, in a
separate write to the register, change the value of PCAS.

BCM

Backward compatible mode

0 Provide backward compatibility to PowerQUICC Il family timers. In this mode GTCFR1[GM2] bit controls
the gate mode for timers 1 and 2 and GTCFR2[GM4] bit will control the gate mode for timers 3 and 4.
GTCFR1[GM1] and GTCFR2[GM3] bits are ignored.

1 Normal operational mode

STP2

Stop timer 2

0 Normal operation

1 Reduce power consumption of the corresponding timer. This bit stops all clocks to the timer 2, except the
Register Interface clock, which allows to read and write timer registers. The clocks to the timer remain
stopped until the user clears this bit or a hardware reset occurs.

RST2

Reset timer 2

0 Reset the timer 2, including GTMDR2, GTRFR2, GTCNR2, GTCPR2, and GTEVR2 (a software reset is
identical to an external reset).

1 Enable the corresponding timer if the STP2 bit is cleared.

GM2

Gate mode for TGATE2

0 Restart gate mode. The TGATE2 pin is used to enable/disable count. A low level of TGATE2 enables and
a falling edge of TGATE2 restarts the count (reset the dynamic counter’s count value to 0) and a high
level of TGATE2 disables the count.

1 Normal gate mode. This mode is the same as 0, except the falling edge of TGATE2 does not restart the
appropriate count value in GTCNR2[CNV2].
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Table 6-62. GTCFR1 Bit Settings (continued)

Bits Name Description
5 GM1 | Gate mode for TGATE1
0 Restart gate mode. The TGATE1 is used to enable/disable count. A low level of TGATE1 enables and a
falling edge of TGATE1 restarts the count (reset the dynamic counter’s count value to 0) and a high level
of TGATE1 disables the count.
1 Normal gate mode. This mode is the same as 0, except the falling edge of TGATE1 does not restart the
appropriate count value in GTCNR1[CNV1].
Note: In backward compatible mode (GTCFR1[BCM] = 0) this bit is ignored. GTCFR1[GM2] bit will control
the gate mode for timers 1 and 2.
6 STP1 | Stop timer 1
0 Normal operation
1 Reduce power consumption of the corresponding timer. This bit stops all clocks to the timer 1, except the
register interface clock, which allows to read and write timer registers. The clocks to the timer remain
stopped until the user clears this bit or a hardware reset occurs.
7 RST1 |Reset timer 1
0 Reset the timer 1, including GTMDR1, GTRFR1, GTCNR1, GTCPR1, and GTEVR1 (a software reset is
identical to an external reset).
1 Enable the corresponding timer if the STP1 bit is cleared.

The GTCFR2 register is shown in Figure 6-48.

Offset 0x04

Access: Read/Write

0 1 2 3 4 5 6 7
R
PCAS SCAS STP4 RST4 GM4 GM3 STP3 RST3
W
Reset All zeros

Figure 6-48. Global Timers Configuration Register 2 (GTCFR2)
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Table 6-63 defines the bit fields of GTCFR2.

Table 6-63. GTCFR2 Bit Settings

Bits Name Description
0 PCAS | Pair-cascade mode
0 Normal operation.
1 Timers 3 and 4 cascade to form a 32-bit timer.
Note: This bit is ignored in super-cascade mode (GTCFR2[SCAS] = 1).
Note: It is allowed to change the value of this bit only when the corresponding timers are in reset mode.
Thus, the user should first clear the RST3 and RST4 bits (without changing PCAS) and then, in a
separate write to the register, change the value of PCAS.
1 SCAS | Super cascade mode
0 Normal operation
1 Timers 1, 2, 3 and 4 cascade to form a 64-bit timer.
Note: In super-cascade mode (GTCFR2[SCAS] = 1) the pair-cascade mode bits are ignored,
(GTCFR1/2[PCAS] = Don’t Care).
Note: It is allowed to change the value of this bit only when the corresponding timers are in reset mode.
Thus, the user should first clear the RST1, RST2, RST3, and RST4 bits (without changing SCAS)
and then, in a separate write to the register, change the value of SCAS.
2 STP4 | Stop timer 4
0 Normal operation
1 Reduce power consumption of the corresponding timer. This bit stops all clocks to the timer 4, except the
register interface clock, which allows to read and write timer registers. The clocks to the timer remain
stopped until the user clears this bit or a hardware reset occurs.
3 RST4 |Resettimer 4
0 Reset the timer 4, including GTMDR4, GTRFR4, GTCNR4, GTCPR4, and GTEVR4 (a software reset is
identical to an external reset).
1 Enable the corresponding timer if the STP4 bit is cleared.
4 GM4 | Gate mode for TGATE4
0 Restart gate mode. The TGATE4 is used to enable/disable count. A low level of TGATE4 enables and a
falling edge of TGATEA4 restarts the count (reset the dynamic counter’s count value to 0) and a high level
of TGATE4 disables the count.
1 Normal gate mode. This mode is the same as 0, except the falling edge of TGATE4 does not restart the
appropriate count value in GTCNR4[CNV4].
5 GM3 | Gate mode for TGATE3
0 Restart gate mode. The TGATES is used to enable/disable count. A low level of TGATES enables and a
falling edge of TGATES restarts the count (reset the dynamic counter’s count value to 0) and a high level
of TGATE3 disables the count.
1 Normal gate mode. This mode is the same as 0, except the falling edge of TGATE3 does not restart the
appropriate count value in GTCNR3[CNV3].
Note: In backward compatible mode (GTCFR1[BCM] = 0) this bit is ignored. The GTCFR2[GM4] bit
controls the gate mode for timers 3 and 4.
6 STP3 | Stoptimer 3
0 Normal operation
1 Reduce power consumption of the corresponding timer. This bit stops all clocks to the timer 3, except the
register interface clock, which allows to read and write timer registers. The clocks to the timer remain
stopped until the user clears this bit or a hardware reset occurs.
7 RST3 |Resettimer 3

0 Reset the timer 3, including GTMDR3, GTRFR3, GTCNR3, GTCPRS, and GTEVR3 (a software reset is
identical to an external reset).
1 Enable the corresponding timer if the STP3 bit is cleared.
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6.7.5.2 Global Timers Mode Registers (GTMDR1-GTMDR4)

The global timers mode registers (GTMDR1, GTMDR2, GTMDRS3, and GTMDR4) are shown in
Figure 6-49.

Erratic behavior may occur if GTCFR1 and GTCFR2 are not initialized before the GTMDRnN. Only
GTCFRN[RSTN] and GTCFRN[STPn] can be modified at any time.

Offset 0x10(GTMDR1) 0x20(GTMDRS) Access: Read/Write
0x12(GTMDR2) 0x22(GTMDRA4)
0 ‘ 7 8 9 10 11 12 13 14 15
R
W SPS CE OM | ORI | FRR ICLK GE
Reset All zeros

Figure 6-49. Global Timers Mode Registers (GTMDR1—GTMDRA4)

Table 6-64 defines the bit fields of GTMDR.
Table 6-64. GTMDR Bit Settings

Bits | Name Description

0-7 SPS | Secondary prescaler value

The secondary prescaler is programmed to divide the clock input to corresponding timer by values from 1 to
256. The value 0x00 divides the clock by 1 and OxFF divides the clock by 256.

89 CE | Capture edge and enable interrupt

00 Disable interrupt on capture event; capture function is disabled

01 Capture on rising TINn edge only and enable interrupt on capture event.

10 Capture on falling TINn edge only and enable interrupt on capture event.

11 Capture on any TINn edge and enable interrupt on capture event.

Note: The frequency of TINn should be slower than system clock (TINnis sampled internally by system clock
to detect TINn's rising/falling edge before updating the counter)

10 OM | Output mode

0 Toggle TOUTn every time when the corresponding timer matches its reference value.

1 Active-low pulse on TOUTn for one timer input clock cycle (4 input clock cycles for the system clock) as
defined by the ICLKn bits. Thus, TOUTn may be low for four general system clocks, one general system
slow go clock period, or one TINn pin clock cycle period.

Note: TOUTn changes are internally synchronized to the rising edge of the system clock

11 ORI | Output reference interrupt enable
0 Disable interrupt for reference reached (does not affect interrupt on capture function).
1 Enable interrupt on reaching the reference value.

12 FRR |Free run/restart mode
0 Free run. The timer count continues to increment after the reference value is reached.
1 Restart. The timer count is reset immediately after the reference value is reached.

MPC8309 PowerQUICC Il Pro Integrated Communications Processor Reference Manual, Rev. 2

Freescale Semiconductor 6-69




System Configuration

Table 6-64. GTMDR Bit Settings (continued)

Bits | Name Description

13-14 | ICLK |[Input clock source for the timer.

00 Internally cascaded input. This selection means: For ICLK1, the timer 1 input is the output of timer 2. For
ICLK2, the timer 1 input is the output of timer 2, the timer 2 input is the output of timer 3, the timer 3 input
is the output of timer 4. For ICLKS, the timer 3 input is the output of timer 4. For ICLK4 this selection means
no input clock is provided to the timer.

01 Internal general system bus clock.

10 Internal slow go clock (divided by 16 system bus clock).

11 TINn: corresponding TIN1, TIN2, TIN3, or TIN4 pin (falling edge).

15 GE |Gate enable
0 The TGATEn signal is ignored.
1 The TGATEn signal is used to control the timer.

6.7.5.3 Global Timers Reference Registers (GTRFR1-GTRFR4)

Global timers reference registers, shown in Figure 6-50, are 16-bit memory-mapped, read/write registers
containing the 16-bit reference values for each timer’s timeout. The reference value is not reached until
GTCNRN[CNV] increments to the value in GTRFRN[TRV].

Offset 0x14(GTRFR1) 0x24(GTRFR3) Access: Read/Write
0x16(GTRFR2) 0x26(GTRFR4)
0 | | | 15
R
TRV
w
Reset 1 1 1 1 \ 1 1 1 1 \ 1 1 1 1 \ 1 1 1 1

Figure 6-50. Global Timers Reference Registers (GTRFR1-GTRFR4)

Table 6-65 defines the bit fields of GTRFR.
Table 6-65. GTRFR Bit Settings

Bits | Name Description

0-15 TRV | Timeout reference value.
16-bit timeout reference value for the corresponding timer. Set to all ones by reset.

6.7.5.4 Global Timers Capture Registers (GTCPR1-GTCPR4)

Global timers capture registers (GTCPR1, GTCPR2, GTCPR3, and GTCPR4), shown in Figure 6-51, are
used to latch the value of the counters according to GTMDRN[CE].

Offset 0x18(GTCPR1) 0x28(GTCPR3) Access: Read only
0x1A(GTCPR2) 0x2A(GTCPR4)
0 ‘ ‘ 15
R LCV
W
Reset All zeros

Figure 6-51. Global Timers Capture Registers (GTCPR1-GTCPR4)
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Table 6-66 defines the bit fields of GTCPRn.
Table 6-66. GTCPRn Bit Settings

Bits | Name Description

0-15 LCV |Latched counter value. Corresponding timer’s 16-bit latched value.

6.7.5.5 Global Timers Counter Registers (GTCNR1-GTCNR4)

Global timers counter registers (GTCNR1, GTCNR2, GTCNR3, and GTCNR4), shown in Figure 6-52,
are four 16-bit, memory-mapped, read/write up-counters. A read cycleto a GTCNRn[CNV] fieldsyields
the current value of the appropriate timer but does not affect the counting operation. A write cycleto a
GTCNRN[CNV] field sets the register to the written value, causing its corresponding primary and
secondary prescaler counters to be reset.

Offset Ox1C(GTCNR1) 0x2C(GTCNRS3) Access: Read/Write
Ox1E(GTCNR2) 0x2E(GTCNR4)
0 ‘ 15
R
CNV
w
Reset All zeros

Figure 6-52. Global Timers Counter Registers (GTCNR1—GTCNR4)

Table 6-67 defines the bit fields of GTCNR.
Table 6-67. GTCNR Bit Settings

Bits | Name Description

0-15 | CNV |Counter value.
Corresponding timer’s 16-bit read/write up-counter value.

6.7.5.6 Global Timers Event Registers (GTEVR1-GTEVR4)

Global timers event registers (GTEVR1, GTEVR2, GTEVR3, and GTEVR4), shown in Figure 6-53, are
used to report events recognized by any of the timers. On recognition of an output reference event, the
appropriate timer sets GTEVRN[REF], regardless of the corresponding GTMDRN[ORI]. The capture
eventisonly setif itisenabled by GTMDRN[CE]. GTEV Rs appear as memory-mapped registersto users,
which can be read at any time.

GTEVRn bhitsare cleared by writing onesto them (writing zeros does not affect bit values). Both bits must
be reset before the timer negates the interrupt to the interrupt controller.

Offset 0x30(GTEVR1) 0x34(GTEVRS) Access: wic
0x32(GTEVR2) 0x36(GTEVR4)
0 ‘ ‘ 13 14 15
R REF | CAP
w o wic | wic
Reset All zeros

Figure 6-53. Global Timers Event Registers (GTEVR1—GTEVR4)
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Table 6-68 defines the bit fields of GTEVRnN.
Table 6-68. GTEVRn Bit Settings

Bits | Name Description
0-13 — Reserved, should be cleared.
14 REF | Output reference event
0 No event

1 The counter reached the GTRFRn[TRV] value. GTMDRAN[ORI] is used to enable the interrupt request
caused by this event.

15 CAP | Counter capture event

Corresponding timer’s 16-bit read/write up-counter value.

0 No event

1 The counter value has been latched into the GTCPRn[LCV]. GTMDRAN[CE] is used to enable generation
of this event.

6.7.5.7 Global Timers Prescale Registers (GTPSR1-GTPSR4)

The global timers prescale registers (GTPSR1, GTPSR2, GTPSR3, and GTPSR4) are shown in
Figure 6-54.

Erratic behavior may occur if GTPSRn is not initialized before the corresponding GTMDRn.

Offset 0x38(GTPSR1) 0x3C(GTPSRS3) Access: Read/Write
0x3A(GTPSR2) Ox3E(GTPSR4)
0 ‘ 7 8 ‘ 15
R
_ PPS
w
Reset 0 0 0 0 \ 0 0 0 0 0 0 0 0 \ 0 0 1 1

Figure 6-54. Global Timers Prescale Registers (GTPSR1-GTPSR4)

Table 6-69 defines the bit fields of GTPSRn.
Table 6-69. GTPSRn Bit Settings

Bits | Name Description

0-7 — Reserved, should be cleared.

8-15 PPS | Primary prescaler bits
The primary prescaler is programmed to divide the clock input to corresponding timer by values from 1 to 256.
The value 0x00 divides the clock by 1 and OxFF divides the clock by 256.

NOTE
The total timer prescale value is calculated as follows:

GTMNyeseaier = (GTPSRN[PPS] + 1) - (GTMDRN[SPS] + 1)

This gives atotal prescale range from 1 (GTPSRn[PPS] = 0x00,
GTMDRN[SPS] = 0x00) to 65,536 (GTPSRN[PPS] = OxFF,
GTMDR[SPS] = OxFF).
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6.7.6 Functional Description

This section provides a functional description of the general-purpose timer units, including detailed
description of its modes of operation.

6.7.6.1 General-Purpose Timer Units

The clock input to the timer’s prescaler can be selected from the following sources:
e The system clock
» The system slow go clock (internally divided by 16)

The general system clock is generated in the clock synthesizer and defaults to the system frequency.
However, the general system clock hasthe option to be divided beforeit leavesthe clock synthesizer. This
mode, called slow go, isused to save power. Whatever the resulting frequency of the general system clock,
the user can either choose that frequency or the frequency divided by 16 as the input to the prescaler of
each timer. Alternatively, the user may prefer TINnto bethe clock source. TINnisinternally synchronized
to theinternal clock. If the user has chosen to internally cascade two 16-bit timersto a 32-bit timer, then a
timer can use the clock generated by the output of another timer.

The clock input source is selected by the corresponding GTMDRN[ICLK] bits. The prescalers
(GTMDRN[SPS] and GTPSRn[PPS]) can be programmed to divide the clock input by values from 1 to
65,536 and the output of the prescaler isused as an input to the 16-bit counters. The best resolution of the
timer isone clock cycle (8 nsat a 125-MHz system clock, for example). The maximum period (when the
referencevalueisall onesand the prescaler divides by 256x 256, and slow go mode divides by 16) for one
16-bit timer is ~549.6 sec at 125 MHz.

6.7.6.2 Reference Modes
Each timer can be configured to count until areference isreached and then either begin a new time count
immediately or continue to run. The FRR bit of the corresponding GTMRR selects each mode.
* Freerunreference mode (GTMDRN[FRR] = 0)
The corresponding timer count continues to increment after the reference value is reached.
* Reset reference mode (GTMDRN[FRR] = 1)
The corresponding timer count is reset immediately after the reference value is reached.
Upon reaching the reference value, the corresponding GTEVRN[REF] bit is set and an interrupt isissued
if GTMDRN[ORI] = 1. Thetimers can output asignal on thetimer output pin TOUTnf thereferencevalue
is reached (selected by the corresponding GTMDRN[OM]). This signal can be an active-low pulse or a

toggle of the current output. The output can also be connected internally to the input of another timer,
resulting in a 32- or 64-bit timer.

6.7.6.3 Capture Modes

In addition, each timer has a 16-bit field in GTCPR, used to latch the value of the counter when a defined
transition of TINN is sensed by the corresponding input capture edge detector. The timers may be
gated/restarted by an external gate signals (TGATERN) that controls the timers. The type of transition
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triggering the capture is selected by the corresponding GTMDRN[CE] bits. Upon a capture or reference
event, corresponding GTEVRN[REF] or GTEVRN[CAP] is set and a maskable interrupt request is issued
to the interrupt controller.

* Normal gate mode enables the count on afalling edge of TGATE and disables the count on the
rising edge of TGATE. This mode allows the timer to count conditionally, based on the state of
TGATE.

» Therestart gate mode performsthe same function as normal mode, except it a so resets the counter
on the falling edge of TGATE.

This mode has applications in pulse interval measurement and bus monitoring as follows:

— Pulse measurement—The restart gate mode can measure alow pulse on TGATE. Therising
edge of TGATE completes the measurement and if TGATERN is connected externally to TINN,
it causes the timer to capture the count value and generate a rising-edge interrupt.

— Bus monitoring—T he restart gate mode can detect asignal that is stuck abnormally low. The
bus signal should be connected to TGATE. The timer count is reset on the falling edge of the
bus signal and if the bus signal does not go high again within the number of user-defined
clocks, an interrupt can be generated.

The gate function is enabled in the GTMDR,; the gate operating mode is selected in the GTCFRn.

NOTE

TGATE isinternally synchronized to the system clock. If TGATE meetsthe
asynchronous input setup time, the counter begins or stops counting after
one system clock when working with the internal clock.

6.7.6.4 Cascaded Modes

GTCFRN[PCAS] and GTCFR2[SCAS] are used to put the timersinto different cascaded modes:

* Non-cascaded mode (GTCFRN[PCAS] = 0 and GTGCF2[SCAS] =0)
If GTCFRN[PCAS] = 0 and GTCFR2[SCAS] = 0, the each timer (timer 1, timer 2, timer 3, and
timer 4), function as aindependent 16-bit timer with a 16-bit GTRFR, GTCPR, GTMDR, and
GTCNR for each one (Figure 6-55). When working in the none-cascaded mode, the non-cascaded
GTRFR, GTCPR, and GTCNR should be referenced with appropriate 16-bit bus cycles.

Timer1 <«— Clock Timer2 «— Clock
GTRFR1, GTCPR1, GTCNR1 T GTRFR2, GTCPR2, GTCNR2 T
Capture Capture
Timer3 <— Clock Timer4 <«— Clock
GTRFR3, GTCPR3, GTCNR3 T GTRFR4, GTCPR4, GTCNR4 T
Capture Capture

Figure 6-55. Timers Non-Cascaded Mode Block Diagram
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«  Pair-cascaded mode (GTCFR1[PCAS] = 1 and/or GTCFR2[PCAS] = 1, GTCFR2[SCAS] = 0)

In thismode, two 16-bit timers can be internally cascaded to form a 32-bit counter: timer 1 may be
internally cascaded to timer 2 and timer 3 may be internally cascaded to timer 4, as shown in
Figure 6-56. Since the decision to cascade timers is made independently, the user has the option of
selecting two 16-hit timers and one 32-bit timer (GTCFR1[PCAS] = 1, GTCFR2[PCAS] =0 or
GTCFR1[PCASL] =0, GTCFR2[PCAS] = 1), or two 32-bit timers (GTCFR1[PCAS] = 1 and
GTCFR2[PCAS] = 1).

If GTCFR1[PCAS] = 1 and/or GTCFR2[SCAS] = 1, the two 16-bit timers (timer 1 and timer 2 or
timer 3 and timer 4) function asa 32-bit timer with a32-bit GTRFR, GTCPR, and GTCNR. Inthis
case, GTMDRLIGTMDR3 isignored, and the modes and functions are defined using
GTMDR2/GTMDR4, and GTCFRL/GTCFR2. The capture are controlled from TIN2, and the
interrupts are generated from GTEVR2. When working in the pair-cascaded mode, the cascaded
GTRFR, GTCPR, and GTCNR should be referenced with 32-bit bus cycles.

Timer1 - Timer2 <— Clock
GTRFR1, GTCPR1, GTCNR1 GTRFR2, GTCPR2, GTCNR2 T
connected to D[31-16] connected to D[15-0]
Capture
Timer3 < Timer4 <«— Clock
GTRFR3, GTCPR3, GTCNR3 GTRFR4, GTCPR4, GTCNR4 T
connected to D[31-16] connected to D[15-0]
Capture

Figure 6-56. Timer Pair-Cascaded Mode Block Diagram

»  Super-cascaded mode (GTCFR2[SCAS] = 1)
In this mode, all four 16-bit timers can be internally cascaded to form a 64-bit counter, as shown
in Figure 6-57.
If GTCFR2[SCAS] = 1, the all four 16-bit timersfunction as a 64-bit timer with a cascaded 32-bit
GTRFR, GTCPR, and GTCNR. In this case, registers GTMDR1, GTMDR2, GTMDR3, and
GTCFR1 areignored, and the modes and functions are defined using GTMDR4 and GTCFR2 only.
The capture are controlled from TIN4, and the interrupts are generated from GTEVR4. When
working in the super-cascaded mode, the cascaded GTRFR, GTCPR, and GTCNR should be
referenced with two 32-bit bus cycles.

Timer1 - Timer2 -<
GTRFR1, GTCPR1, GTCNR1 GTRFR2, GTCPR2, GTCNR2
connected to D[63—48] connected to D[47-32]
L Timer3 - Timer4 <«=— Clock
GTRFR3, GTCPR3, GTCNR3 GTRFR4, GTCPR4, GTCNR4 T
connected to D[31-16] connected to D[15-0]

Capture

Figure 6-57. Timers Super-Cascaded Mode Block Diagram

MPC8309 PowerQUICC Il Pro Integrated Communications Processor Reference Manual, Rev. 2

Freescale Semiconductor 6-75



System Configuration

6.7.7 Initialization/Application Information (Programming Guidelines for
GTM Registers)

The following initialization sequence of GTM is recommended:

*  Writeto GTCFRn in order to reset, to stop or to configure the appropriate timer’s operation:
cascaded timers configuration, gate mode configuration.

*  Writeto GTPSRN[PPS] fieldsin order to program the appropriate timer’s clock primary prescaler.
*  Writeto GTMDRnin order to choose an input clock, to program the secondary prescaler and to set
adesirable appropriate timer’s operational mode.
NOTE
Erratic behavior may occur if GTCFRn and GTPSR are not initialized
before the GTMDR. Only GTCFRN[RSTn] can be modified at any time
e Clear GTEVRN[REF] and GTEVRN[CAP] by writing 1sin order to clear the previous events.
* Writeto GTRFR and to GTCNRnN according to appropriate timer’s GTMDRnN programming.

NOTE

A write cycleto a GTCNRN[CNV] fields sets the register to the written
value, causing its corresponding primary and secondary prescalers,
(GTPSRN[PPS] and GTMDRN[SPY]), to be reset.

*  Writeto GTCFRN[STPn] and to GTCFRN[RSTN] in order to initialize the appropriate timer’'s
operation.
» Writeto GTCFRn register in order to start the corresponding timer (GTCFRn[STPn] = 0).

6.8 Power Management Control (PMC)

The device provides apower management control (PMC) unit, which enables the device to smoothly enter
and exit low power modes. Low power modes may be used when internal unitsin the device temporarily
or permanently do not perform any action.
The device uses one or more of the following methods for power saving:

» Dynamic power management

»  Shutting down clocks to unused blocks

» Software-controlled power-down states for the e300 core
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6.8.1 External Signal Description

Table 6-70 describes the power management signals.

Table 6-70. System Control Signals—Detailed Signal Descriptions

Signal /0 Description

QUIESCE | O |Quiesce state. Indicates that the processor system and e300 core are in low power state.

State | Asserted—The system and e300 core are in low power state.
Meaning | Negated—The system and e300 core are not in low power state.

Timing | The timing between a quiesce request from the e300 core and the assertion of the external
indication or between negation of the core’s quiesce request and negation of the external
indication depends on the current state of the internal system units and may vary accordingly.

6.8.2 PMC Memory Map/Register Definition

Table 6-71 shows the memory map for the power management controller registers.

Table 6-71. Power Management Controller Registers Memory Map

Offset Register Access Reset Section/Page

PMC—BIlock Base Address 0x0_0B00

0x00B00 Power management controller configuration register (PMCCR) R/W | 0x0000_0000 | 6.8.2.1/6-77

0x00B04-0x00 | Reserved — _ _
BFC

6.8.2.1 Power Management Controller Configuration Register (PMCCR)

The power management controller configuration register (PMCCR), shown in Figure 6-58, controls
whether only the e300 corewill enter low power state upon quiesce request or additional partsof the device
will also enter low power state.

Offset 0x00B00 Access: Read/Write
0 | | | | | | 2 0 3
R — DLPEN|SLPEN
w

Reset All zeros

Figure 6-58. Power Management Controller Configuration Register

Table 6-5 defines the bit fields of PMCCR.
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Table 6-72. PMCCR Bit Settings

Bits Name Description

0-29 — Reserved. Write has no effect, read returns 0.

30 DLPEN | DDR SDRAM low power enable

0 The DDR SDRAM memory controller is prevented from entering low power state.

1 The DDR SDRAM memory controller will enter low power state when the rest of the system enters low
power, according to SLPEN setting. DDR SDRAM will enter self-refresh mode (if enabled by
DDR_SDRAM_CFG[SREN] memory controller register) and DDR clocks (MCKn) are shut off. This bit is
cleared when the device exits from low power state. Note that setting this bit without setting SLPEN has
no effect.

31 SLPEN | System low power enable

0 The system is prevented from entering low power state.

1 The system will enter low power state when a quiesce signal is generated from e300 core. This bit is
cleared when the device exits from low power state.

6.8.3 Functional Description

The device has features to minimize power consumption at several levels. Software can shut down clocks
to individual blocks when they are not needed through a memory-mapped register in the clock unit
(SCCR). Additionally, software running on the e300core can access the core’'s SPRsto put the device into
doze, nap, or sleep power down states. These power management features are described in further detall
in this section.
There are four power states in the MPC8309:

» DO : Full-power state

* D1: Coreindoze mode, €300 PLL running

e D2: Coreinnap mode, €300 PLL running

* D3: Corein sleep mode, €300 PLL not running

Table 6-73. Software-Controller Power-Down States—Basic Description

Core Core Responds To DDR Quiesce
System Mode Mode Description SDRAM Signal
Snoop | Interrupt State State
Full On | The e300 core is operating normally Yes Yes Active Negated
Doze Core stops dispatching new instructions (core Yes Yes Active Negated
is halted), and most of the core functional units
are disabled. System operates normally.
Full On
(PMCCR[SLPEN] Nap Core is stopped with its clocks off except to
=0) time base. System operates normally.
Sleep Core is stopped with its clocks off. Core clocks No Yes Active Negated
to all blocks (including core time base) are
stopped except to the interrupt unit. System
operates normally.
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Table 6-73. Software-Controller Power-Down States—Basic Description (continued)

Core Core Responds To DDR Quiesce
System Mode Mode Description SDRAM Signal
Snoop | Interrupt State State
Low Power Nap que operation as described above. System ?s According
(PMCCR[SLPEN] in idle state, DDR SDRAM memory operates in No Yes to PMCCR | Asserted
=1) Sleep self-refresh mode if enabled. [DLPEN]

6.8.3.1 Shutting Down Clocks to Unused Blocks

Asdescribed in Section 4.5.2.3, “ System Clock Control Register (SCCR),” SCCR provides away to shut
down certain functional blocks within the device when they are not needed in a particular system. SCCR
can be written by the €300 core or by an external master. Powering down ablock in thisway turns off all
clocksto that block. It does not remove power. It isrequired that the SCCR iswritten to shut down acertain
functional block only when that block isidle.

NOTE

Functional blocks disabled using SCCR cannot respond to configuration
accesses. Any access to configuration, control, and status registers of a
disabled block is a programming error.

6.8.3.2 Software-Controlled Power-Down States

€300 core software can place the core in doze, nap, or sleep power-down states by writing to HIDO in the
core, as described in detail in the section “Hardware |mplementation Register 0 (HIDO),” of the e300
Power PC Core Reference Manual. In addition, if PMCCR[SLPEN] is set when the €300 core request to
enter nap or sleep modes, it aso causes the DDR2 controller to enter low power mode. The basic
relationships between core and system power management states is shown in Table 6-73.

To preserve cache coherency and otherwise avoid loss of system state, the core transitions to low-power
modes is coordinated with DDR2 controller. The power management controller allows the core to enter
power down mode only when the rest of the systemisidle.

When the power management controller detects that the internal system busisidle, and there are no
outstanding transactions, it signals the internal logic units to enter low power state.

If PMCCR[DLPEN] and/or PMCCR[SLPEN] is set, the DDR SDRAM and/or secondary DDR SDRAM
isfirst set to self-refresh mode (if enabled by DDR_SDRAM _CFG[SREN] memory controller register)
before the memory controller stops driving refresh commands. Self-refresh mode guarantees that the
memory content remains valid while the memory controller and its clocks are off. The DDR clocks are
then disabled. The DLL isthen shut off and stopsdriving clockson MCKn pins. Finally the DDR SDRAM
memory controller enters low power state and acknowledges the power management controller.

The power management controller then signals the core and acknowledges it’s request to enter power
down mode. Finally the QUIESCE output signal is asserted.
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6.8.3.3 Exiting Core and System Low Power States

The device can exit low power state and return to full-on mode for one of the following reasons:
* Thecoreinternal time base unit invokes arequest to exit low power state.

* Thepower management controller has detected that the systemisnot idle and there are outstanding
transactions on the internal bus.

The actionstaken to exit low power state depend on the mode and whether the system or only the core are
in this state. The following sections describe the various scenarios.

6.8.3.3.1 Exiting Low Power States—Core-Only Mode

Exit from Doze mode is controlled only by the core itself and does not involve the power management
controller or other blocks in the device.

Nap mode is exited according to the internal time base unit of the core. When the core returnsto full-on
state, it signals to the power management controller that it isready and isimmediately acknowledged to
access the DDR2 controller.

6.8.3.3.2 Exiting Low Power States—Core and System Mode

The power management controller decides to exit low power state when it detects that the system is not
idle anymore. The device may exit idle state when one of the peripheral interfaces makes a request to
access the internal bus or when the core returns to full-on state, as described above, and makes a request
to accesstheinternal bus.For example, the QUICC Engine block receives an Ethernet frame, and requires
to store it on the DDR SDRAM memory.

If the particular DDR SDRAM memory controller isin low power state (PMCCR[DLPEN] was set when
entering low power state), the power management controller initially enablesthe DDR SDRAM memory
controller and its DLL, allowing it to lock. When locked, DDR SDRAM clocks (MCKn) are enabled and
the memory controller exit self-refresh and returns to auto-refresh mode.

The power management controller then enables other internal units and interrupts the e300 core. When all
internal units, including the core, are ready, the power management controller enables the device to return
to full-on state, negate the QUIESCE output, and clear PMCCR[SL PEN]. Outstanding requests for
transactions are now granted to execute on the internal bus.
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Chapter 7
Arbiter and Bus Monitor

This chapter describes operation theory of the arbiter in the device. In addition, it describes configuration,
control, and status registers of the arbiter.

71 Overview

The arbiter is responsible for providing coherent system bus arbitration. It tracks all address and data
tenures and provides al the arbitration signals to masters and slaves. In addition, it monitors the bus and
reports on errors and protocol violations.
The arbiter includes the following features:

* Supports a programmable pipeline depth (from 1 to 4)

» Supports four levels of priority for bus arbitration

»  Supports repeat-request mode: number of programmable consecutive transactions from the same
master (up to eight transactions)

»  Supports data streaming operations

»  Supports programmable address bus parking mode: disable, park to last bus owner, park to
software selected master

» Claims address only, reserved and illegal transaction types, report on it and can raise maskable
interrupt

* Providestimers for address tenure time out and data tenure time out detection and can issue
maskable interrupt, if any timer expired

* Reportson transfer error and can issue maskable interrupt
» Canissue regular or machine check interrupt for each type of error event (programmable)

711 Coherent System Bus Overview

The coherent system busis the central bus of the device. Any data transaction from master to slavein the
device passes through the coherent system bus. The device coherent system bus supports pipelined
transactions. It hasindependent address and data tenures. Pipeline depth determinesthe number of address
tenures that can be started before the first data tenure is finished.

Basic burst sizeis equal to cache line length of the core, which is 32 bytes. Using repeat request mode
enables up to eight consecutive bursts to be executed by the same master. The maximum number of
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consecutive transactions can be limited by programming arbiter configuration register. See Section 7.2.1,
“Arbiter Configuration Register (ACR),” for more details.

NOTE
Write accesses to different interfaces are not guaranteed to finish in order.

7.2  Arbiter Memory Map/Register Definition

Table 7-1 shows the memory map for arbiter’s configuration, control and status registers.
Table 7-1. Arbiter Register Map

System Arbiter—Block Base Address 0x0_0800
OfTsZT?JZx) Register Access Reset Section/Page
0x00 Arbiter configuration register (ACR) R/W 0x0000_0000/ 7.2.1/7-3
0x0010_0000"
0x04 Arbiter timers register (ATR) R/W FFFF_FFFF 7.2.2/7-4
0x0C Arbiter event register (AER) wic 0x0000_0000 7.2.3/7-5
0x10 Arbiter interrupt definition register (AIDR) R/W 0x0000_0000 7.2.4/7-6
0x14 Arbiter mask register (AMR) R/W 0x0000_0000 7.2.5/7-7
0x18 Arbiter event attributes register (AEATR) R 0x0000_00007 7.2.6/7-8
0x1C Arbiter event address register (AEADR) R 0x0000_00007 7.2.7/7-9
0x20 Arbiter event response register (AERR) R/W 0x0000_0000 7.2.8/7-10

1 Reset value is determined from the core PLL configuration of the reset configuration word. See Chapter 4, “Reset, Clocking,
and Initialization,” for details.

2 The registers AEATR and AEADR are affected only by the assertion of PORESET.
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Arbiter Configuration Register (ACR)

Arbiter configuration register (ACR) defines the arbiter modes and parked master on the bus. Figure 7-1
shows the fields of ACR.

Offset 0x00

Access: Read/Write

0 ’ 6 7 8 9 10 11 12 13 15
R
— COREDIS — — — PIPE_DEP
W
Reset All zeros!
16 20 21 23 24 25 26 27 28 31
R
W — RPTCNT — APARK PARKM
Reset All zeros!

T Note that the reset value of COREDIS and bits 10-11 are determined from reset configuration word. (See
Section 4.3.2, “Reset Configuration Words,” for more details on reset configuration word.)

Figure 7-1. Arbiter Configuration Register (ACR)

Table 7-2 describes ACR fields.

Table 7-2. ACR Field Descriptions

Bits

Name

Description

0-6

Write reserved, read =0

COREDIS

Core disable. Specifies whether CPU is disabled. When CPU is disabled, it cannot be granted on the

bus by the arbiter. After reset, this bit receives it’s value from the reset configuration bit of COREDIS
and can be configured by software. Also, if boot source is boot sequencer, COREDIS must be set to
1 at reset and the last transaction of the boot sequencer must set COREDIS to 0, if CPU enable is
needed.

0 CPU enabled.

1 CPU disabled.

8-9
10-11

Write reserved, read = 0

Reserved. Write should preserve reset value. The reset value is a function of the core PLL
configuration, which is part of the reset configuration word. When the core is set to operate at 1:1 or
3:2 bus clock, these bits are set to ‘01’ during reset; otherwise, they are set to ‘00’.

12

Write reserved, read =0

13-15 | PIPE_DEP |Pipeline depth (number of outstanding transactions).
000 Pipeline depth 1 (1 outstanding transaction)
001 Pipeline depth 2 (2 outstanding transactions)
010 Pipeline depth 3 (3 outstanding transactions)
011 Pipeline depth 4 (4 outstanding transactions)

1xx Reserved

16-20 Write reserved, read =0
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Table 7-2. ACR Field Descriptions (continued)

Bits Name Description

21-23 RPTCNT Repeat count. Specifies the maximum number of consecutive transactions, that any master can
perform, using REPEAT request mode.

000 1 consecutive transactions (REPEAT request mode disable)

001 2 consecutive transactions

010 3 consecutive transactions

011 4 consecutive transactions

100 5 consecutive transactions

101 6 consecutive transactions

110 7 consecutive transactions

111 8 consecutive transactions

Note: It is recommended not to program this field for more than four consecutive transactions.

24-25 — Write reserved, read =0

26-27 APARK Address parking. Specifies arbiter bus parking mode.

00 Park to master. Arbiter parks the address bus to the master, that is selected by numeric value of
PARKM field.

01 Park to last owner. Arbiter parks the address bus to last bus owner.

10 Disable. Arbiter does not assert BG to any master, if no BR is present.

11 Reserved

28—31 PARKM Parking master.

0000 e300 core

0001 PCI/IOS

0010 Reserved

0011 USB/I2C1_BOOT

0100 DMA, eSDHC

0101-0110 Reserved

0111 CE_COMPLEX_WRAPPER
1000-1111 Reserved

7.2.2 Arbiter Timers Register (ATR)

The arbiter timersregister (ATR) defines the arbiter address time out (ATO) and data time out (DTO)
values. Figure 7-2 shows the fields of ATR.

Offset 0x04 Access: Read/Write
0 ‘ ‘ ‘ 1516 ‘ ‘ ‘ 31
R
DTO ATO
w
Reset1111\1111\1111\11111111\1111\1111\1111

Figure 7-2. Arbiter Timers Register (ATR)
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Table 7-3 describes ATR fields.
Table 7-3. ATR Field Descriptions

Bits | Name Description

0-15 DTO |Data time out. Specifies the time-out period for the data tenure. The granularity of this field is128 bus clocks.
The maximum value is8355840 coherent system bus clocks. Data time_out occurs if the data tenure does
not end before the specified time-out period. When DTO = n, the timeout cycle is n x 128.

0000 Reserved

0001 128 clock cycles

0002 256 clock cycles

0003 384 clock cycles

FFFF 8355840 clock cycles

16-31 | ATO |Address time out. Specifies the time-out period for the address tenure. The granularity of this field is128 bus
clocks. Maximum value is 8355840 coherent system bus clocks. Address time-out occurs if the address
tenure did not end before the specified time-out period. When ATO = n, the timeout cycle is n x 128.

0000 Reserved

0001 128 clock cycles

0002 256 clock cycles

0003 384 clock cycles

FFFF 8355840 clock cycles

7.2.3 Arbiter Event Register (AER)

The arbiter uses arbiter event register (AER) to report on erroneous transactions. This register is cleared
by writing ones to the fields to be cleared. Figure 7-3 shows the fields of AER.

Offset 0x0C Access: Wic
0 ‘ ‘ ‘ ‘ ‘ ‘ 25 26 27 28 29 30 31
R ETEA|RES|ECW| AO |DTO|ATO
W wic |wic| wic (wic|wic|wic
Reset All zeros

Figure 7-3. Arbiter Event Register (AER)

Table 7-4 describes AER fields.
Table 7-4. AER Field Descriptions

Bits Name Description
0-25 — Write reserved, read =0
26 ETEA |Transfer error. Reports on detection of transfer error by one of the slaves.

0 No transfer error detected by one of the slaves.
1 Transfer error detected by one of the slaves.

27 RES Reserved transfer type. Reports on transaction with reserved transfer type. See Section 7.3.2.5,
“Reserved Transaction Type,” for more information.

0 No transaction with reserved transfer type occurred.

1 Transaction with reserved transfer type occurred.
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Table 7-4. AER Field Descriptions (continued)

Bits Name Description

28 ECW External control word transfer type. Reports on transaction with external control word transfer type. See
Section 7.3.2.6, “lllegal (eciwx/ecowx) Transaction Type,” for more information.

0 No transaction with external control word transfer type occurred.

1 Transaction with external control word transfer type occurred.

29 AO Address Only transfer type. Reports on transaction with address only transfer type. See Section 7.3.2.4,
“Address Only Transaction Type,” for more information.

0 No transaction with address only transfer type occurred.

1 Transaction with address only transfer type occurred.

30 DTO Data time out. Reports on data tenure time out.
0 Data time out timer is not expired.
1 Data time out timer is expired.

31 ATO Address time out. Reports on address tenure time out.
0 Address time out timer is not expired.
1 Address time out timer is expired.

7.2.4 Arbiter Interrupt Definition Register (AIDR)

Arbiter interrupt definition register (AIDR) determines the interrupt that responds to different error
conditions. Setting a bit defines the corresponding interrupt as MCP interrupt; clearing a bit defines the
corresponding interrupt as regular interrupt. Figure 7-4 shows the fields of AIDR.

Offset 0x10 Access: Read/Write
0 ‘ ‘ ‘ ‘ ‘ ‘ 25 26 27 | 28 29 30 31
R
W — ETEA|RES|ECW|AO|DTO|ATO
Reset All zeros

Figure 7-4. Arbiter Interrupt Definition Register (AIDR)

Table 7-5 describes AIDR fields.
Table 7-5. AIDR Field Descriptions

Bits Name Description
0-25 — Write reserved, read = 0
26 ETEA | Transfer error. Detection of transfer error by one of the slaves interrupt definition.

0 Detection of transfer error by one of the slaves causes regular interrupt.
1 Detection of transfer error by one of the slaves causes MCP interrupt.

27 RES Reserved transfer type. Transaction with reserved transfer type interrupt definition.
0 Transaction with reserved transfer type causes regular interrupt.
1 Transaction with reserved transfer type causes MCP interrupt.

28 ECW | External control word transfer type. Transaction with external control word transfer type interrupt definition.
0 Transaction with external control word transfer type causes regular interrupt.
1 Transaction with external control word transfer type causes MCP interrupt.

MPC8309 PowerQUICC Il Pro Integrated Communications Processor Reference Manual, Rev. 2

7-6 Freescale Semiconductor



Arbiter and Bus Monitor

Table 7-5. AIDR Field Descriptions (continued)

Bits Name Description

29 AO Address only transfer type. Transaction with address only transfer type interrupt definition.
0 Transaction with address only transfer type causes regular interrupt.
1 Transaction with address only transfer type causes MCP interrupt.

30 DTO | Data time out. Data tenure time out interrupt definition.
0 Data tenure time out causes regular interrupt.
1 Data tenure time out causes MCP interrupt.

31 ATO Address time out. Address tenure time out interrupt definition.
0 Address tenure time out causes regular interrupt.
1 Address tenure time out causes MCP interrupt.

7.2.5 Arbiter Mask Register (AMR)

Arbiter mask register (AMR) is used to mask interrupts or reset requests. Setting a mask bit enables the
corresponding interrupt or reset request; clearing a bit masksit. Regular interrupts, MCP interrupts and
reset requests can be masked by AMR register. Figure 7-5 shows the fields of AMR.

Offset 0x14 Access: Read/Write
0 ‘ ’ ’ ‘ ‘ ’ 25 26 27 | 28 29 30 3t
R
W — ETEA|RES|ECW|AO|DTO|ATO

Reset All zeros

Figure 7-5. Arbiter Mask Register (AMR)
Table 7-6 describes AMR fields.
Table 7-6. AMR Field Descriptions

Bits Name Description
0-25 — Write reserved, read = 0
26 ETEA |Transfer error. Detection of transfer error by one of the slaves interrupt mask bit.

0 Detection of transfer error by one of the slaves interrupt disabled.
1 Detection of transfer error by one of the slaves interrupt enabled.

27 RES Reserved transfer type.Transaction with reserved transfer type interrupt mask bit.
0 Transaction with reserved transfer type interrupt disabled.
1 Transaction with reserved transfer type interrupt enabled.

28 ECW External control word transfer type.Transaction with external control word transfer type interrupt mask bit.
0 Transaction with external control word transfer type interrupt disabled.
1 Transaction with external control word transfer type interrupt enabled.

29 AO Address only transfer type. Transaction with address only transfer type interrupt mask bit.
0 Transaction with address only transfer type interrupt disabled.
1 Transaction with address only transfer type interrupt enabled.
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Table 7-6. AMR Field Descriptions (continued)

Bits Name Description

30 DTO Data time out. Data tenure time out interrupt mask bit.
0 Data tenure time out interrupt disabled.
1 Data tenure time out interrupt enabled.

31 ATO Address time out. Address tenure time out interrupt mask bit.
0 Address tenure time out interrupt disabled.
1 Address tenure time out interrupt enabled.

7.2.6 Arbiter Event Attributes Register (AEATR)

Arbiter event attributes register (AEATR) reports the type of transaction that causes error, which is
specified in the event register. See Section 7.2.3, “ Arbiter Event Register (AER),” for more information.
AEATR is cleared only by power-on reset. The attributes of the first error event are stored. Note that this
means that AEATR does not changeits value when AER isnot clear. ASAEATR is not affected by soft or
hard reset, software can read this register and determine the cause of the bus failure, even if the failure
caused a deadlock situation. For more information, see Section 7.4.2, “Error Handling Sequence.”

Figure 7-6 showsthe fields of AEATR.

Offset 0x18 Access: Read/Write
0 ‘4 5 7|8 10 11‘ 15| 16 19| 20 21 23|24 26 27 31
R
W — EVENT — MSTR_ID — TBST| TSIZE — TTYPE
Reset All zeros

Figure 7-6. Arbiter Event Attributes Register (AEATR)

Table 7-7 describes AEATR fields.
Table 7-7. AEATR Field Descriptions

Bits Name Description

04 — Write reserved, read =0

5-7 EVENT | Event type.

000 Address time out 100 Reserved transfer type
001 Data time out 101 Transfer error
010 Address only transfer type 11c Reserved

011 External control word transfer type

8-10 — Write reserved, read = 0
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Bits Name Description

11-15 | MSTR_ID | Master Id.
00000 e300 core data transaction 01010 JTAG
00001 Reserved 01011 Reserved
00010 e300 core instruction fetch 01100 eSDHC
00011-00110 Reserved 01101 PCI1
00111 USB DR 01110-01111 Reserved
01000 Reserved 10000 QEOO
01001 12C (boot sequencer) 10001 Reserved

10010-11110 Reserved
11111 DMA

Note: Master Id reflects the source of transaction and is used for debug purposes.

16-19 — Write reserved, read = 0

20 TBST | Transfer burst.

0 Burst transaction. Transfer size is greater than 8 bytes
1 Single-beat transaction. Transfer size is up to 8 bytes

21-23 TSIZE | Transfer size. Transfer size encoding depends on the value of the field TBST.
TBST =1: TBST =0:
001 1 byte 000 16 bytes
010 2 bytes 001 24 bytes
011 3 bytes 010 32 bytes
100 4 bytes 011-111 Reserved
101 5 bytes
110 6 bytes
111 7 bytes
000 8 bytes

24-26 — Write reserved, read =0

27-31 TTYPE | Transfer type.
00000 Address-only 01111 Reserved
00001 Address-only 10000 Address-only
00010 Single-beat or burst write 1XX01 Reserved
00011 Reserved 10010 Single-beat write
00100 Address-only 1XX11 Reserved
00101 Reserved 10100 ecowx—Illlegal single-beat write
00110 Burst write 10110 Reserved
00111 Reserved 11000 Address-only
0100x Address-only 11010 Single-beat or burst read
0101x Single-beat or burst read 11100 eciwx—Illlegal single-beat read
0110x Address-only 11110 Burst read
01110 Burst read

7.2.7 Arbiter Event Address Register (AEADR)

Arbiter event address register (AEADR) reports the address of transaction that causes the error, which is
specified in the event register. See Section 7.2.3, “ Arbiter Event Register (AER),” for more information.
AEADR iscleared only by power-on reset. The address of the first error event is stored. Note that this
means that AEADR does not change its value when AER is not clear. As AEADR is not effected by soft
or hard reset, software can read this register and determine the cause of the busfailure, even if the bus
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failure had caused a deadlock situation. For more information, see Section 7.4.2, “Error Handling
Sequence.”

Figure 7-7 shows the fields of AEADR.

Offset 0x1C Access: Read/Write
0 | | | 2
R
ADDR
w
Reset All zeros

Figure 7-7. Arbiter Event Address Register (AEADR)

Table 7-8 describes AEADR fields.
Table 7-8. AEADR Field Descriptions

Bits Name Description

0-31 ADDR | Address of the event reported in AEATR register. See Section 7.2.6, “Arbiter Event Attributes Register
(AEATR),” for more information.

7.2.8 Arbiter Event Response Register (AERR)

Arbiter event response register (AERR) determines whether different error conditions cause interrupt or
reset request. Setting a bit defines the corresponding error condition to cause reset request; clearing a bit
defines the corresponding error condition to cause interrupt. Figure 7-8 shows the fields of AERR.

Offset 0x20 Access: Read/Write
0 ‘ ‘ ‘ ‘ ‘ ‘ 25 26 27 | 28 29 30 31
R
W — ETEA|RES|ECW|AO|DTO|ATO
Reset All zeros

Figure 7-8. Arbiter Event Response Register (AERR)

Table 7-9 describes AERR field.
Table 7-9. AERR Field Descriptions

Bits Name Description
0-25 — Write reserved, read = 0
26 ETEA |Transfer error. Detection of transfer error by one of the slaves event response.

0 Detection of transfer error by one of the slaves causes interrupt.
1 Detection of transfer error by one of the slaves causes reset request.

27 RES Reserved transfer type. Transaction with reserved transfer type interrupt definition.
0 Transaction with reserved transfer type causes interrupt.
1 Transaction with reserved transfer type causes reset request.
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Table 7-9. AERR Field Descriptions

Bits

Name

Description

28

ECW

External control word transfer type. Transaction with external control word transfer type interrupt
definition.

0 Transaction with external control word transfer type causes interrupt.

1 Transaction with external control word transfer type causes reset request.

29

AO

Address only transfer type. Transaction with address only transfer type interrupt definition.
0 Transaction with address only transfer type causes interrupt.
1 Transaction with address only transfer type causes reset request.

30

DTO

Data time out. Data tenure time out interrupt definition.
0 Data tenure time out causes interrupt.
1 Data tenure time out causes reset request.

31

ATO

Address time out. Address tenure time out interrupt definition.
0 Address tenure time out causes interrupt.
1 Address tenure time out causes reset request.

7.3

Functional Description

The following sections describe arbitration policy and bus error detection.

7.3.1

Arbitration Policy

The arbitration process involves the masters and the arbiter. Masters arbitrate on the privilege to own an
address tenure. For data tenures, the arbiter uses the same order of transactions as address tenures.
Figure 7-9 shows the interface signals between the arbiter and masters that are involved in address bus
arbitration.

BR
REPEAT
Master 1 PRIORITY[0:1]
BG

Y

Y

A

BR
REPEAT
Master 2 PRIORITY[0:1]
BG

Y

Y

g Arbiter

A

BR
REPEAT
Master N PRIORITY[0:1]
BG

Y

Y

<
<

Figure 7-9. Address Bus Arbitration
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A master has to acquire address bus ownership before it starts any transaction. The master assertsits own
bus request signal along with the arbitration attribute signals REPEAT and PRIORITY[O0:1]. The arbiter
later asserts the corresponding address bus grant signal to the requesting master depending on the system
states and arbitration scheme. See Section 7.3.1.1, “Address Bus Arbitration with PRIORITY[0:1],” for
details on arbitration scheme. When address bus grant is received the master can start the address tenure.

7.3.1.1 Address Bus Arbitration with PRIORITY[0:1]

Whenever a master asserts its bus request to acquire address bus ownership, it can drive its
PRIORITY[0:1] signalsto indicate request priority. The master would be served sooner because of its
higher priority level. The arbiter takes this extrainformation into consideration in order to yield better
servicefor ahigher priority request than alower priority request. Therefore, the arbiter operates according
to the following priority based arbitration scheme:

1. For every priority level afair arbitration schemeis used (a simple round robin scheme)

2. For every priority level other than O, one place is reserved as a place holder for lower level
arbitration rings.

3. Each master can change its priority level at any time.
Figure 7-10 shows an example of priority-based arbitration algorithm with four priority levels. In this

example, if all masters request the bus continuously, the following order of bus grants occurs with the
specific bandwidth:

* M6 gets ¥z of the bus bandwidth

* M4 and M5 each gets 1/6 of the bus bandwidth
* MO and M3 each gets 1/18 of the bus bandwidth
* M1 and M2 each gets 1/36 of the bus bandwidth
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M6ZM6Z ...

M6 M4 M6 M5 M6 MO M6 M4
M6 M5 M6 M3 M6 M4 M6 M5
M6 M1 M6 M4 M6 M5 M6 MO
M6 M4 M6 M5 M6 M3 M6 M4
M6 M5 M6 M2 ...

Level 3

M4M5YM4MSY ...

Level 2

M4 M5 MO M4 M5 M3 M4 M5 M1
M4 M5 MO M4 M5 M3 M4 M5 M2 ...

Level 1 MO M3 X MO M3 X ...

MO M3 M1 MO M3 M2 MO M3 M1 ...

Level 0 M1 M2 M1 M2 ...

M1 M2
Figure 7-10. An Example of Priority-Based Arbitration Algorithm

NOTE

See each bus master’s chapter and Section 6.3.2.4, “ System Priority and
Configuration Register (SPCR),” for more details about priority
programming.

7.3.1.2 Address Bus Arbitration with REPEAT

When a master owns the address bus and wants to perform another transaction, it can assert bus request

along with REPEAT, to make arepeat request to the arbiter. Consequently, the arbiter asserts bus grant to
the same master if the current addresstenureisnot being ARTRYed. Thishappensregardless of the priority
level of bus request from other masters. In another word, “repesat request” overrides the priority scheme.

Even though repeat request can improve the page hit ratio and the overall memory bandwidth efficiency,
it can increase the worst case latency of individual master. Therefore, the arbiter has programmable
counter to limit the maximum number of consecutive transactions that are performed by masters.
Whenever the counter expires, arbiter ignores the REPEAT signal and falls back to the regular arbitration
scheme.

7.3.1.3 Address Bus Arbitration after ARTRY

The ARTRY protocol isused primarily by the CPU to interrupt atransaction that hitsto amodified linein
its D-cache, so that it can maintain data coherency by performing the snoop copyback. When CPU asserts
ARTRY, the busisimmediately granted to the CPU to perform snoop copyback. After the completion of
snoop copyback, the arbiter grants the bus back to the master that had its transaction ARTRYed.
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7.3.1.4 Address Bus Parking

The arbiter supports address bus parking. This feature implies that when no master is requesting the bus
(al bus requests are negated), the arbiter can choose to park the address bus (or assert the address bus
grant) to amaster. The parked master can skip the bus request and assume the bus mastership directly. This
reduces the access latency for parked master.

See Section 7.2.1, “Arbiter Configuration Register (ACR),” for more details about ACR[APARK] and
ACR[PARKM].

7.3.1.5 Data Bus Arbitration
For every committed address tenure a data tenure is required to complete the transaction.

In the device system, the arbiter controls the issuing of data bus grants to a master and a slave, which are
involved in a data tenure of a previously performed address tenure.

7.3.2 Bus Error Detection

The arbiter is responsible for tracking the following cases on the bus:
* Addresstime out
» Datatime out
* Transfer error
* Addressonly transaction type
* Reserved transaction type
* lllegal (eciwx/ecowx) transaction type

7.3.2.1 Address Time Out
Address time out occurs, if the address tenure was not ended before the specified time-out period
(programmed by ATR[ATO]). In this case, the arbiter performs as follows:

1. Endsthe addresstenure.

2. Startsdatatenure and ends it by asserting transfer error.
3. Reportson the event to AER[ATO].
4

. Issuesreset request, MCP or regular interrupt according to AERR[ATO] and AIDR[ATCO], if
enabled by AMR[ATO].

5. Updates transaction attributes and address of AEATR and AEADR for thefirst error event.

7.3.2.2 Data Time Out

Datatime out occurs, if the data tenure was not ended before the specified time-out period (programmed
by ATR[DTQ]). In this case, the arbiter performs as follows:

1. Endsthe datatenure by asserting transfer error.
2. Reportsonthisevent in AER[DTQO].
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3. Issuesreset request, MCP or regular interrupt according to AERR[DTO] and AIDR[DTO], if
enabled by AMR[DTO].

4. Updates transaction attributes and address of AEATR and AEADR for thefirst error event.

7.3.2.3 Transfer Error
The arbiter tracks the transfer error asserted by one of the slaves. In this case, the arbiter performs as
follows:

1. Reportson the event to AER[ETEA].

2. Issuesreset request, MCP or regular interrupt according to AERR[ETEA] and AIDR[ETEA] if
enabled by AMR[ETEA].

3. Updates transaction attributes and address of AEATR and AEADR for the first error event.

7.3.2.4 Address Only Transaction Type

Table 7-10 shows transaction types, which are defined as address only:
Table 7-10. Address Only Transaction Type Encoding

ttype[0:4] Bus Commands
00000 Clean block
00100 Flush block
01000 Sync
01100 Kill block
10000 eieio
11000 TLB Invalidate
00001 Iwarx reservation set
01001 tibsync
01101 icbi

The arbiter allows address-only (AO) transactions on the bus and the G2 core has ability to issue
address-only (AO) transactions (see HIDO [ABE] in the G2 Power PC Core Reference Manual, Rev 1). As
there is no advantage in using AO transaction in this system, the bus monitor allows the detection of AO
transactions and treats them as an error.

The transaction with an address only transfer type, the arbiter performs as follows:
1. Endsthe address tenure by asserting AACK.

2. Reportson the event to AER[AQ].

3. Issuesreset request, MCP or regular interrupt according to AERR[AQO] and AIDR[AQ] if enabled
by AMR[AQ].
4. Updates transaction attributes and address of AEATR and AEADR for thefirst error event.
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7.3.2.5 Reserved Transaction Type

Table 7-11 shows transaction types defined as reserved.

Table 7-11. Reserved Transaction Type Encoding

ttype[0:4] Bus Commands
00101 Reserved
1xx01 Reserved for customer
10110 Reserved
00011 Reserved
00111 Reserved
01111 Reserved
1xx11 Reserved for customer

The transaction with areserved transfer type, the arbiter performs as follows:

1
2.
3.

4.

Ends the address tenure by asserting AACK.
Reports on the event to AER[RES].

I ssues reset request, MCP or regular interrupt according to AERR[RES] and AIDR[RESY], if
enabled by AMR[RES].

Updates transaction attributes and address of AEATR and AEADR for the first error event.

7.3.2.6 lllegal (eciwx/ecowx) Transaction Type

Table 7-12 shows transaction types defined asillegal.

Table 7-12. lllegal Transaction Type Encoding

ttype[0:4] Bus command
10100 External control word write (ecowx)
11100 External control word read (eciwx)

The transaction with an illegal (eciwx, ecowx) transfer type, the arbiter performs as follows:

1.

2.
3.
4

Ends the address tenure by asserting AACK.,

Starts data tenure and ends data tenure by asserting TEA.

Reports on the event in AER[ECW].

I ssues reset request, MCP or regular interrupt according to AERR[ECW] and AIDR[ECW], if

" enabled by AMR[ECW].
5,

Updates transaction attributes and address of AEATR and AEADR for the first error event.

For more information, see the following sections:

Section 7.2.3, “ Arbiter Event Register (AER)”

Section 7.2.4, “ Arbiter Interrupt Definition Register (AIDR)”
Section 7.2.5, “Arbiter Mask Register (AMR)”

Section 7.2.6, “ Arbiter Event Attributes Register (AEATR)”
Section 7.2.7, “ Arbiter Event Address Register (AEADR)”
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Section 7.2.8, “ Arbiter Event Response Register (AERR)”

Initialization/Applications Information

The following sections describe the initialization and error handling sequences for the arbiter.

741

Initialization Sequence

The following initialization sequence is recommended:

1.

7.4.2

Write to ACR to configure pipeline depth, address bus parking mode, global maximum repeat
count.

Write to AERR defines whether different error events cause areset request or an interrupt.

Writeto AIDR definesthe kind of interrupt (regular or MCP) caused by each error event. Note that
thisis necessary only if interrupts are enabled and AERR defines error events to cause interrupt.

Write to AMR to enable interrupts.

Writeto ATR to set the ATO and DTO timers. Notethat thisisonly necessary if therequired timers
are less than the maximum value (which is default).

Error Handling Sequence

The following error handling sequence is recommended:

1.

2.

3.

Read to AER to find out about the error that occurred in the system. Also, read the values of
AEATR and AEADR to check on thefirst error event in the system.

If those registers are not accessible because of abus deadlock situation, reset the chip and read the
values of the AEATR and AEADR registers to check on the event that causes this problem to the
system. Use HRESET to reset the chip to guarantee that the information stored in AEATR and
AEADR isnot lost.

Clear all the previous events by writing ones to the AER. Thisregister is also cleared after reset.
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Chapter 8
e300 Processor Core Overview

This chapter provides an overview of features for the embedded microprocessorsin the e300 core family,
which are PowerPC microprocessors built on Power Architecture technology. Throughout this chapter, the
terms ‘€300 core’, ‘core’, and ‘ processor’ are used interchangeably. The term, *€300c3’ is used when
describing an implementation-specific feature or when a difference exists between different
configurations. The term ‘€300’ is used when describing a feature that pertains to the family of €300
processors. The MPC8309 uses €300c3 core.

8.1 Overview

This section describes the details of the €300 core, provides ablock diagram showing the major functional
units, and briefly describes how these unitsinteract. For additional information, see €300 Power
Architecture Core Family Reference Manual.

The €300 core is alow-power implementation of this microprocessor family of reduced instruction set
computing (RISC) microprocessors. The core implements the 32-bit portion of the PowerPC architecture,
which defines 32-hit effective addresses, integer data types of 8, 16, and 32 bits, and floating-point data
types of 32 and 64 bhits.

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

The €300 core integrates independent execution units including: an integer unit (1U) afloating-point unit
(FPU), abranch processing unit (BPU), aload/store unit (LSU), and a system register unit (SRU). The
€300c3 integrates an additional integer unit for atotal of two [Us. The ability to execute instructionsin
parallel and the use of ssmpleinstructionswith rapid execution timesyield high efficiency and throughput
for e300-core-based systems. Most integer instructions execute in one clock cycle. The additional 1Us
along with enhanced multipliers in the e€300c3 improve multiply instructions to a maximum two-cycle
latency, asignificant improvement from previous processors. In the e300c3 core, the FPU ispipelined so
a single-precision multiply-add instruction can be issued and completed every clock cycle. The e300c3
core provide hardware support for all single- and double-precision floating-point operationsfor most value
representations and all rounding modes.

MPC8309 PowerQUICC Il Pro Integrated Communications Processor Reference Manual, Rev. 2

Freescale Semiconductor 8-1



e300 Processor Core Overview

Figure 8-1 shows a block diagram of the e300c3 core. Note that the e€300c3 supports floating-point

operations and includes two integer units.
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Figure 8-1. e300c3 Core Block Diagram
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The e300c3 includes 16-K byte, four way set-associative instruction and data caches. The MMUs contain
64-entry, two-way, set-associative, data and instruction translation lookaside buffers (DTLB and ITLB)
that provide support for demand-paged, virtual-memory, address translation, and variable-sized block
trandation. The TLBs use aleast recently used (LRU) replacement algorithm and the caches use a pseudo
least recently used algorithm (PLRU).

The core also supports block address trand ation through the use of two independent instruction and data
block addresstrandation (IBAT and DBAT) arrays, each containing eight pairs of BATS, an increase from
four pairs of each type of BATs in the G2 core. This increase provides more flexibility in protecting
accesses and providing trangation on a segment, block, or page basis for memory accesses and 1/0
accesses. Effective addresses are compared simultaneously with all eight entriesin the BAT array during
block translation. In accordance with the PowerPC architecture, if an effective addresshitsin boththe TLB
and BAT array, the BAT trandation takes priority.

As part of the coherent system bus (CSB), the e300 core has a 64-bit data bus and a 32-bit address bus.
During normal operation, the e300 core providesathree-state (modified, exclusive, andinvalid) coherency
protocol which isacompatible subset of afour-state (modified/exclusive/shared/invalid) MESI protocol.
However, the €300 data cache contains a programmable MESI extension that supports the shared cache
coherency state (similar to other PowerPC processors). Both protocols operate coherently in systems that
contain four-state caches. Although MESI is supported by the €300 core, it is not implemented on the
MPC8309. The core also supports single-beat and burst data transfers for memory accesses and supports
memory-mapped 1/0 operations.

The true little-endian mode is another enhanced capability of the e300 core. Unlike the PowerPC
little-endian mode (which manipulates only the address bits), no longer supported on the €300, the true
little-endian mode actually operates on true little-endian instructions and data from memory.

The critical interrupt is an additional interrupt in the e300 core and has higher priority order than the
system management interrupt. Also, debug features areimproved in the €300. Additional SPRG interrupt
handling registers are provided for enhancing flexibility for the operating system.

The €300c3 include a performance monitor facility that provides the ability to monitor and count
predefined events such as core clocks, misses in the instruction cache, data cache, types of instructions
dispatched, mispredicted branches, and other occurrences. The count of such events (which may be an
approximation) can be used to trigger the performance monitor interrupt. Section 8.1.7.5, “ Core
Performance Monitor,” describes the operation of the performance monitor diagnostic tool.

8.1.1 Features

This section describes the major features of the €300 core:
» High-performance, superscalar microprocessor core

— Asmany asthreeinstructionsissued and retired per clock (two instructions plus one branch
instruction)

— Asmany asfiveinstructions in execution per clock
— Single-cycle execution for most instructions
— Pipelined floating-point unit (FPU) for al single- and double-precision operations
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Independent execution units and two register files

Branch processing unit (BPU) featuring static branch prediction

Two 32-bit integer units (IU) in the e300c3

FPU based on the IEEE Std 754™ for both single- and double-precision operations
Load/store unit (LSU) for data transfer between data-cache and general-purpose registers
(GPRs) and floating-point registers (FPRS)

System register unit (SRU) that executes condition register (CR), special-purpose register
(SPR), and integer add/compare instructions. Add/compare instructions are also executed in
the lUs.

Thirty-two 32-bit GPRs for integer operands
Thirty-two 64-bit FPRs for single- or double-precision operands

High instruction and data throughput

Zero-cycle branch capability (branch folding)
Programmabl e static branch prediction on unresolved conditional branches

Two integer units with enhanced multipliersin the e300c3 for increased integer instruction
throughput and a maximum two-cycle latency for multiply instructions

Instruction fetch unit capable of fetching two instructions per clock from the instruction cache
A six-entry instruction queue (1Q) that provides |lookahead capability

Independent pipelines with feed-forwarding that reduces data dependencies in hardware
16-Kbyte, four-way set-associative instruction and data caches on the e300c3

Cache write-back or write-through operation programmable on a per-page or per-block basis
Features for instruction and data cache locking and protection

BPU that performs CR lookahead operations

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

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

Eight-entry data and instruction BAT arrays providing 128-Kbyte to 256-Mbyte blocks
Software table search operations and updates supported through fast trap mechanism
52-bit virtual address; 32-bit physical address

Facilities for enhanced system performance

A 64-bit split-transaction internal data bus interface to the coherent system bus (CSB) with
burst transfers

Support for one-level address pipelining on the CSB interface

True little-endian mode for compatibility with other true little-endian devices
Critical interrupt support

Hardware support for misaligned little-endian accesses

Configurable processor bus frequency multipliers as defined in the MPC8309 Power QUICC 11
Pro Integrated Communications Processor Hardware Specification
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* Integrated power management
— Internal processor/bus clock multiplier ratios
— Three power-saving modes: doze, nap, and sleep
— Automatic dynamic power reduction when internal functional units areidle
* In-system testability and debugging features through JTAG boundary-scan capability

Features specific to the e300 core not present on the G2 processors follow:
» Enhancementsto the register set
— The e300 core has one more HIDO bit than the G2:

— The enable cache parity checking (ECPE) bit, HIDO[1], gives the €300 core the ability to
enabl e the taking of a machine check interrupt based on the detection of a cache parity error

» Enhancements to cache implementation
— 16-Kbyte, four-way set-associative instruction and data caches on the e300c3.
— Full parity checking is performed on both instruction and data cache memory arrays

— Lockable L1 instruction and data caches—entire cache or on a per-way basisup to 3 of 4 ways
on the e300c3

— New icbt instruction supports initialization of instruction cache
— Data cache supports four-state MESI coherency protocol (not implemented on MPC8309)

— Theinstruction cache is blocked only until the critical load completes (hit under reloads
alowed)

— Instruction cancel mechanism improves utilization of instruction cache by supporting
hits-under-cancel s and misses-under-cancels.

— Thecritical doubleword issimultaneously written to the cache and forwarded to the requesting
unit, thus minimizing stalls due to load delays.

— Data cache queue sharing makes cast-outs and snoop pushes more efficient

— Providesfor an optional data cache operation broadcast feature (enabled by HIDO[ABE]) that
allowsfor coherent system management. All of the data cache control instructions, except dcbz
(dcbi, dcbf, and dcbst) require that HIDO[ABE] be enabled to broadcast.

— Instruction fetch burst feature allows al instruction fetches from caching-inhibited spaceto be
performed on the bus as burst transactions

* Interrupts

— The €300 core offers hardware support for misaligned little-endian accesses. Little-endian
|oad/store accesses that are not on aword boundary, except for strings and multiples, generate
interrupts under the same circumstances as big-endian accesses.

— The e300 core supports true little-endian mode to minimize the impact on software porting
from true little-endian systems.

— Aninputinterrupt signal, cint, is provided to trigger the critical interrupt exception on the €300
core. Thepm_event_ininput signal can be used by the performance monitor countersto trigger
an interrupt upon overflow on the e300c3 .

* Busclock—PLL configuration signalsinclude seven signalsfor settings and control: pll_cfg[0:6].
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* Debug features
— Breakpoint status recorded in DBCR and IBCR control registers
— Two signals for the debug interface: stopped and ext_halt
— Performance monitor registers for system analysisin the e300c3

Figure 8-1 providesablock diagram of the e300 core that shows how the execution units—IU, FPU, BPU,
L SU, and SRU—operate independently and in parallel. It should be noted that thisisaconceptual diagram
and does not attempt to show how these features are physically implemented on the device.

The €300 core provides address tranglation and protection facilities, including an ITLB, DTLB, and
instruction and data BAT arrays. Instruction fetching and issuing are handled in the instruction unit.
Trandation of addresses for cache or external memory accesses are handled by the MMUs. Both unitsare
discussed in more detail in Section 8.1.2, “Instruction Unit,” and Section 8.1.5.1, “Memory Management
Units (MMUSs).”

8.1.2 Instruction Unit

As shown in Figure 8-1, the €300 core instruction unit, which contains a fetch unit, instruction queue,
dispatch unit, and BPU, provides centralized control of instruction flow to the execution units. The
instruction unit determines the address of the next instruction to be fetched based on information from the
sequential fetcher and from the BPU.

Theinstruction unit fetchestheinstructionsfrom the instruction cache into theinstruction queue. The BPU
receives branch instructions from the fetcher and uses static branch prediction to allow fetching from a
predicted instruction stream while a conditional branch is evaluated. The BPU folds out for unconditional
branch instructions and conditional branch instructions unaffected by instructions in the execution
pipeline.

Instructions issued beyond a predicted branch cannot complete execution until the branch is resolved,
preserving the programming model of sequential execution. If any of these are branch instructions, they
are decoded but not issued. Instructions to be executed by the FPU, 1U, LSU, and SRU are issued and
allowed to progress up to the register write-back stage. Write-back is allowed when a correctly predicted
branch is resolved, and execution continues along the predicted path.

If branch predictionisincorrect, theinstruction unit flushesall predicted path instructions, and instructions
areissued from the correct path.

8.1.2.1 Instruction Queue and Dispatch Unit

The instruction queue (1Q), shown in Figure 8-1, holds as many as six instructions and loads up to two
instructions from the instruction unit during a single cycle. The instruction fetch unit continuously loads
as many instructions as space in the IQ allows. Instructions are dispatched to their respective execution
units from the dispatch unit at a maximum rate of two instructions per cycle. Dispatching is facilitated to
the IUs, FPU, LSU, and SRU by the provision of areservation station at each unit. The dispatch unit
performs source and destination register dependency checking, determines dispatch serializations, and
inhibits subsequent instruction dispatching as required.

For amore detailed overview of instruction dispatch, see Section 8.4.6, “Instruction Timing.”
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8.1.2.2 Branch Processing Unit (BPU)

The BPU receives branch instructions from the fetch unit and performs CR lookahead operations on
conditional branches to resolve them early, achieving the effect of a zero-cycle branch in many cases.

TheBPU usesabit intheinstruction encoding to predict the direction of the conditional branch. Therefore,
when an unresolved conditional branch instruction is encountered, the core fetches instructions from the
predicted target stream until the conditional branch is resolved.

The BPU contains an adder to compute branch target addresses and three user-control registers. the link
register (LR), the count register (CTR), and the conditional register (CR). The BPU calculates the return
pointer for sub-routine calls and savesit into the LR for certain types of branch instructions. The LR also
contains the branch target address for the Branch Conditional to Link Register (bclrx) instruction. The
CTR contains the branch target address for the Branch Conditional to Count Register (bcctrx) instruction.
The contents of the LR and CTR can be copied to or from any GPR. Because the BPU uses dedicated
registersrather than GPRs or FPRs, execution of branch instructionsislargely independent from execution
of integer and floating-point instructions.

8.1.3 Independent Execution Units

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

The four other execution units and the completion unit are described in the following sections.

8.1.3.1 Integer Unit (IU)

The IU executes all integer instructions. The U executes one integer instruction at atime, performing
computations with its arithmetic logic unit (ALU), multiplier, divider, and XER register. Most integer
instructions are single-cycle instructions. The 32 GPRs hold integer operands. Stalls due to contention for
GPRs are minimized by the automatic allocation of rename registers. The core writes the contents of the
rename registersto the appropriate GPR when integer instructions are retired by the completion unit. The
€300c3 provides two integer units for greater integer instruction throughput along with enhanced
multipliersin each IU for faster multiply-instruction execution.

8.1.3.2 Floating-Point Unit (FPU)

The FPU contains a single-precision multiply-add array and the floating-point status and control register
(FPSCR). The multiply-add array allows the core to efficiently implement multiply and multiply-add
operations. The FPU is pipelined so that single- and double-precision instructions can be issued
back-to-back. The 32 FPRs are provided to support floating-point operations. Stalls due to contention for
FPRs are minimized by the automatic allocation of rename registers. The core writes the contents of the
renameregistersto the appropriate FPR when floating-point instructions areretired by the compl etion unit.

The €300c3 core supports all floating-point data types based on the IEEE 754 standard (normalized,
denormalized, NaN, zero, and infinity) in hardware, eliminating the latency incurred by softwareinterrupt
routines.
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8.1.3.3 Load/Store Unit (LSU)

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

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

Cacheable loads, when free of data bus dependencies, can execute out of order with a maximum
throughput of one per cycle and with a two-cycle total latency. Data returned from the cacheisheld in a
rename register until the completion logic commitsthe value to a GPR or FPR. Stores cannot be executed
in a predicted manner and are held in the store queue until the completion logic signals that the store
operation isto be completed to memory. The core executes store instructions with a maximum throughput
of one per cycle and with athree-cycle total latency. The time required to perform the actual load or store
depends on whether the operation involves the cache, system memory, or an 1/0O device.

8.1.34 System Register Unit (SRU)

The SRU executes various system-level instructions, including condition register logical operations and
move to/from specia-purpose register instructions. It also executes integer add/compare instructions. In
order to maintain system state, most instructions executed by the SRU are completion-serialized; that is,
theinstruction is held for execution in the SRU until al prior instructions issued have completed. Results
from compl etion-serialized instructions executed by the SRU are not available or forwarded for
subsequent instructions until they complete.

8.1.4 Completion Unit

The completion unit tracks instructions in program order from dispatch through execution and then
completes. Compl eting an instruction commitsthe coreto any architectural register changes caused by that
instruction. In-order completion ensures the correct architectural state when the core must recover from a
mispredicted branch or an interrupt.

Instruction state and other information required for completion is kept in afive-entry FIFO completion
gueue. A single completion queue entry is allocated for each instruction once it enters the execution unit
from the dispatch unit. An available completion queue entry is arequired resource for dispatch; if no
completion entry is available, dispatch stalls. A maximum of two instructions per cycle are completed in
order from the queue.

8.1.5 Memory Subsystem Support

The core provides separate instruction and data caches and MMUs. The core also provides an efficient
processor bus interface to facilitate access to main memory and other bus subsystems. The memory
subsystem support functions are described in the following sections.
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8.1.5.1 Memory Management Units (MMUs)

The core MM Us support up to 4 Petabytes (252) of virtual memory and 4 Gigabytes (232) of physical
memory (referred to asreal memory in the architecture specification) for instruction and data. The MMUs
also control access privileges for these spaces on block and page granularities. Referenced and changed
status is maintained by the processor for each page to assist implementation of a demand-paged virtual
memory system. Notethat software assistanceisrequired for the device to maintain reference and changed
status. A key bit isimplemented to provide information about memory protection violations prior to page
table search operations.

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

After an EA isgenerated, itshigher-order bitsaretrans ated by the appropriate MMU into physical address
bits. The lower-order EA bits are the same on the physical address which are directed to the on-chip cache
and formed the index into afour-way set-associative tag array. After trandating the address, the MMU
passes the higher-order physical address bits to the cache and the cache lookup compl etes. For
caching-inhibited accesses or accesses that missin the cache, the untranslated lower-order address bitsare
concatenated with the trandlated higher-order address bits; the resulting 32-bit physical addressis then
used by the memory unit and the core interface to access external memory.

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

For instruction fetches, the IMMU looks for the addressin the ITLB and in the IBAT array. If an address
hits both, the IBAT array trandation is used. Data accesses cause alookup inthe DTLB and DBAT array.
In most cases, the trandationisin a TLB and the physical address bits are available to the on-chip cache.

The e300 core implements four more IBAT and four more DBAT entries than the G2.
When the EA missesin the TLBSs, the core provides hardware assistance for software to perform a search
of the trandation tables in memory. The hardware assist consists of the following features:

» Automatic storage of the missed effective addressin IMISS and DMISS

» Automatic generation of the primary and secondary hashed real addresses of the page-table entry
group (PTEG), which are readable from the HASH1 and HASH2 register locations.

The HASH datais generated from the contents of the IMISS or DMISS register. The register that
is selected depends on the miss (instruction or data) that was last acknowledged.

» Automatic generation of the first word of the page table entry (PTE) of the tables being searched
* A rea page address (RPA) register that matches the format of the lower word of the PTE

» TLB accessinstructions (tlbli and tlbld) that are used to load an address trandlation into the
instruction or data TLBs

» Shadow registers for GPRO-GPRS3 that allow miss code to execute without corrupting the state of
any of the existing GPRs. Shadow registers are used only for servicing a TLB miss.
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For more information about memory management for the core, see Section 8.4.5.2,
“Implementation-Specific Memory Management.”

8.1.5.2 Cache Units

The €300c3 provides 16-Kbyte, four-way set-associative instruction and data caches. The cache block is
32 byteslong. The caches adhere to awrite-back policy, but the e300 core alows control of cacheability,
write policy, and memory coherency at the page and block levels. The caches use a pseudo LRU
replacement policy.

As shown in Figure 8-1, the caches provide a 64-bit interface to the instruction fetch unit and LSU. The
surrounding logic selects, organizes, and forwards the requested information to the requesting unit. Write
operations to the cache can be performed on a byte basis, and a compl ete read-modify-write operation to
the cache can occur in each cycle.

The load/store and instruction fetch units provide the caches with the address of the data or instruction to
be fetched. In the case of a cache hit, the cache returns two words to the requesting unit.

Because the data cache tags are single-ported, simultaneous |oad/store and Snoop accesses cause resource
contention. Snoop accesses have the highest priority and are given first accessto the tags, unlessthe snoop
access coincides with atag write; in this case the snoop is retried and must rearbitrate for cache access.
Loads or stores deferred due to snoop accesses are performed on the clock cycle following the snoop.

The e300 core includes anew instruction cancel extension. The instruction cancel extension improves
utilization of the instruction cache during cancel operations. It allows a new instruction fetch to be issued
to the cache or to the bus if a canceled instruction fetch is pending or active on the bus. This supports
hit-under-cancel and miss-under-cancel instruction fetch operations.

8.1.6 Bus Interface Unit (BIU)

Because the caches are on-chip, write-back caches, the most common transactions are burst-read memory
operations, burst-write memory operations, and single-beat (noncacheabl e or write-through) memory read
and write operations. There can also be address-only operations, variants of the burst and single-beat
operations, (for example, global memory operationsthat are snooped and atomic memory operations), and
address retry activity (for example, when a snooped read access hits a modified cache block).

Memory accesses can occur in single-beat (1-8 bytes) and four-beat burst (32 bytes) data transfers on the
64-bit data bus. The address and data buses operate independently to support pipelining and split
transactions during memory accesses.

The €300 bus interface unit (BIU) has been enhanced to allow a pipeline slot to become available once a
previous transaction has been granted the data bus (that is, as early as when the data tenure starts rather
than after the data tenure completes), thus allowing for greater bus utilization in systems that support it.
Thisis sometimes referred to as 1 1/2-level pipelining.

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

8.1.7 System Support Functions

The e300 core implements severa support functions that include power management, time
base/decrementer registers for system timing tasks, a JTAG (based on |IEEE Std 1149.1™) interface,
hardware debug, and a phase-locked loop (PLL) clock multiplier. These system support functions are
described in the following sections.

8.1.71 Power Management

The e300 core providesfour power modes, selectable by setting the appropriate control bitsin the machine
state register (MSR) and the hardware implementation register O (HIDO). When entering into a power
mode other than full-power, the core requests entry viaaqreq signal and enters another power mode after
an acknowledge (gack) is received. The four power modes are as follows:

* Full-power

Thisisthe default power state of the e300 core. The €300 core isfully powered and the internal
functional units are operating at the full processor clock speed. If the dynamic power management
mode is enabled, functional unitsthat are idle automatically enters alow-power state without
affecting performance, software execution, or external hardware.

e Doze

All thefunctional units of the e300 core are disabled except for the time base/decrementer registers
and the bus snooping logic. When the processor is in doze mode, an external asynchronous
interrupt, system management interrupt, decrementer interrupt, hard or soft reset, or machine check
brings the €300 core into the full-power state. The core in doze mode maintainsthe PLL in a
fully-powered state and locked to the system external clock input (sysclk), so atransition to the
full-power state takes only afew processor clock cycles.

. Nap
The nap modefurther reduces power consumption by disabling bus snooping, leaving only thetime
base register and the PLL in a powered state. The core returns to the full-power state on receipt of
an external asynchronous interrupt, system management interrupt, decrementer interrupt, hard or
soft reset, or machine check input (mcp) signal. A return to full-power state from anap state takes
only afew processor clock cycles.

. S]eep
Sleep mode reduces power consumption to a minimum by disabling all internal functional units;
then external system logic may disable the PLL and sysclk. Returning the core to the full-power
state requires the enabling of the PLL and sysclk, followed by the assertion of an external
asynchronous interrupt, system management interrupt, hard or soft reset, or mep signal after the
time required to relock the PLL.

MPC8309 PowerQUICC Il Pro Integrated Communications Processor Reference Manual, Rev. 2

Freescale Semiconductor 8-11



e300 Processor Core Overview

8.1.7.2 Time Base/Decrementer

Thetimebaseisa64-bit register (accessed astwo 32-bit registers) that isincremented once every four bus
clock cycles; external control of the time base is provided through the time base/decrementer clock base
enable (tben) signal. The decrementer is a 32-bit register that generates a decrementer interrupt after a
programmable delay. The contents of the decrementer register are decremented once every four bus clock
cycles, and the decrementer interrupt is generated as the count passes through zero.

8.1.7.3 JTAG Test and Debug Interface

The core provides JTAG and hardware debug functions for facilitating board testing and chip debugging.
The JTAG test interface (based on |EEE 1149.1) provides a means for boundary-scan testing of the core
and the attached system logic. The hardware debug function accesses the JTAG test port, providing a
means for executing test routines and facilitating chip and software debugging.

All instruction and data address breakpoints are accessible in the IBCR and DBCR. See Section 8.4.8,
“Debug Features,” for more information.

8.1.7.4 Clock Multiplier

The internal clocking of the e300 core is generated from and synchronized to the external clock signal,
sysclk, by means of avoltage-controlled, oscillator-based PLL. The PLL provides programmable internal
processor clock multiplier ratios which multiply the externally supplied clock frequency. The busclock is
the same frequency and is synchronous with sysclk. The configuration of the PLL can be read by software
from the hardware implementation register 1 (HID1).

8.1.7.5 Core Performance Monitor

The performance monitor provides the ability to count predefined events and processor clocks associated
with particular operations, such as cache misses, mispredicted branches, or the number of cyclesan
execution unit stalls. The count of such events can be used to trigger the performance monitor interrupt.
The performance monitor can be used to do the following:

* Improve system performance by monitoring software execution and then recoding algorithms for
more efficiency. For example, memory hierarchy behavior can be monitored and analyzed to
optimize task scheduling or data distribution algorithms.

» Characterize processors in environments not easily characterized by benchmarking.
» Help system developers bring up and debug their systems.

The performance monitor uses the following resources:

* The performance monitor mark bit in the MSR (MSR[PMM]). This bit controls which programs
are monitored.

* The move to/from performance monitor registers (PMR) instructions, mtpmr and mfpmr.
* Theexternal coreinput, pm_event_in.
* PMRs
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— The performance monitor counter registers (PMCO—-PMC3) are 32-bit counters used to count
software-sel ectable events. Each counter counts up to 128 events. UPMCO-UPMC3 provide
user-level read access to these registers. They are identified in Table 8-2.

— The performance monitor global control register (PMGCO) controls the counting of
performance monitor events. It takes priority over al other performance monitor control
registers. UPMGCO provides user-level read access to PMGCO.

— The performance monitor local control registers (PMLCa0-PML Ca3) control each individual
performance monitor counter. Each counter has a corresponding PML Ca register.
UPML Ca0—-UPML Ca3 provide user-level read access to PMLCal0-PMLCa3).

* The performance monitor interrupt is assigned to interrupt vector 0xOFQO0.

Software communication with the performance monitor is achieved through PMRs rather than SPRs. The
PMRs are used for enabling conditions that can trigger the performance monitor interrupt.

8.2 e300 Processor and System Version Numbers

Table 8-1 lists the revision codes in the processor version register (PVR) and the system version register
(SVR) to the revision level marked on the device. These registers can be accessed as SPRs through the
€300 core (see Figure 8-2).

Table 8-1. Device Revision Level Cross-Reference

Device Revision Processor Version System Version
Register (PVR) Reglster (SVR)
MPC8309 1.1 0x8085_0020 0x8110_0011
MPC8309 1.0 0x8085_0020 0x8110_0010

8.3 PowerPC Architecture Implementation

The PowerPC architecture consists of thefollowing layers, and adherence to the PowerPC architecture can
be measured in terms of which of the following levels of the architecture isimplemented:
» User instruction set architecture (UISA)

Defines the base user-level instruction set, user-level registers, data types, floating-point interrupt
model, memory models for a uniprocessor environment, and programming model for a
uniprocessor environment.

* Virtua environment architecture (VEA)

Describesthe memory model for amultiprocessor environment, defines cache control instructions,
and describes other aspectsof virtual environments. Implementationsthat conformto the VEA also
adhere to the UISA but may not necessarily adhere to the OEA.

* Operating environment architecture (OEA)
Definesthe memory management model, supervisor-level registers, synchronization requirements,
and interrupt model. Implementations that conform to the OEA also adhereto the UISA and VEA.

The PowerPC architecture allows awide range of designs for such features as cache and core interface
implementations.
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8.4 Implementation-Specific Information

This section describes the PowerPC architecture in general and specific details about the implementation
of the e300 core as alow-power, 32-bit member of this PowerPC core family. The main topics addressed
are asfollows:

» Section 8.4.1, “Register Model,” describesthe registersfor the operating environment architecture
common among €300 cores that implement the PowerPC architecture and describes the
programming model. It also describes the additional registers that are unique to the core.

» Section 8.4.2, “Instruction Set and Addressing Modes,” describes the PowerPC instruction set and
addressing modesfor the OEA, and defines and describes the instructionsimplemented in the core.

» Section 8.4.3, “ Cache Implementation,” describes the cache model that is defined generally for
cores that implement the PowerPC architecture by the VEA. It also provides specific details about
the e300 core cache implementation.

e Section 8.4.4, “Interrupt Model,” describes the interrupt model of the OEA and the differencesin
the core interrupt model.

* Section 8.4.5, “Memory Management,” describes generally the conventions for memory
management among these cores. This section also describes the core implementation of the 32-bit
PowerPC memory management specification.

» Section 8.4.6, “Instruction Timing,” provides ageneral description of the instruction timing
provided by the superscalar, parallel execution supported by the PowerPC architecture and the
€300 core.

» Section 8.1.6, “Bus Interface Unit (BIU),” describes the signals implemented on the core.

The €300 core is a high-performance, superscalar processor core. The PowerPC architecture allows
optimizing compilers to schedule instructions to maximize performance through efficient use of the
PowerPC instruction set and register model. The multiple, independent execution units allow compilersto
optimize instruction throughput. Compilers that take advantage of the flexibility of the PowerPC
architecture can additionally optimize system performance.

The following sections summarize the features of the core, including both those that are defined by the
architecture and those that are unique to the various core implementations.

Specific features of the core are listed in Section 8.1.1, “ Features.”

8.4.1 Register Model

The PowerPC architecture defines register-to-register operations for most computational instructions.
Source operands for these instructions are accessed from the registers or are provided asimmediate values
embedded in the instruction opcode. The three-register instruction format allows specification of atarget
register distinct from the two-source operands. L oad and store instructions transfer data between registers
and memory.

The €300 core has two levels of privilege: supervisor mode of operation (typically used by the operating
system) and user mode of operation (used by the application software). The programming models
incorporate 32 GPRs, 32 FPRs, special-purpose registers (SPRs), and several miscellaneous registers.
Each core aso has its own unique set of hardware implementation (HID) registers.
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Having access to privileged instructions, registers, and other resources allows the operating system to
control the application environment (providing virtual memory and protecting operating system and
critical machine resources). Instructions that control the state of the e300 core, the address translation
mechanism, and supervisor registers can be executed only when the core is operating in supervisor mode.

Figure 8-2 shows all the core registers available at the user and supervisor level. The numbersto the right
of the SPRsindicate the number that is used in the syntax of theinstruction operands for the move to/from

SPR instructions.
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Figure 8-2. e300 Programming Model—Registers
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The following sections describe the e300-core-implementati on-specific features as they apply to registers.

8.4.1.1 UISA Registers
UISA registers are user-level registers that include the following.

8.4.1.11 General-Purpose Registers (GPRs)

The PowerPC architecture defines 32 user-level GPRsthat are 32 bitswidein 32-bit cores. The GPRs serve
asthe data source or destination for all integer instructions.

8.4.1.1.2 Floating-Point Registers (FPRs)

The PowerPC architecture also defines 32 user-level, 64-bit FPRs. The FPRs serve as the data source or
destination for floating-point instructions. These registers can contain data objects of either single- or
double-precision floating-point formats.

8.4.1.1.3 Condition Register (CR)

The CR isa 32-hit user-level register that provides a mechanism for testing and branching. It consists of
eight 4-bit fields that reflect the results of certain operations, such as move, integer and floating-point
comparisons, arithmetic, and logical operations.

8.4.1.14 Floating-Point Status and Control Register (FPSCR)

The user-level FPSCR contains all floating-point exception signal bits, exception summary bits, exception
enable bits, and rounding control bits needed for compliance with the IEEE 754 standard.

8.4.1.1.5 User-Level SPRs

The PowerPC architecture defines numerous special purpose registers that serve avariety of functions,
such as providing controls, indicating status, configuring the core, and performing specia operations.
During normal execution, a program can access the registers, as shown in Figure 8-2, depending on the
program’ s access privilege (supervisor or user, determined by the privilege-level bit, MSR[PR]). Note that
GPRs and FPRs are accessed through operands that are part of the instructions. Accessto registers can be
explicit (that is, through the use of specific instructions for that purpose such as Move to Special-Purpose
Register (mtspr) and Move from Special-Purpose Register (mfspr) instructions) or implicit, asthe part of
the execution of aninstruction. Someregisters are accessed both explicitly and implicitly. Inthe €300 core,
all SPRs are 32 bitswide.

The following SPRs are accessible by user-level software:
* Link register (LR)

The LR can be used to provide the branch target address and to hold the return address after branch
and link instructions. The LR is 32 bits wide in 32-bit implementations.

* Count register (CTR)

The CTRisdecremented and tested automatically asaresult of branch-and-count instructions. The
CTR is 32 bitswide in 32-bit implementations.
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 XERregister
The 32-bit XER contains the summary overflow bit, integer carry bit, overflow bit, and afield

specifying the number of bytesto be transferred by aload string word indexed (Iswx) or Store
string word indexed (stswx) instruction.

8.4.1.2 VEA Registers

TheVEA introducesthetime basefacility (TB) for reading. The TB isa64-hbit register pair whose contents
are incremented once every four core input clock cycles. The TB consists of two 32-bit registers—time
base upper (TBU) and time base lower (TBL). Note that the time base registers are read-only in user state.

8.4.1.3 OEA Registers

OEA registers are supervisor-level registers that include the following.

8.4.1.3.1 Machine State Register (MISR)

The MSR is asupervisor-level register that defines the state of the core. The contents of this register are
saved when an interrupt is taken, and restored when the interrupt handling completes. A critical interrupt
interrupt is taken in the e300 core when the cint signal is asserted and MSR[CE] is set. The e300 core
implements the MSR as a 32-hit register.

Table 8-2 shows the bit definitions for MSR.
Table 8-2. MSR Bit Descriptions

Bits | Name Description
o — | Reserved. Full function.
141 — | Reserved. Partial function.
5-9' | — |Reserved. Full function.
10-12'| — | Reserved. Partial function.

13 POW | Power management enable (implementation-specific)

0 Disables programmable power modes (normal operation mode)

1 Enables programmable power modes (nap, doze, or sleep mode).

This bit controls the programmable power modes only; it has no effect on dynamic power management (DPM).
MSR[POW] may be altered with an mtmsr instruction only. Also, when altering the POW bit, software may alter
only this bit in the MSR and no others. The mtmsr instruction must be followed by a context-synchronizing
instruction.

14 | TGPR | Temporary GPR remapping (implementation-specific)

0 Normal operation

1 TGPR mode. GPRO-GPRS3 are remapped to TGPRO-TGPRS3 for use by TLB miss routines.

The contents of GPRO—-GPR3 remain unchanged while MSR[TGPR] = 1. Attempts to use GPR4-GPR31 with
MSR[TGPR] = 1 yield undefined results. Temporarily replaces TGPR0O-TGPR3 with GPRO—GPRS3 for use by
TLB miss routines. The TGPR bit is set when either an instruction TLB miss, data read miss, or data write miss
interrupt is taken. The TGPR bit is cleared by an rfi instruction.

15 ILE | Interrupt little-endian mode. When an interrupt occurs, this bit is copied into MSR[LE] to select the endian
mode for the context established by the interrupt.
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Table 8-2. MSR Bit Descriptions (continued)

Bits | Name Description
16 EE | External interrupt enable
0 The processor ignores external interrupts, system management interrupts, and decrementer interrupts.
1 The processor is enabled to take an external interrupt, system management interrupt, or decrementer
interrupt.
17 PR | Privilege level
0 The processor can execute both user- and supervisor-level instructions
1 The processor can only execute user-level instructions
18 FP | Floating-point available
0 The processor prevents dispatch of floating-point instructions, including floating-point loads, stores, and
moves.
1 The processor can execute floating-point instructions and can take floating-point enabled exception type
program interrupts.
19 ME | Machine check enable
0 Machine check interrupts are disabled
1 Machine check interrupts are enabled
20 FEO | Floating-point exception mode 0
21 SE | Single-step trace enable
0 The processor executes instructions normally
1 The processor generates a trace interrupt upon the successful completion of the next instruction
22 BE |Branch trace enable
0 The processor executes branch instructions normally
1 The processor generates a trace interrupt upon the successful completion of a branch instruction
23 FE1 | Floating-point exception mode 1
24 CE | Critical interrupt enable
0 Critical interrupts disabled
1 Critical interrupts enabled; critical interrupt and rfci instruction enabled
The critical interrupt is an asynchronous implementation-specific interrupt. The critical interrupt vector offset
is 0XO0A00. The rfci instruction is implemented to return from these interrupt handlers. Also, CSRR0 and
CSRR1 are used to save and restore the processor state for critical interrupts.
25 IP | Interrupt prefix. The setting of this bit specifies whether an interrupt vector offset is prepended with Fs or 0Os.
In the following description, nnnnn is the offset of the interrupt.
0 Interrupts are vectored to the physical address 0x000n_nnnn
1 Interrupts are vectored to the physical address OxFFFn_nnnn
26 IR | Instruction address translation
0 Instruction address translation is disabled
1 Instruction address translation is enabled
27 DR | Data address translation
0 Data address translation is disabled
1 Data address translation is enabled
28 — | Reserved. Full function.
29 PMM | Performance monitor mark bit (€300c3 ). System software can set PMM when a marked process is running to

enable statistics to be gathered only during the execution of the marked process. MSR[PR] and MSR[PMM]
together define a state that the processor (supervisor or user) and the process (marked or unmarked) may be
in at any time. If this state matches an individual state specified in the PMLCan, the state for which monitoring
is enabled, counting is enabled.
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Table 8-2. MSR Bit Descriptions (continued)

Bits | Name Description

30 Rl | Recoverable interrupt (for system reset and machine check interrupts)
0 Interrupt is not recoverable
1 Interrupt is recoverable

31 LE | Little-endian mode enable
0 The processor runs in big-endian mode
1 The processor runs in little-endian mode.

T All reserved bits should be set to zero for future compatibility.

8.4.1.3.2 Segment Registers (SRs)

For memory management, 32-bit processors implement sixteen 32-bit SRs. To speed access, the core
implements the SRs as two arrays. amain array, for data memory accesses, and a shadow array, for
instruction memory accesses. L oading a segment entry with the move to segment register (mtsr)
instruction loads both arrays.

8.4.1.3.3 Supervisor-Level SPRs

The e300 core, likethe G2_LE core, has additional supervisor-level SPRs, which are shown in Figure 8-3.
Two critical interrupt SPRs (CSRRO and CSRR1), eight SPRGs (SPRGO-SPRG7), eight pairs of
instruction BATs (IBATO-IBAT?7), eight pairs of data BATs (DBATO-DBAT?7), one system version
register (SVR), one system memory base address (MBAR), one instruction address breakpoint control
(IBCR), one data address breakpoint control (DBCR), anew instruction breakpoint register (IABR2), and
two data address breakpoint registers (DABR and DABR?2) are integrated into the core.

The following list discusses the supervisor-level SPRs.

* TheDSISR definesthe cause of data access and alignment interrupts. The cause of aDSI interrupt
for adata breakpoint (match with DABR and DABR?2) can be determined by the value of the
DSISR[DABR] hit (bit 9).

* Thedataaddressregister (DAR) holdsthe address of an access after an alignment or DSI interrupt.
For example, it contains the address of the breakpoint match condition.

* The decrementer register (DEC) isa 32-bit decrementing counter that provides a mechanism for
causing a decrementer interrupt after a programmable delay.

» SDRI1 specifies the page table format used in virtual-to-physical address translation for pages.
(Note that physical addressisreferred to as ‘real address’ in the architecture specification.)

» Themachine status save/restore register O (SRRO) is used for saving the address of the instruction
that caused the interrupt, and the addressto return to when aReturn from Interrupt (rfi) instruction
is executed.

* Themachine status save/restoreregister 1 (SRR1) isused to save machine status on interrupts and
to restore machine status when an rfi instruction is executed.

* The SPRGO-SPRGTY registers are provided for operating system use. They reduce the latency that
may be incurred in the saving of registers to memory while in a handler. Note that the e300
implements four more SPRGs than the G2 (SPRGO-SPRG3).
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Thetime base register (TB) isa64-bit register that maintains the time of day and operatesinterval
timers. It consists of two 32-hit fields: time base upper (TBU) and time base lower (TBL).

The processor version register (PVR) isaread-only register that identifies the version (model) and
revision level of the processor. See Table 8-9 for the version and revision level of the PVR for the
€300 processor core.

The PowerPC architecture defines 16 block address trandation (BAT) registers. The €300 core
includes atotal of eight pairs of DBAT and eight pairs of IBAT registers. See Figure 8-2 for alist
of the SPR numbersfor the BAT arrays.

The following supervisor-level SPRs are implementation-specific (not defined in the PowerPC
architecture):

DMISS and IMISS are read-only registers that are loaded automatically on an instruction or data
TLB miss.

HASH1 and HASH2 contain the physical addresses of the primary and secondary page table entry
groups (PTEGS).

ICMP and DCMP contain aduplicate of the first word in the page table entry (PTE) for which the
table search is looking.

The required physical address (RPA) register isloaded by the core with the second word of the
correct PTE during a page table search.

The system version register (SVR) is available on the e300 core, which identifies the specific
version (model) and revision level of the system-on-a-chip (SOC) integration.

System memory base address (MBAR) is an implementation-specific register available on the
€300 core. It supports atemporary storage for the system-level memory map.

Theinstruction and data address breakpoint registers (IABR, IABR2, DABR, DABR?2) areloaded
with an instruction or data address, respectively, that is compared to instruction addresses in the
dispatch queue or to the data address in the L SU. When an address match occurs, a breakpoint
interrupt is generated.

One instruction breakpoint control register (IBCR) and one data breakpoint control register
(DBCR) areimplemented in the €300 core.

To support critical interrupts, two registers (CSRR0 and CSRR1) are included in the e300 core.
Eight SPRG registers (SPRGO-SPRG7) are in the €300 core.

Block address trandation (BAT) arrays—The €300 core has eight instruction and eight data BAT
registers.

The hardware implementation (HIDO and HID1) registers provide the means for enabling core
checkstops and features and allow software to read the configuration of the PLL configuration

signals. The HID2 register enables the true little-endian mode, cache way-locking, and the
additional BAT registers.
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Table 8-3 shows the bit definitions for HIDO.
Table 8-3. €300 HIDO Bit Descriptions

Bits Name Function

0 EMCP Enable mcp. The purpose of this bit is to mask out machine check interrupts caused by assertion of
mcp, similar to how MSR[EE] can mask external interrupts.

0 Masks mcp. Asserting mcp does not generate a machine check interrupt or a checkstop.

1 Asserting mcp causes checkstop if MSR[ME] = 0 or a machine check interrupt if ME = 1

1 ECPE Enable cache parity errors.

0 Disables instruction and data cache parity error reporting

1 Allows a detected cache parity error to cause a machine check interrupt if MSR[ME] = 1 or a
checkstop if MSR[ME] = 0

2 EBA Enable ap_inf0:3] and ape for address parity checking.

0 Disables address parity checking during a snoop operation

1 Allows an address parity error during snoop operations to cause a checkstop if MSR[ME] = 0 or a
machine check interrupt if MSR[ME] = 1

3 EBD Enable dpe for data parity checking.

0 Disables data parity checking

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

4 SBCLK clk_out output enable. Used in conjunction with HIDO[ECLK] and hreset to configure clk_out. See
Table 8-4 for settings.

5 — Reserved, should be cleared

6 ECLK clk_out output enable. Used in conjunction with HIDO[SBCLK] and the hreset signal to configure

clk_out. See Table 8-4 for settings.

7 PAR Disable precharge of artry_out

0 Precharge of artry_out enabled

1 Alters bus protocol slightly by preventing the processor from driving artry_outto high (negated) state.
If this is done, the integrated device must restore the signals to the high state.

8 DOZE Doze mode enable. Operates in conjunction with MSR[POWI].

0 Doze mode disabled

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

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

0 Nap mode disabled

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

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

0 Sleep mode disabled

1 Sleep mode enabled. Sleep mode is invoked by setting MSR[POW] while this bit is set. greq is
asserted to indicate that the processor is ready to enter sleep mode. If the system logic determines
that the processor may enter sleep mode, the quiesce acknowledge signal, gack, is asserted back to
the processor. Once gack assertion is detected, the processor enters sleep mode after several
processor clocks. At this point, the system logic may turn off the PLL by first configuring pll_cfg[0:6]
to PLL bypass mode, then disabling syscik.
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Table 8-3. e300 HIDO Bit Descriptions (continued)

Bits Name Function
11 DPM Dynamic power management enable
0 Dynamic power management is disabled
1 Functional units enter a low-power mode automatically if the unit is idle. This does not affect
operational performance and is transparent to software or any external hardware.
12-15 — Reserved, should be cleared.
16 ICE Instruction cache enable
0 The instruction cache is neither accessed nor updated. All pages are accessed as if they were
marked cache-inhibited (WIM = x1x). Potential cache accesses from the bus (snoop and cache
operations) are ignored. In the disabled state for the L1 caches, the cache tag state bits are ignored
and all instruction fetches are propagated to the coherent system bus (CSB) as single-beat
transactions. For those transactions, however, cireflects the state of the | bit in the MMU for that page
regardless of cache disabled status. ICE is zero at power-up.
1 The instruction cache is enabled
17 DCE Data cache enable
0 The data cache is neither accessed nor updated. All pages are accessed as if they were marked
cache-inhibited (WIM = x1x). Potential cache accesses from the bus (snoop and cache operations)
are ignored. In the disabled state for the L1 caches, the cache tag state bits are ignored and all data
read and write accesses are propagated to the CSB as single-beat transactions. For those
transactions, however, ci reflects the state of the | bit in the MMU for that page regardless of cache
disabled status. DCE is zero at power-up.
1 The data cache is enabled
18 ILOCK Instruction cache lock
0 Normal operation
1 The entire instruction cache is locked (that is, all eight ways of the cache are locked). A locked cache
supplies data normally on a hit, but the access is treated as a cache-inhibited transaction on a miss.
On a miss, the transaction to the bus is single-beat; however, cistill reflects the state of the | bit in the
MMU for that page independent of cache locked or disabled status.
To prevent locking during a cache access, an isync instruction must precede the setting of ILOCK.
19 DLOCK Data cache lock
0 Normal operation
1 The entire data cache is locked (that is, all eight ways of the cache are locked). A locked cache
supplies data normally on a hit, but is treated as a cache-inhibited transaction on a miss. On a miss,
the transaction to the bus is single-beat; however, ci still reflects the state of the | bit in the MMU for
that page independent of cache locked or disabled status. A snoop hit to a locked L1 data cache
performs as if the cache were not locked. A cache block invalidated by a snoop remains invalid until
the cache is unlocked.
To prevent locking during a cache access, a sync instruction must precede the setting of DLOCK.
20 ICFI Instruction cache Flash invalidate

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

1 An invalidate operation is issued that marks the state of each instruction cache block as invalid.
Cache access is blocked during this time. Setting ICFI clears all the valid bits of the blocks and the
PLRU bits to point to way LO of each set.

For the e300 core, the proper use of the ICFl and DCFI bits is to set and clear them with two consecutive

mtspr operations.

MPC8309 PowerQUICC Il Pro Integrated Communications Processor Reference Manual, Rev. 2

Freescale Semiconductor 8-23



e300 Processor Core Overview

Table 8-3. e300 HIDO Bit Descriptions (continued)

Bits Name Function
21 DCFI Data cache Flash invalidate

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

1 An invalidate operation is issued that marks the state of each data cache block as invalid without
writing back modified cache blocks to memory. Cache access is blocked during this time. Bus
accesses to the cache are signaled as a miss during invalidate-all operations. Setting DCFI clears all
the valid bits of the blocks and the PLRU bits to point to way LO of each set.

For the e300 core, the proper use of the ICFl and DCFI bits is to set and clear them with two consecutive

mtspr operations.

22-23 — Reserved, should be cleared.
24 IFEM Enable M bit on bus for instruction fetches

0 M bit not reflected on bus for instruction fetches. Instruction fetches are treated as nonglobal on the
bus.

1 Instruction fetches reflect the M bit from the WIM settings

25 DECAREN | Decrementer auto reload
0 Normal operation.
1 Decrementer loads last mtdec value for precise periodic interrupt.
26 — Reserved, should be cleared.
27 FBIOB Force branch indirect on the bus
0 Register indirect branch targets are fetched normally
1 Forces register indirect branch targets to be fetched externally
28 ABE Address broadcast enable. Controls whether certain address-only operations (such as cache
operations) are broadcast on the bus.

0 Address-only operations affect only local caches and are not broadcast

1 Address-only operations are broadcast on the bus

Affected instructions are dcbi, dcbf, and dcbst. Note that these cache control instruction broadcasts

are not snooped by the e300 core. Refer to Section 4.3.3, “Data Cache Control,” for more information.

29-30 — Reserved, should be cleared.
31 NOOPTI! | No-op the data cache touch instructions

0 The dcbt and dcbtst instructions are enabled
1 The dcbt and dcebtst instructions are no-oped internal to the e300 core

Table 8-4 shows how HIDO[ECLK] and HIDO[SBCLK] are used to configure the clk_out signal.
Table 8-4. Using HIDO[ECLK] and HIDO[SBCLK] to Configure clk_out

hreset ECLK SBCLK clk_out
Asserted X X Bus clock (small pulse for every rising edge of sysclk)
Negated 0 0 Clock output off
0 1 Core clock/2
1 0 Core clock
1 1 Bus clock
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Table 8-5 shows the bit definitions for HID1

Table 8-5. HID1 Bit Descriptions

Bits Name Description
0 PCO | PLL configuration bit O (read-only)
1 PC1 PLL configuration bit 1 (read-only)
2 PC2 | PLL configuration bit 2 (read-only)
3 PC3 | PLL configuration bit 3 (read-only)
4 PC4 | PLL configuration bit 4 (read-only)
5 PC5 | PLL configuration bit 5 (read-only)
6 PC6 | PLL configuration bit 6 (read-only)
7-31 — Reserved, should be cleared

Note: The clock configuration bits reflect the state of the pll_cfg[0:6] signals.

Table 8-6 shows the bit definitions for HID2.

Table 8-6. e300HID2 Bit Descriptions

Bits Name Description
0-3 — Reserved, should be cleared.

4 LET True little-endian. This bit enables true little-endian mode operation for instruction and data accesses.
This bit is set to reflect the state of the tle signal at the negation of hreset. This bit is used in
conjunction with MSR[LE] to determine the endian mode of operation.

0 No function
1 True little-endian mode, when MSRILE] = 1
Changing the value of this bit during normal operation is not recommended

5 IFEB Instruction fetch burst extension. This bit enables the instruction fetch burst extension.
0 Instruction fetch burst extension disabled
1 Instruction fetch burst extension enabled

6 — Reserved, should be cleared.

7 MESISTATE | MESI state enable. This bit enables the four-state MESI cache coherency protocol.

0 MESI disabled. The data cache uses a three-state MEI coherency protocol.
1 MESI enabled. The data cache uses a four-state MESI protocol.

8 IFEC Instruction fetch cancel extension. This bit enables the instruction fetch cancel extension.
0 Instruction fetch cancel extension disabled
1 Instruction fetch cancel extension enabled

9 EBQS Enable BIU queue sharing. This bit enables data cache queue sharing.

0 Data cache queue sharing disabled
1 Data cache queue sharing enabled

10 EBPX Enable BIU pipeline extension.This bit enables the bus interface unit pipeline extension.
0 BIU pipeline extension disabled; 1 level pipeline
1 BIU pipeline extension enabled; 1-1/2 level pipeline

11-12 — Reserved for e300c1, should be cleared.

MPC8309 PowerQUICC Il Pro Integrated Communications Processor Reference Manual, Rev. 2

Freescale Semiconductor 8-25



e300 Processor Core Overview

Table 8-6. e300HID2 Bit Descriptions (continued)

Bits Name Description

11 ELRW Enable weighted LRU. This bit enables the use of an adjusted (weighted) LRU.

0 Normal operation.

1 The dcbt, dcbtst, and dcbz instructions use and adjusted (weighted) LRU such that they always
select and replace the lowest unlocked way in the data cache.

12 NOKS No kill for snoop. This bit enables the forcing of kill-type snoops to flush data instead of killing it.
0 Normal operation.
1 Forces write-with-kill snoops to flush instead of kill (snoop can never kill data).

13 HBE High BAT enable. Regardless of the setting of HID2[HBE], these BATs are accessible by mfspr and
mtspr.

0 IBAT[4-7] and DBAT[4-7] are disabled

1 IBAT[4-7] and DBAT[4-7] are enabled

14-15 — Reserved, should be cleared.

16-18 | IWLCK[0-2] |[Instruction cache way-lock. Useful for locking blocks of instructions into the instruction cache for
time-critical applications that require deterministic behavior.
000 no ways locked

001 way O locked

010 way 0 through way 1 locked

011 way 0 through way 2 locked

100 way 0 through way 2 locked in €300c3.

101 way 0 through way 2 locked in e300c3.

110 way 0 through way 2 locked in €300c3.

111 way 0 through way 2 locked in e300c3.

Setting HIDO[ILOCK] locks all ways.

19 ICWP Instruction cache way protection. Used to protect locked ways in the instruction cache from being
invalidated.

0 Instruction cache way protection disabled

1 Instruction cache way protection enabled

20-23 — Reserved, should be cleared.

24-26 | DWLCK[0-2] | Data cache way-lock. Useful for locking blocks of data into the data cache for time-critical applications
where deterministic behavior is required.

000 no ways locked

001 way O locked

010 way 0 through way 1 locked

011 way 0 through way 2 locked

100 way 0 through way 2 locked in €300c3.
101  way 0 through way 2 locked in e300c3.
110 way 0 through way 2 locked in €300c3.
111 way 0 through way 2 locked in €300c3.
Setting HIDO[DLOCK] locks all ways.

27-31 — Reserved, should be cleared.

8.4.2 Instruction Set and Addressing Modes

The following sections describe the PowerPC instruction set and addressing modes in general.
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8.4.2.1 PowerPC Instruction Set and Addressing Modes

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

The PowerPC instructions are divided into the following categories:

Integer instructions (includes computational and logical instructions)
— Integer arithmetic instructions

— Integer compare instructions

— Integer logical instructions

— Integer rotate and shift instructions

Floating-point instructions (includes floating-point computational instructions and instructions
that affect the FPSCR)

— Hoating-point arithmetic instructions

— Hoating-point multiply/add instructions

— Hoating-point rounding and conversion instructions

— Hoating-point compare instructions

— Floating-point status and control instructions

Load/store instructions (includes integer and floating-point load and store instructions)

— Integer load and store instructions

— Integer load and store multiple instructions

— Hoating-point load and store

— Primitives used to construct atomic memory operations (Iwar x and stwcx. instructions)

Flow control instructions (includes branching instructions, condition register logical instructions,
trap instructions, and other instructions that affect the instruction flow)

— Branch and trap instructions
— Condition register logical instructions

Processor control instructions (includesinstructions used for synchronizing memory accesses and
managing caches, TLBs, and the segment registers)

— Moveto/from SPR instructions

— Moveto/from MSR

— Moveto/from PMR

— Synchronize

— Instruction synchronize

Memory control instructions (includes instructions that provide control of caches, TLBs, and
segment registers)

— Supervisor-level cache management instructions

— Tranglation lookaside buffer management instructions. Note that there are additional
implementation-specific instructions.
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— User-level cache instructions
— Segment register manipulation instructions

The €300 core implements the following instructions defined as optional by the PowerPC architecture:
— Hoating select (fsel)
— Floating reciprocal estimate single-precision (fres)
— Hoating reciprocal square root estimate (frsgrte)
— Store floating-point as integer word (stfiwx)

Note that this grouping of instructions does not indicate the execution unit that executes a particular
instruction or group of instructions.

Integer instructions operate on byte, half-word, and word operands. Floating-point instructions operate on
single-precision (one word) and double-precision (one double word) floating-point operands. The
PowerPC architecture uses instructions that are 4 bytes long and word-aligned. It provides for byte,
half-word, and word operand loads and stores between memory and a set of 32 GPRs. It also providesfor
word and double-word operand loads and stores between memory and a set of 32 FPRs.

Computational instructions do not modify memory. To use amemory operand in a computation and then
modify the same or another memory location, the memory contents must be loaded into aregister,
modified, and then written back to the target location with distinct instructions.

The core follows the program flow when it isin the normal execution state. However, the flow of
instructions can be interrupted directly by the execution of an instruction or by an asynchronous event.
Either kind of interrupt may cause one of several components of the system software to be invoked.

8.4.2.2 Implementation-Specific Instruction Set

The €300 core instruction set is defined as follows:
* The core provides hardware support for all 32-bit PowerPC instructions.

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

— Load Data TLB Entry (tIbld)
— Load Instruction TLB Entry (tIbli)

» The core implements the following instruction which is added to support critical interrupts (also
supported on the G2_LE). Thisis asupervisor-level, context synchronizing instruction.

— Return from Ciritical Interrupt (rfci)

» Thecoreimplementsthefollowing instruction which isadded to support easy start-up initialization
or reloading of the instruction cache.

— Instruction Cache Block Touch (icbt)

* The core provides the following performance monitor instructions:
— Moveto Performance Monitor Register (mtpmr)
— Move from Performance Monitor Register (mfpmr)
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8.4.3 Cache Implementation

The following sections describe the general cache characteristics as implemented in the PowerPC
architecture and the core implementation.

8.4.3.1 PowerPC Cache Characteristics

The PowerPC architecture does not define hardware aspects of cache implementations. The e300 core
controls the following memory access modes on a page or block basis:

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

Note that in the core, a cache block is defined as eight words. The VEA defines cache management
instructions that provide a means by which the application programmer can affect the cache contents.

8.4.3.2 Implementation-Specific Cache Organization

The €300c3 provides 16-Kbyte, four-way set-associative instruction and data caches. The caches are
physically addressed, and the data cache can operate in either write-back or write-through mode as
specified by the PowerPC architecture.

The data cacheis configured as 128 sets of 4 blocks each on the €300c3. Each block consists of 32 bytes,
2 state bits, and an address tag. The two state bits implement the three-state MEI
(modified/exclusive/invalid) protocol. Each block contains eight 32-bit words. Note that the PowerPC
architecture defines the term *block’ as the cacheable unit. For the core, the block size is equivalent to a
cacheline. A block diagram of the data cache organization is shown in Figure 8-3.

Theinstruction cache is configured as 128 sets of 4 blocks each on the €300c3. Each block consists of
32 bytes, an address tag, and avalid bit. The instruction cache may not be written to, except through a
block fill operation. Inthe e300 core, theinstruction cacheisblocked only until the critical load completes.
The e300 core supportsinstruction fetching from other instruction cache linesfollowing the forwarding of
the critical-first-double-word of acache lineload operation. Successiveinstruction fetchesfrom the cache
line being loaded are forwarded, and accessesto other instruction cache lines can proceed during the cache
line load operation. The instruction cache is not snooped, and cache coherency must be maintained by
software. A fast hardware invalidation capability is provided to support cache maintenance.
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The e300c3 data cacheis configured as 128 sets of four blocks per set. The organization of the data cache
isshown in Figure 8-3.

128 Sets * ‘ . . | ‘ |
L J [ | LI | | [ |
[ ] [ ]
[ l [ \ ‘

I I I I [ I I

Block O Address Tag0 | | [ State Words [0-7] L]
| | | | | | |
[ [ I I I [ [

Block 1 Address Tag1 | | [ State Words [0-7] ol
| | | | | | |
[ I | | | I I

Block 2 Address Tag2 | | | State Words [0-7] L]
| | | | | | |
[ [ I I I [ [

Block 3| AddressTag3 | [ State Words [0-7] L[

| | 1
|- 8 Words/Block >

Figure 8-3. e300c3 Data Cache Organization

Each cache block contains eight contiguous words from memory that areloaded from an 8-word boundary
(that is, bits A[27-31] of the effective addresses are zero); thus, a cache block never crosses a page
boundary. Misaligned accesses across a page boundary can incur a performance penalty.

The e300 core cache blocks are loaded in four beats of 64 bits each on the 64-bit data bus. The burst |oad
is performed as critical-double-word-first. The data cache is blocked to internal accesses until the load
completes; the instruction cache allows sequential fetching during a cache block load. In the core, the
critical-double-word is simultaneously written to the cache and forwarded to the requesting unit, thus
minimizing stalls due to load delays.

To ensure coherency among caches in amultiprocessor (or multiple caching-device) implementation, the
core implements the MEI protocol during normal operation of the data cache. The new data cache MESI
extension supports the additional fourth cache coherency shared state for the data cache. To support this
feature, the shared signal, shd, has been added to the bus interface. Although the MESI protocol is
supported by the €300 core, it isnot implemented on MPC8309. Thefollowing four statesindicate the state
of the cache block:

* Modified—The cache block is modified with respect to system memory; that is, datafor this
addressisvalid only in the cache and not in system memory.

» Exclusive—This cache block holds valid data that isidentical to the data at this addressin system
memory. No other cache has this data.

» Shared—Only availableif HID2[MESISTATE] register bit isset. The addressblock isvalidin the
cacheandin at least one other cache. Thisblock isaways consistent with system memory. That is,
the shared state is shared-unmodified; there is no shared-modified state. Although the MESI
protocol is supported by the e300 core, it is not implemented on MPC8309.

* |nvalid—This cache block does not hold valid data.
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Cache coherency is enforced by on-chip bus snooping logic. Because the €300 core data cache tags are
single-ported, a simultaneous |oad/store and snoop access represents a resource contention. The snoop
accessis given first access to the tags. The load or store then occurs on the clock following the snoop.

Parity is now integrated into both instruction and data cache memory. A machine check interrupt is now
taken upon the detection of an instruction or data cache parity error. Parity is checked whenever valid data
isreturned from the instruction or data cache for a cache hit or whenever valid datais read out of the cache
for a castout or snoop-push operation.

8.4.3.3 Instruction and Data Cache Way-Locking

The e300 core implementsinstruction and data cache way-locking, which guarantees that certain memory
accesses hits in the cache. This provides deterministic access times for those accesses.

8.4.4 Interrupt Model

This section describes the PowerPC interrupt model and the e300 core implementation specifically.

8.4.4.1 PowerPC Interrupt Model

The PowerPC interrupt mechanism allows the core to change to supervisor state as a result of external
signals, errors, or unusual conditions arising in the execution of instructions. The conditionsthat can cause
interrupts are called exceptions. When interrupts occur, information about the state of the core is saved to
certain registers and the core begins execution at an address (interrupt vector) predetermined for each
interrupt type. Interrupts are processed in supervisor mode.

Some interrupts, such as program interrupts, can be triggered by a broad range of exception conditions.
Other interrupts, such as the decrementer interrupt, have only a single exception condition. Although
multiple exception conditions can map to a single interrupt vector, a more specific condition may be
determined by examining aregister associated with the interrupt—for example, the DSISR and the
FPSCR. Additionally, some exception conditions can be explicitly enabled or disabled by software.

The PowerPC architecture requires that interrupts be handled in program order; therefore, although a
particular implementation may recognize exception conditions out of order, they are presented strictly in
order. When an instruction-caused interrupt is recognized, any unexecuted instructions that appear earlier
intheinstruction stream, including any that have not yet entered the execute stage, are required to compl ete
before the interrupt is taken. Any interrupts caused by those instructions are handled first. Likewise,
asynchronous, precise interrupts are recognized when they occur, but are not handled until the instruction
currently in the compl etion stage successfully completes execution or generates an interrupt, and the
completed store queue is emptied.

Unless a catastrophic condition causes a system reset or machine check interrupt, only one interrupt is
handled at atime. If, for example, asingle instruction encounters multiple interrupt conditions, those
conditions are handled sequentially. After the interrupt handler completes, the instruction execution
continues until the next interrupt condition is encountered. However, in many cases thereis no attempt to
re-executetheinstruction. Thismethod of recognizing and handling interrupts sequentially guaranteesthat
interrupts are recoverable.
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To prevent the program state from being lost due to a system reset, a machine check interrupt, or an
instruction-caused interrupt in the interrupt handler, interrupt handlers should save the information stored
in SRRO and SRR1 early and before enabling external interrupts.

The PowerPC architecture supports four types of interrupts:

Synchronous, precise

These are caused by instructions. All instruction-caused interrupts are handled precisely; that is,
the machine state at the time the interrupt occurs is known and can be completely restored. This
means that (excluding the trap and system call interrupts) the address of the faulting instruction is
provided to the interrupt handler and neither the faulting instruction nor subsequent instructionsin
the code stream completes execution before the interrupt istaken. Once the interrupt is processed,
execution resumes at the address of the faulting instruction (or at an alternate address provided by
the interrupt handler). When an interrupt istaken dueto atrap or system call instruction, execution
resumes at an address provided by the handler.

Synchronous, imprecise

The PowerPC architecture defines two impreci se fl oating-point exception modes: recoverable and
nonrecoverable. Even though the core provides a means to enable the imprecise modes, it
implements these modes identically to the precise mode (that is, al enabled floating-point
exceptions are always precise on the core).

Asynchronous, maskable

The external system management interrupt (SM1) and decrementer interrupts are maskable,
asynchronous interrupts. When these interrupts occur, their handling is postponed until the next
instruction and any of its associated interrupts complete execution. If there are no instructions in
the execution units, the interrupt is taken immediately upon determination of the correct restart
address (for loading SRRO).

Asynchronous, nonmaskable

The system reset and the machine check interrupt are nonmaskabl e, asynchronousinterrupts. They
may not berecoverable, or they may providealimited degree of recoverability. All interruptsreport
recoverability through MSR[RI].

8.4.4.2 Implementation-Specific Interrupt Model

Asspecified by the PowerPC architecture, all interrupts can be described as either precise or imprecise and
either synchronous or asynchronous. Asynchronous interrupts (some of which are maskable) are caused
by events external to the processor’s execution; synchronousinterrupts, which areall handled precisely by
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the e300 core, are caused by instructions. A system management interrupt is an implementation-specific
interrupt. The interrupt classes are shown in Table 8-7.

Table 8-7. Interrupt Classifications

Synchronous/Asynchronous | Precise/Imprecise Interrupt Type
Asynchronous, nonmaskable Imprecise Machine check
System reset
Asynchronous, maskable Precise External interrupt
Decrementer

System management interrupt
Critical interrupt

Synchronous

Precise Instruction-caused interrupts

Although interrupts have other characteristics, such aswhether they are maskable, the distinctions shown
in Table 8-7 define categories of interrupts that the core handles uniquely. Note that Table 8-7 includes no
synchronous, imprecise instructions. While the PowerPC architecture supports imprecise handling of
floating-point exceptions, the core implements floating-point exception modes as precise.

The €300 core interrupts and exception conditions that cause them are listed in Table 8-8.

Table 8-8. Exceptions and Interrupts

Vector Offset

Interrupt Type (hex) Exception Conditions
Reserved 00000 —
System reset 00100 Caused by the assertion of either hreset.
Machine check 00200 Caused by the assertion of the tea signal during a data bus transaction, assertion of mcp,
an address or data parity error, or an instruction or data cache parity error. Note that the

€300 has SRR1 register values that are different from the G2/G2_LE cores’ when a

machine check occurs.

DSI 00300 Determined by the bit settings in the DSISR, listed as follows:

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

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

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

9 Setif a data address breakpoint interrupt occurs when the data [0-28] in the DABR or
DABR2 matches the next data access (load or store instruction) to complete in the
completion unit. The different breakpoints are enabled as follows:

* Write breakpoints enabled when DABR[30] is set
* Read breakpoints enabled when DABR[31] is set
ISI 00400 Caused when an instruction fetch cannot be performed for any of the following reasons:

* The effective (logical) address cannot be translated. That is, there is a page fault for this
portion of the translation, so an ISl interrupt must be taken to load the PTE (and possibly
the page) into memory.

* The fetch access violates memory protection (indicated by SRR1[4] set). If the key bits
(Ks and Kp) in the segment register and the PP bits in the PTE are set to prohibit read
access, instructions cannot be fetched from this location.
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Table 8-8. Exceptions and Interrupts (continued)

Interrupt Type

Vector Offset
(hex)

Exception Conditions

External interrupt

00500

Caused when MSRIEE] = 1 and the int signal is asserted.

Alignment

00600

Caused when the core cannot perform a memory access for any of the reasons described

below:

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

* The operands of Imw, stmw, lwarx, and stwcx. instructions are not aligned.

¢ The instruction is Iswi, Iswx, stswi, stswx, and the core is in little-endian mode. Note
that PowerPC little-endian mode is not supported on the e300 core.

* The operand of debz is in memory that is write-through-required or caching-inhibited.

Program

00700

Caused by one of the following exception conditions, which correspond to bit settings in

SRR1 and arise during execution of an instruction.

Floating-point enabled exception—A floating-point enabled exception condition is

generated when the following condition is met:

(MSR[FEO] | MSR[FE1]) and FPSCRI[FEX] is 1.

* FPSCRIFEX] is set by the execution of a floating-point instruction that causes an
enabled exception or by the execution of one of the Move to FPSCR instructions that
results in both an exception condition bit and its corresponding enable bit being set in
the FPSCR.

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

* Privileged instruction—A privileged instruction program interrupt is generated when the
execution of a privileged instruction is attempted and the MSR register user privilege
bit, MSR[PR], is set. In the e300 core, this interrupt is generated for mtspr or mfspr with
an invalid SPR field if SPR[0] = 1 and MSR[PR] = 1. This may not be true for all cores
that implement the PowerPC architecture.

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

Floating-point
unavailable

00800

Caused by an attempt to execute a floating-point instruction (including floating-point load,
store, and move instructions) when the floating-point available bit (MSR[FP])) is cleared.

Decrementer

00900

Occurs when DECJ0] changes from 0 to 1. This interrupt is enabled with MSR[EE].

Critical interrupt

00A00

Taken when cint is asserted and MSR[CE] = 1.

translation miss

Reserved 00B0O0-00BFF —

System call 00C00 Occurs when a System Call (sc) instruction is executed.

Trace 00D00 Taken when MSR[SE] =1 or when the currently completing instruction is a branch and
MSR[BE] =1.

Reserved 00EO0 The e300 core does not generate an interrupt to this vector. Other devices may use this
vector for floating-point assist interrupts.

Performance 00F00 Caused when a configured PM counter using the pm_event_in to transition overflows.

monitor

Instruction 01000 Caused when the effective address for an instruction fetch cannot be translated by the

translation miss ITLB.

Data load 01100 Caused when the effective address for a data load operation cannot be translated by the

DTLB.
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Table 8-8. Exceptions and Interrupts (continued)

Interrupt Type Vector Offset Exception Conditions
(hex)
Data store 01200 Caused when the effective address for a data store operation cannot be translated by the
translation miss DTLB, or when a DTLB hit occurs and the change bit in the PTE must be set due to a data
store operation.
Instruction 01300 Occurs when the address (bits 0—29) in the IABR matches the next instruction to complete
address in the completion unit, and IABR[30] is set. Note that the e300 core also implements
breakpoint IABR2, which functions identically to IABR.
System 01400 Caused when MSRIEE] = 1 and the smi input signal is asserted.
management
interrupt
Reserved 01500-02FFF —

8.4.5 Memory Management

The following sections describe the memory management features of the PowerPC architecture and the
€300 core implementation, respectively.

8.4.5.1 PowerPC Memory Management

The primary functions of the MMU areto trandate logical (effective) addressesto physical addresses for
memory accesses and to provide access protection on blocks and pages of memory.

The core generates two types of accesses that require address trand ation: instruction accesses and data
accesses to memory generated by load and store instructions.

The PowerPC MMU and interrupt model support demand-paged virtual memory. Virtual memory
management permits execution of programs larger than the size of physical memory; demand-paged
implies that individual pages are loaded into physical memory from system memory only when they are
first accessed by an executing program.

The hashed page table is a variable-sized data structure that defines the mapping between virtual page
numbers and physical page numbers. The page table size is a power of two, and its starting addressis a
multiple of itssize.

The page table contains a number of page-table entry groups (PTEGS). A PTEG contains eight page-table
entries (PTES) of 8 bytes each; therefore, each PTEG is 64 bytes long. PTEG addresses are entry points
for table search operations.

Address trand ations are enabled by setting bitsin the MSR. MSR[IR] enables instruction address
trandations, and M SR[DR] enables data address trand ations.
8.4.5.2 Implementation-Specific Memory Management

The instruction and data memory management unitsin the e300 core provide 4 Gbytes of logical address
space accessible to supervisor and user programs with a 4-Kbyte page size and 256-Mbyte segment size.
Block sizes range from 128 Kbytes to 256 Mbytes and are software selectable. In addition, the core uses
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an interim 52-bit virtual address and hashed page tables for generating 32-bit physical addresses. The
MMUs in the e300 core rely on the interrupt processing mechanism for the implementation of the paged
virtual memory environment and for enforcing protection of designated memory areas.

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

For instructions and datathat correspond to block address transl ation, the e300 core provides independent
eight-entry BAT arrays. These entries define blocks that can vary from 128 Kbytes to 256 Mbytes. The
BAT arraysare maintained by system software. HID2[HBE] is added to the €300 for enabling or disabling
the four additional pairs of BAT registers. However, regardless of the setting of HID2[HBE], these BATs
are accessible by mfspr and mtspr.

As specified by the PowerPC architecture, the hashed page table is a variable-sized data structure that
defines the mapping between virtual page numbers and physical page numbers. The pagetable sizeisa
power of two, and its starting addressis amultiple of its size.

Also as specified by the PowerPC architecture, the page table contains a number of PTEGs. A PTEG
contains 8 PTEs of 8 bytes each; therefore, each PTEG is 64 byteslong. PTEG addresses are entry points
for table search operations.

8.4.6 Instruction Timing

The e300 coreis apipelined superscalar processor core. Because instruction processing is reduced into a
series of stages, an instruction does not require all of the resources of an execution unit at the same time.
For example, after an instruction completes the decode stage, it can pass on to the next stage, while the
subsequent instruction can advance into the decode stage. Thisimproves the throughput of the instruction
flow. For example, it may take three cycles for a single floating-point instruction to execute, but if there
are no stallsin the floating-point pipeline, a series of floating-point instructions can have a throughput of
one instruction per cycle.

The core instruction pipeline has four major pipeline stages, described as follows:

» Thefetch pipeline stage primarily involves retrieving instructions from the memory system and
determining the location of the next instruction fetch. Additionally, if possible, the BPU decodes
branches during the fetch stage and folds out branch instructions before the dispatch stage.

» Thedispatch pipeline stageis responsible for decoding the instructions supplied by the instruction
fetch stage and determining which of the instructions are eligible to be dispatched in the current
cycle. In addition, the source operands of the instructions are read from the appropriate register file
and dispatched with the instruction to the execute pipeline stage. At the end of the dispatch pipeline
stage, the dispatched instructions and their operands are latched by the appropriate execution unit.

* Inthe execute pipeline stage, each execution unit with an instruction executes the selected
instruction (perhaps over multiple cycles), writes the instruction's result into the appropriate
rename register, and notifies the compl etion stage when the execution has finished. In the case of
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an internal interrupt, the execution unit reports the interrupt to the completion/write-back pipeline
stage and discontinues instruction execution until the interrupt is handled. The interrupt is not
signaled until that instruction is the next to be completed. Execution of most floating-point
instructions is pipelined within the FPU, allowing up to three instructions to execute in the FPU
concurrently. The FPU pipeline stages are multiply, add, and round-convert. The LSU has two
pipeline stages: the first stage, for effective address calculation and MMU trandlation, and the
second, for accessing datain the cache.

* The complete/write-back pipeline stage maintains the correct architectural machine state and
transfers the contents of the rename registers to the GPRs and FPRs as instructions are retired. If
the compl etion logic detects an instruction causing an interrupt, all subsequent instructions are
canceled, their execution results in rename registers are discarded, and instructions are fetched
from the correct instruction stream.

A superscalar processor core issues multiple, independent instructions into multiple pipelines, alowing
instructions to execute in parallel. The e300c1 core has independent execution units for: integer
instructions, floating-point instructions, branch instructions, load/store instructions, and system register
instructions. The e300c3 provides two [Us, which improves the throughput of integer instructions. The
€300c3 provides two integer units for greater integer instruction throughput along with enhanced
multipliersin each |U that reduce the multiply instruction latency to a maximum of two cycles. ThelU and
the FPU each have dedicated register files for maintaining operands (GPRs and FPRs, respectively),
allowing integer and floating-point calculations to occur simultaneously without interference.

The core provides support for single-cycle store, and it provides an adder/comparator in the system register
unit that allows the dispatch and execution of multipleinteger add and compare instructionson each cycle.

Because the PowerPC architecture can be applied to such awide variety of implementations, instruction
timing among processor cores varies accordingly.

8.4.7 Core Interface
The core interface is specific for each processor core implementation.

The MPCB8309 contains an internal coherent system bus (CSB) that interfaces the processor core to the
peripheral logic. In the case of the MPC8309, the CSB system logic decodes e300-initiated transactions
and directs all accesses to the appropriate interface.

The €300 core can operate at avariety of frequencies allowing the designer to trade off performance for
power consumption. The processor core is clocked from a separate PLL, which is referenced to the CSB
frequency. This allows the processor core and the peripheral logic to operate at different frequencies.

The €300 core provides aversatile core interface that allows for awide range of implementations. The
interface includes a 32-bit address bus, a 64-bit data bus, and 56 control and information signals (see
Figure 8-4). The core interface allows for address-only transactions, as well as address and data
transactions. The core control and information signals include the address arbitration, address start,
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addresstransfer, transfer attribute, addresstermination, dataarbitration, datatransfer, datatermination, and
core state signals. Test and control signals provide diagnostics for selected internal circuits.

Address Arbitration «———> <«—> Data Arbitration
Address Start «———> «——> Data Transfer
Address Transfer «————> <«——— Data Termination
Transfer Attribute <«<———> «— Interrupt, Checkstops
o e300 Core
Address Termination «——— «——— Reset
Clocks — > Processor Status
Output Enable «—— ——> Debug Control
Input Enable «—— «—— JTAG/Debug Interface
Debug Control €«——— «<—— Test Interface
| L
i0v -~

Figure 8-4. Core Interface

The core interface supports bus pipelining, allowing the address tenure of one transaction to overlap the
datatenure of another. The extent of the pipelining depends on external arbitration and control circuitry.
Similarly, the core supports split-bus transactions for systems with multiple potential bus masters; one
device can have mastership of the address bus while another has mastership of the data bus. Allowing
multiple bus transactions to occur simultaneously increases the available bus bandwidth for other activity
and, as aresult, improves performance.

The core clocking structure allows the bus to operate at integer multiples of the core cycle time.

The following sections describe the core bus support for memory operations. Note that some signals
perform different functions depending on the addressing protocol used.

8.4.71 Memory Accesses
The €300 core CSB is a 64-bit data bus.

With a 64-bit CSB, memory accesses allow transfer sizes of 8, 16, 24, 32, 40, 48, 56, or 64 bitsin one bus
clock cycle. Datatransfers occur in either single-beat transactions or four-beat burst transactions.
Single-beat transactions are caused by noncached accesses that access memory directly (that is, reads and
writeswhen caching is disabled, caching-inhibited accesses, and storesin write-through mode). Four-beat
burst transactions, which alwaystransfer an entire cache block (32 bytes), areinitiated when alineisread
from or written to memory.

8.4.7.2 Signals

The €300 core signals are grouped as follows:
* Interrupts/Resets
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These signalsinclude the external interrupt signal (int), critical interrupt signal (cint), checkstop
signals, performance monitor signal (pm_event_in) viathe PM counters, and both soft reset and
hard reset signals. They are used to interrupt and, under various conditions, to reset the core.

» JTAG/debug interface signals

The JTAG (based on the | EEE 1149.1 standard) interface and debug unit provides aserial interface
to the system for performing monitoring and boundary tests. Two additional signals are added to
the e300 coreto allow observation of theinternal clock state of the core (stopped) and to allow the
external input to force the core into a halted state (ext_halt).

e Core status and control

These signals include the memory reservation signal, machine quiesce control signas, time
base/decrementer clock base enable signal, and the tlbisync signal.

» Clock control
These signals provide for system clock input and frequency control.
* Testinterface signals

Signals like address matching, combinational matching, and watchpoint are used in the core for
production testing.

» Transfer attribute signals

These signals provide information about the type of transfer, such asthe transfer size and whether
the transaction is bursted, write-through, or cache-inhibited.

8.4.8 Debug Features

Some new debug features are specific to the €300 core. Accesses to the debug facilities are available only
in supervisor mode by using themtspr and mfspr instructions. The e300 providesthefollowing additional
feature in the JTA G/debug interface: Inclusion of breakpoint status and control pins. stopped and ext_halt.

8.4.8.1 Breakpoint Signaling

The breakpoint signaling provided on the €300 core allows observability of breakpoint matches external
to the core. Theiabr, iabr2, dabr, and dabr2 breakpoint signals are asserted for at least one bus clock cycle
when the respective breakpoint occurs. The status of the run state of the €300 core is indicated by the
stopped pin. An asynchronous external breakpoint can be asserted to the e300 core using the ext_halt pin:

*  When DBCR and IBCR are configured for an OR combinational signal type, the breakpoint signals
iabr, iabr2 and dabr, dabr2 reflect their respective breakpoints.

*  Whenthe DBCR and IBCR are configured for AND combinational signal type, only theiabr2 and
dabr2 breakpoint signals are asserted after the AND condition is met (that is, both instruction
breakpoints occurred or both data breakpoints occurred).

* When the core_stopped pin is asserted, the e300 core has entered a stopped state and all internal
clocking has stopped, indicating that a hardware debug event has occurred.

» Theext_halt input pin can be used to force the core into halted state. The halted state may be a
hardstop, conditional upon the HARDSTOP condition being set through the JTA G/debug interface
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8.5

Differences Between Cores

The €300 core has similar functionality to the G2_LE core. Table 8-9 describes the differences between

the G2_L E and the €300.

Table 8-9. Differences Between e300 and G2_LE Cores

e300 Core G2_LE Core Impact
New HIDO bits — The e300 core has a new HIDO bit defined to enable cache parity
error reporting (ECPE).
New HID1 bits — The e300 core has new HID1 bits defined to extend the number of
PLL configuration signals to seven (PC5, PC8).
New HID2 bits — The e300 core has new HID2 bits defined to support instruction

fetch bursting (IFEB), MESI coherency protocol (MESI),
instruction fetch cancels (IFEC), data cache queue sharing
(EBQS), pipelining extension (EBPX), additional cache way
locking (IWLCK and DWLCK), and instruction cache way
protection (ICWP).

New PVR register value

The processor version register values differ.

New IBCR and DBCR bits

The e300 core has new IBCR[IABRSTAT, IABR2STAT] and
DBCR[DABR1STAT, DABR2STAT] fields to provide instruction and
data address breakpoint status.

16-Kbyte, four-way,
set-associative, instruction
and data caches

Some e300 cores may have different cache sizes than the G2_LE.
For more information, see e300 PowerPC Core Reference
Manual.

L1 cache parity

The e300 core supports parity for both instruction and data
caches; the G2_LE does not support cache parity.

MEI or MESI coherency
protocols

MEI protocol only

The e300 supports two coherency protocols: MEI and MESI; the
G2_LE only supports the MEI protocol.

Instruction cancel extension

The e300 instruction cancel mechanism improves utilization of
instruction cache by supporting ‘hits-under-cancels’ and
‘misses-under-cancels’; the G2_LE requires the cancel to
complete before new instruction fetches can begin.

Instruction fetch bursts to
caching-inhibited space

Single-beat instruction
fetches to caching-inhibited
space

The e300’s instruction fetch burst extension allows all
caching-inhibited instruction fetches to be performed on the bus as
burst transactions, even though the instructions are not cached.
This improves performance for instruction space that is
caching-inhibited, because up to eight instructions are returned
with one bus operation. The G2_LE core must use single-beat
instruction fetches for caching-inhibited space, returning only two
instructions per bus operation.

Instruction cache way
protection

The e300 core can protect locked ways in the instruction cache
from invalidation; the G2_LE does not support instruction cache
way protection.
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Table 8-9. Differences Between e300 and G2_LE Cores (continued)

e300 Core

G2_LE Core

Impact

Data cache queue sharing

The e300 has a new data cache queue sharing extension that
allows the two burst-write queues in the bus unit to be used
interchangeably for cache replacements and snoop pushes. Thus,
the data cache can support two outstanding cache replacements
or two outstanding snoop push operations on the bus at any given
time.

icbt instruction

The e300 supports a new instruction cache block touch instruction
that facilitates preloading the instruction cache before locking; the
G2_LE core requires speculatively fetching instructions before
locking the instruction cache.

1-Y2-level bus pipelining

1-level bus pipelining

For the e300, a new transaction can complete an address tenure
when the previous transaction has been granted the data bus; for
the G2_LE, a new transaction must wait until the previous data
tenure has completed before completing its address tenure.

PowerPC little-endian not
supported

PowerPC little-endian
supported

PowerPC little-endian is not supported in the e300 core, although
true little-endian is fully supported.

Data retry mode removed

Data retry mode available

drtry and drtrymode is no longer supported on the e300 and future
versions.

External control instructions
removed

External control instructions
available

The eciwx and ecowx instruction pair is not supported on the
e300 core. These are optional instructions in the PowerPC
architecture.

Reduced pin mode removed

Reduced pin mode available

Reduced pinout mode and the signal redpinmode is not supported
in the e300 core.
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Chapter 9
Integrated Programmable Interrupt Controller (IPIC)

This chapter describes the integrated programmable interrupt controller (IPIC), including a definition of
the external signals and their functions. Also, the configuration, control, and status registers are described
in this chapter. Note that individual chaptersin this reference manual describe specific initialization
aspects for each individual block.

9.1 Introduction

Thischapter describesthe I PIC interrupt protocol, varioustypes of interrupt sources controlled by the IPIC
unit, and the | PIC registers with some programming guidelines. Theinterrupt controller providesinterrupt
management that is responsible for receiving hardware-generated interrupts from different sources (both
internal and external). It also prioritizes and delivers the interrupts to the CPU for servicing. The IPIC
prioritizes and manages interrupts from the following controller units:

 DDR SDRAM memory controller (DDR2)

» Enhanced local bus memory controller (eLBC)
« PCI

* DMA Enginel

* DMA Engine 2

* DUART communication module

e USB 2.0 dua role controller (USB DR)

» System bus arbiter (SBA)

* Periodicinterval timer (PIT)

* Real time clock timer (RTC ALR and RTC SEC)
» Two global timer blocks

» Software watchdog timer (WDT)

«  Two I2C controllers (1°C1 and 1°C2)

« SPI

*  Power management controller (PMC)

» General-purpose I/O controller (GPIO)

*  QUICC Engine block

» Externa pins (IRQO, IRQ1, IRQ2, and IRQ3)

» Enhanced secure digital host controllere (SDHC)
* HexCAN
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The interrupt sources controlled by the IPIC unit cause exceptions in the processor core. The internal
interrupt (int) signal isthe main interrupt output from the | PIC to the core and it causesthe regular interrupt
exception. Thecint signal isthe critical interrupt output from the 1PIC to the processor core and causes the
critical interrupt exception. The smi signal isthe system management interrupt output from the IPIC to the
processor core and causes the system management interrupt exception. The machine check exceptionis
caused by the internal mcp signal generated by the IPIC, informing the host processor of error conditions,
assertion of the external IRQO machine-check request (enabled when SEMSR[SIRQO] = 1), and other
conditions.

Table 9-1 shows the relationship of the various functional blocks and external signals of the deviceto the
IPIC unit.
The IPIC receives interrupt request signals from the following two sources:

» External to the integrated device

* Internal to the integrated device

The unit selects the highest priority interrupt from all current interrupts and forwards it to the internal
processor core, or off-chip for external servicing.

The IPIC aso manages an internal non-maskable machine-check processor (mep) signal and the interrupt
generated by the off-chip interrupt sources (IRQO, IRQL, IRQ2, and IRQ3).

The interrupt router of the IPIC monitors the outputs of the internal configuration registers. When the
priority ishighest in one of the received interrupt signals, the | PIC sets the corresponding bit in one of the
following interrupt registers:

» System internal interrupt pending register (SIPNR)

» System external interrupt pending register (SEPNR)
If theinterrupt isnot masked, the IPIC asserts_th@ signal to indicate aninterrupt request to the processor.
When the processor is running the specific int, cint, or smi interrupt handler code, the processor must
vectorize the external interrupt handler by explicitly (in software) reading the corresponding interrupt
vector register (SIVCR, SCVCR or SMVCR). In response to thisread, the IPIC unit returns the vector

(associated with theinterrupt source) to theinterrupt handler routine. In addition, the handler can vectorize
different branches of interrupt handling.
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, int
QUICC Engine 3> >
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USB 2.0 > L i e300 Core
smi_
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DUART 5 >
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DUART o>
< PIT
SP 7| MPC8309 |« . ATC
Interrupt
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B FlexCAN
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DMA Engine 2
GPIO >
IRQO, IRQ1, IRQ2, IRQ3 < PCI
4
2 DDR SDRAM
DMA Engine 1 > C(ODnEt)rlgg?r
System Bus Arbiter > Enhanced
Local Bus
Controller

Figure 9-1. Interrupt Sources Block Diagram for MPC8309

The IPIC receives the following types of interrupts:
« External interrupt—triggered by the off-chip signals (IRQn) listed in Table 9-1
* Internal interrupts—on-chip interrupts, triggered by the sourceslisted in Table 9-8 and Table 9-10
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 External and internal non-maskable machine check conditions, signaled by the sources listed in
Table 9-24 through mcp

The interrupt controller provides the ability to mask each interrupt source. Any source that can be caused
by multiple events are also maskable.

When the IPIC receivesan internal or external interrupt, its configuration register is checked to determine
if it should be serviced as anormal interrupt by the processor core (through the int signal) or if the
incoming interrupt has been configured as acritical or system management interrupt, the 1PIC compl etes
the processing of the interrupt by asserting cint or smi to the core. The assertion of the cint or smi signal
to the core causes the interrupt to be serviced as acritical or a system management interrupt, respectively.

9.2 Features

The IPIC unit implements the following features:

e Support for external and internal discrete vectorized interrupt sources

« Support for external and internal non-maskable machine check conditions, signaled by mcp

e Support for dedicated external interrupts

Programmable highest priority request (can be programmed to support a critical (cint) or system
management interrupt (smi) type)

» Two programmable priority mixed groups of four on-chip and four external interrupt signals with
two priority schemes for each group: grouped and spread

» Four programmable priority internal groups of eight on-chip interrupt signals with two priority
schemes for each group: grouped and spread

» Two highest priority interrupts from each group can be programmed to support acritical or system
management interrupt type

» External and internal interrupts directed to host processor
» Unique vector number for each interrupt source

9.3 Modes of Operation

The IPIC unit can operate in the core enable or core disable mode.

9.3.1 Core Enable Mode

In core enable mode, al internal interrupts are routed to and from the IPIC; the interrupts are sent to the
€300C3 Power Architecture processor core. In thismode all machine check interrupts are gathered by the
IPIC unit and sent to the €300C3 Power Architecture processor core.

9.3.2 Core Disable Mode

MPC8309 supports Core Disable Mode only for debug purposes. The e300C3 Power Architecture
processor core may be put in Core Disable mode by RCW. In this mode, JTAG will have access to the
registers for reads and writes.
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9.4  External Signal Description

The following sections provide an overview and detailed descriptions of the IPIC signals.

9.4.1 Overview

Thedevice has4 distinct external interrupt request input signals (IRQO, IRQ1, IRQ2, and IRQ3). ThelPIC
interface signals are defined in Table 9-1.

Table 9-1. IPIC Signal Properties

Name Port Function I/0 | Reset | Requires Pull Up
IRQO, IRQ1, |IRQO, IRQ1, |External interrupts I — Yes
IRQ2, and IRQ2, and
IRQS3 IRQ3
MCP_OUT |[MCP_OUT |Interrupt request output 0] V4 Yes

9.4.2 Detailed Signal Descriptions

Table 9-2 provides detailed descriptions of the external 1PIC signals.
Table 9-2. IPIC External Signals—Detailed Signal Descriptions

Signal |1/O Description
@0, I | Interrupt request 0,1,2, and 3. The sense (level or edge) of each of these signals is programmable. All of these
IRQ1, inputs can be driven completely asynchronously.
IRQ2, and ) ) . .
RO3 State | Asserted—When an external interrupt request signal is asserted, the priority is checked by the
Meaning IPIC unit, and the interrupt is conditionally passed to the processor.

Negated—There is no incoming interrupt from that source.

Timing | Assertion—All of these inputs can be asserted completely asynchronously.
Negation—Interrupts programmed as level-sensitive must remain asserted until serviced.

MCP_OUT | OD | Non-maskable Interrupt (machine check) request out. Active-low, open drain. When the IPIC is programmed
in core disable mode, this output reflects the mcp interrupts generated by on-chip sources. See Section 9.3,
“Modes of Operation.”

State | Asserted—At least one machine check interrupt is currently being signalled to the external system.
Meaning | Negated—Indicates no interrupt source currently routed to MCP_OUT.

Timing | Because external interrupts are asynchronous with respect to the system clock, both

assertion and negation of MCP_OUT occurs asynchronously with respect to the interrupt source.

All timing given here is approximate.

Assertion—Internal interrupt source: 2 system bus clock cycles after interrupt occurs. External
interrupt source: 4 cycles after interrupt occurs.

Negation—Follows interrupt source negation with the following delay:

Internal interrupt: 2 system bus clock cycles. External interrupt: 4 cycles.

9.5 Memory Map/Register Definition

The IPIC programmabl e register map occupies 256 bytes of memory-mapped space. Reading undefined
portions of the memory map returns all zeros; writing has no effect.
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All IPICregistersare 32 bitswide and they arelocated on 32-bit address boundaries. Software can perform
byte, half-word or word accessesto any IPIC registers. All addresses used in this chapter are offsets from
the IPIC base, as defined in Chapter 2, “Memory Map.”

Table 9-3 shows the memory map of the IPIC unit. A special set of registers are the QUICC Engine Ports
Interrupts registers. These registers have a different base address in the global memory map, and they are
detailed in Table 9-4.

Table 9-3. IPIC Register Address Map

Offset Register Access | Reset Value S‘;‘:;Zn/
Integrated Programmable Interrupt Controller—Block Base Address 0x0_0700

0x00 System global interrupt configuration register (SICFR) R/W 0x0000_0000 9.5.1/9-7

0x04 System regular interrupt vector register (SIVCR) R 0x0000_0000 9.5.2/9-8

0x08 System internal interrupt pending register (SIPNR_H) R 0x0000_0000 | 9.5.3/9-11

0x0C System internal interrupt pending register (SIPNR_L) R 0x0000_0000 | 9.5.3/9-11

0x10 System internal interrupt group A priority register (SIPRR_A) R/W 0x0530_9770 | 9.5.4/9-14

0x14 System internal interrupt group B priority register (SIPRR_B) R/W 0x0530_9770 | 9.5.5/9-15

0x18 System internal interrupt group C priority register (SIPRR_C) R/W 0x0530_9770 | 9.5.6/9-15

0x1C System internal interrupt group D priority register (SIPRR_D) R/W 0x0530_9770 | 9.5.7/9-16

0x20 System internal interrupt mask register (SIMSR_H) R/W 0x0000_0000 | 9.5.8/9-17
0x24 System internal interrupt mask register (SIMSR_L) R/W 0x0000_0000 | 9.5.8/9-17
0x28 System internal interrupt control register (SICNR) R/W 0x0000_0000 | 9.5.9/9-18
0x2C System external interrupt pending register (SEPNR) R/W Special 9.5.10/9-20

0x30 System mixed interrupt group A priority register (SMPRR_A) R/W 0x0530_9770 | 9.5.11/9-21

0x34 System mixed interrupt group B priority register (SMPRR_B) R/W 0x0530_9770 | 9.5.12/9-22

0x38 System external interrupt mask register (SEMSR) R/W 0x0000_0000 | 9.5.13/9-22
0x3C System external interrupt control register (SECNR) R/W 0x0000_0000 | 9.5.14/9-23
0x40 System error status register (SERSR) R/W 0x0000_0000 | 9.5.15/9-25
0x44 System error mask register (SERMR) R/W 9.5.16/9-26
0x48 System error control register (SERCR) R/W 0x0000_0000 | 9.5.17/9-27
0x4C System external interrupt polarity control register (SEPCR) R/W 0x0000_0000 | 9.5.18/9-27

Ox4F Reserved — — —

0x50 System internal interrupt force register (SIFCR_H) R/W 0x0000_0000 | 9.5.19/9-28
0x54 System internal interrupt force register (SIFCR_L) R/W 0x0000_0000 | 9.5.19/9-28
0x58 System external interrupt force register (SEFCR) R/W 0x0000_0000 | 9.5.20/9-30
0x5C System error force register (SERFR) R/W 0x0000_0000 | 9.5.21/9-30
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Table 9-3. IPIC Register Address Map (continued)

Offset Register Access | Reset Value S:c:;:n/

0x60 System critical interrupt vector register (SCVCR) R 0x0000_0000 | 9.5.22/9-31

0x64 System management interrupt vector register (SMVCR) R 0x0000_0000 | 9.5.23/9-31
0x68—-0xBF | Reserved — — —

Table 9-4. QUICC Engine Ports Interrupts Register Address Map

Offset Register Access | Reset Value Si(;tg;n/

0x0C QUICC Engine ports interrupt event register (CEPIER) wic Special 9.5.24/9-32
0x10 QUICC Engine ports interrupt mask register (CEPIMR) R/W 0x0000_0000 | 9.5.25/9-33
0x14 QUICC Engine ports interrupt control register (CEPICR) R/W 0x0000_0000 | 9.5.26/9-35

9.5.1 System Global Interrupt Configuration Register (SICFR)

SICFR, shown in Figure 9-2, defines the highest priority interrupt and whether interrupts are grouped or
spread in the priority table.

Offset 0x00 Access: Read/write

0 1 7/8 9 10 11| 12 13 14 15 |16 21 22 23|24 31
R
— HPI —|MPSB |MPSA| — |IPSD |IPSC | IPSB | IPSA — HPIT —
W
Reset All zeros

Figure 9-2. System Global Interrupt Configuration Register (SICFR)
Table 9-5 defines the bit fields of SICFR.
Table 9-5. SICFR Field Descriptions

Bits | Name Description

0 — | Write ignored, read =0

1-7 HPI | Highest priority interrupt. Specifies the 7-bit unique interrupt number/vector (see Table 9-7) of the single
interrupt controller interrupt source that is advanced to the highest priority in the IPIC priority table (see
Table 9-38). HPI can be modified dynamically.

8 — | Write ignored, read =0

9 MPSB | Mixed interrupts priority scheme for group B. Selects the relative MIXB priority scheme. It cannot be changed
dynamically.

0 Grouped. The MIXBs are grouped by priority at the top of the table.

1 Spread. The MIXBs are spread by priority in the table.
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Table 9-5. SICFR Field Descriptions (continued)

Bits | Name Description
10 | MPSA | Mixed interrupts priority scheme for group A. Selects the relative MIXA priority scheme. It cannot be changed
dynamically.
0 Grouped. The MIXAs are grouped by priority at the top of the table.
1 Spread. The MIXAs are spread by priority in the table.
11 — | Write ignored, read =0
12 IPSD |[Internal interrupts priority scheme for group D. Selects the relative SYSD priority scheme. It cannot be changed
dynamically.
0 Grouped. The SYSDs are grouped by priority at the top of the table.
1 Spread. The SYSDs are spread by priority in the table.
13 IPSC | Internal interrupts priority scheme for group C. Selects the relative SYSC priority scheme. It cannot be changed
dynamically.
0 Grouped. The SYSCs are grouped by priority at the top of the table.
1 Spread. The SYSCs are spread by priority in the table.
14 IPSB | Internal interrupts priority scheme for group B. Selects the relative SYSB priority scheme. It cannot be changed
dynamically.
0 Grouped. The SYSBs are grouped by priority at the top of the table.
1 Spread. The SYSBs are spread by priority in the table.
15 IPSA |Internal interrupts priority scheme for group A. Selects the relative SYSA priority scheme. It cannot be changed
dynamically.
0 Grouped. The SYSAs are grouped by priority at the top of the table.
1 Spread. The SYSAs are spread by priority in the table.
16-21 — | Write ignored, read =0
22-23 | HPIT | HPI priority position IPIC output interrupt type. Defines which type of IPIC output interrupt signal (int, cint, or
smi) asserts its request to the core in the HPI priority position. These bits cannot be changed dynamically. (If
software really wants to change it, it has to make sure the corresponding interrupt source is masked or it won’t
happen during the change).
The definition of HPIT is as follows:
00 intrequest is asserted to the core for HPI.
01 smirequest is asserted to the core for HPI.
10 cintrequest is asserted to the core for HPI.
11 Reserved.
24-31 — | Write ignored, read =0
9.5.2 System Global Interrupt Vector Register (SIVCR)

SIVCR, shownin Figure 9-3, containsa 7-bit code (Table 9-6) representing the regular unmasked interrupt
source (INT) of the highest priority level.

NOTE

Note that in core disabled mode the user should use SIVCR only in order to
read an updated interrupt vector (SCVCR and SMV CR should not be used).
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Offset 0x04

0

Integrated Programmable Interrupt Controller (IPIC)

Access: Read only

5 6 24 25 31

IVECx IVEC

Reset

All zeros

Figure 9-3. System Global Interrupt Vector Register (SIVCR)

Table 9-6 defines the bit fields of SIVCR.

Table 9-6. SIVCR Field Descriptions

Bits | Name Description
0-5 |IVECx |Backward (MPC8260) compatible regular interrupt vector. Specifies a 6-bit unique number of the IPIC’s highest
priority regular interrupt source, pending to the core. When a regular interrupt request occurs, SIVCR can be
read. If there are multiple regular interrupt sources, SIVCR latches the highest priority regular interrupt. Note
that IVECx field correctly reflects only the first 64 interrupt vectors (See Table 9-7 for details).
The value of SIVEC cannot change while it is being read.
6—24 — | Write ignored, read =0
25-31 | IVEC | Regular interrupt vector. Specifies a 7-bit unique number of the IPIC’s highest priority regular interrupt source,

pending to the core. Note that the when a regular interrupt request occurs, SIVCR can be read. If there are
multiple regular interrupt sources, SIVCR latches the highest priority regular interrupt. Note that the IVEC field
correctly reflects all interrupt vectors (see Table 9-7 for details).

The value of SIVCR cannot change while it is being read.
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Table 9-7 shows the definition of IVEC.

Table 9-7. IVEC/CVEC/MVEC Field Definition

Interrupt ID Number

Interrupt Meaning

Interrupt Vector

0 Error (no interrupt) 0b000_0000
1-2 Reserved 0b000_0001-0b000_0010
3 DMA Engine 1 0b000_0011
4-8 Reserved 0b000_0100—-0b000_1000
9 UARTx 0b000_1001
10 FlexCANXx 0b000_1010
11-13 Reserved 0b000_1011-0b000_1101
14 12C1 0b000_1110
15 12C2 0b000_1111
16 SPI 0b001_0000
17 IRQ1 0b001_0001
18 IRQ2 0b001_0010
19 IRQ3 0b001_0011
20-31 Reserved 0b001_0100—-0b001_1111
32 QUICC Engine High 0b010_0000
33 QUICC Engine Low 0b010_0001
34-37 Reserved 0b010_0010—-0b010_1111
38 USB DR 0b010_0110
39-41 Reserved 0b010_0111-0b010_1001
42 eSDHC 0b010_1010
43-47 Reserved 0b010_1011-0b010_1111
48 IRQO 0b011_0000
49-63 Reserved 0b011_0001-0b011_1111
64 RTC SEC 0b100_0000
65 PIT 0b100_0001
66 PCI 0b100_0010
67 MSIRO 0b100_0011
68 RTC ALR 0b100_0100
69 MU 0b100_0101
70 SBA 0b100_0110
71 I0U/ DMAC 0b100_0111
72 GTM4 0b100_1000
73 GTM8 0b100_1001
74 QUICC Engine Ports 0b100_1010
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Table 9-7. IVEC/CVEC/MVEC Field Definition (continued)

Interrupt ID Number Interrupt Meaning Interrupt Vector
75 GPIOx 0b100_1011
76 DDR 0b100_1100
77 eLBC 0b100_1101
78 GTM2 0b100_1110
79 GTM6 0b100_1111
80 PMC 0b101_0000
81 MSIR2 0b101_0001
82 MSIR3 0b101_0010
83 Reserved 0b101_0011
84 GTM3 0b101_0100
85 GTM7 Ob101_0101
86 MSIR4 0b101_0110
87 MSIR5 0b101_0111
88 MSIR6 0b101_1000
89 MSIR7 0b101_1001
90 GTM1 0b101_1010
91 GTM5 Ob101_1011

92-93 Reserved 0b101_1100-0b101_1101
94 DMA Engine 1 ERR 0b101_1110
95 DPTC Ob101_1111
96-127 Reserved Ob110_0000-0b111_1111

9.5.3 System Internal Interrupt Pending Registers (SIPNR_H and
SIPNR_L)

Each bit in SIPNR_H and SIPNR_L, shown in Figure 9-4 and Figure 9-5, may be assigned an internal
interrupt source (implemented bits are listed in Table 9-8.) When an interrupt request is received, the
interrupt controller setsthe corresponding SIPNR bit. When a pending interrupt is handled, the user clears
the SIPNR bit by clearing the corresponding event register bit.

Note that SIPNR bit positions are not changed according to relative priority.
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Offset 0x08

Reset

Table 9-9 defines the bit fields of SIPNR_H.
Table 9-9. SIPNR_H Field Descriptions

0

Access: Read only

31

INTn (Implemented bits are listed in Table 9-8.)

All zeros

Figure 9-4. System Internal Interrupt Pending Register (SIPNR_H)

Table 9-8listsimplemented SIPNR_H fields. Notethat thesefield descriptionsarealso valid for SIFCR_H
and SIMSR_H.

Table 9-8. SIPNR_H/SIFCR_H/SIMSR_H Bit Assignments

Bits Field
0 QUICC Engine High
1 QUICC Engine Low
2-5 Reserved
6 USBDR
7-9 Reserved
10 eSDHC
11-17 Reserved
18 DMA Engine 1
19 MSIR1
20-23 Reserved
24 UARTXx
25 FlexCANx
2628 Reserved
29 12C1
30 12C2
31 SPI

Bits

Name

Description

0-31

INTn

Each implemented bit (listed in Table 9-8) corresponds to an internal interrupt source. When an interrupt is
received, the interrupt controller sets the corresponding SIPNR bit. When a pending interrupt is handled, the
user clears the SIPNR bit by clearing the corresponding event register bit.

SIPNR bits are read only. Writing to this register has no effect.

Note that the SIPNR bit positions are not changed according to their relative priority.

For unimplemented bits, writes are ignored, read = 0.
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SIPNR_L isshownin Figure 9-4.

Offset 0x0C Access: Read only
0 31
R INTn (Implemented bits are listed in Table 9-10.)
W
Reset All zeros

Figure 9-5. System Internal Interrupt Pending Register (SIPNR_L)

Table 9-10 listsimplemented SIPNR_L fields. Note that these field assignments are also valid for
SIFCR L and SIMSR L.

Table 9-10. SIPNR_L/SIFCR_L/SIMSR_L Bit Assignments

Bits Field
0 RTC SEC
1 PIT
2 PCI
3 MSIRO
4 RTC ALR
5 MU
6 SBA
7 IOU/ DMAC
8 GTM4
9 GTM8
10 QUICC Engine Port
11 GPIOn
12 DDR
13 eLBC
14 GTM2
15 GTM6
16 PMC
17 MSIR2
18 MSIR3
19 —
20 GTM3
21 GTM7
22 MSIR4
23 MSIR5
24 MSIR6
25 MSIR7
26 GTM1
27 GTM5
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Table 9-10. SIPNR_L/SIFCR_L/SIMSR_L Bit Assignments (continued)

Bits Field

28-29 —
30 DMA Engine 1 ERR
31 —

Table 9-11 defines the bit fields of SIPNR_L.
Table 9-11. SIPNR_L Field Descriptions

Bits | Name Description

0-31| INTn |Each implemented bit (listed in Table 9-10) corresponds to an internal interrupt source. When an interrupt is
received, the interrupt controller sets the corresponding SIPNR bit. When a pending interrupt is handled, the user
clears the SIPNR bit by clearing the corresponding event register bit.

SIPNR bits are read only. Writing to this register has no effect.

Note that the SIPNR bit positions are not changed according to their relative priority.

For unimplemented bits, writes are ignored, read = 0.

9.5.4 System Internal Interrupt Group A Priority Register (SIPRR_A)

The system internal interrupt group A priority register (SIPRR_A), shown in Figure 9-6, defines the
priority between USBDR, QUICC Engine High and QUICC Engine Low internal interrupt signals.

Offset 0x10 Access: Read/write
0 2 3‘ 5 6 ‘8 9 11|12 15| 16 18 19‘ 21 22 ‘24 25 27 | 28 31
R
SYSAOP | SYSA1P | SYSA2P | SYSA3P — SYSA4P | SYSA5P | SYSAGP | SYSA7P —
w
Reset0000‘0101‘001100001001‘0111‘01110000

Figure 9-6. System Internal Interrupt Group A Priority Register (SIPRR_A)

Table 9-12 defines the bit fields of SIPRR_A.
Table 9-12. SIPRR_A Field Descriptions

Bits Name Description

0-2 SYSAOP SYSAQO priority order. Defines which interrupt source asserts its request in the SYSAO
priority position. The user should not program the same code to multiple priority positions
(0-7). These bits can be changed dynamically. The definition of SYSAOP is as follows:
000 QUICC Engine High asserts its request in the SYSAO position.

001 QUICC Engine Low asserts its request in the SYSAO position.

010-101 Reserved

110 USB DR

111 Reserved

3-11, 1627 | SYSA1P-SYSA7P | Same as SYSAOP, but for SYSA1P-SYSA7P.

12-15, 28-31 — Write ignored, read = 0
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9.5.5 System Internal Interrupt Group B Priority Register (SIPRR_B)

The system internal interrupt group B priority register (SIPRR_B), shown in Figure 9-7, defines the
priority between interna interrupt signals.

For more information, see Section 9.6.3, “Internal Interrupts Group Relative Priority.”
Table 9-13 defines the bit fields of SIPRR_B.

Offset 0x14 Access: Read/write
0 2 3‘ 5 6 ‘8 9 11|12 15| 16 18 19‘ 21 22 ‘24 25 27 | 28 31
SYSBOP | SYSB1P | SYSB2P | SYSB3P — SYSB4P | SYSB5P | SYSB6P | SYSB7P —

w
Reset0000‘0101‘001 100001000‘101 1‘01 1 1/0 0 0 O

Figure 9-7. System Internal Interrupt Group B Priority Register (SIPRR_B)

Table 9-13. SIPRR_B Field Descriptions

Bits Name Description

0-2 SYSBOP | SYSBO Priority order.Defines which interrupt source asserts its request in the SYSBO priority
position. The user should not program the same code to more than one priority position
(0-7). These bits can be changed dynamically. The definition of SYSBOP is shown as follows:
000-001 Reserved

010 eSDHC asserts its request in the SYSBO position.

011-111 Reserved

3-11, SYSB1P- |Same as SYSBOP, but for SYSB1P-SYSB7P.
16-27 SYSB7P

12-15, — Write ignored, read = 0
28-31

9.5.6 System Internal Interrupt Group C Priority Register (SIPRR_C)

The system internal interrupt group C priority register (SIPRR_C), shown in Figure 9-8, defines the
priority between internal interrupt signals.

For more information about interrupt priorities, see Section 9.6.3, “Internal Interrupts Group Relative
Priority.”
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Table 9-14 defines the bit fields of SIPRR_C.

Offset 0x18 Access: Read/write
0 2 3‘ 5 6 ‘8 9 1112 15 | 16 18 19‘ 21 22 ‘24 25 27| 28 31
R
SYSCoP | SYSC1P | SYSC2P | SYSC3P — SYSC4P | SYSC5P | SYSCeP | SYSC7P —
w
Reset0000‘0101‘001100001000‘1011‘01110000

Figure 9-8. System Internal Interrupt Group C Priority Register (SIPRR_C)

Table 9-14. SIPRR_C Field Descriptions

Bits Name Description

0-2 SYSCOP | SYSCO priority order.Defines which interrupt source asserts its request in the SYSCO priority
position. The user should not program the same code to more than one priority position
(0-7). These bits can be changed dynamically. The definition of SYSCOP is shown as follows:
000-001 Reserved

010 DMA Engine 1

011-111 Reserved

3-11, SYSC1P- | Same as SYSCOP, but for SYSC1P-SYSC7P.
16-27 SYSC7P

12-15, — Write ignored, read = 0
28-31

9.5.7 System Internal Interrupt Group D Priority Register (SIPRR_D)
SIPRR_D, shown in Figure 9-9, defines the priority among the interrupt sources listed in Table 9-15.

Offset 0x1C Access: Read/write
0 2 3‘ 5 6 ‘8 9 1112 15|16 18 19‘ 21 22 ‘24 25 27 | 28 31
R
SYSDOP | SYSD1P | SYSD2P | SYSD3P — SYSD4P | SYSD5P | SYSD6P | SYSD7P —
w
Reset0000‘0101‘001100001001‘0111‘01110000

Figure 9-9. System Internal Interrupt Group D Priority Register (SIPRR_D)
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Table 9-15 defines the bit fields of SIPRR_D.
Table 9-15. SIPRR_D Field Descriptions

Bits Name Description

0-2 | SYSDOP |SYSDO priority order. Defines which interrupt source asserts its request in the SYSDO priority position. The
user should not program the same code to more than one priority position (0—7). These bits can be changed
dynamically. SYSDOP is defined as follows:

000 UARTX asserts its request in the SYSDO position.

001 FlexCANXx asserts its request in the SYSDO position.

010-100 Reserved

101 12C1 asserts its request in the SYSDO position.

110 12C2 asserts its request in the SYSDO position.Reserved

111 SPI asserts its request in the SYSDO position.Reserved

3—-11, | SYSD1P- | Same as SYSDOP, but for SYSD1P-SYSD7P.
16—27 | SYSD7P

12-15, — Write ignored, read = 0
28-31

9.5.8 System Internal Interrupt Mask Register (SIMSR_H and SIMSR_L)

Each implemented bitin SIMSR_H and SIMSR_L,, shown in Figure 9-10 and Figure 9-11, correspondsto
an internal interrupt source. The user masks an interrupt by clearing the corresponding SIM SR bit. When
an interrupt request occurs, the corresponding SIPNR bit is set, regardless of the SIMSR bit. However, if
the corresponding SIMSR bit is cleared, no interrupt request is passed to the core.

When an SIMSR bit is cleared by the user at the same time corresponding interrupt source requests an
interrupt service, the request stops. If the user setsthe SIMSR bit later, the core processes any pending
corresponding interrupt requests according to its priority.

Offset 0x20 Access: Read/write
0 31
R
INTn (Implemented bits are listed in Table 9-8.)
w
Reset All zeros

Figure 9-10. System Internal Interrupt Mask Register (SIMSR_H)
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Table 9-16 defines the bit fields of SIMSR_H.
Table 9-16. SIMSR_H Field Descriptions

Bits | Name Description

0-31| INTn | Each implemented bit (listed in Table 9-8) corresponds to an external interrupt source. The user masks an
interrupt by clearing the corresponding SIMSR bit. An interrupt is unmasked (enable) by setting the
corresponding SIMSR bit. The SIMSR can be read by the user at any time.

Note:

* SIMSR bit positions do not change according to their relative priority.

* The user can clear pending register bits that were set by multiple interrupt events only by clearing all
unmasked events in the corresponding event register.

e If an SIMSR bit is masked at the same time that the corresponding SIPNR bit causes an interrupt request to
the core, the error vector is issued (if no other interrupts are pending). Thus, the user should always include
an error vector routine, even if it contains only an rfi instruction. The error vector cannot be masked.

Unimplemented bits, shown as reserved in Table 9-8, are ignored on writes; read = 0.

Figure 9-11 shows SIMSR L.

Offset 0x24 Access: Read/write
0 31
R
INTn (Implemented bits are listed in Table 9-10.)
w
Reset All zeros

Figure 9-11. System Internal Interrupt Mask Register (SIMSR_L)

Table 9-17 defines the bit fields of SIMSR_L.
Table 9-17. SIMSR_L Field Descriptions

Bits | Name Description

0-31| INTn |Each implemented bit (listed in Table 9-10) corresponds to an external interrupt source. The user masks an
interrupt by clearing the corresponding SIMSR bit. An interrupt is unmasked (enabled) by setting the
corresponding SIMSR bit. The SIMSR can be read by the user at any time.

Note:

* SIMSR bit positions are not changed according to their relative priority.

* The user can clear pending register bits that were set by multiple interrupt events only by clearing all unmasked
events in the corresponding event register.

* If an SIMSR bit is masked at the same time that the corresponding SIPNR bit causes an interrupt request to
the core, the error vector is issued (if no other interrupts are pending). Thus, the user should always include
an error

Unimplemented bits, shown as reserved in Figure 9-11, are ignored on writes; read = 0.

9.5.9 System Internal Interrupt Control Register (SICNR)

SICNR, shown in Figure 9-12, defines the | PIC output interrupt type (int, cint, or smi) in the
SYSAO-SYSAL, SYSB0O-SY SB1, SYSCO-SY SC1, and SY SDO-SY SD1 priority positions. All other
priority positions assert int to the core.
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Note that in core disabled mode the user should use theint output interrupt type (should not use cint or smi
output interrupt types) to read an updated SIVCR.

Offset 0x28 Access: Read write
0 1 2 3 |4 7| 8 9 10 11 |12 15/ 16 17 18 19 |20 23| 24 25 26 27 |28 31
R
SYSDOT |SYSD1T — SYSCOT |SYSCIT — SYSBOT | SYSB1T — SYSAOT | SYSA1IT —
w
Reset All zeros

Figure 9-12. System Internal Interrupt Control Register (SICNR)

Table 9-18 defines the bit fields of SICNR.
Table 9-18. SICNR Field Descriptions

Bits Name Description

0-1 | SYSDOT | SYSDO priority position IPIC output interrupt type.Defines which type of the IPIC output interrupt signal (int,
cint, or smi) asserts its request to the core in the SYSDO priority position. These bits cannot be changed
dynamically. (to change it, software must make sure the corresponding interrupt source is masked or it cannot
happen during the change).

The definition of SYSDOT is as follows:

00 int request is asserted to the core for SYSDO.

01 smirequest is asserted to the core for SYSDO.

10 cint request is asserted to the core for SYSDO.

11 Reserved

2-3 | SYSD1T | Same as SYSDOT, but for SYSD1T.

4-7 — Write ignored, read = 0

8-9 | SYSCOT | SYSCO priority position IPIC output interrupt Type.Defines which type of the IPIC output interrupt signal (int,
cint, or smi) asserts its request to the core in the SYSCO priority position. These bits can not be changed
dynamically. (If s/w really wants to change it, it has to make sure the corresponding interrupt source is masked
or it won’t happen during the change).

The definition of SYSCOT is as follows:

00 int request is asserted to the core for SYSCO.

01 smirequest is asserted to the core for SYSCO.

10 cint request is asserted to the core for SYSCO.

11 Reserved

10-11 | SYSC1T | Same as SYSCOT, but for SYSC1T.

12-15 — Write ignored, read = 0

16-17 | SYSBOT | SYSBO priority position IPIC output interrupt Type.Defines which type of the IPIC output interrupt signal (int,
cint, or smi) asserts its request to the core in the SYSBO priority position. These bits can not be changed
dynamically. (If s/w really wants to change it, it has to make sure the corresponding interrupt source is masked
or it won’t happen during the change).

The definition of SYSBOT is as follows:

00 int request is asserted to the core for SYSBO.

01 smi request is asserted to the core for SYSBO.

10 cint request is asserted to the core for SYSBO.

11 Reserved

18-19 | SYSB1T | Same as SYSBOT, but for SYSB1T.

20-23 — Write ignored, read =0
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Table 9-18. SICNR Field Descriptions (continued)

Bits Name Description

24-25 | SYSAOT | SYSAO priority position IPIC output interrupt type. Defines which type of the IPIC output interrupt signal (int,
smi, or cint) asserts its request to the core in the SYSAO priority position. These bits can not be changed
dynamically. (If s/w really wants to change it, it has to make sure the corresponding interrupt source is masked
or it won’t happen during the change).

The definition of SYSAQT is as follows:

00 int request is asserted to the core for SYSAO.

01 smirequest is asserted to the core for SYSAO.

10 cint request is asserted to the core for SYSAO.

11 Reserved.

26-27 | SYSA1T | Same as SYSAOT, but for SYSA1T

28-31 — Write ignored, read = 0

9.5.10 System External Interrupt Pending Register (SEPNR)

Each bit in the SEPNR, shown in Figure 9-13, corresponds to an external interrupt source. When an
interrupt is received, the interrupt controller sets the corresponding SEPNR bit.

Offset 0x2C Access: Read/write
0 1 2 3 4 15
R
IRQO'| IRQ1 | IRQ2 | IRQ3 —
w
Reset The reset values of implemented bits reflect the values of the external IRQ signals. Reserved bits are zeros. 2
16 il
R
" —
Reset All zeros

' This bit is valid only if the IRQO signal is configured as an external maskable interrupt (SEMSR[SIRQO] = 0)
2 The user should drive all IRQ inputs to an inactive state prior to reset negation

Figure 9-13. System External Interrupt Pending Register (SEPNR)
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Table 9-19 defines the bit fields of SEPNR.
Table 9-19. SEPNR Field Descriptions

Bits | Name Description

IRQn | Each bit corresponds to an external interrupt source. When an external interrupt is received, the interrupt
controller sets the corresponding SEPNR bit.

When a pending interrupt is handled, the user must clear the corresponding SEPNR bit. For level triggered cases,
the software needs to cause the IRQn to negate which automatically clears the bitin SEPNR. For edge-triggered
cases, the software needs to clear the corresponding bit in SEPNR.

SEPNR bits are cleared by writing ones to them. Because the user can only clear bits in this register, writing zeros
to this register has no effect.

Note that the SEPNR bit positions are not changed according to their relative priority.

SIS
-(D—L

4-31 — | Write ignored, read =0

9.5.11 System Mixed Interrupt Group A Priority Register (SMPRR_A)
The SMPRR_A, shown in Figure 9-14, defines the priority among the sources listed in Table 9-20.

Offset 0x30 Access: Read/write
0 2 3‘ 5 6 ‘8 9 11|12 15| 16 18 19‘ 21 22 ‘24 25 27 | 28 31
MIXAOP | MIXA1P | MIXA2P | MIXA3P — MIXA4P | MIXA5P | MIXAGP | MIXA7P —

w
Reset0000‘0101‘001 100001001‘01 1 1‘01 1 1/0 0 0 O

Figure 9-14. System Mixed Interrupt Group A Priority Register (SMPRR_A)

Table 9-20 defines the bit fields of SMPRR_A.
Table 9-20. SMPRR_A Field Descriptions

Bits Name Description

0-2 | MIXAOP | MIXAO priority order. Defines which interrupt source asserts its request in the MIXAO priority position. The

user must not program the same code to more than one priority position (0—7). These bits can be changed

dynamically. The definition of MIXAOP is as follows:

000 RTC SEC asserts its request to the MIXAO position.

001 PIT asserts its request to the MIXAO position.

010 Reserved

011 Reserved.

100 IRQO asserts its request to the MIXAO position. This field for MIXAO position is valid (must not be
ignored) if IRQO signal configured as an external maskable interrupt (SEMSR[SIRQOQ] = 0).

101 IRQ1 asserts its request to the MIXAOQ position.

110 IRQ2 asserts its request to the MIXAO position.

111 IRQ3 asserts its request to the MIXAO position.

3-11, | MIXA1P—| Same as MIXAOP, but for MIXA1P-MIXA7P.
16-27 | MIXA7P

12—-15, — Write ignored, read = 0
28-31
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9.5.12 System Mixed Interrupt Group B Priority Register (SMPRR_B)
SMPRR_B, shown in Figure 9-15, defines the priority among the sources listed in Table 9-21.

Offset 0x34 Access: Read/write
0 2 3‘ 5 6 ‘8 9 1112 15|16 18 19‘ 21 22 ‘24 25 27 | 28 31
MIXBOP | MIXB1P | MIXB2P | MIXB3P — MIXB4P | MIXB5P | MIXB6P | MIXB7P —

w
Reset0000‘0101‘001 100001001‘01 1 1‘01 1 1/0 0 0 O

Figure 9-15. System Mixed Interrupt Group B Priority Register (SMPRR_B)

Table 9-21 defines the bit fields of SMPRR_B.
Table 9-21. SMPRR_B Field Descriptions

Bits Name Description

0-2 | MIXBnP | MIXBn priority order. Defines which interrupt source asserts its request in the MIXBn priority position. The
3-11, user must not program the same code to more than one priority position (0-7). These bits can be changed
1627 dynamically. The definition of MIXBnP is as follows:

000 RTC ALR asserts its request to the MIXBn position.

001 Reserved.

010 SBA asserts its request to the MIXBn position.

011 DMA Engine 2 asserts its request to the MIXBn position.
100-111 Reserved

12-15, — Write ignored, read =0
28-31

9.5.13 System External Interrupt Mask Register (SEMSR)

Each bit in the system external interrupt mask register (SEMSR), shown in Figure 9-13, correspondsto an
external interrupt source. The user masks an interrupt by clearing the corresponding SEM SR bhit. An
interrupt is unmasked (enabled) by setting the corresponding SEM SR bit.

When an external interrupt request occurs, the corresponding SEPNR bit is set regardless of the setting of
the corresponding SEM SR bit. However, if the corresponding SEM SR bit is cleared, no interrupt request
is passed to the core.

When an SEM SR hit is cleared by the user at the same time that an interrupt source requests an interrupt
service, the request stops. If the user setsthe SEM SR bit later, a previously pending interrupt request is
processed by the core according to its assigned priority. SEM SR can be read by the user at any time.
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Offset 0x38 Access: Read/write

0 1 2 3 4 15

IRQO® | IRQ1 | IRQ2 | IRQ3 —

W
Reset All zeros
16 17 31
R
SIRQO _
W
Reset All zeros

3 This bit is valid only if the IRQO signal is configured as an external maskable interrupt (SEMSR[SIRQO] = 0)
Figure 9-16. System External Interrupt Mask Register (SEMSR)
Table 9-22 defines the bit fields of SEMSR.
Table 9-22. SEMSR Field Descriptions

Bits | Name Description
0,1, — | Each bit corresponds to an external interrupt source. The user masks an interrupt by clearing the SEMSR bit.
2,3 An interrupt can be enabled by setting the corresponding SEMSR bit.

SEMSR can be read by the user at any time.

Note:

* SEMSR bit positions are not affected by their relative priority.

* The user can clear pending register bits that were set by multiple interrupt events only by clearing all
unmasked events in the corresponding event register.

* If an SEMSR bit is masked at the same time that the corresponding SEPNR bit causes an interrupt request
to the core, the error vector is issued (if no other interrupts pending). Thus, the user must always include an
error vector routine, even if it contains only an rfi instruction. The error vector cannot be masked.

4-15 — Write ignored, read = 0

16 | SIRQO | Steer IRQO.
0 IRQO is used as external interrupt request
1 IRQO is used as external MCP request

17-31 — | Write ignored, read =0

9.5.14 System External Interrupt Control Register (SECNR)

SECNR, shown in Figure 9-17, defines the edge detect mode for external IRQn interrupt signals and
determines whether the corresponding IRQn signal asserts an interrupt request upon either a high-to-low
change or assertion on the pin. It also defines the | PIC output interrupt type (int, cint, or smi) in the
MIXAO-MIXAL and MIXBO-MIXB1 priority positions.

Note that in core disabled mode of operation the user should use the int output interrupt type (should not
use cint or smi output interrupt types) in order to read an updated SIVCR.
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Offset 0x3C Access: Read/write
0 1 2 3 4 7 8 9 10 11 12 15
MIXBOT MIXB1T — MIXAOT MIXA1T —
w
Reset All zeros
16 17 18 19 20 31
R
EDIO | EDI1 | EDI2 | EDI3 —
w
Reset All zeros

Figure 9-17. System External Interrupt Control Register (SECNR)

Table 9-23 defines the bit fields of SECNR.

Table 9-23. SECNR Field Descriptions

Bits

Name

Description

MIXBOT

MIXBO priority position IPIC output interrupt type. Defines which type of the IPIC output interrupt signal (int,
cint, or smi) asserts its request to the core in the MIXBO priority position. These bits can be changed
dynamically. The definition of MIXBOT is as follows:

00 int request is asserted to the core for MIXBO.

01 smirequest is asserted to the core for MIXBO.

10 cint request is asserted to the core for MIXBO.

11 Reserved

2-3

MIXB1T

Same as MIXBOT, but for MIXB1T.

4-7

Write ignored, read = 0

8-9

MIXAOT

MIXAO priority position IPIC output interrupt Type. Defines which type of the IPIC output interrupt signal (int,
cint, or smi) asserts its request to the core in the MIXAO priority position. These bits can be changed
dynamically. The definition of MIXAQT is as follows:

00 int request is asserted to the core for MIXAO.

01 smirequest is asserted to the core for MIXAO.

10 cint request is asserted to the core for MIXAO.

11 Reserved

10-11

MIXA1T

Same as MIXAOQT, but for MIXA1T.

12-15

Write ignored, read = 0

16-19

EDIx

Each bit defines the edge detect mode for the external IRQn interrupt signals, determines whether the

corresponding IRQn signal asserts an interrupt request upon either a high-to-low (high assertion for active

high polarity) change or low assertion (high assertion for active high polarity) on the pin. The corresponding

IRQn signal asserts an interrupt request as follows:

0 Low assertion (high assertion for active high polarity)on IRQn generates an interrupt request (level
sensitive).

1 High-to-low (low to high assertion for active high polarity)change on IRQn generates an interrupt request
(edge sensitive).

20-31

Write ignored, read = 0
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9.5.15 System Error Status Register (SERSR)

The bitsin the SERSR, shown in Figure 9-18, correspond to the external and internal non-maskable error
source machine check (mcp) conditionslisted in Table 9-24. When an error interrupt signal isreceived, the
interrupt controller sets the corresponding SERSR hit.

Offset 0x40 Access: Read/write
0 ‘ ‘ 31
R
INTn (Implemented bits are listed in Table 9-24)
W
Reset All zeros

Figure 9-18. System Error Status Register (SERSR)

Table 9-24 lists the implemented SERSR bits. Note that these field assignments are valid for SERMR and
SERFR.

Table 9-24. SERSR/SERMR/SERFR Bit Assignments

Bits Field
0 IRQO'
1 WDT
2 SBA
3 CIEE
4 CMEE
5 _
6 R
7 P
8-31 —

1 This bit is valid only if the IRQO signal is
configured as an external MCP interrupt
(SEMSRI[SIRQO0] = 1)

Table 9-25 defines the bit fields of SERSR.
Table 9-25. SERSR Field Descriptions

Bits | Name Description

0-31| INTn |Each implemented bit in the SERSR, listed in Table 9-24, corresponds to an external and an internal error source
(mcp). When an error interrupt signal is received, the interrupt controller sets the corresponding SERSR bit.
SERSR bits are cleared by writing ones to them. Unmasked event register bits should be cleared before clearing
SERSR bits. Because the user can only clear bits in this register, writing zeros to this register has no effect.
SERSR bits are cleared by power-on reset. Subsequent soft and hard resets do not affect SERSR bit states.
For unimplemented bits (listed as reserved in Table 9-24), writes are ignored, read =0
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9.5.16 System Error Mask Register (SERMR)

Each implemented bit in SERMR, shown in Figure 9-19, corresponds to an external and an internal mcp
source (MCP). The user masks an MCP by clearing and enables an interrupt by setting the corresponding
SERMR bit. When amasked M CP occurs, the corresponding SERSR bit is set, regardless of the setting of
the corresponding SERMR bit although no MCP request is passed to the core in this case. The SERMR
can be read by the user at any time.

Offset 0x44 Access: Read/write
0 31
R
INTn (Implemented bits are listed in Table 9-24.)
w
Reset Implemented bits reset to ones; unimplemented (reserved) bits reset to zeros.

Figure 9-19. System Error Mask Register (SERMR)

Table 9-26 defines the bit fields of SERMR.
Table 9-26. SERMR Field Descriptions

Bits Name Description

0-31 INTn | Each implemented SERMR bit, listed in Table 9-24, corresponds to an external and an internal MCP source.
The user masks an MCP by clearing and enables an interrupt by setting the corresponding SERMR bit.
When a masked MCP occurs, the corresponding SERSR bit is set, regardless of the setting of the SERMR
bit although no MCP request is passed to the core. The SERMR can be read by the user at any time.
Writes to unimplemented (reserved) bits are ignored; read =0
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9.5.17 System Error Control Register (SERCR)

SERCR, shown in Figure, defines the control bits that route M CP requests in core disable mode to
MCP_OUT.

Table 9-27 defines the bit fields of SERCR.

Offset 0x48 Access: Read/write
0 30 31
R
— MCPR
w
Reset All zeros

System Error Control Register (SERCR)

Table 9-27. SERCR Field Descriptions

Bits Name Description
0-30 — Write ignored, read = 0
31 MCPR MCP route. Route MCP request to MCP_OUT.

0 MCP is not available at MCP_OUT.
1 MCP routed to MCP_OUT.

9.5.18 System External interrupt Polarity Control Register (SEPCR)

SEPCR, shown in Figure 9-20, defines the polarity for each one of the external IRQn interrupt signalsand
determineswhether the corresponding IRQn signal istreated as activelow or active high signal. The active
low signalswill assert an interrupt request upon either a high-to-low change or assertion (low state) on the
pin. The active high signals will assert an interrupt request upon either alow-to-high change or assertion
(high state) on the pin. See Section 9.5.14, * System External Interrupt Control Register (SECNR),” on
page 9-23 for more details.

NOTE

Note that the IRQn signals are overbarred although the SEPCR could be
programmed to accept active high signals. The overbar should beignoredin
this case.

MPC8309 PowerQUICC Il Pro Integrated Communications Processor Reference Manual, Rev. 2

Freescale Semiconductor 9-27



'
A

Integrated Programmable Interrupt Controller (IPIC)

Table 9-28 defines the bit fields of SEPCR.

Offset 0x4C Access: Read/write
0 1 2 3 4 15
R
EIPO | EIP1 | EIP2 | EIP3 —
W
Reset All zeros
16 31
R
W
Reset All zeros
Figure 9-20. System External Interrupt Polarity Control Register (SEPCR)
Table 9-28. SEPCR Field Descriptions
Bits Name Description
0-3 EIPx |Each bit defines the active state for the external IRQn interrupt signals.
0 Active Low.
1 Active High.
4-31 — Write ignored, read = 0

9.5.19 System Internal Interrupt Force Registers (SIFCR_H and SIFCR_L)

Each implemented bit SIFCR_H and SIFCR_L, shown in Figure 9-21 and Figure 9-22, corresponds to an
internal interrupt source. When abit is set, the interrupt controller generates the corresponding interrupt
(sets the corresponding SIPNR bit). The SIFCR can be read by the user at any time.

Offset 0x50 Access: Read/write

0 ‘ ‘ 31

R
INTn (Implemented bits are listed in Table 9-8.)
W
Reset All zeros

Figure 9-21. System Internal Interrupt Force Register (SIFCR_H)
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Table 9-29 defines the bit fields of SIFCR_H.
Table 9-29. SIFCR_H Field Descriptions

Bits | Name Description

0-31 | INTn |Each implemented bit, listed in Table 9-8, corresponds to an internal interrupt source. The user forces an
interrupt by setting the corresponding SIFCRx bit. SIFCRn bit positions are not changed according to their
relative priority.

Writes to unimplemented (reserved) bits are ignored; read =0

SIFCR_L isshown in Figure 9-22.

Access: Read/write

Offset 0x54
0 31
R
INTn (Implemented bits are listed in Table 9-10).
w
Reset All zeros

Figure 9-22. System Internal Interrupt Force Register (SIFCR_L)

Table 9-30 defines the bit fields of SIFCR_L.
Table 9-30. SIFCR_L Field Descriptions

Bits |Name Description

0-31 | INTn | Each implemented bit, listed in Table 9-10, corresponds to an internal interrupt source. The user forces an
interrupt by setting the corresponding SIFCRx bit. SIFCRx bit positions are not changed according to their
relative priority.

Writes to unimplemented (reserved) bits are ignored; read = 0
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9.5.20 System External Interrupt Force Register (SEFCR)

Each implemented bit in SEFCR, shown in Figure 9-23, correspondsto an external interrupt source. When
abit is set, the interrupt controller generates the corresponding external interrupt (sets the corresponding
SEPNR bit). SEFCR can be read by the user at any time.

Offset 0x58 Access: Read/write

0 1 2 3 4 ‘ ‘ 15

IRQO! |IRQ1 | IRQ2 | IRQ3 —

w
Reset All zeros
16 | | 3
R
W _
Reset All zeros

' This bit is valid only if IRQO is configured as an external maskable interrupt (SEMSR[SIRQO] = 0)

Figure 9-23. System External Interrupt Force Register (SEFCR)

Table 9-31 defines the bit fields of SEFCR.
Table 9-31. SEFCR Field Descriptions

Bits | Name Description
0, 1, | IRQn | Each bit corresponds to an external interrupt source. The user force an interrupt by setting the SEFCR bit.
2,3 Note: SEFCR bit positions are not affected by their relative priority.

-31 — | Write ignored, read = 0

9.5.21 System Error Force Register (SERFR)

Each bit inthe system error forceregister (SERFR), shown in Figure 9-24, correspondsto an external MCP
source. When abit is set, the interrupt controller generates the corresponding MCP interrupt (sets the
corresponding SERSR hit). The SERFR can be read by the user at any time.

Offset 0x5C Access: Read/write
0 | | | S
R
INTn (Implemented bits are listed in Table 9-24.)
W
Reset All zeros

Figure 9-24. System Error Status Register (SERFR)
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Table 9-32 defines the bit fields of SERFR.
Table 9-32. SERFR Field Descriptions

Bits | Name Description

0-31 | INTn | Each implemented bit, listed in Table 9-24, corresponds to an external MCP source. The user forces an MCP by
setting the SERFR bit.

SERFR bit positions are not affected by their relative priority.

Attempts to write to unimplemented (reserved) bits are ignored; read = 0

9.5.22 System Critical Interrupt Vector Register (SCVCR)

SCVCR, shown in Figure 9-25, contains a 7-bit code (Table 9-33) representing the unmasked critical
interrupt (CINT) source of the highest priority level.

Note that in core-disabled mode the user should use SIVCR only to read an updated interrupt vector
(SCVCR should not be used).

Offset 0x60 Access: Read only
0 ‘ 5 6 ‘ 24 25 31
R CVECXx CVEC
" —
Reset All zeros

Figure 9-25. System Critical Interrupt Vector Register (SCVCR)

Table 9-33 defines SCVCR hit fields.
Table 9-33. SCVCR Field Descriptions

Bits | Name Description

0-5 | CVECx |Backward (MPC8260) compatible critical interrupt vector. Specifies a 6-bit unique number of the IPIC’s
highest priority critical interrupt source, pending to the core. When a critical interrupt request occurs, SCVCR
can be read. If there are multiple critical interrupt sources, SCVCR latches the highest priority critical
interrupt. Note that CVECx field will correctly reflect only first 64 interrupt vectors (See Table 9-7 for details).
The value of SCVEC cannot change while it is being read.

624 — Write ignored, read = 0

25-31 | CVEC | Critical interrupt vector. Specifies a 7-bit unique number of the IPIC’s highest priority critical interrupt source,
pending to the core. When a critical interrupt request occurs, SCVCR can be read. If there are multiple critical
interrupt sources, SCVCR latches the highest priority critical interrupt. Note that CVEC field correctly reflects
all of the interrupt vectors (See Table 9-7 for details).

The value of SCVEC cannot change while it is being read.

9.5.23 System Management Interrupt Vector Register (SMVCR)

SMVCR, shown in Figure 9-26, contains a 7-bit code (Table 9-34) representing the unmasked system
management interrupt (SM1) source of the highest priority level.
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Notethat in core disabled modethe user should use SIVCR only read an updated interrupt vector (SMVCR
should not be used).

Offset 0x64 Access: Read only
0 ‘ 5 6 24 25 ‘ 31
R MVECx MVEC
" —
Reset All zeros

Figure 9-26. System Management Interrupt Vector Register (SMVCR)

Table 9-34 defines the bit fields of SMVCR.
Table 9-34. SMVCR Field Descriptions

Bits | Name Description

0-5 | MVECx | Backward (MPC8260) compatible system management interrupt vector. Specifies a 6-bit unique number of the
IPIC’s highest priority system management interrupt source, pending to the core. When a system management
interrupt request occurs, SMVCR can be read. If there are multiple system management interrupt sources,
SMVCR latches the highest priority system management interrupt. Note that MVECx f correctly reflects only
the first 64 interrupt vectors (See Table 9-7 for details).

The value of SMVEC cannot change while it is being read.

6-24 — Write ignored, read = 0

25-31 | MVEC | System management interrupt vector. Specifies a 7-bit uniqgue number of the IPIC’s highest priority system
management interrupt source, pending to the core. When a system management interrupt request occurs,
SMVCR can be read. If there are multiple system management interrupt sources, SMVCR latches the highest
priority system management interrupt. Note that MVEC field will correctly reflect all interrupt vectors (See
Table 9-7 for details).

The value of SMVEC cannot change while it is being read.

9.5.24 QUICC Engine Ports Interrupt Event Register (CEPIER)

The QUICC Engine portsinterrupt event register (CEPIER), shown in Figure 9-27, carriesinformation on
the QUICC Engine ports events that caused an interrupt. Each bit in CEPIER, corresponds to one QUICC
Engine port, which may be the source of an interrupt. CEPIER bits are cleared by writing ones. However,
writing zero has no effect.
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Table 9-35 defines the bit fields of CEPIER.

Offset 0x0C' Access: wic
0 1 2 3 4 5 6 7 8 9 10 15
R|HDLC |HDLC |HDLC |HDLC
1_CTS|1_CD [2_CTS|2_CD _
W| wic | wic | wic | wic
Reset Undefined (the user should write 1s to clear before using)
16 31
R
W —
Reset Undefined (the user should write 1s to clear before using)

Figure 9-27. QUICC Engine Ports Interrupt Event Register (CEPIER)

T Note that the base address for CEPIER is not the same as the base address of other registers in the IPIC. Instead, this register
uses a base address which is specific to QUICC engine ports interrupts registers. See Chapter 2, “Memory Map.”

Table 9-35. CEPIER Bit Settings

Bits Name Description

0-3 HDLCx Interrupt is asserted to indicate change in level of the HDLC CTS/CD pins. Refer to CEPICR
for more details.

4-31 — Reserved. Should be cleared.

9.5.25 QUICC Engine Ports Interrupt Mask Register (CEPIMR)

The QUICC Engine portsinterrupt mask register (CEPIMR), shown in Figure 9-28, defines the interrupt
masking for the individual QUICC Engine ports lines. When a masked interrupt request occurs, the
corresponding CEPIER bit is set, regardless of the CEPIMR state. When one or more non-masked
interrupt events occur, the * QE Ports' internal event is generated. The * QE Ports’ internal event is one
source in the SIPNR register (See Section 9.5.3, “ System Internal Interrupt Pending Registers (SIPNR_H
and SIPNR_L).”
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Table 9-36 defines the bit fields of CEPIMR.

Offset 0x10! Access: Read/write

0 1 2 3 4 5 6 7 8 9 10 15
R :ID—CI;_? HDLC ';D—CI;_? HDLC .
Wl 3§ 1_CD s 2 CDh
Reset All zeros
16 31
R
" —
Reset All zeros

Figure 9-28. QUICC Engine Ports Interrupt Mask Register (CEPIMR)

1 Note that the base address for CEPIER is not the same as the base address of other registers in the IPIC. Instead, this register
uses a base address which is specific to QUICC engine ports interrupts registers. See Chapter 2, “Memory Map.”

Table 9-36. CEPIMR Bit Settings

Bits | Name Description

0-3 | HDLC | Interrupt mask. Indicates whether an interrupt event is masked or not masked.
x |0 The input interrupt signal is masked (disabled).
1 The input interrupt signal is not masked (enabled).

4-31 — | Reserved. Should be cleared.
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9.5.26 QUICC Engine Ports Interrupt Control Register (CEPICR)

The QUICC Engine portsinterrupt control register (CEPICR), shown in Figure 9-29, determines whether
the corresponding QUICC Engine port line asserts an interrupt request upon either a high-to-low change
or any change on the state of the signal.

Table 9-37 defines the bit fields of CEPICR.

Offset 0x14' Access: Read/write
0 1 2 3 4 5 6 7 8 9 10 15
R :LCI;'(I': HDLC ;LCI;'(I': HDLC .
w —§ 1_CD —§ 2_CD
Reset All zeros
16 31
R
" —
Reset All zeros

Figure 9-29. QUICC Engine Ports Interrupt Control Register (CEPICR)

1 Note that the base address for CEPIER is not the same as the base address of other registers in the IPIC. Instead, this register
uses a base address which is specific to QUICC engine ports interrupts registers. See Chapter 2, “Memory Map.”

Table 9-37. CEPICR Bit Settings

Bits | Name Description

0-3 |HDLC | Edge detection mode. The corresponding QUICC Engine port line asserts an interrupt request according to the
x |following:

0 Any change on the state of the QUICC Engine port generates an interrupt request.

1 High-to-low change on the QUICC Engine port generates an interrupt request.

4-31 — | Reserved. Should be cleared.

9.6 Functional Description

The following sections describe the types of interrupts, interrupt configurations, and their priorities.

9.6.1 Interrupt Types

The IPIC isresponsible for receiving hardware-generated interrupts from different sources (both internal
and external) along with prioritizing and delivering them to the CPU for servicing. The interrupt sources
are controlled by the | PIC unit and may causethreetypes of exceptionsin the processor core. Theint signal
isthe main interrupt output from the IPIC to the processor core and causes the external interrupt
exception.The cint signal isthe critical interrupt output from the | PIC to the processor core and causes the
critical external interrupt exception. The smi signal is the system management interrupt output from the
IPIC to the processor core and causes the system management interrupt exception. The machine check
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exception is caused by the internal mep signal generated by the IPIC, informing the processor of error
conditions, assertion of the external MCP request, and other conditions.

9.6.2 Interrupt Configuration

Figure 9-30 shows the interrupt configuration.

(QUICC Engine Instruction/
Multi-user RAM double ECC Error) mcep
CIEE, CMEE

System Bus Arbiter mcp
(SBA) >
mcp

WDT —————>

MCP Interrupts
(Internal and External)

ext mep

Y

IRQ[O] mep
MPC8309
Interrupt

Controller €300 Core

IRQO, IRQ1 extint L _

IRQ2, IRQ3 ~ 74 4
PT

RTC —~——>
QEHigh — 5|
QELow — 5

QEPorts — 5

DMA Engine 1 — 2% 5
DMA Engine 2 —5———>
GTM —F———>

DDR ————— >

elBC —————>
eSDHC ——>
UARTXx —5 >

12C —L»

SPI ——— >

System Bus Arbiter
(SBA)

GPIO —— >

PMC — 5]

UsB20 ——— >
FIexCANX —— >

int cint smi

> MCP_OUT

System Interrupts
(Internal and External)

Figure 9-30. Interrupt Structure for MPC8309

Theinterrupt controller allows masking of each interrupt source. When an unmasked interrupt sourceis
pending in the SIPNR register, the interrupt controller sends an interrupt request to the core. When an
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interrupt istaken, the interrupt mask bit in the machine state register is cleared to disable further interrupt
requests to the e300C3 Power Architecture processor core until software can handle them.

All interrupt sources are prioritized and bits are set in the system interrupt pending register (SIPNR,
SEPNR) as interrupts occur regardless of whether they are masked in the IPIC. The prioritization of the
interrupt sources is flexible within the following groups:

* Therelative priority of the, USB DR, QUICC Engine High, and QUICC Engine Low internal
interrupt signals can be modified.

» Therelative priority of the eSDHCinternal interrupt signals can be modified.
» Therelative priority of the DMA Engine 1 internal interrupts can be modified.

» Therelativepriority of the UARTX, FlexCANX, SPI, 12C1, and 12C2, internal interrupt signals can
be modified.

* Therelative priority of the IRQO, IRQ1, IRQ2, and IRQ3 external interrupts, and RTC SEC and
PIT internal interrupts can be modified.

» Therelative priority of the RTC ALR, SBA, and DMA Engine 2 internal interrupts can be
modified.

* Oneinterrupt source can be assigned to be the programmable highest priority.

The SIVCR isupdated with a 7-bit vector corresponding to the sub-block with the highest current priority.

9.6.3 Internal Interrupts Group Relative Priority

Therelative priority in each internal group is programmable and can be changed dynamically. The group
priorities are programmed in the IPIC internal interrupt priority registers (SIPRRx) and can be changed
dynamically to implement arotating priority.

In addition, the grouping of the locations of the interrupt entries has the following two options:

» Grouped. In the group scheme, al interrupts are grouped together at the top of Table 9-38, ahead
of most other interrupt sources. This schemeisideal for applications where all interrupt sources
function at avery high data rate and interrupt latency is very important.

» Spread. Inthe spread scheme, priorities are spread over Table 9-38 so other sources can havelower
interrupt latencies. This scheme is also programmed but cannot be changed dynamically.

9.6.4 Mixed Interrupts Group Relative Priority

Therelative priority between up to four internal and four external interruptsin each group isprogrammable
and can be changed dynamically. The group priorities are programmed in the | PIC mixed interrupt priority
registers (SMPRRXx) and can be changed dynamically to implement a rotating priority.

In addition, the grouping of the locations of the mixed interrupt entries has the following two options:

» Grouped. In the group scheme, al interrupts are grouped together at the top of the priority table,
ahead of most other interrupt sources. See Table 9-38 for more information. This schemeisideal
for applications where all interrupt sources function at a very high data rate and interrupt latency
IS very important.
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» Spread. In the spread scheme, priorities are spread over the table so other sources can have lower
interrupt latencies. This schemeis also programmed but cannot be changed dynamically.

9.6.5 Highest Priority Interrupt

In addition to the group relative priority option, SICFR[HPI] can be used to specify one interrupt source
as having the highest priority. Thisinterrupt remains within the same interrupt level as the other interrupt
controller interrupts, but is serviced before any other interrupt in Table 9-38.

If the highest priority feature is not used, the IPIC selectsthe interrupt request in M1XAO to be the highest
priority interrupt and the standard interrupt priority order is used from Table 9-38. SICFR[HPI] can be
updated dynamically to allow the user to change anormally low priority source into a high priority-source
for aperiod as needed.

9.6.6 Interrupt Source Priorities

Each of the IPIC’ sinternal and external interrupt sources can independently assert oneinterrupt request to
the core. Table 9-38 shows the prioritization of these interrupt sources. As described in previous sections,
flexibility existsin the relative ordering of the interrupts, but, in general, relative priorities are as shown.
A singleinterrupt priority number is associated with each table entry.

Table 9-38. Interrupt Source Priority Levels

Priority Interrupt Source Description
1 Highest
2 MIXAO (Grouped/Spread)
3 MIXA1 (Grouped)
4 MIXA2 (Grouped)
5 MIXAS (Grouped)
6 MIXBO (Spread)
7 SYSBO (Grouped)
8 SYSB1 (Grouped)
9 SYSB2 (Grouped)
10 SYSB3 (Grouped)
11 MIXA1 (Spread)
12 SYSB4 (Grouped)
13 SYSBS5 (Grouped)
14 SYSB6 (Grouped)
15 SYSB7 (Grouped)
16 MIXBO (Grouped)
17 MIXB1 (Grouped)
18 MIXB2 (Grouped)
19 MIXB3 (Grouped)
20 MIXB1 (Spread)
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Table 9-38. Interrupt Source Priority Levels (continued)

Integrated Programmable Interrupt Controller (IPIC)

Priority Interrupt Source Description
21 SYSAO (Grouped)
22 SYSAT1 (Grouped)
23 SYSA2 (Grouped)
24 SYSAS3 (Grouped)
25 MIXA2 (Spread)
26 SYSA4 (Grouped)
27 SYSAS5 (Grouped)
28 SYSAG6 (Grouped)
29 SYSA7 (Grouped)
30 MIXA4 (Grouped)
31 MIXA5 (Grouped)
32 MIXA6 (Grouped)
33 MIXA7 (Grouped)
34 MIXB2 (Spread)
35 SYSCO (Grouped)
36 SYSC1 (Grouped)
37 SYSC2 (Grouped)
38 SYSCS3 (Grouped)
39 MIXAS (Spread)
40 SYSC4 (Grouped)
41 SYSC5 (Grouped)
42 SYSC6 (Grouped)
43 SYSC?7 (Grouped)
44 MIXB4 (Grouped)
45 MIXB5 (Grouped)
46 MIXB6 (Grouped)
47 MIXB7 (Grouped)
48 MIXBS3 (Spread)
49 SYSDO (Grouped)
50 SYSD1 (Grouped)
51 SYSD2 (Grouped)
52 SYSD3 (Grouped)
53 MIXA4 (Spread)
54 SYSD4 (Grouped)
55 SYSD5 (Grouped)
56 SYSD6 (Grouped)
57 SYSD7 (Grouped)
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Table 9-38. Interrupt Source Priority Levels (continued)

Priority Interrupt Source Description
58 MIXB4 (Spread)
59 GTM4
60 SYSBO (Spread)
61 SYSAO (Spread)
62 GTM8
63 SYSCO (Spread)
64 SYSDO (Spread)
65 Reserved
66 QUICC Engine Ports
67 MIXAS5 (Spread)
68 GPIOx
69 SYSB1 (Spread)
70 SYSA1 (Spread)
71 DDR Controller
72 SYSC1 (Spread)
73 SYSD1 (Spread)
74 Reserved
75 eLBC
76 MIXB5 (Spread)
77 GTM2
78 SYSB2 (Spread)
79 SYSA2 (Spread)
80 GTM6
81 SYSC2 (Spread)
82 SYSD2 (Spread)
83 Reserved
84 PMC
85 MIXA6 (Spread)
86 Reserved
87 SYSB3 (Spread)
88 SYSAS3 (Spread)
89 Reserved
90 SYSCS (Spread)
91 SYSDS3 (Spread)
92 Reserved
93 Reserved
94 MIXB6 (Spread)
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Table 9-38. Interrupt Source Priority Levels (continued)

Integrated Programmable Interrupt Controller (IPIC)

Priority Interrupt Source Description
95 GTM3
96 SYSB4 (Spread)
97 SYSA4 (Spread)
98 GTM7
99 SYSC4 (Spread)
100 SYSD4 (Spread)
101 Reserved
102 Reserved
103 MIXA7 (Spread)
104 Reserved
105 SYSB5 (Spread)
106 SYSAS5 (Spread)
107 Reserved
108 SYSC5 (Spread)
109 SYSD5 (Spread)
110 Reserved
111 Reserved
112 MIXB7 (Spread)
113 GTMA1
114 SYSB6 (Spread)
115 SYSAG (Spread)
116 GTM5
117 SYSC6 (Spread)
118 SYSD6 (Spread)
119 Reserved
120 Reserved
121 Reserved
122 SYSB7 (Spread)
123 SYSA7 (Spread)
124 DMA Engine 1 ERR
125 SYSC7 (Spread)
126 SYSD7 (Spread)
127 Reserved
128 Reserved
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9.6.7 Masking Interrupt Sources

By programming the system interrupt mask registers, SIMSRx and SEM SR, the user can mask interrupt
requests to the core. Each SIMSRx and SEM SR bit corresponds to an interrupt source. To enable an
interrupt, set the corresponding SIMSR or SEM SR bit. When a masked interrupt source has a pending
interrupt request, the corresponding SIPNRx or SEM SR bit is set, even though the interrupt is not
generated to the core. The user can mask all interrupt sources to implement a polling interrupt servicing
scheme.

When an interrupt source has multiple interrupting events, the user can individually mask these events by
programming amask register within that particular block. Table 9-38 shows which interrupt sources have
multiple interrupting events.

Figure 9-31 shows an example of how the masking occurs, using a DDR block as an example.

DDR EVENT
SIPNR
Event
Bit
XX Input (or
XX Event Bits) — I Request to
the core
(Other Unmasked Requests)
DDR MASK
SIMSR
Mask
Bit
Mask N
Bit

Figure 9-31. DDR Interrupt Request Masking

9.6.8 Interrupt Vector Generation and Calculation

Pending unmasked interrupts are presented to the core in order of priority according to Table 9-38. The
interrupt vector that allows the core to locate the interrupt service routine is made available to the core by
interrupt handler software reading SIVCR. The interrupt controller passes an interrupt vector
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corresponding to the highest-priority, unmasked, pending interrupt in response to aread of SIVCR.
Table 9-6 lists the encodings for the seven low-order bits of the interrupt vector.

9.6.9 Machine Check Interrupts

The I PIC supports the non-maskable machine check interrupts. When an error interrupt signal isreceived,
the interrupt controller indicates the source by setting the corresponding SERSR bit. These sources are
listed in Table 9-24.
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Chapter 10
DDR Memory Controller

10.1 Introduction

The fully programmable DDR SDRAM controller supports most JEDEC standard x8, and x16, and x32
DDR2 memories available. In addition, unbuffered and registered DRAM modules are supported.
However, mixing different memory typesor unbuffered and registered DRAM modulesin the same system
isnot supported. Dynamic power management and auto-precharge modes simplify memory system design.
A large set of special features support rapid system debug.

NOTE

* Inthischapter, theword ‘bank’ refersto a physical bank specified by a
chip select; ‘logical bank’ refersto one of the four or eight sub-banksin
each SDRAM chip. A sub-bank isspecified by the 2 or 3 bitson the bank
address (MBA) pins during a memory access.

» MPC8309 supports only DDR2 controller. In this chapter, usage of the
word ‘DDR’ is generic and refers to the DDR2 controller.
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Figure 10-1 isahigh-level block diagram of the DDR memory controller with its associated interfaces.

Request from = Il\)/lDF{ SD?AM
master Address = Oog\r,1 | Address l[: e’\r/ln p?r1y3- Orray
Address from Decode 3 Tz?ble ~|_Control MB[A 2.-0]
master [2:0]
DDR SDRAM
Memory Control
MCSJ[0:1]
MCAS
<58 _| SDRAM {>—> M
1 Control MDM(0:3]
MDMES]
MCKE
EN MODT[0:1]
Data Qualifiers
l_ Delay chain :\\Aﬂggg[[g]S]
Data from
SDRAM < FIFO [« Data Signals
<— MDQ[0:31]
MECC[0:7]
EN
Data from >| SDRAM
master Control Clock
ocks

Clock MCKJO0:1]
Control MCK(0:1]

Figure 10-1. DDR Memory Controller Simplified Block Diagram

10.2 Features

The DDR memory controller includes these distinctive features:

Support for DDR2 SDRAM

Supports 8-bit ECC

Supports 16-/32-bit data interface

Programmable settings for meeting all SDRAM timing parameters
The following SDRAM configurations are supported:

— Asmany astwo physical banks (chip selects), each bank independently addressable up to
512 Mbytes

— 64-Mbit to 2-Gbit devices depending on internal device configuration with x8/x16/x32 data
ports (no direct x4 support)

— One 32-hit device, two 16-bit device or four 8-bit devices on a 32-bit bus
— Unbuffered and registered
Chip select interleaving support
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e Support for data mask signals and read-modify-write for sub-double-word writes. Note that a
read-modify-write sequence is only necessary when ECC is enabled.

» Support for double-bit error detection and single-bit error correction ECC (8-bit check word across
64-bit data)

*  Open page management (dedicated entry for each logical bank)

* Automatic DRAM initialization sequence or software-controlled initialization sequence

e Automatic DRAM datainitialization

e Support for up to eight posted refreshes

* Memory controller clock frequency of two times the SDRAM clock with support for sleep power
management

10.2.1 Modes of Operation

The DDR memory controller supports the following modes:

* Dynamic power management mode. The DDR memory controller can reduce power consumption
by negating the SDRAM CKE signal when no transactions are pending to the SDRAM.

» Auto-precharge mode. Clearing DDR_SDRAM_INTERVAL[BSTOPRE] causes the memory
controller to issue an auto-precharge command with every read or write transaction.
Auto-precharge mode can be enabled for separate chip selects by setting
CSn_CONFIG[AP_n_EN].

10.3 External Signal Descriptions

This section provides descriptions of the DDR memory controller’s external signals. It describes each
signal’s behavior when the signal is asserted or negated and when the signal is an input or an output.

10.3.1 Signals Overview

Memory controller signals are grouped as follows:
e Memory interface signals
» Clock signals
* Debug signals
Table 10-1 shows how DDR memory controller external signals are grouped. The MPC8309

Power QUICC 11 Pro Integrated Communications Processor Hardware Specification has a pinout diagram
showing pin numbers. It also lists all electrical and mechanical specifications.

Table 10-1. DDR Memory Interface Signal Summary

Name Function/Description Reset Pins /0
MDQJ[0:31] DDR data bus All zeros 32 1/0
MDQS[0:3] DDR data strobe All zeros 4 1/0
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Table 10-1. DDR Memory Interface Signal Summary (continued)

Name Function/Description Reset Pins 110
MDM[O0:3] DDR data mask All zeros 4 (0]
MECC[0:7] DDR ECC hits All zeros 8 1/0
MDQS[8] DDR data strobe All zeros 1 1/0
MDM[8] DDR data mask All zeros 1 (0]
MA[0:13] DDR address bus All zeros 14 (0]
MBA[0:2] DDR bank select All zeros 3 (0]
MCAS DDR column address strobe One 1 0
MRAS DDR row address strobe One 1 0
MWE DDR write enable One 1 0
MCY[0:1] DDR chip select All ones 2 0
MCKI0:1] DDR differential clocks Zero 2 (0]
MCKJ0:1] DDR differential clocks One 2 0
MCKE DDR clock enable Zero 2 (0]
MODTI[0:1] DDR on-die termination All zeros 2 (0]
MV REF DDR DRAM reference — 1 PWR

MPC8309 PowerQUICC Il Pro Integrated Communications Processor Reference Manual, Rev. 2
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Table 10-2 shows the memory address signal mappings.

Table 10-2. Memory Address Signhal Mappings

DDR Memory Controller

Signal Name (Outputs)

JEDEC DDR DIMM Signals (Inputs)

msb MA13 A13
MA12 A12
MA11 A11
MA10 A10 (AP for DDR)'
MA9 A9
MAS A8 (alternate AP for DDR)?
MA7 A7
MA6 A6
MA5 A5
MA4 A4
MA3 A3
MA2 A2
MA1 A1
Isb MAO AO
msb MBA2 MBA2
MBAA1 MBAA1
Isb MBAO MBAO

1 Auto-precharge for DDR signaled on A10 when DDR_SDRAM_CFG[PCHB8] = 0

2 Auto-precharge for DDR signaled on A8 when DDR_SDRAM_CFG[PCHBS8] = 1
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10.3.2 Detailed Signal Descriptions

Thefollowing sectionsdescribethe DDR SDRAM controller input and output signal s, the meaning of their
different states, and relative timing information for assertion and negation.

10.3.2.1

Memory Interface Signals

Table 10-3 describes the DDR controller memory interface signals.

Table 10-3. Memory Interface Signals—Detailed Signal Descriptions

Signal

Te}

Description

MDQ[0:31]

I/0

Data bus. Both input and output signals on the DDR memory controller.

0]

As outputs for the bidirectional data bus, these signals operate as described below.

State
Meaning

Asserted/Negated—Represent the value of data being driven by the DDR memory controller.

Timing

Assertion/Negation—Driven coincident with corresponding data strobes (MDQS) signal.
High impedance—No READ or WRITE command is in progress; data is not being driven by
the memory controller or the DRAM.

As inputs

for the bidirectional data bus, these signals operate as described below.

State
Meaning

Asserted/Negated—Represents the state of data being driven by the external DDR
SDRAMSs.

Timing

Assertion/Negation—The DDR SDRAM drives data during a READ transaction.
High impedance—No READ or WRITE command in progress; data is not being driven by the

memory controller or the DRAM.

MDQSJ0:3]

I/0

Data strob

es. Inputs with read data, outputs with write data.

As outputs, the data strobes are driven by the DDR memory controller during a write transaction. The
memory controller always drives these signals low unless a read has been issued and incoming data
strobes are expected. This keeps the data strobes from floating high when there are no transactions on

the DRAM

interface.

State
Meaning

Asserted/Negated—Driven high when positive capture data is transmitted and driven low
when negative capture data is transmitted. Centered in the data “eye” for writes;
coincident with the data eye for reads. Treated as a clock. Data is valid when signals
toggle. See Table 10-36 for byte lane assignments.

Timing

Assertion/Negation—If a WRITE command is registered at clock edge, data strobes at the
DRAM assert centered in the data eye. For more information, see the JEDEC DDR2
SDRAM specification.

As inputs,

strobes are used by the memory controller to synchronize data latching.

the data strobes are driven by the external DDR SDRAMs during a read transaction. The data

State
Meaning

Asserted/Negated—Driven high when positive capture data is received and driven low when
negative capture data is received. Centered in the data eye for writes; coincident with
the data eye for reads. Treated as a clock. Data is valid when signals toggle. See
Table 10-36 for byte lane assignments.

Timing

Assertion/Negation—If a READ command is registered at clock edge n, and the latency is
programmed in TIMING_CFG_1[CASLAT] to be m clocks, data strobes at the DRAM
assert coincident with the data on clock edge n + m. See the JEDEC DDR SDRAM

specification for more information.
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Table 10-3. Memory Interface Signals—Detailed Signal Descriptions (continued)

Signal

/0

Description

MA[13:0]

0]

Address bus. Memory controller outputs for the address to the DRAM. MA[13:0] carry 14 of the address
bits for the DDR memory interface corresponding to the row and column address bits. MAOQ is the Isb of
the address output from the memory controller.

State | Asserted/Negated—Represents the address driven by the DDR memory controller. Contains
Meaning different portions of the address depending on the memory size and the DRAM
command being issued by the memory controller. See Table 10-38 for a complete
description of the mapping of these signals.

Timing|Assertion/Negation—The address is always driven when the memory controller is enabled.
It is valid when a transaction is driven to DRAM (when MCSn is active).
High impedance—When the memory controller is disabled

MBA[2:0]

Logical bank address. Outputs that drive the logical (or internal) bank address pins of the SDRAM. Each
SDRAM supports four or eight addressable logical sub-banks. Bit zero of the memory controller’s output
bank address must be connected to bit zero of the SDRAM’s input bank address. MBAO, the
least-significant bit of the three bank address signals, is asserted during the mode register set command
to specify the extended mode register.

State | Asserted/Negated—Selects the DDR SDRAM logical (or internal) bank to be activated during
Meaning the row address phase and selects the SDRAM internal bank for the read or write
operation during the column address phase of the memory access. Table 10-38
describes the mapping of these signals in all cases.

Timing|Assertion/Negation—Same timing as MAn
High impedance—Same timing as MAn

MCAS

Column address strobe. Active-low SDRAM address multiplexing signal. MCAS is asserted for read or
write transactions and for mode register set, refresh, and precharge commands.

State | Asserted—Indicates that a valid SDRAM column address is on the address bus for read and
Meaning write transactions. See Table 10-41 for more information on the states required on
MCAS for various other SDRAM commands.
Negated—The column address is not guaranteed to be valid.

Timing|Assertion/Negation—Assertion and negation timing is directed by the values described in
Section 10.4.1.4, “DDR SDRAM Timing Configuration 0 (TIMING_CFG_0),
Section 10.4.1.5, “DDR SDRAM Timing Configuration 1 (TIMING_CFG_1),
Section 10.4.1.6, “DDR SDRAM Timing Configuration 2 (TIMING_CFG_2),” and
Section 10.4.1.3, “DDR SDRAM Timing Configuration 3 (TIMING_CFG_3)”

High impedance—MCAS is always driven unless the memory controller is disabled.

MRAS

Row address strobe. Active-low SDRAM address multiplexing signal. Asserted for activate commands.
In addition; used for mode register set commands and refresh commands.

State | Asserted—Indicates that a valid SDRAM row address is on the address bus for read and
Meaning write transactions. See Table 10-41 for more information on the states required on
MRAS for various other SDRAM commands.
Negated—The row address is not guaranteed to be valid.

Timing|Assertion/Negation—Assertion and negation timing is directed by the values described in
Section 10.4.1.4, “DDR SDRAM Timing Configuration 0 (TIMING_CFG_0),
Section 10.4.1.5, “DDR SDRAM Timing Configuration 1 (TIMING_CFG_1),
Section 10.4.1.6, “DDR SDRAM Timing Configuration 2 (TIMING_CFG_2),” and
Section 10.4.1.3, “DDR SDRAM Timing Configuration 3 (TIMING_CFG_3)”

High impedance—MRAS is always driven unless the memory controller is disabled.

MPC8309 PowerQUICC Il Pro Integrated Communications Processor Reference Manual, Rev. 2

Freescale Semiconductor 10-7



DDR Memory Controller

Table 10-3. Memory Interface Signals—Detailed Signal Descriptions (continued)

Signal /0 Description

MCSJ[0:1] O |Chip selects. Two chip selects are supported by the memory controller.

State | Asserted—Selects a physical SDRAM bank to perform a memory operation as described in
Meaning Section 10.4.1.1, “Chip Select Memory Bounds (CSn_BNDS),” and Section 10.4.1.2,
“Chip Select Configuration (CSn_CONFIG).” The DDR controller asserts one of the
MCS[0:1] signals to begin a memory cycle.
Negated—Indicates no SDRAM action during the current cycle.

Timing|Assertion/Negation—Asserted to signal any new transaction to the SDRAM. The transaction
must adhere to the timing constraints set in TIMING_CFG_0-TIMING_CFG_8S.
High impedance—Always driven unless the memory controller is disabled.

MWE O |Write enable. Asserted when a write transaction is issued to the SDRAM. This is also used for mode
registers set commands and precharge commands.

State | Asserted—Indicates a memory write operation. See Table 10-41 for more information on the
Meaning states required on MWE for various other SDRAM commands.
Negated—Indicates a memory read operation.

Timing|Assertion/Negation—Similar timing as MRAS and MCAS. Used for write commands.
High impedance—MWE is always driven unless the memory controller is disabled.

MDM[8] O |DDR SDRAM data output mask. Masks unwanted bytes of data transferred during a write. They are
needed to support sub-burst-size transactions (such as single-byte writes) on SDRAM where all I/O
occurs in multi-byte bursts. MDMO corresponds to the most significant byte (MSB). Table 10-36 shows
byte lane encodings.

State | Asserted—Prevents writing to DDR SDRAM. Asserted when data is written to DRAM if the
Meaning corresponding byte(s) should be masked for the write. Note that the MDMn signals are
active-high for the DDR controller. MDMn is part of the DDR command encoding.

Negated—Allows the corresponding byte to be written to the SDRAM.

Timing|Assertion/Negation—Same timing as MDQx as outputs.
High-impedance—Always driven unless the memory controller is disabled.

MODT[0:1] O |On-Die termination. Memory controller outputs for the ODT to the DRAM. MODTI[0:1] represents the
on-die termination for the associated data, data masks, and data strobes.

State | Asserted/Negated—Represents the ODT driven by the DDR memory controller.
Meaning

Timing|Assertion/Negation—Driven in accordance with JEDEC DRAM specifications for on-die
termination timings. It is configured through the CSn_CONFIG[ODT_RD_CFG] and
CSn_CONFIG[ODT_WR_CFG] fields.

High impedance—Always driven.

10.3.2.2 Clock Interface Signals

Table 10-4 contains the detailed descriptions of the clock signals of the DDR controller.
Table 10-4. Clock Signals—Detailed Signal Descriptions

Signal /0 Description

MCKJO0:1], O |DRAM clock output and its complement. See Section 10.5.4.1, “Clock Distribution.”
MCKJ0:1]

State | Asserted/Negated—The JEDEC DDR SDRAM specifications require true and complement
Meaning clocks. A clock edge is seen by the SDRAM when the true and complement cross.

Timing|Assertion/Negation—Timing is controlled by the DDR_CLK_CNTL register at offset 0x130.
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Table 10-4. Clock Signhals—Detailed Signal Descriptions (continued)

Signal

/0

Description

MCKE 0]

clocking the DDR SDRAM.

Clock enable. Output signals used as the clock enables to the SDRAM. MCKE can be negated to stop

Meaning

State | Asserted—Clocking to the SDRAM is enabled.
Negated—Clocking to the SDRAM is disabled and the SDRAM should ignore signal transitions
on MCKO or MCKO0. MCKO/MCKO are don’t cares while MCKE is negated.

Timing

High impedance—Always driven.

Assertion/Negation—Asserted when DDR_SDRAM_CFG[MEM_EN] is set. Can be negated
when entering dynamic power management or self refresh. Are asserted again when
exiting dynamic power management or self refresh.

10.4 Memory Map/Register Definition

Table 10-5 shows the register memory map for the DDR memory controller.

In thistable and in the register figures and field descriptions, the following access definitions apply:
Reserved fields are aways ignored for the purposes of determining access type.
R/W, R, and W (read/write, read only, and write only) indicate that all the non-reserved fieldsin a

register have the same access type.

wlc indicates that all of the non-reserved fieldsin aregister are cleared by writing ones to them.

Mixed indicates a combination of access types.

Special isused when no other category applies. In this casethe register figure and field description

table should be read carefully.

Table 10-5. DDR Memory Controller Memory Map

Offset Register Access Reset Section/Page
DDR Memory Controller—Block Base Address 0x0_2000
0x000 |CSO_BNDS—Chip select 0 memory bounds R/W | 0x0000_0000 | 10.4.1.1/10-11
0x008 [CS1_BNDS—Chip select 1 memory bounds R/W | 0x0000_0000 |10.4.1.1/10-11
0x080 |CS0_CONFIG—Chip select 0 configuration R/W | 0x0000_0000 | 10.4.1.2/10-11
0x084 |CS1_CONFIG—Chip select 1 configuration R/W | 0x0000_0000 | 10.4.1.2/10-11
0x100 |TIMING_CFG_3—DDR SDRAM timing configuration 3 R/W | 0x0000_0000 | 10.4.1.3/10-13
0x104 |TIMING_CFG_0—DDR SDRAM timing configuration 0 R/W | 0x0011_0105 | 10.4.1.4/10-14
0x108 |TIMING_CFG_1—DDR SDRAM timing configuration 1 R/W | 0x0000_0000 | 10.4.1.5/10-16
0x10C |TIMING_CFG_2—DDR SDRAM timing configuration 2 R/W | 0x0000_0000 | 10.4.1.6/10-18
0x110 |DDR_SDRAM_CFG—DDR SDRAM control configuration R/W | 0x0200_0000 | 10.4.1.7/10-19
0x114 |DDR_SDRAM_CFG_2—DDR SDRAM control configuration 2 R/W | 0x0000_0000 | 10.4.1.8/10-22
0x118 |DDR_SDRAM_MODE—DDR SDRAM mode configuration R/W | 0x0000_0000 | 10.4.1.9/10-23
0x11C |DDR_SDRAM_MODE_2—DDR SDRAM mode configuration 2 R/W | 0x0000_0000 | 10.4.1.10/10-2
4
0x120 |DDR_SDRAM_MD_CNTL—DDR SDRAM mode control R/W | 0x0000_0000 | 10.4.1.11/10-2
5
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Table 10-5. DDR Memory Controller Memory Map (continued)

Offset Register Access Reset Section/Page
0x124 |DDR_SDRAM_INTERVAL—DDR SDRAM interval configuration R/W | 0x0000_0000 |10.4.1.12/10-2
7
0x128 |DDR_DATA_INIT—DDR SDRAM data initialization R/W | 0x0000_0000 | 10.4.1.13/10-2
8
0x130 |DDR_SDRAM_CLK_CNTL—DDR SDRAM clock control R/W | 0x0200_0000 | 10.4.1.14/10-2
8
0x140— |Reserved — — —
0x144
0x148 |DDR_INIT_ADDR—DDR training initialization address R/W | 0x0000_0000 | 10.4.1.15/10-2
9
0x150— |Reserved — — —
0xBF4
0xBF8 |DDR_IP_REV1—DDR IP block revision 1 R oxnnnn_nnnn' | 10.4.1.16/10-2
9
0xBFC |DDR_IP_REV2—DDR IP block revision 2 R 0x00nn_00nn | 10.4.1.17/10-3
0
O0xEO00 |DATA_ERR_INJECT_HI—Memory data path error injection mask high R/W | 0x0000_0000 | 10.4.1.18/10-3
0
0xE04 |DATA_ERR_INJECT_LO—Memory data path error injection mask low R/W | 0x0000_0000 | 10.4.1.19/10-3
1
0xE08 |ERR_INJECT—Memory data path error injection mask ECC R/W | 0x0000_0000 | 10.4.1.20/10-3
1
0xE20 |CAPTURE_DATA_HI—Memory data path read capture high R/W | 0x0000_0000 |10.4.1.21/10-3
2
0xE24 |CAPTURE_DATA_LO—Memory data path read capture low R/W | 0x0000_0000 | 10.4.1.22/10-3
2
0xE28 |CAPTURE_ECC—Memory data path read capture ECC R/W | 0x0000_0000 | 10.4.1.23/10-3
3
0xE40 |ERR_DETECT—Memory error detect wic | 0x0000_0000 | 10.4.1.24/10-3
3
0xE44 |ERR_DISABLE—Memory error disable R/W | 0x0000_0000 | 10.4.1.25/10-3
4
0xE48 |ERR_INT_EN—Memory error interrupt enable R/W | 0x0000_0000 | 10.4.1.26/10-3
5
0xE4C |CAPTURE_ATTRIBUTES—Memory error attributes capture R/W | 0x0000_0000 | 10.4.1.27/10-3
6
0xE50 |CAPTURE_ADDRESS—Memory error address capture R/W | 0x0000_0000 | 10.4.1.28/10-3
7
OxE54 |Reserved — — —
0xE58 |ERR_SBE—Single-Bit ECC memory error management R/W | 0x0000_0000 | 10.4.1.29/10-3

7

e

Implementation-dependent reset values are listed in specified section/page.
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DDR Memory Controller

10.4.1 Register Descriptions

This section describes the DDR memory controller registers. Shading indicates reserved fieldsthat should
not be written.

10.4.1.1 Chip Select Memory Bounds (CSn_BNDS)

The chip select boundsregisters (CSn_BNDS) define the starting and ending address of the memory space
that correspondsto the individual chip selects. Note that the size specified in CSn_BNDS should equal the
size of physical DRAM. Also, note that EAn must be greater than or equal to SAn.

If chip select interleaving is enabled, all fieldsin the lower interleaved chip select are used, and the other
chip selects' bounds registers are unused. For example, if chip selects0 and 1 areinterleaved, al fieldsin
CS0 BNDS are used, and all fieldsin CS1_BNDS are unused.

CSn_BNDS are shown in Figure 10-2.

Offset 0x000, 0x008 Access: Read/Write
0 ’ 7|8 ’ 15|16 23|24 31
R
— SAn — EAn
w
Reset All zeros

Figure 10-2. Chip Select Bounds Registers (CSn_BNDS)

Table 10-6 describesthe CSn_BNDS register fields.
Table 10-6. CSn_BNDS Field Descriptions

Bits | Name Description

0-7 — Reserved

8-15 SAn |Starting address for chip select (bank) n. This value is compared against the 8 msbs of the 32-bit address.

1623 — Reserved

24-31 EAn |Ending address for chip select (bank) n. This value is compared against the 8 msbs of the 32-bit address.

10.4.1.2 Chip Select Configuration (CSn_CONFIG)

The chip select configuration (CSn_CONFIG) registers shown in Figure 10-3 enablethe DDR chip selects
and set the number of row and column bits used for each chip select. These registers should beloaded with
the correct number of row and column bitsfor each SDRAM. Because CSn_CONFIG[ROW_BITS CS n,
COL_BITS _CS n] establish address multiplexing, the user should take great care to set these values
correctly.

If chip select interleaving is enabled, then all fieldsin the lower interleaved chip select are used, and the
other registers fields are unused, with the exception of the ODT_RD_CFG and ODT_WR_CFG fields.
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For example, if chip selects 0 and 1 are interleaved, al fieldsin CSO_CONFIG are used, but only the
ODT_RD_CFG and ODT_WR_CFG fieldsin CS1_CONFIG are used.

Offset 0x080, 0x084

Access: Read/Write

0 1 ‘ 7 8 9 11 12 13 15

VF; CS_n_EN — AP_n_EN| ODT_RD_CFG — ODT_WR_CFG
Reset All zeros

16 17 18 20 21 23 24 28 29 31

VF\j BA_BITS_CS_n — ROW_BITS_CS_n — COL_BITS_CS_n
Reset All zeros

Figure 10-3. Chip Select Configuration Register (CSn_CONFIG)
Table 10-7 describes the CSn_CONFIG register fields.

Table 10-7. CSn_CONFIG Field Descriptions

Bits

Name

Description

CS_n_EN

Chip select n enable
0 Chip select nis not active
1 Chip select nis active and assumes the state set in CSn_BNDS.

1-7

Reserved

AP_n_EN

Chip select n auto-precharge enable

0 Chip select nis only auto-precharged if global auto-precharge mode is enabled
(DDR_SDRAM_INTERVAL[BSTOPRE] = 0).

1 Chip select n always issues an auto-precharge for read and write transactions.

911

ODT_RD_CFG

ODT for reads configuration. Note that CAS latency plus additive latency must be at least
3 cycles for ODT_RD_CFG to be enabled.

000 Never assert ODT for reads

001 Assert ODT only during reads to CSn

010 Assert ODT only during reads to other chip selects

011 Reserved

100 Assert ODT for all reads

101-111Reserved

12

Reserved

13-15

ODT_WR_CFG

ODT for writes configuration. Note that write latency plus additive latency must be at least
3 cycles for ODT _WR_CFG to be enabled.

000 Never assert ODT for writes

001 Assert ODT only during writes to CSn

010 Assert ODT only during writes to other chip selects

011 Reserved

100 Assert ODT for all writes

101-111Reserved

16-17

BA_BITS_CS_n

Number of bank bits for SDRAM on chip select n. These bits correspond to the sub-bank bits
driven on MBAn in Table 10-38.

00 2 logical bank bits

01 3 logical bank bits

10-11Reserved
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Table 10-7. CSn_CONFIG Field Descriptions (continued)

Bits Name Description

18-20 — Reserved

21-23 | ROW_BITS_CS_n |Number of row bits for SODRAM on chip select n. See Table 10-38 for details.
000 12 row bits

001 13 row bits

010 14 row bits

011-111 Reserved

24-28 — Reserved

29-31 | COL_BITS_CS_n |Number of column bits for SDRAM on chip select n. For DDR, the decoding is as follows:
000 8 column bits

001 9 column bits

010 10 column bits

011 11 column bits

100-111 Reserved

10.4.1.3 DDR SDRAM Timing Configuration 3 (TIMING_CFG_3)

DDR SDRAM timing configuration register 3, shown in Figure 10-4, sets the extended refresh recovery
time, which is combined with TIMING_CFG_1[REFREC] to determine the full refresh recovery time.

Offset 0x100 Access: Read/Write
0 ‘ ‘ ‘12 13 15| 16 ‘ ‘ ‘ 31
R o EXT_RE- .
w FREC
Reset All zeros

Figure 10-4. DDR SDRAM Timing Configuration 3 (TIMING_CFG_3)

Table 10-8 describes TIMING_CFG_3fields.
Table 10-8. TIMING_CFG_3 Field Descriptions

Bits Name Description

0-12 — Reserved, should be cleared.

13-15 | EXT_REFREC |Extended refresh recovery time (tggc). Controls the number of clock cycles from a refresh command
until an activate command is allowed. This field is concatenated with TIMING_CFG_1[REFREC] to
obtain a 7-bit value for the total refresh recovery. Note that hardware adds an additional 8 clock
cycles to the final, 7-bit value of the refresh recovery. tgec = {EXT_REFREC || REFREC} + 8, such
that trec is calculated as follows:

000 O clocks

001 16 clocks
010 32 clocks
011 48 clocks
100 64 clocks
101 80 clocks
110 96 clocks
111 112 clocks

16-31 — Reserved, should be cleared.

MPC8309 PowerQUICC Il Pro Integrated Communications Processor Reference Manual, Rev. 2

Freescale Semiconductor 10-13




DDR Memory Controller

10.4.1.4 DDR SDRAM Timing Configuration 0 (TIMING_CFG_0)

DDR SDRAM timing configuration register 0, shown in Figure 10-5, sets the number of clock cycles
between various SDRAM control commands.

Offset 0x104

R
w

Reset 0 0 0 O

0 1

2 3|4

5

Access: Read/Write

6 7| 8 9 11 |12 13 15 |16 19| 20 23 |24 27|28 31

RWT

WRT

RRT

WWT | — |ACT_PD_EXIT|— |PRE_PD_EXIT — ODT_PD_EXIT — MRS_CYC

oo oo0/o o o t1tjo o o 1t|/0000 0 O O 1t/000O00T1TO0OHT

Figure 10-5. DDR SDRAM Timing Configuration 0 (TIMING_CFG_0)
Table 10-9 describes TIMING_CFG 0 fields.

Table 10-9. TIMING_CFG_O Field Descriptions

Bits

Name

Description

RWT

Read-to-write turnaround (tgyy)- Specifies how many extra cycles are added between a read to write
turnaround. If O clocks is chosen, then the DDR controller uses a fixed number based on the CAS
latency and write latency. Choosing a value other than 0 adds extra cycles past this default
calculation. As a default the DDR controller determines the read-to-write turnaround as CL — WL +
BL + 2 + 2. In this equation, CL is the CAS latency rounded up to the next integer, WL is the
programmed write latency, and BL is the burst length.

00 O clocks 10 2 clocks
01 1 clock 11 3 clocks

WRT

Write-to-read turnaround. Specifies how many extra cycles are added between a write to read
turnaround. If O clocks is chosen, then the DDR controller uses a fixed number based on the, read
latency, and write latency. Choosing a value other than 0 adds extra cycles past this default
calculation. As a default, the DDR controller determines the write-to-read turnaround as WL — CL +
BL + 2 + 1. In this equation, CL is the CAS latency rounded down to the next integer, WL is the
programmed write latency, and BL is the burst length.

00 O clocks 10 2 clocks
01 1 clock 11 3 clocks

RRT

Read-to-read turnaround. Specifies how many extra cycles are added between reads to different
chip selects. As a default, 3 cycles are required between read commands to different chip selects.
Extra cycles may be added with this field. Note: If 8-beat bursts are enabled, then 5 cycles are the
default. Note that DDR2 does not support 8-beat bursts.

00 O clocks 10 2 clocks
01 1 clock 11 3 clocks

WWT

Write-to-write turnaround. Specifies how many extra cycles are added between writes to different
chip selects. As a default, 2 cycles are required between write commands to different chip selects.
Extra cycles may be added with this field. Note: If 8-beat bursts are enabled, then 4 cycles are the
default. Note that DDR2 does not support 8-beat bursts.

00 O clocks 10 2 clocks
01 1 clock 11 3 clocks

Reserved, should be cleared.
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Table 10-9. TIMING_CFG_O Field Descriptions (continued)

Bits Name Description

9-11 | ACT_PD_EXIT |Active powerdown exit timing (txarp and txarps)- Specifies how many clock cycles to wait after
exiting active powerdown before issuing any command.
000 Reserved 100 4 clocks
001 1 clock 101 5 clocks
010 2 clocks 110 6 clocks
011 3 clocks 111 7 clocks

12 — Reserved, should be cleared.

13-15 | PRE_PD_EXIT |Precharge powerdown exit timing (typ). Specifies how many clock cycles to wait after exiting
precharge powerdown before issuing any command.
000 Reserved
001 1 clock
010 2 clocks
011 3clocks
100 4 clocks
101 5 clocks
110 6 clocks
111 7 clocks

16-19 — Reserved, should be cleared.

20-23 | ODT_PD_EXIT |ODT powerdown exit timing (taxpp)- Specifies how many clocks must pass after exiting powerdown
before ODT may be asserted.
0000 O clock 1000 8 clocks
0001 1 clock 1001 9 clocks
0010 2 clocks 1010 10 clocks
0011 3 clocks 1011 11 clocks
0100 4 clocks 1100 12 clocks
0101 5 clocks 1101 13 clocks
0110 6 clocks 1110 14 clocks
0111 7 clocks 1111 15 clocks

24-27 — Reserved, should be cleared.

28-31 MRS_CYC Mode register set cycle time (t\yrp)- Specifies the number of cycles that must pass after a Mode

Register Set command until any other command.

0000 Reserved 1000 8 clocks
0001 1 clock 1001 9 clocks
0010 2 clocks 1010 10 clocks
0011 3 clocks 1011 11 clocks
0100 4 clocks 1100 12 clocks
0101 5 clocks 1101 13 clocks
0110 6 clocks 1110 14 clocks
0111 7 clocks 1111 15 clocks
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10.4.1.5 DDR SDRAM Timing Configuration 1 (TIMING_CFG_1)

DDR SDRAM timing configuration register 1, shown in Figure 10-6, sets the number of clock cycles
between various SDRAM control commands.

Offset 0x108 Access: Read/Write
0 1 3|4 718 9 11 12 15|16 19(20 21 23(24 25 27 |28 29 31
R
wi—™ PRETOACT| ACTTOPRE |—|ACTTORW/| CASLAT REFREC |—|WRREC|—|ACTTOACT |—|WRTORD
Reset All zeros

Figure 10-6. DDR SDRAM Timing Configuration 1 (TIMING_CFG_1)

Table 10-10 describes TIMING_CFG_1 fields.
Table 10-10. TIMING_CFG_1 Field Descriptions

Bits Name Description

0 — Reserved, should be cleared.

1-3 |PRETOACT |Precharge-to-activate interval (tgp). Determines the number of clock cycles from a precharge command
until an activate or refresh command is allowed.

000 Reserved
001 1 clock

010 2 clocks
011 3 clocks
100 4 clocks
101 5 clocks
110 6 clocks
111 7 clocks

4-7 |ACTTOPRE |Activate to precharge interval (tgas). Determines the number of clock cycles from an activate command
until a precharge command is allowed.

0000 16 clocks 0101 5 clocks

0001 17 clocks 0110 6 clocks

0010 18 clocks 0111 7 clocks

0011 19 clocks

0100 4 clocks 1111 15 clocks
8 — Reserved, should be cleared.

9-11 | ACTTORW |Activate to read/write interval for SDRAM (tgcp). Controls the number of clock cycles from an activate
command until a read or write command is allowed.

000 Reserved
001 1 clock

010 2 clocks
011 3 clocks
100 4 clocks
101 5 clocks
110 6 clocks
111 7 clocks
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Table 10-10. TIMING_CFG_1 Field Descriptions (continued)

Bits Name Description
12-15| CASLAT |MCAS latency from READ command. Number of clock cycles between registration of a READ command
by the SDRAM and the availability of the first output data. If a READ command is registered at clock edge
N and the latency is Mclocks, data is available nominally coincident with clock edge N + M. This value
must be programmed at initialization as described in Section 10.4.1.8, “DDR SDRAM Control
Configuration 2 (DDR_SDRAM_CFG_2).)
0000 Reserved 1000 4.5 clocks
0001 Reserved 1001 5 clocks
0010 Reserved 1010 5.5 clocks
0011 Reserved 1011 6 clocks
0100 Reserved 1100 6.5 clocks
0101 3 clocks 1101 7 clocks
0110 3.5 clocks 1110 7.5 clocks
0111 4 clocks 1111 8 clocks
16—19| REFREC |Refresh recovery time (tggc). Controls the number of clock cycles from a refresh command until an activate
command is allowed. This field is concatenated with TIMING_CFG_3[EXTREFREC] to obtain a 7-bit value
for the total refresh recovery. Note that hardware adds an additional 8 clock cycles to the final, 7-bit value
of the refresh recovery, such that tggc is calculated as follows: tgpc = {EXT_REFREC || REFREC]} + 8.
0000 8 clocks 0011 11 clocks
0001 9 clocks
0010 10 clocks 1111 23 clocks
20 — Reserved, should be cleared.
21-23| WRREC |Last data to precharge minimum interval (tyg). Determines the number of clock cycles from the last data
associated with a write command until a precharge command is allowed.
000 Reserved
001 1 clock
010 2 clocks
011 3 clocks
100 4 clocks
101 5 clocks
110 6 clocks
111 7 clocks
24 — Reserved, should be cleared.
25-27 | ACTTOACT |Activate-to-activate interval (tggp). Number of clock cycles from an activate command until another
activate command is allowed for a different logical bank in the same physical bank (chip select).
000 Reserved 100 4 clocks
001 1 clock 101 5 clocks
010 2 clocks 110 6 clocks
011 3 clocks 111 7 clocks
28 — Reserved, should be cleared.
29-31| WRTORD |Last write data pair to read command issue interval (tyR). Number of clock cycles between the last write

data pair and the subsequent read command to the same physical bank.

000 Reserved 100 4 clocks
001 1 clock 101 5 clocks
010 2 clocks 110 6 clocks
011 3 clocks 111 7 clocks
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10.4.1.6 DDR SDRAM Timing Configuration 2 (TIMING_CFG_2)
DDR SDRAM timing configuration 2, shown in Figure 10-7, sets the clock delay to data for writes.

Offset 0x10C

Table 10-11 describesthe TIMING_CFG_2 fields.

1 3

‘8 9 10 ‘12 13

15

18 19‘

21 22 23‘

Access: Read/Write

25 26 ‘ 31

ADD_LAT

CPO | —|WR_LAT

RD_TO_PRE | WR_DATA_DELAY

CKE_PLS

FOUR_ACT

All zeros

Figure 10-7. DDR SDRAM Timing Configuration 2 Register (TIMING_CFG_2)

Table 10-11. TIMING_CFG_2 Field Descriptions

Bits Name Description
0 — Reserved
1-3 ADD_LAT Additive latency. The additive latency must be set to a value less than TIMING_CFG_1[ACTTORW].
000 O clocks
001 1 clock
010 2 clocks
011 3 clocks
100 4 clocks
101 5 clocks
110 Reserved
111 Reserved
4-8 CPO MCAS-to-preamble override. Defines the number of DRAM cycles between when a read is issued
and when the corresponding DQS preamble is valid for the memory controller. For these decodings,
“READ_LAT” is equal to the CAS latency plus the additive latency.
00000READ_LAT + 1 01100READ_LAT + 5/2
00001Reserved 01101READ_LAT + 11/4
00010READ_LAT 01110READ_LAT + 3
00011READ_LAT + 1/4 01111READ_LAT + 13/4
00100READ_LAT + 1/2 10000READ_LAT + 7/2
00101READ_LAT + 3/4 10001READ_LAT + 15/4
00110READ_LAT + 1 10010READ_LAT + 4
00111READ_LAT + 5/4 10011READ_LAT + 17/4
01000READ_LAT + 3/2 10100READ_LAT + 9/2
01001READ_LAT + 7/4 10101READ_LAT + 19/4
01010READ_LAT + 2 10110-11111 Reserved
01011READ_LAT + 9/4
9 — Reserved
10-12 WR_LAT Write latency. Note that the total write latency for DDR2 is equal to WR_LAT + ADD_LAT.
000 Reserved
001 1 clock
010 2 clocks
011 3 clocks
100 4 clocks
101 5 clocks
110 6 clocks
111 7 clocks
13-15 — Reserved
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Table 10-11. TIMING_CFG_2 Field Descriptions (continued)

Bits Name Description

16-18 RD_TO_PRE Read to precharge (tgrp). For DDR2, with a non-zero ADD_LAT value, takes a minimum of
ADD_LAT + tgyp cycles between read and precharge.
000 Reserved 100 4 cycles
001 1 cycle 101-111 Reserved
010 2cycles
011 3cycles

19-21| WR_DATA_DELAY |Write command to write data strobe timing adjustment. Controls the amount of delay applied to the
data and data strobes for writes. See Section 10.5.7, “DDR SDRAM Write Timing Adjustments,” for
details.
000 O clock delay 100 1 clock delay
001 1/4 clock delay 101 5/4 clock delay
010 1/2 clock delay 110 3/2 clock delay
011 3/4 clock delay 111 Reserved

22 — Reserved

23-25 CKE_PLS Minimum CKE pulse width (tckg)-
000 Reserved 011 3cycles
001 1 cycle 100 4 cycles
010 2cycles 101-111 Reserved

26-31 FOUR_ACT Window for four activates (traw)- This is applied to DDR2 with eight logical banks only.

000000 Reserved

0000011 cycle 010011 19 cycles

0000102 cycles 01010020 cycles
0000113 cycles 010101-111111 Reserved
0001004 cycles

10.4.1.7 DDR SDRAM Control Configuration (DDR_SDRAM_CFG)

The DDR SDRAM control configuration register, shown in Figure 10-8, enables the interface logic and
specifies certain operating features such as self refreshing, registered DIMMs, and dynamic power

management.
Offset 0x110 Access: Read/Write
0 1 2 3 4 5 7 |8 9 10 11 ‘ 12 13 14 15
R DYN
w/|MEM_EN |SREN|ECC_EN RD_EN|—| SDRAM_TYPE | — _P DBW — NCAP —
WR
Reset 0 0 0 0 0 O 1 00 0 O 0 ‘ 0 0 0 0
16 17 23 | 24 26 27 28 29 30 31
R
W 2T_EN BA_INTLV_CTL — PCHB8| HSE | — |MEM_HALT | BI
Reset All zeros
Figure 10-8. DDR SDRAM Control Configuration Register (DDR_SDRAM_CFG)
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Table 10-12 describesthe DDR_SDRAM_CFG fields.

Table 10-12. DDR_SDRAM_CFG Field Descriptions

Bits Name Description
0 MEM_EN DDR SDRAM interface logic enable.
0 SDRAM interface logic is disabled.
1 SDRAM interface logic is enabled. Must not be set until all other memory configuration
parameters have been appropriately configured by initialization code.
1 SREN Self refresh enable (during sleep).
0 SDRAM self refresh is disabled during sleep. Whenever self-refresh is disabled, the system is
responsible for preserving the integrity of SDRAM during sleep.
1 SDRAM self refresh is enabled during sleep.
2 ECC_EN ECC enable. Note that uncorrectable read errors may cause an interrupt.
0 No ECC errors are reported. No ECC interrupts are generated.
1 ECC is enabled.
3 RD_EN Registered DRAM module enable. Specifies the type of DRAM module used in the system.
0 Indicates unbuffered DRAM modules.
1 Indicates registered DRAM modules.
Note: RD_EN and 2T_EN must not both be set at the same time.
4 — Reserved
5-7 | SDRAM_TYPE |Type of SDRAM device to be used. This field is used when issuing the automatic hardware
initialization sequence to DRAM through Mode Register Set and Extended Mode Register Set
commands.
For DDR2 SDRAM, the field is set to 011.
8-9 — Reserved
10 DYN_PWR Dynamic power management mode
0 Dynamic power management mode is disabled.
1 Dynamic power management mode is enabled. If there is no ongoing memory activity, the
SDRAM CKE signal is negated.
11-12 DBW DRAM data bus width.
00 Reserved
01  32-bit bus is used
10 16-bit bus is used
11 Reserved
13 — Reserved
14 NCAP Non-concurrent auto-precharge. Some older DDR DRAMSs do not support concurrent auto
precharge. If one of these devices is used, then this bit needs to be set if auto precharge is used.
0 DRAMs in system support concurrent auto-precharge.
1 DRAMs in system do not support concurrent auto-precharge.
15 — Reserved
16 2T_EN Enable 2T timing.
0 1T timing is enabled. The DRAM command/address are held for only 1 cycle on the DRAM bus.
1 2T timing is enabled. The DRAM command/address are held for 2 full cycles on the DRAM bus
for every DRAM transaction. However, the chip select is only held for the second cycle.
Note: RD_EN and 2T_EN must not both be set at the same time.
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Table 10-12. DDR_SDRAM_CFG Field Descriptions (continued)

Bits Name Description

17-23| BA_INTLV_CTL |Bank (chip select) interleaving control. Set this field only if you wish to use bank interleaving.
(All unlisted field values are reserved.)

0000000No external memory banks are interleaved

1000000External memory banks 0 and 1 are interleaved

24-26 — Reserved

27 PCHBS8 Precharge bit 8 enable.
0 MAJ[10] is used to indicate the auto-precharge and precharge all commands.
1 MAJ8] is used to indicate the auto-precharge and precharge all commands.

28 HSE Global half-strength override

Sets I/0O driver impedance to half strength. This impedance is used by the address/command, data,
and clock impedance values, but only if automatic hardware calibration is disabled and the
corresponding group's software override is disabled in the DDR control driver register(s) described
in Section 6.3.2.9, “DDR Control Driver Register (DDRCDR).” This bit should be cleared if using
automatic hardware calibration.

0 1/O driver impedance is configured to full strength.

1 I/O driver impedance is configured to half strength.

29 — Reserved

30 MEM_HALT DDR memory controller halt. When this bit is set, the memory controller does not accept any new

data read/write transactions to DDR SDRAM until the bit is cleared again. This can be used when

bypassing initialization and forcing MODE REGISTER SET commands through software.

0 DDR controller accepts new transactions.

1 DDR controller finishes any remaining transactions, and then it remains halted until this bit is
cleared by software.

31 BI Bypass initialization

0 DDR controller cycles through initialization routine based on SDRAM_TYPE

1 Initialization routine is bypassed. Software is responsible for initializing memory through
DDR_SDRAM_MODE2 register. If software is initializing memory, then the MEM_HALT bit can be
set to prevent the DDR controller from issuing transactions during the initialization sequence.
Note that the DDR controller does not issue a DLL reset to the DRAMs when bypassing the
initialization routine, regardless of the value of DDR_SDRAM_CFG[DLL_RST_DIS]. If a DLL
reset is required, then the controller should be forced to enter and exit self refresh after the
controller is enabled.
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10.4.1.8 DDR SDRAM Control Configuration 2 (DDR_SDRAM_CFG_2)

The DDR SDRAM control configuration register 2, shown in Figure 10-9, provides more control
configuration for the DDR controller.

Offset

Reset

Reset

0x114 Access: Read/Write
0 1 2 3| 4 5 6 ‘ 8 9 10 11 ‘ 15
FRC_SR| — |DLL_RST_DIS|— |DQS_CFG — ODT_CFG —
All zeros
16 19| 20 26 27 |28 31
NUM_PR — D_INIT —
All zeros

Figure 10-9. DDR SDRAM Control Configuration Register 2 (DDR_SDRAM_CFG_2)
Table 10-13 describesthe DDR_SDRAM_CFG_2 fields.

Table 10-13. DDR_SDRAM_CFG_2 Field Descriptions

Bits

Name

Description

FRC_SR

Force self refresh
0 DDR controller operates in normal mode.
1 DDR controller enters self-refresh mode.

Reserved. Should be cleared.

DLL_RST_DIS

DLL reset disable. The DDR controller typically issues a DLL reset to the DRAMs when exiting self
refresh. However, this function may be disabled by setting this bit during initialization.

0 DDR controller issues a DLL reset to the DRAMs when exiting self refresh.

1 DDR controller does not issue a DLL reset to the DRAMs when exiting self refresh.

Reserved

DQS_CFG

DQS configuration

00 Only true DQS signals are used.
01 Reserved

10 Reserved

11 Reserved

6-8

Reserved

9-10

ODT_CFG

ODT configuration. This field defines how ODT is driven to the on-chip I0s. See Section 6.3.2.9,
“DDR Control Driver Register (DDRCDR),” which defines the termination value that is used.

00 Never assert ODT to internal I0s

01 Assert ODT to internal IOs only during writes to DRAM

10 Assert ODT to internal IOs only during reads to DRAM

11 Always keep ODT asserted to internal 10s

11-15

Reserved.
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Table 10-13. DDR_SDRAM_CFG_2 Field Descriptions (continued)

Bits Name Description

16-19 NUM_PR Number of posted refreshes. This determines how many posted refreshes, if any, can be issued at
one time. Note that if posted refreshes are used, then this field, along with
DDR_SDRAM_INTERVAL[REFINT], must be programmed such that the maximum t,,4 specification
cannot be violated.
0000 Reserved
0001 1 refresh is issued at a time
0010 2 refreshes is issued at a time
0011 3 refreshes is issued at a time
1000 8 refreshes is issued at a time
1001-1111 Reserved

20-26 — Reserved, should be cleared.

27 D_INIT DRAM data initialization. This bit is set by software, and it is cleared by hardware. If software sets this
bit before the memory controller is enabled, the controller automatically initializes DRAM after it is
enabled. This bit is automatically cleared by hardware once the initialization is completed. This data
initialization bit should only be set when the controller is idle.

0 There is not data initialization in progress, and no data initialization is scheduled
1 The memory controller initializes memory once it is enabled. This bit remains asserted until the
initialization is complete. The value in DDR_DATA_INIT register is used to initialize memory.
28-31 — Reserved

10.4.1.9 DDR SDRAM Mode Configuration (DDR_SDRAM_MODE)

The DDR SDRAM mode configuration register, shown in Figure 10-10, sets the values |oaded into the
DDR’s mode registers.

Offset 0x118

Reset

0

Access: Read/Write

| | 1516 | | | 3t

ESDMODE SDMODE

All zeros

Figure 10-10. DDR SDRAM Mode Configuration Register (DDR_SDRAM_MODE)
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Table 10-14 describesthe DDR_SDRAM_MODE fields.
Table 10-14. DDR_SDRAM_MODE Field Descriptions

Bits Name Description

0-15 |ESDMODE |Extended SDRAM mode. Specifies the initial value loaded into the DDR SDRAM extended mode register.
The range and meaning of legal values is specified by the DDR SDRAM manufacturer.

When this value is driven onto the address bus (during the DDR SDRAM initialization sequence), MA[O]
presents the Isb of ESDMODE, which, in the big-endian convention shown in Figure 10-10, corresponds to
ESDMODE[15]. The msb of the SDRAM extended mode register value must be stored at ESDMODE[0].

16-31| SDMODE |SDRAM mode. Specifies the initial value loaded into the DDR SDRAM mode register. The range of legal
values is specified by the DDR SDRAM manufacturer.

When this value is driven onto the address bus (during DDR SDRAM initialization), MA[O] presents the Isb
of SDMODE, which, in the big-endian convention shown in Figure 10-10, corresponds to SDMODE[15]. The
msb of the SDRAM mode register value must be stored at SDMODE[0]. Because the memory controller
forces SDMODE([7] to certain values depending on the state of the initialization sequence, (for resetting the
SDRAM'’s DLL) the corresponding bits of this field are ignored by the memory controller. Note that
SDMODE([7] is mapped to MA[8].

10.4.1.10 DDR SDRAM Mode 2 Configuration (DDR_SDRAM_MODE_2)

The DDR SDRAM mode 2 configuration register, shown in Figure 10-11, sets the values loaded into the
DDR’s extended mode 2 and 3 registers (for DDR2).

Offset 0x11C Access: Read/Write
0 | | | 15|16 | | | 31
R
W ESDMODE2 ESDMODE3
Reset All zeros

Figure 10-11. DDR SDRAM Mode 2 Configuration Register (DDR_SDRAM_MODE_2)

Table 10-15 describesthe DDR_SDRAM_MODE_2 fields.
Table 10-15. DDR_SDRAM_MODE_2 Field Descriptions

Bits Name Description

0-15 | ESDMODE2 |Extended SDRAM mode 2. Specifies the initial value loaded into the DDR SDRAM extended 2 mode
register. The range and meaning of legal values is specified by the DDR SDRAM manufacturer.
When this value is driven onto the address bus (during the DDR SDRAM initialization sequence),
MA[O0] presents the Isb bit of ESDMODEZ2, which, in the big-endian convention shown in Figure 10-11,
corresponds to ESDMODE2[15]. The msb of the SDRAM extended mode 2 register value must be
stored at ESDMODE2[0].

16-31 | ESDMODE3 |Extended SDRAM mode 3. Specifies the initial value loaded into the DDR SDRAM extended 3 mode
register. The range of legal values of legal values is specified by the DDR SDRAM manufacturer.
When this value is driven onto the address bus (during DDR SDRAM initialization), MA[O] presents the
Isb of ESDMODES, which, in the big-endian convention shown in Figure 10-11, corresponds to
ESDMODES3[15]. The msb of the SDRAM extended mode 3 register value must be stored at
ESDMODES3|0].
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10.4.1.11 DDR SDRAM Mode Control Register (DDR_SDRAM_MD_CNTL)
The DDR SDRAM mode control register, shown in Figure 10-12, allows the user to carry out the
following tasks:

* Issue amode register set command to a particular chip select

* Issue animmediate refresh to a particular chip select

» Issue an immediate precharge or precharge all command to a particular chip select

» Forcethe CKE signalsto a specific value

Table 10-16 describes the fields of this register. Table 10-17 shows the user how to set the fields of this
register to accomplish the above tasks.

Offset 0x120 Access: Read/Write
0 1 2 3|4 5 7 8 9 10 11 12 15[16 ‘ ‘ ‘ 31
R
W MD_EN|—|CS_SEL |—|MD_SEL |SET_REF |SET_PRE|CKE_CNTL — MD_VALUE
Reset All zeros

Figure 10-12. DDR SDRAM Mode Control Register (DDR_SDRAM_MD_CNTL)

Table 10-16 describesthe DDR_SDRAM_MD_CNTL fields.

NOTE

Notethat MD_EN, SET_REF, and SET_PRE are mutually exclusive; only
one of these fields can be set at atime.

Table 10-16. DDR_SDRAM_MD_CNTL Field Descriptions

Bits Name Description

0 MD_EN |Mode enable. Setting this bit specifies that valid data in MD_VALUE is ready to be written to DRAM as one
of the following commands:

* MODE REGISTER SET

» EXTENDED MODE REGISTER SET

* EXTENDED MODE REGISTER SET 2

* EXTENDED MODE REGISTER SET 3

The specific command to be executed is selected by setting MD_SEL. In addition, the chip select must be
chosen by setting CS_SEL. MD_EN is set by software and cleared by hardware once the command has
been issued.

0 Indicates that no mode register set command needs to be issued.

1 Indicates that valid data contained in the register is ready to be issued as a mode register set command.

1 — Reserved

2-3 CS_SEL |Select chip select. Specifies the chip select that is driven active due to any command forced by software in
DDR_SDRAM_MD_CNTL.

00 Chip select 0 is active

01 Chip select 1 is active

10 Reserved

11 Reserved

4 — Reserved
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Table 10-16. DDR_SDRAM_MD_CNTL Field Descriptions (continued)

Bits

Name

Description

5-7

MD_SEL

Mode register select. MD_SEL specifies one of the following:

* During a mode select command, selects the SDRAM mode register to be changed

* During a precharge command, selects the SDRAM logical bank to be precharged. A precharge all
command ignores this field.

* During a refresh command, this field is ignored.

Note that MD_SEL contains the value that is presented onto the memory bank address pins (MBAn) of the

DDR controller.

000 MR

001 EMR

010 EMR2

011 EMR3

SET_REF

Set refresh. Forces an immediate refresh to be issued to the chip select specified by
DDR_SDRAM_MD_CNTL[CS_SEL]. This bit is set by software and cleared by hardware once the
command has been issued.

0 Indicates that no refresh command needs to be issued.

1 Indicates that a refresh command is ready to be issued.

SET_PRE

Set precharge. Forces a precharge or precharge all to be issued to the chip select specified by
DDR_SDRAM_MD_CNTL[CS_SEL]. This bit is set by software and cleared by hardware once the
command has been issued.

0 Indicates that no precharge all command needs to be issued.

1 Indicates that a precharge all command is ready to be issued.

10-11

CKE_CNTL

Clock enable control. Allows software to globally clear or set all CKE signals issued to DRAM. Once
software has forced the value driven on CKE, that value continues to be forced until software clears the
CKE_CNTL bits. At that time, the DDR controller continues to drive the CKE signals to the same value
forced by software until another event causes the CKE signals to change (such as, self refresh entry/exit,
power down entry/exit).

00 CKE signals are not forced by software.

01 CKE signals are forced to a low value by software.

10 CKE signals are forced to a high value by software.

11 Reserved

12-15

Reserved

16-31

MD_VALUE

Mode register value. This field, which specifies the value that is presented on the memory address pins of
the DDR controller during a mode register set command, is significant only when this register is used to
issue a mode register set command or a precharge or precharge all command.

For a mode register set command, this field contains the data to be written to the selected mode register.
For a precharge command, only bit five is significant:

0 Issue a precharge command; MD_SEL selects the logical bank to be precharged

1 lIssue a precharge all command; all logical banks are precharged

Table 10-17 shows how DDR_SDRAM_MD_CNTL fields should be set for each of the tasks described

above.
Table 10-17. Settings of DDR_SDRAM_MD_CNTL Fields
Field Mode Register Set Refresh Precharge Clock Enable Signals
Control
MD_EN 1 0 0 —
SET_REF 0 1 0 —
SET_PRE 0 0 1 —
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Table 10-17. Settings of DDR_SDRAM_MD_CNTL Fields (continued)

Field Mode Register Set Refresh Precharge Clock Enable Signals
Control
CS_SEL Chooses chip select (CS) —
MD_SEL Select mode register. — Selects logical bank —
See Table 10-16.
MD_VALUE | Value written to mode — Only bit five is significant. —
register See Table 10-16.
CKE_CNTL 0 0 0 See Table 10-16.

10.4.1.12 DDR SDRAM Interval Configuration (DDR_SDRAM_INTERVAL)

The DDR SDRAM interval configuration register, shown in Figure 10-13, sets the number of DRAM
clock cycles between bank refreshes issued to the DDR SDRAMSs. In addition, the number of DRAM
cyclesthat a page is maintained after it is accessed is provided here.

Offset 0x124 Access: Read/Write
0 ‘ ‘ ‘ 15,16 17 18 ‘ ‘ ‘ 31
R
REFINT — BSTOPRE
w
Reset All zeros

Figure 10-13. DDR SDRAM Interval Configuration Register (DDR_SDRAM_INTERVAL)

Table 10-18 describesthe DDR_SDRAM_INTERVAL fields.
Table 10-18. DDR_SDRAM_INTERVAL Field Descriptions

Bits Name Description

0-15 | REFINT |Refresh interval. Represents the number of memory bus clock cycles between refresh cycles. Depending on
DDR_SDRAM_CFG_2[NUM_PR], some number of rows are refreshed in each DDR SDRAM physical bank
during each refresh cycle. The value for REFINT depends on the specific SDRAMs used and the interface
clock frequency. Refreshes are not issued when the REFINT is set to all Os.

16-17 — Reserved

18-31 |BSTOPRE | Precharge interval. Sets the duration (in memory bus clocks) that a page is retained after a DDR SDRAM
access. If BSTOPRE is zero, the DDR memory controller uses auto-precharge read and write commands
rather than operating in page mode. This is called global auto-precharge mode.
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10.4.1.13 DDR SDRAM Data Initialization (DDR_DATA_INIT)

The DDR SDRAM datainitialization register, shown in Figure 10-14, provides the value that is used to
initialize memory if DDR_SDRAM_CFG2[D_INIT] is set.

Offset 0x128 Access: Read/Write
0 31
R
INIT_VALUE
w
Reset All zeros

Figure 10-14. DDR SDRAM Data Initialization Configuration Register (DDR_DATA_INIT)

Table 10-19 describesthe DDR_DATA _INIT fields.
Table 10-19. DDR_DATA_INIT Field Descriptions

Bits Name Description

0-31 | INIT_VALUE |Initialization value. Represents the value that DRAM is initialized with if DDR_SDRAM_CFG2[D_INIT]
is set.

10.4.1.14 DDR SDRAM Clock Control (DDR_SDRAM_CLK_CNTL)

TheDDR SDRAM clock control configuration register, shownin Figure 10-15, provides a1/4-cycle clock
adjustment.

Offset 0x130 Access: Read/Write
0 ‘4 5 7 |8 ‘ ‘ ‘ ‘ ‘ 31
R
— CLK_ADJUST —
w
Resetoooo\oo1ooooo\oooo\oooo\oooo\oooo\oooo

Figure 10-15. DDR SDRAM Clock Control Configuration Register (DDR_SDRAM_CLK_CNTL)

Table 10-20 describesthe DDR_SDRAM_CLK_CNTL fields.
Table 10-20. DDR_SDRAM_CLK_CNTL Field Descriptions

Bits Name Description

0-4 — Reserved

5-7 | CLK_ADJUST |Clock adjust.

000 Clock is launched aligned with address/command

001 Clock is launched 1/4 applied cycle after address/command
010 Clock is launched 1/2 applied cycle after address/command
011 Clock is launched 3/4 applied cycle after address/command
100 Clock is launched 1 applied cycle after address/command
101-111Reserved

8 — Reserved, should be cleared.

9-31 — Reserved
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10.4.1.15 DDR Initialization Address (DDR_INIT_ADDR)

The DDR SDRAM initialization address register, shown in Figure 10-16, providesthe addressthat isused
for the automatic CAS to preamble calibration after POR.

Offset 0x148 Access: Read/Write

0 | | | | at
R INIT_ADDR
w
Reset All zeros

Figure 10-16. DDR Initialization Address Configuration Register (DDR_INIT_ADDR)
Table 10-21 describesthe DDR_INIT_ADDR fields.
Table 10-21. DDR_INIT_ADDR Field Descriptions

Bits Name Description

0-31 | INIT_ADDR |Initialization address. Represents the address that is used for the automatic CAS to preamble calibration
at POR.

10.4.1.16 DDR IP Block Revision 1 (DDR_IP_REV1)

The DDR IP block revision 1 register, shown in Figure 10-17, provides read-only fields with the IP block
ID, along with major and minor revision information.

Offset 0xBF8 Access: Read Only

0 ‘ ‘ ‘ 15|16 ‘ 23 | 24 ‘ 31
R IP_ID IP_MJ IP_MN
w

Resetn’nnn‘nnnn‘nnnn‘nnnnnnnn‘nnnnnnnn‘nnnn

Figure 10-17. DDR IP Block Revision 1 (DDR_IP_REV1)
1 For reset values, see Table 10-22.

Table 10-22 describesthe DDR_IP_REV 1 fields.
Table 10-22. DDR_IP_REV1 Field Descriptions

Bits | Name Description

0-15 | IP_ID |IP block ID. For the DDR controller, this value is 0x0002.

16-23 | IP_MJ | Major revision. This is currently set to 0x02.

24-31 | IP_MN | Minor revision. This is currently set to 0x01.
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10.4.1.17 DDR IP Block Revision 2 (DDR_IP_REV2)

The DDR IP block revision 2 register, shown in Figure 10-18, provides read-only fields with the I P block
integration and configuration options.

Offset OxBFC Access: Read Only
0 ‘ 7|8 ‘ 15(16 ‘ 23|24 ‘ 31
R IP_INT IP_CFG
" — _
Reset 0 O 00‘0 0 00nnnn‘nnnnoOOO‘OOOOnnnn‘nnnn

Figure 10-18. DDR IP Block Revision 2 (DDR_IP_REV2)

Table 10-23 describesthe DDR_IP_REV 2 fields.
Table 10-23. DDR_IP_REV2 Field Descriptions

Bits Name Description

0-7 — Reserved

8-15 | IP_INT |IP block integration options. This is currently set to 0x0000.

1623 — Reserved

24-31 | IP_CFG | IP block configuration options. This is currently set to 0x82.

10.4.1.18 Memory Data Path Error Injection Mask High (DATA_ERR_INJECT_HI)
The memory data path error injection mask high register is shown in Figure 10-19.

Offset OXE0O0 Access: Read/Write
0 | | | | | | | st
R
EIMH
w
Reset All zeros
Figure 10-19.
Table 10-24 describes the DATA_ERR_INJECT _HI fields.
Table 10-24.
Bits | Name Description

0-31 | EIMH |Error injection mask high data path. Used to test ECC by forcing errors on the high word of the data path.
Setting a bit causes the corresponding data path bit to be inverted on memory bus writes.
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10.4.1.19 Memory Data Path Error Injection Mask Low (DATA_ERR_INJECT_LO)

The memory data path error injection mask low register is shown in Figure 10-20.

Offset OxE04 Access: Read/Write
0 | | | | | | 3
R
EIML
w
Reset All zeros

Figure 10-20. Memory Data Path Error Injection Mask Low Register (DATA_ERR_INJECT_LO)

Table 10-25 describesthe DATA_ERR_INJECT_LO fields.
Table 10-25. DATA_ERR_INJECT_LO Field Descriptions

Bits | Name Description

0-31 EIML |Errorinjection mask low data path. Used to test ECC by forcing errors on the low word of the data path. Setting
a bit causes the corresponding data path bit to be inverted on memory bus writes.

10.4.1.20 Memory Data Path Error Injection Mask ECC (ERR_INJECT)

The memory data path error injection mask ECC register, shown in Figure 10-21, sets the ECC mask,
enables errors to be written to ECC memory, and allows the ECC byte to mirror the most significant data
byte.

Offset OXE08 Access: Read/Write
0 ‘ ‘ ‘ ‘ ‘ 21 22 23 |24 ‘ 31
R
— EMB | EIEN EEIM
w
Reset All zeros

Figure 10-21. Memory Data Path Error Injection Mask ECC Register (ERR_INJECT)

Table 10-26 describes the ERR_INJECT fields.
Table 10-26. ERR_INJECT Field Descriptions

Bits | Name Description

0-21 — Reserved

22 EMB |ECC mirror byte
0 Mirror byte functionality disabled.
1 Mirror the most significant data path byte onto the ECC byte.

23 EIEN |Error injection enable

0 Error injection disabled.

1 Errorinjection enabled. This applies to the data mask bits, the ECC mask bits, and the ECC mirror bit. Note
that error injection should not be enabled until the memory controller has been enabled through
DDR_SDRAM_CFG[MEM_EN].

24-31 | EEIM [ECC error injection mask. Setting a mask bit causes the corresponding ECC bit to be inverted on memory
bus writes.
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DDR Memory Controller

10.4.1.21 Memory Data Path Read Capture High (CAPTURE_DATA_HI)

The memory data path read capture high register, shown in Figure 10-22, stores the high word of the read
data path during error capture.

Offset OxE20 Access: Read/Write
0 | | | | | | | 3
R
ECHD
w
Reset All zeros

Figure 10-22. Memory Data Path Read Capture High Register (CAPTURE_DATA_HI)

Table 10-27 describesthe CAPTURE_DATA _HI fields.
Table 10-27. CAPTURE_DATA_HI Field Descriptions

Bits | Name Description

0-31 | ECHD |Error capture high data path. Captures the high word of the data path when errors are detected.

10.4.1.22 Memory Data Path Read Capture Low (CAPTURE_DATA_LO)

The memory data path read capture low register, shown in Figure 10-23, stores the low word of the read
data path during error capture.

Offset OxE24 Access: Read/Write
0 | | | | | | | 3
R
ECLD
w
Reset All zeros

Figure 10-23. Memory Data Path Read Capture Low Register (CAPTURE_DATA_LO)

Table 10-28 describesthe CAPTURE_DATA _LOfields.
Table 10-28. CAPTURE_DATA_LO Field Descriptions

Bits | Name Description

0-31 | ECLD |Error capture low data path. Captures the low word of the data path when errors are detected.
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DDR Memory Controller

10.4.1.23 Memory Data Path Read Capture ECC (CAPTURE_ECC)

The memory data path read capture ECC register, shown in Figure 10-24, stores the ECC syndrome bits
that were on the data bus when an error was detected.

Offset OxE28 Access: Read/W