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PREFACE

The MPC823 User's Manual discusses the operation, possible configurations, and
specifications of the MPC823 microprocessor. This manual mainly addresses Revision A of
the silicon, but exceptions are noted where appropriate. All the sections of the manual are
organized consistently to make it easier for you to use the manual as a reference. Due to its
length, the communication processor module section contains special tabs, links, and page
number references that you can use to get to a specific module.

Our website (www.mot.com/mpc823) contains a PDF (3.0) version of the manual that
contains hypertext linked cross-references and index markers, which make it easy for you
to get in, get the information you need, and get out. However, the links are only operable if
you download the file of the entire manual (mpc823.pdf). In the future, we plan to have an
online version of this manual in HTML format.

STYLES USED IN THIS MANUAL

Styles make it easier for you to look up the information you need, when you need it. The
following components are stylized in this manual:

* Registers are defined in the module to which they belong. If they are mentioned
elsewhere, they are referred to by their acronym. It is important to note that register
tables include symbols to denote don’t care, unaffected, and reserved bits.

O # indicates that a bit is unaffected

1 — denotes an undefined quality of a bit
O xindicates that a bit is a “don’t care” bit
3 0 or — indicates that a bit is reserved

* Commands appear in BOLD UPPERCASE format.
* Signals, pins, and bit names appear in UPPERCASE format.
* Instructions appear in bold lowercase format.

COMPLEMENTARY DOCUMENTATION

Throughout this manual, there are references to the following documents that would enable
you to better understand the MPC823 microprocessor. We recommend that you use these
manuals in conjunction with the MPC823 User’s Manual.

* PowerPC™ Microprocessor Family: The Programming Environments for 32-Bit
Microprocessors (available from your local Motorola sales office using part number
MPCFPE32B/AD as a reference)

* USB Specification (available from www.usb.org)
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Preface

ELECTRICAL SPECIFICATIONS
The most up-to-date electrical specifications for the MPC823 is located on our website.

CUSTOMER FEEDBACK

Motorola welcomes any feedback from our customers. To continuously improve our
documentation, we need to know what our customers need and want. So visit our website
and tell us!
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SECTION 1
INTRODUCTION

=
[=]
=
o
=2
[=]
o
v
=
=

The MPC823 microprocessor is a versatile, one-chip integrated microprocessor and
peripheral combination that can be used in a variety of portable electronic products. It is a
low-cost version of the MPC821 microprocessor, except it has been enhanced with
additional communication and display capabilities. Specifically, it supports the universal
serial bus and video display systems and the existing LCD interface on the MPC821 device.
The MPC823 microprocessor particularly excels in low-power, portable, image capture, and
personal communication products. It integrates a high-performance embedded PowerPC™
core with a communication processor module that uses a specialized RISC processor for
imaging and communication. The communication processor module can perform embedded
signal processing functions for image compression and decompression and supports six
serial channels—one serial communication controller, two serial management controllers,
one I2C port, one universal serial bus channel, and one serial peripheral interface. This
two-processor architecture consumes power more efficiently than traditional architectures
because the communication processor module frees the core from peripheral
responsibilities like imaging and communication.

1.1 FEATURES
The following list summarizes the main features of the MPC823:

* Embedded PowerPC Core Provides 66MIPS (Using Dhrystone 2.1) or
115K Dhrystones 2.1 at 50MHz

0 Single-Issue, 32-Bit Version of the PowerPC Core (Fully Compatible with the
PowerPC Architecture Definition) with 32 x 32-Bit Fixed-Point Registers

O Low Power Consumption, 2.2V Internal, 3.3V I/O Boundary with Microprocessor
Core, Caches, Memory Management, and I/O in Operation

O Performs Branch Folding, Branch Prediction with Conditional Prefetch, without
Conditional Execution

d 1K Data Cache and 2K Instruction Cache

 Instruction and Data Caches are Two-Way, Set-Associative, Physical Address,
4-Word Line Burst, LRU Replacement Algorithm, Lockable Online Granularity

0 Memory Management Units with 8-Entry Translation Lookaside Buffers (TLBs) and
Fully Associative Instruction and Data TLBs

1 Memory Management Units Support Multiple Page Sizes of 4K, 16K, 512K and 8M
(1K Protection Granularity at the 4K Page Size); 16 Virtual Address Spaces and
16 Protection Groups

MOTOROLA MPC823 USER’S MANUAL 1-1
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* Advanced On-Chip Emulation Debug Mode
¢ Data Bus Dynamic Bus Sizing for 8-,16-, and 32-Bit Buses

1 Supports Traditional 68K Big-Endian, Traditional x86 Little-Endian, and PowerPC
Little-Endian Memory Systems

[ Twenty-Six External Address Lines

=
=
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e Completely Static Design (0-50MHz Operation)
¢ Communication Processor Module

@ Interfaces to PowerPC Core Through On-Chip Dual-Access RAM and Vlrtual
(Serial) DMA Channels on a Dedicated DMA Accelerator
3 Programmable Memory-to-Memory and Memory-to-I/O (Including Flyby) DMA
Provided by Virtual DMA Support
a 50MIPS @ 15MHz
1 Protocols Supported by ROM or Download Microcode and the Single Hardware
Serial Communication Controller Include, But Are Not Limited To, the Digital
Portions of: ‘
— Ethernet/IEEE 802.3 (CS/CDMA)
— HDLC/SDLC and HDLC Bus
— Appletalk
— Universal Asynchronous Receiver Transmitter (UART)
— Synchronous UART (USART)
— Totally Transparent Mode With/Without CRC
— Asynchronous HDLC
— IrDA Version 1.1 Serial Infrared
— Basic Rate ISDN (BRI) in Conjunction with Serial Management
Controller Channels
— Primary Rate ISDN

1 16 x 16-Bit Multiply Accumulate (MAC) Hardware
- — One Operation Per Clock
— Two Clock Latency and One Clock Blockage
— Operates Concurrently with Other Instructions
— Uses DMA Controller to Burst Data Directly into Register File without Interacting
with the PowerPC Core

O DSP Functions Are Supported by ROM or Download Microcode and the
Communication Processor Module DSP Capabilities, Include, But Are
Not Limited To:

— V.32bis Datapump Filters
— V.34bis Datapump Filters
— JPEG Compression/Decompression

8K Dual-Port RAM. Revision 0 Contains 5K Dual-Port RAM.
Twelve Serial DMA (SDMA) Channels
32-Bit, Harvard Architecture, Scalar RISC Microcontroller

ooo
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0 Communication-Specific Commands
[ Supports Continuous Mode Transmission and Reception on All Serial Channels
[ Each Serial Channel has Externally Accessible Pins

* Four Baud Rate Generators. If you are using Mask Revision Base #F98S, there are only
two baud rate generators.

1 Independent and Can Be Connected to A Serial Communication Controller or Serial
Management Controller

O Allows Changes During Operation

a Autobaud Support Option

=
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* One Serial Communication Controller

Ethernet/IEEE 802.3 Support (10Mbps and Full-Duplex Operation)

GeoPort Support

HDLC Bus Implements an HDLC-Based Local Area Network

Universal Asynchronous Receiver Transmitter

Synchronous UART

Serial Infrared (IrDA) Supporting a Maximum of 4Mbps

Totally Transparent. Frame Based with Optional Cyclical Redundancy Check
Maximum Serial Data Rate of 22Mbps

oooo0o0o0O

¢ One Dedicated High-Speed Serial Channel for the Universal Serial Bus (USB)
1 Supports USB Slave Mode At a Maximum of 12Mbps With Four USB Endpoints

¢ Two Serial Management Controllers with Externally Accessible Pins
a UART '
[ Transparent
[ General Circuit interface (GCI) Controller
1 Can Be Connected to the Time-Division Multiplexed (TDM) Channels

* One Serial Peripheral Interface

[ Supports Master and Slave Modes
0 Supports Multimaster Operation on the Same Bus

* One I2C® Port

Supports Master and Slave Modes
Supports Muitimaster Environments
Supports High-Speed Operation
Supports 7-Bit Addressing

ocooo
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* Serial Interface with the Time-Slot Assigner

1-4

0 Allows Serial Communication Controller and Serial Management Controllers To Be
Used in Multiplexed and/or Nonmultiplexed Operation

Supports T1, CEPT, PCM Highway, ISDN Basic Rate, ISDN Primary Rate,
User-Defined

1- or 8-Bit Resolution

Allows Independent Transmit and Receive Routing, Frame Syncs, and Clocking
Allows Dynamic Changes

Can Be Internally Connected to Three Serial Channels

cooo o

General-Purpose Timers

d Four 16-Bit Timers or Two 32-Bit Timers. If you are using Mask Revision Base
#F98S, there are only two timers.

1 Gate Mode Can Enable/Disable Counting

I iInteirrupt Can Be Masked on Reference iaich and Event Capiure

Interrupts

Seven External Interrupt Request (IRQ) Lines
'One Nonmaskable Interrupt

Twelve Port Pins with Interrupt Capability
Ten Internal Interrupt Sources
Programmable Highest Priority Request

ocoooo

Memory Controller (Eight Banks)

Can be Programmed to Support Almost any Memory Interface
Each Bank Can Be a Chip-Select or RAS to Support a DRAM Bank
A Maximum of 30 Wait States per Memory Bank Can Be Programmed

Glueless Interface to DRAM Single In-Line Memory Modules, Static RAM,
Electrically. Programmable Read-Only Memory, Flash EPROM.

Four CAS lines, Four WE lines, and One OE Line

Boot Chip-Select Available at Reset (Options for 8-, 16-, or 32-Bit Memory)
Variable Block Sizes—32K to 256M

Selectable Write Protection

On-Chip Bus Arbitration Supports External Bus Master

Special Features for Burst Mode Support

Iy By

System Integration Unit

Hardware Bus Monitor
Spurious Interrupt Monitor
Software Watchdog Timer
Periodic Interrupt Timer
Low-Power Stop Mode
Clock Synthesizer

ooodooo
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PowerPC Decrementer

PowerPC Timebase

Real-Time Clock

Reset Controller

IEEE 1149.1 Test Access Port (JTAG)

opooo0oo
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ideo/LCD Controller

Video Controller

— Supports Digital NTSC/PAL Video Encoders and Digital TFT

— Sequential RGB, 4:4:4, and 4:2:2 YC:C» (CCIR 601) Digital Component
Video Formats

— CCIR-656 Compatible 8-Bit Interface Port

— Horizontal Sync, Vertical Sync, Field and Blanking Timing Generation with
Half-Clock Resolution and Programmable Polarity

— Supports Interlace/Noninterlace Scanning Methods

— Programmable Display Active Area

— Programmable Background Color for Inactive Area

— Gilueless Interface for Most Digital Video Encoders

— Hardware Horizontal Scrolling

— Uses Burst Read DMA Cycles for Maximum Bus Performance

— Panel Voltage Control Adjustments for Contrast Set with On-Chip Timers

— End-of-Frame Interrupt Generation

(]

a LCD Controller

— Supports Digital TFT and Passive LCD Panels

— Horizontal Sync, Vertical Sync, Field and Blanking Timing Generation with
Half-Clock Resolution and Programmable Polarity

— 1-, 2-, or 4-Bit Per Pixel Grayscale Mode Using Advanced Frame Rate Control
(FRC) Algorithm

— Four or Eight Bits Per Pixel Color Mode

— 4-, 8-, 9-, or 12-Bit Parallel Output to LCD Displays

— Programmable Display Active Area

— Non-Split or Vertically-Split Screen Support

— Uses Burst Read DMA Cycles for Maximum Bus Performance

— End of Frame Interrupt Generation

— Data for Splits—2+2 or 4+4 Parallel Bits (x+x Refers to x Bits Each for Lower
and Upper Screens in Parallel)

— Built-In Color RAM with 256 12-Bit Entries

— Programmable Wait Time Between Lines and Frames

— Panel Voltage Control Adjustments for Contrast Set with On-Chip Timers

— Programmable Polarity for All LCD Interface Signals

MOTOROLA MPC823 USER’S MANUAL 1-5
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* Single-Socket PCMCIA-ATA Interface

0 Master Interface, Release 2.1 Compliant

O Single PCMCIA Socket

0 Eight Memory or I/O Windows Available

0 Eight General-Purpose I/O Pins and Two General-Purpose Output-Only Pins are
Available When the PCMCIA Controller Is Not in Operation

Low-Power Support Modes

J Normal High—All Units Are Fully Powered at High Clock Frequency

J Normal Low—All Units Are Fully Powered at Low Clock Frequency

1 Doze-Core Functional Units Are Disabled, Except Timebase, Decrementer, PLL,
Memory Controller, Real-Time Clock, LCD, and Communication Processor Module

[ Sleep—All Units Are Disabled, Except Real-Time Clock, Periodic Interrupt Timer,
Timebase, and Decrementer. PLL Is Active for Fast Wake-up

0 Deep Sleep—All Units Are Disabled Including PLL, But Not the Real-Time Clock and
Periodic Interrupt Timer, Timebase, and Decrementer

0 Power-Down—All Units Are Disabled Including PLL, but Not the Real-Time Clock
and Periodic Interrupt Timer, Timebase, and Decrementer. Saves More Power
Than Other Modes. The State of Certain Registers May Be Preserved,

1 Separate Power Supply Input to Operate Internal Logic at 2.2V At or Below 25MHz
Operation

0 Can Be Dynamically Shifted Between High Frequency (3.3V Internal) and Low
Frequency (2.2V Internal) Operation

Development Capabilities and Interface

A Program Flow Tracking
— Instruction Show Cycle
— Data Show Cycle
— Branching
— Exception Traps
d ‘Watchpoints and Breakpoints
— Four Hardware Breakpoints
— Five Watchpoint Sources
[ Simple Hardware Interface
— High-Speed Data Transfer
— Internal Status Pins
— Freeze Indication
d Rich Control Register Set

3.3V Operation with 5V TTL Compatibility for the Parallel Port Pins and 3.3V for All
Others. For Revision 0, All Pins are 5V TTL Compatible.

¢ 256-Pin Plastic Ball Grid Array (BGA) Packaging

1-6
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1.2 ARCHITECTURE

The MPC823 microprocessor uses a dual-processor architecture design approach to
provide you with a high-performance, general-purpose RISC integer processor and a
special-purpose 32-bit scalar RISC communication processor module. The peripherals are
uniquely designed for communication requirements and can provide embedded signal
processing functions for communication and user interface enhancements and the 1/0
support needed for high-speed digital communications. The MPC823 is comprised of three
main modules that interface with the 32-bit internal bus:

* The embedded PowerPC core

¢ The system interface unit

¢ The communication processor module
¢ LCD controller

The MPCB823 block diagram is illustrated in Figure 1-1.

MOTOROLA MPC823 USER’S MANUAL 1-7
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1.2.1 The Embedded PowerPC Core

The PowerPC core complies with standard PowerPC architecture. It has a fully static design
that consists of three functional blocks—the integer block, hardware multiplier/divider, and
load/store block. The core supports integer operations on a 32-bit internal data path and
32-bit arithmetic hardware. Its interface to the internal and external buses is 32 bits. The
core uses a two-instruction load/store queue, four-instruction prefetch queue, and a
six-instruction history buffer. It performs branch folding and branch prediction with
conditional prefetch, but without conditional execution. With single bus cycles, the core can
operate on 32-bit external operands and with critical-word-first in multiple bus cycles. The
PowerPC integer block supports 32 x 32-bit fixed-point general-purpose registers and can
execute one integer instruction per clock cycle.

The PowerPC core is integrated with the memory management units, an instruction cache,
and a data cache. The memory management units (MMUSs) provide 8-entry, fully-associative
instruction and data TLBs, with multiple page sizes of 4K (1K protection), 16K, 512K, and
8M. They support 16 virtual address spaces and 16 protection groups. Special registers are
available to support software tablewalk and update.

The instruction cache is 2K, two-way, set-associative with physical addressing. It allows
single-cycle accesses on hit with no added latency for miss. It is four words per line and
supports burst line fill using an LRU replacement algorithm. The cache can be locked on a
line basis for application critical routines. The data cache is 1K, two-way, set-associative
with physical addressing. It allows single-cycle accesses on hit with one added clock latency
for miss. It has four words per line and supports burst line fill using an LRU replacement
algorithm. The cache can be locked on a line basis for application critical data and can be
programmed to support copyback or writethrough mode via the memory management unit.
The cache-inhibit mode can be programmed per MMU page. The PowerPC core, with its
instruction and data caches, can deliver approximately 66 MIPS at 50MHz (using Dhrystone
2.1) or 115K Dhrystones, based on the assumption that it is issuing one instruction per cycle
with a cache hit rate of 94%.

1.2.2 The System Interface Unit

The system interface unit supports traditional 68K big-endian memory systems, traditional
x86 little-endian memory systems, and PowerPC little-endian memory systems. It also
provides power management functions, reset control, a PowerPC decrementer, PowerPC
timebase, and real-time clock. Although the PowerPC core is a 32-bit device internally, it can
be configured to operate with an 8-, 16-, or 32-bit data bus. Regardiess of the system bus
size, dynamic bus sizing is supported, which allows 8-, 16-, and 32-bit peripherals and
memory to coexist on a 32-bit system bus.

The memory controller supports up to eight memory banks with glueless interfaces to
DRAM, SRAM, EPROM, Flash EPROM, SDRAM, EDO and other peripherals with two-clock
initial access to external SRAM and bursting support. It provides variable block sizes
between 32K and 256M. The memory controller has 0 to 20 wait states for each bank of
memory and can use address type matching to qualify each memory bank access. It
provides four byte-enable signals for varying width devices, one output-enable signal, and
one boot chip-select that is available at reset.

MOTOROLA MPC823 USER’S MANUAL 1-9
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The DRAM interface supports 8-, 16-, and 32-bit ports and uses a programmable state
machine to support almost any memory interface. Memory banks can be defined in depths
of 256K, 512K, 1M, 2M, 4M, 8M, 16M, 32M, or 64M for all port sizes. In addition, the memory
depth can be defined as 64K and 128K for 8-bit memory or 128M and 256M for 32-bit
memory. The DRAM controller supports page mode access for successive transfers within
bursts. The MPC823 supports a glueless interface to one bank of DRAM, while external
buffers are required for additional memory banks. The refresh unit provides CAS before
RAS, a programmable refresh timer, refresh active during external reset, disable refresh
modes, and stacking for a maximum of seven refresh cycles.

1.2.3 The Communication Processor Module

The communication processor module (CPM) contains features that allow the MPC823
microprocessor to excel in imaging, personal communication, and low-power applications.
These features are divided into three categories:

* DSP processing
* Communication processing
¢ Twelve serial DMA channels and two independent DMA channels

The MPC823’s embedded DSP function allows the communication processor module to
execute imaging algorithms in parallel with the PowerPC core to achieve maximum
performance with very little power. The DSP can execute one 16x16 MAC on every clock
cycle. It has preprogrammed filtering functions like FIR, MOD, DEMOD, lIR, and
downloadable imaging functions for JPEG image compression and decompression. These
functions are also used by modem and speech recognition programs.

The robust communication features of the MPC823 come from the communication
processor module. These features include a RISC microcontroller with multiply accumulate
(MAC) hardware, one serial communication controller (SCC), two serial management
controllers (SMCs), one dedicated serial channel for the universal serial bus (USB), one
inter-integrated circuit (12C) port, one serial peripheral interface (SPI), 8K dual-port RAM, an
interrupt controller, a time-slot assigner, and four independent baud rate generators.

Twelve serial DMA channels support the SCC, SMCs, USB channel, SPI, and I12C
controllers. The independent DMAs give you two channels for general-purpose DMA usage.
They offer high-speed transfers, 32-bit data movement, buffer chaining, and independent
request and acknowledge logic. The RISC microcontroller is the only block that can access
the IDMA registers directly. The CPU can only access them indirectly via a buffer descriptor.

1-10 MPC823 USER’S MANUAL MOTOROLA
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1.2.4 The Video/LCD Controller

The MPCB823 has a dual-purpose video/LCD controller that shares common dual-port
memory. You can, however, only run one of the controllers at a time.

1.2.4.1 THE VIDEO CONTROLLER. The video controller can be used to drive a digital
NTSC/PAL encoder or a wide variety of digital LCD panels. The frame buffer is stored in
system memory in the form of an orthogonal matrix—rows and columns. The 24-bit color
data is organized as pixel components whether it is sequential RGB or YC.Cs. Each pixel
component is represented by a byte. The video controller uses a dedicated DMA channel to
read the display data from the frame buffer and drive it to the video interface. It also
generates the required timing signals such as horizontal sync, vertical sync, field, and
blanking. Refer to Section 19 Video Controller for more information.

1.2.4.2 THE LCD CONTROLLER. The LCD controller provides extremely versatile LCD
support for 8-bit color, monochrome or 4/16-level grayscale, color TFT (12 bits, 4x3 RGB),
and passive color (xSTN) 4/8 bit data. The controller supports 4-bit single-scan, 8-bit dual-
scan, 2+2 bit dual-scan, or 4+4 bit dual-scan. It is programmable for frame rate, number of
pixels per line, and number of lines per frame. The panel voltage is programmable through
the duty cycle for contrast adjustments implemented in the communication processor
module program. Display data is stored in your own memory space and is transferred into
the controller using the DMA channel. Refer to Section 18 LCD Controller for more
information.

1.3 THE PCMCIA-ATA CONTROLLER

The PCMCIA-ATA interface is a master controller that is compliant with Version 2.1. The
interface supports one independent PCMCIA socket with the required external transceivers
or buffers. It provides eight memory or I/O windows that can be allocated to the socket. If
the PCMCIA port is not being used as a card interface, it can provide eight general-purpose
pins and two output-only pins with interrupt capability.

MOTOROLA MPC823 USER’S MANUAL 1-11
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1.4 POWER MANAGEMENT

The MPC823 microprocessor supports a wide range of power management features,
including normal high, normal low, doze, sleep, deep-sleep, and power-down modes. In
normal high mode, the MPC823 microprocessor is fully powered with all internal units
operating at the full speed of the processor. Normal low mode is the same as normal high,
except it operates at a much lower frequency. There is a doze mode determined by a clock
divider that allows the operating system to reduce the operational frequency of the
processor.

Doze mode disables core functional units except the timebase, decrementer, PLL, memory
controller, real-time clock, LCD controller, and communication processor module. Sleep
mode is a lower power mode that disables everything except the real-time clock, timebase,
decrementer, and periodic interrupt timer, thus leaving the PLL active for quick wake-up.
The deep-sleep mode then disables the PLL for lower power, but slower wake-up.
Power-down mode disables all logic in the processor, except the minimum logic required to
restart the device. It saves the most power, but requires the longest wake-up time.

The MPC823 microprocessor also provides a separate set of power pins for the internal
logic in the device. These power pins can be used to give the device a 2.2V power source
that can be used when the microprocessor is operating at 25MHz or less. This capability
reduces the power consumption of the device by an additional 30%.

1.5 SYSTEM DEBUG SUPPORT

The MPC823 microprocessor contains an advanced debug interface that provides superior
debug capabilities without any loss of speed. It supports six watchpoint pins that can be
combined with eight internal comparators, four of which operate on the effective address of
the address bus. The other four comparators are split—two comparators operate on the
effective address on the data bus and two comparators operate on the data on the data bus.
The MPC823 microprocessor can compare using the =, #, <, and > conditions to generate
watchpoints. Each watchpoint can then generate a breakpoint that can be programmed to
trigger in a programmable number of events.

1.6 APPLICATIONS

The MPC823 microprocessor is specifically designed to be a general-purpose, low-cost
entry point to the Motorola embedded PowerPC Family for systems in which advanced
GUIs, communications, and high-level real-time operating systems are used. The device
excels in applications that require the performance of single-issue PowerPC core with a
moderate amount of data and instruction cache. It provides all the basic features of glueless
memory connections along with highly functional serial connectivity, a graphical LCD, and a
video display controller. The MPC823 excels in low-power and portable applications
because of its extensive power-down modes and low normal operation current.
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1.7 DIFFERENCES BETWEEN THE MPC823 AND MPC821

The MPC823 is mostly a subset of the MPC821 microprocessor. To create the MPC823, the
following modifications were made to the MPC821:

Instruction cache was reduced from 4K to 2K

Data cache was reduced from 4K to 1K

Instruction and data MMUs were reduced from 32 to 8 TLB entries each
Pin count was reduced from 357 pins to 256 pins

Package size was reduced from 25mm (ZP) to 23mm (ZT)

Address bus was reduced from 32 bits to 26 bits

Bisync protocol was removed from the serial communication controller
PCMCIA support was reduced to a single channel, PCMCIA channel B.

One serial communication controlier was removed from the CPM leaving a single
channel (SCC2)

One USB channel was added to CPM in place of SCC1
High-speed IRDA support (1.152Mbps and 4Mbps) was added
Centronics protocol was removed

Video controller was added to support NTSC/PAL monitors

1.8 MPC823 GLUELESS SYSTEM DESIGN

The MPC823 was primarily designed to make it easy for you to interface a microprocessor
with other system components. Figure 1-2 illustrates a system configuration that contains
one flash EPROM and yet supports DRAM SIMM and one SRAM. Depending on the
capacitance of the system bus, external buffers may be required. From a logic standpoint,
however, a glueless system is maintained.
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Figure 1-2. MPC823 System Configuration
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SECTION 2
EXTERNAL SIGNALS

This section briefly describes each of the MPC823 input and output signals.

VDDSYN/VSSSYNVSSSYNI/VDDHVDDLVSSKAPWR
USBRXD/PA[15]
USBOE/PA(14]
RXD2/PA[13]

TXD2/PA(12)
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SMTXD2LIRXDA/PA[S]
TINIALIRCLKABRGO1/CLK1/PA(T]
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Figure 2-1. MPC823 Signal Pinout
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External Signals

2.1 THE SYSTEM BUS SIGNALS

The MPC823 system bus signals consist of all the lines that interface with the external bus.
Many of these lines perform different functions, depending on how you assign them. The
following input and output signals are identified by their mnemonic name and each signal’s
pin number can be found in Figure 2-1.

Table 2-1. Signal Descriptions

SIGNAL PIN NUMBER DESCRIPTION
A[6-31] See Table 2-2 | Address Bus—This bidirectional three-state signal provides the address for the
for pin current bus cycle. A0 is the most-significant signal for this bus. The signal is output

breakout. | when an internal master on the MPTB823 initiaies a transaction on the external bus.
The signal is input when an external master initiates a transaction on the bus and it
is sampled internally to allow the memory controller/PCMCIA interface to control the
accessed slave device.

TSIZ0 F15 Transfer Size 0—When accessinﬂ a slave in the external bus, this three-state signal
REG is used (together with TSIZ1) by the bus master to indicate the number of operand

bytes waiting to be transferred in the current bus cycle. This signal is input when an
external master initiates a transaction on the bus and it is sampled internally to allow
the memory controller/PCMCIA interface to control the accessed slave device.
REG—When the access is initiated by an internal master to a slave under control of
the PCMCIA interface, this signal is output to indicate which space in the PCMCIA
card is currently accessed.

TSIZ1 E15 Transfer Size 1—This three-state signal is used (with TSIZ0) by the bus master to

indicate the number of operand bytes waiting to be transferred in the current bus

cycle. This signal is driven by the MPC823 when it is the owner of the bus. It is input

when an external master initiates a transaction on the bus and it is sampled internally

ho allow the memory controller/PCMCIA interface to control the accessed slave
evice.
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RD/WR C13 Read Write—This three-state signal is driven by the bus master to indicate the
direction of the bus’s data transfer. A logic one indicates a read from a slave device
and a logic zero indicates a write to a slave device. This signal is driven by the
MPCB823 when it is the owner of the bus. It is input when an external master initiates
a transaction on the bus and is sampled internally to allow the memory controller/
PCMCIA interface to control the accessed slave device.

BURST B10 Burst Transaction—This three-state signal is driven by the bus master to indicate
that the current initiated transfer is a burst one. This signal is driven by the MPC823
when it is the owner of the bus. It is input when an external master initiates a
transaction on the bus; this signal and is sampled internally to allow the memory
controller/PCMCIA interface to control the accessed slave device.

BDIP A13 Burst Data in Progress—When accessing a slave device in the external bus, the
GPL _B5 master on the bus asserts this signal to indicate that the data beat in front of the
current one is the one requested ¥the master. This signal is negated prior to the
expected last data beat of the burst transfer.
General-Purpose Line B5—This si&nal is used by the memory controller when the
user programmable machine B (UPMB) takes control of the slave access.

TS D10 Transfer Start—This three-state siginal is asserted by the bus master to indicate the
start of a bus cycle that transfers data to or from a slave device. This signal is driven
by the master only when it has gained ownership of the bus. Every master should
ne&a'te this signal before the bus relinquishes. A pull-up resistor should be connected
to this signal to prevent a slave device from detecting a spurious bus accessing it
when no master is taking ownership of the bus.
This signal is sampled by the MPC823 when it is not the owner of the external bus
to allow the memory controller/PCMCIA interface to control the accessed slave
device. It indicates that an external synchronous master initiated a transaction.
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Table 2-1. Signal Descriptions (Continued)

SIGNAL PIN NUMBER DESCRIPTION

TA A2 Transfer Acknowledge—This bidirectional three-state signal indicates that the
slave device addressed in the current transaction has accepted the data transferred
by the master (write) or has driven the data bus with valid data (read). The signal
behaves as an output when the PCMCIA memory controller takes control of the
transaction. The only exception occurs when the memory controller is controlling the
slave access by means of the GPCM and the corresponding option register is
instructed to wait for an external assertion of the transfer acknowledge line. Every
slave device should negate the ta signal after the end of the transaction and
immediately three-state it to avoid contentions on the line if a new transfer is initiated
addressing other slave devices. A pqll-up resistor should be connected to this signal
to keep a master device from detecting the assertion of this signal when no slave is
alddressed in a transfer or when the address detection for the addressed slave is
slow.

—
m
b

C11 Transfer Error Acknowledge—This open-drain signal indicates that a bus error

occurred in the current transaction. Itis driven asserted by the MPC823 when the bus

monitor does not detect a bus cycle termination within a reasonable amount of time.

;I;‘he ?stsert;ql_LA of TEA causes the termination of the current bus cycle, thus ignoring
e state of TA.

Bl B12 Burst Inhibit—This bidirectional three-state signal indicates that the slave device
addressed in the current burst transaction is unable to support burst transfers. The
signal behaves as an output when the PCMCIA memory controller takes control of
the transaction. When the MPC823 drives out the signal for a specific transaction, it
asserts or negates Bl during the transaction according to the value you specify in the
appropriate control registers. It negates the signal affer the end of the transaction
and immediately three-states it to avoid contentions if a new transfer is initiated
addressing other slave devices.
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RSV D9 Reservation—This three-state signal is output by the MPC823 in conjunction with
IRQ2 the address bus to indicate that the internal core initiated a transfer as a result of a
stwex or lwarx instruction.

Interrupt Request 2—This input is one of the eight external signals that can request
(by means of the internal interrupt controller) a service routine from the core.

(2

IRQ4 B7 Interru{at Request 4—This input signal is one of the eight external signals that can
KR request (by means of the internal interrupt con_trollerz]a service routine from the core.

RETRY It should be noted that the interrupt request signal that is sent to the interrupt
controller is the logical AND of this si (if defined to function as IRQ4) and the |
SPKROUT DP1/IRQ4 (if defined to function as IRQ4).
Kill Reservation—This input is used as a part of the storage reservation protocol
when the MPC823 initiated a transaction as the result of a stwex instruction.
Retry—This input is used by the slave device to indicate that it is unable to accept
the transaction. The MPCB823 has to relinquish the ownership of the bus and initiate
the transaction again after winning again in the bus arbitration.

Speaker Out—This output signal is used to provide a digital audio waveform to be
driven to the system’s speaker.

D[0:31) See Table 2-2 | Data Bus—This bidirectional three-state signal provides the general-purpose data

for pin path between the MPC823 and all other devices. Although the data pathisa
breakout. | maximum of 32 bits wide, it can be dynamically sized to support 8-, 16-, or 32-bit
transfers. DO is the most-significant bit of the data bus.
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C3 Data Parity 0—This bidirectional three-state signal provides parity generation and
checkmg for the data bus lane D[0:7] by transferring to a slave device initiated by the
MPCB823. The parity function can be defined independently for each one of the
addressed memory banks ‘If controlled by the memory controller) and for the rest of
the slaves sitting on the external bus.

Interrupt Request 3—This input signal is one of the eight external siggnals that can
request (by means of the internal interrupt controller) a service routine from the core.

3
@

DP1 D4 Data Parity 1—This bidirectional three-state si?na.l provides parict}/ generation and \
IRQ4 checkmg for the data bus lane D[8:15] by transferring to a slave device initiated by

the MPC823. The parity function can be defined mdependentl?/ for each one of the
addressed memory banks (if controlled by the memory controller) and for the rest of |
the slaves on the éxternal bus. ‘
Interrupt Request 4—This input is one of the eight external lines that can request

(by means of the internal interrupt controller) a service routine from the core. It should
be noted that the interrupt request signal that is sent to the |nterruet controller is the
logical AND of this signal (if defined 1o function as IRQ4) and the KR/SPKROUT/
IR%34 if defined to function as IRQ4. |
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Table 2-1. Signal Descriptions (Continued)

SIGNAL PIN NUMBER DESCRIPTION
DP2 D3 Data Parity 2—This bidirectional three-state signal provides parity generation and
TRQ5 checking for the data bus lane D[16:23] by transferring to a slave device initiated by

the MPC823. The parity function can be defined independentl?/ for each one of the
addressed memory banks (if controlled by the memory controller) and for the rest of
the slaves on the éxternal bus.

Interrupt Request 5—This input signal is one of the eight external si?nals that can
request (by means of the internal interrupt controller) a service routine from the core.

DP3 c2 Data Parity 3—This bidirectional three-state signal provides parity generation and
TRQ6 checkmg for the data bus lane D[24:31] bé/ transferring to a slave device initiated by
the MPC823. The parity function can be

) efined independenﬂ?/ for each one of the
addressed memory banks (if controlled by the memory controlle
the slaves on the éxternal bus.

lnterrupt Request 6—This input signal is one of the eight external signals that can
request (by means of the internal interrupt controller) a service routine from the core.
It should be noted that the interrupt request signal that is sent to the interrupt
controller is the logical AND of this g%'lal (if defined to function as IRQ6) and the
FRZ/IRQ6 if defined to function as IRQS6.

r) and for the rest of

BR B11 Bus Request—This bidirectional signal is asserted low when a possible master is
requesting ownership of the bus. When the MPC823 is configured to operate with the
internal arbiter, this signal is configured as an input. However, when the MPC823 is
configured to operate with an external arbiter, this signal is configured as an output
and asserted every time a new transaction is intended to be initiated and no parking
on the bus is granted.

BG C10 Bus Grant—This bidirectional signal is asserted low when the arbiter of the external
bus grants the specific master ownership of the bus. When the MPC823 is
configured to operate with the internal arbiter, this signal is configured as an output
and asserted everfv] time the external master asserts the BR signal and its priority
request is higher than an;{ of the internal sources requiring the initiation of a bus
transfer. However, when the MPCB823 is configured to operate with an external
arbiter, this signal is configured as an input.
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BB A1 Bus Bus_y—This bidirectional signal is asserted low by a master to show that it owns
the bus. The MPC823 asserts this signal after the bus arbiter grants it bus ownership
and the BB signal is negated.

IRQ6 A10 Interrurt Request 6—This input signal is one of the eight external si?nals that can
FRZ request (by means of the internal interrupt controller) a service routine from the core.

It should be noted that the interrupt request signal that is sent to the interrupt
controller is the logical AND of this s_lgngl (if defined to function as IRQ6) and the
DP3/IRQ6 (if defined to function as IRQ6.)

Freéeze——This output signal is asserted to indicate that the internal core is in debug
mode.

IRQO N1 Interrupt Request 0—This input signal is one of the eight external si%nals that can
request (by means of the internal interrupt controller) a service routine from the core.

IRQ1 N2 Interrupt Request 1—This input signal is one of the eight external signals that can
request (by means of the internal interrupt controller) a service routine from the core.
IRQ7 N3 Interrupt Request 7—This input signal is one of the eight external signals that can
request (by means of the internal interrupt controller) a service routine from the core.
CS[0:5] See Table 2-2 | Chip Select—These output signals enable peripheral or memory devices at
for pin grogrammed addresses If they are appropriately defined in the memory controller.
breakout. S0 can be configured to be the global chip-select for the boot device.
CSé C14 Chip Select 6—This output signal enables a peripheral or memory device at a
CE1 B pro ralr'nmed address if defined appropriately in the BR6 and OR6 of the memory
- controller.

Card Enable 1 Slot B—This output signal enables even b){te.transfers when
accesses to the PCMCIA Slot B are handled by the PCMCIA interface.
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Table 2-1. Signal Descriptions (Continued)

PIN NUMBER

DESCRIPTION

B15

Chip Select 7—This Qut&)u@ signal enables a peripheral or memory device at a
programmed address if defined appropriately in the BR7 and OR7 registers of the
memory controller.

Card Enable 2 Slot B—This output signal enables odd byte transfers when
accesses to the PCMCIA Slot B are handled by the PCMCIA interface.

D16

Write Enable 0—This output signal is asserted when a write access to an external
slave controlled by the GPCM in the memory controller is initiated by the MPC823.
XVE_O is asserted if the data lane D[0:7] contains valid data to be stored by the slave
evice.

Bxle Select 0 on UPMA or UPMB—This output signal is asserted as required by the
UPMA or UPMB in the memory controller whenever Bou 9rogram it. In a read or write
transfer, the signal is only asserted if the data lane D[0:7] contains valid data.

I/0 Device Read—This output signal is asserted when the MPC823 initiates a read
access to a region controlled by the PCMCIA interface. The signal is only asserted if
the access is to a PC Card I/O’space.

E16

Write Enable 1—This output signal is asserted when the MPC823 initiates a write_
access to an external slave controlled by the GPCM in the memory controller. WE1
5; asserted if the data lane D[8:15] contains valid data to be stored by the slave
evice.

B&te Select 1 on UPMA or UPMB—This output signal is asserted as required by the
UPMA or UPMB in the memory controller whenever Bou program it. In a read or write
transfer, the signal is only asserted if the data lane D[8:15] contains valid data.

1/0 Device Write—This output signal is asserted when the MPC823 initiates a write
access to a region controlled by the PCMCIA interface. The signal is only asserted if
the access is to a PC Card I/O space.
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D15

Write Enable 2—This output si?nal is asserted when the MPC823 initiates a write_
access to an external slave controlled by the GPCM in the memory controller. WE2
::"5 asserted if the data lane D[16:23] contains valid data to be storéd by the slave
evice. .

B¥le Select 2 on UPMA or UPMB—This output signal is asserted as required by the
UPMA or UPMB in the memory controller whenever Bou rogram it. In a read or write
transfer, the signal is only asserted if the data lane D[1 :23? contains valid data.
PCMCIA Output Enable—This output signal is asserted when the MPC823 initiates
a read access to a memory region under the control of the PCMCIA interface.
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F13

Write Enable 3—This output signal is asserted when the MPC823 initiates a write_
access to an external slave controlled by the GPCM in the memory controller. WE3
5 asserted if the data lane D[24:31] contains valid data to be storéd by the slave
evice.

Bxle Select 3 on UPMA or UPMB—This output signal is asserted as required by the
UPMA or UPMB in the memory controller whenever Bou ‘Pro ram it. In a read or write
transfer, the signal is only asserted if the data lane D[24:31] contains valid data.
PCMCIA Write Enable—This output signal is asserted when the MPC823 initiates a
write access to a memory region controlled by the PCMCIA interface.

GPL_A0
GPL_BO

E13

General-Purpose Line 0 on UPMA—This output signal reflects the value specified
in the UPMA 'in the memory controller when an external transfer to a slave is
controlled by the user programmable machine A (UPMA).

General-Purpose Line 0 on UPMB—This output signal reflects the value specified
in the UPMB in the memory controller when an external transfer to a slave is
controlled by the user programmable machine B (UPMB).

GPL_A1

GPL_B1

R

Ci16

General-Purpose Line 1 on UPMA—This output signal reflects the value specified
in the UPMA in the memory controller when an external transfer to a slave is
controlled by the user programmable machine A (UPMA).

General-Purpose Line 1 on UPMB—This output signal reflects the value specified
in the UPMB in the memory controller when an external transfer to a slave is
controlled by the user programmable machine B (UPMB).

Output Enable—This output signal is asserted when the MPC823 initiates a read
access to an external slave controlled by the GPCM in the memory controller.

MOTOROLA
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External Signals

Table 2-1. Signal Descriptions (Continued)

SIGNAL

PIN NUMBER

DESCRIPTION

GPL A2
GPL_B2
CSs2

Ci5

General-Purpose Line 2 on UPMA—This output signal reflects the value specified
in the UPMA in the memory controller when an external transfer to a slave is
controlled by the user programmable machine A (UPMA).

General-Purpose Line 2 on UPMB—This output signal reflects the value specified
in the UPMB in the memory controller when an external transfer to a slave is
controlled by the user programmable machine B (UPMB).

Chip Select 2—This output signal enables a peripheral or memory device at a
programmed address if defined appropriately in the BR6 and OR6 registers of the
memory controller. :

Q)
(7]
(o)

D14

General-Purpose Line 3 on UPMA—This output signal reflects the value specified
in the UPMA in the memory controller when an external transfer to a slave is
controlled by the user programmable machine A (UPMA).

General-Purpose Line 3 on UPMB—This output signal reflects the value specified
in the UPMB in the memory controller when an external transfer to a slave is
controlled by the user programmable machine B (UPMB).

Chip Select 3—This output signal enables a peripheral or memory device at a
programmed address if defined appropriately in the BR6 and OR6 registers of the
memory controller.

GPL_A4
UPWAITA
AS

D11

General-Purpose Line 4 on UPMA—This output signal reflects the value specified
in the UPMA in the memory controller when an external transfer to a slave is
controlled by the user programmable machine A (UPMA).

User Programmable Machine Wait A—This input signal is samgled when you need
it ar}d \ﬁ/hen an access to an external slave is controlled by the UPMA in the memory
controller.

Address Strobe—This input pin is driven by an external asynchronous master to
indicate a valid address on the A[6:31} lines. The memory controller in the MPC823
will synchronize this signal and control the memory device addressed if it is
recognized to be under its control.

GPL_B4
UPWAITB

B13

General-Purpose Line 4 on UPMB—This output signal reflects the value specified
in the UPMB in the memory controller when an external transfer to a slave is
controlled by the user programmable machine B (UPMB).

User Programmable Machine Wait B—This input signal is sampled when you need
it antd \ﬁ/hen an access to an external slave is controlled by the UPMB in the memory
controller.

GPL_A5

c12

General-Purpose Line 5 on UPMA—This output signal reflects the value specified
in the UPMA 'in the memory controller when an external transfer to a slave is
controlled by the user grogrammable machine A (UPMA). This signal can also be
controlled by the UPMB.

PORESET

B3

Power-On Reset—When asserted, this input signal causes the MPC823 to enter the
power-on reset state.

RSTCONF

C5

Reset Configuration—This input signal is sampled by the MPC823 during the
assertion of the HRESET signal. If itis asserted, the configuration mode is sampled
in the form of the hard reset configuration word driven on the data bus. When this
signal is negated, the default configuration mode is adopted by the MPC823. Notice
that the initial base address of internal registers is determined in this sequence.

HRESET

B5

Hard Reset—This open drain line, when asserted, causes the MPC823 to enter the
hard reset state.

SRESET

B4

Soft Reset—This open drain line, when asserted, causes the MPC823 to enter the
soft reset state.

XTAL

A4

External Crystal—This output signal is one of the connections to an external crystal
for the internal oscillator circuitry.

EXTAL

A5

External Crystal—This signal is one of the connections to an external crystal for the
internal oscillator circuitry.

XFC

B2

External Filter Caﬁacitanqe—jl’his input signal is the connection pin to an external
capacitor filter for the PLL circuitry.

CLKOUT

D1

CLKOUT—This output signal is the clock system frequency.

EXTCLK

A6

External Clock—This input signal is the external input clock from an external
source.
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Table 2-1. Signal Descriptions (Continued)

SIGNAL

PIN NUMBER

DESCRIPTION

TEXP

D5

Timer Expired—This output signal reflects the status of the TEXPS bit of the
PLPRCR register in the clock interface.

WAIT_B

C4

Wait Slot B—This input signal, if asserted low, causes the completion of a
transaction to be delayed on the PCMCIA-controlled Slot B.

ALE_B
DSCK
AT1

B8

Address Latch Enable B—This output signal is asserted when the MPC823
initiates an access to a region under the control of the PCMCIA socket B interface.
Dctevr?lopment Serial Clock—This input signal is the clock for the debug port
interface.

Address Type 1—This bidirectional three-state si%r\}al is driven by the MPC823
when it initiates a transaction on the external bus. When the transaction is initiated
by the internal core, it indicates if the transfer is for problem or privilege state.

IP_BO
IWPO
VFLSO0

A8

Input Port B 0—This input signal is sensed by the MPC823 and its value and
changes are reported in the PIPR and PSCR registers of the PCMCIA interface.
Instruction Watchpoint 0—This output signal reports the detection of an instruction
watchpoint in the program flow executed by the internal core.

Visible History Buffer Flushes Status—This output signal is output by the MPC823
when you need progfram instructions flow tracking. It reports the number of
instructions flushed from the history buffer in the internal core.

C8

Input Port B 1—This input signal is sensed by the MPC823 and its value and
changes are reported in the PIPR and PSCR registers of the PCMCIA interface.
Instruction Watchpoint 1—This output signal reports the detection of an instruction
watchpoint in the program flow executed by the internal core.

Visible History Buffer Flushes Status—This output signal is output by the MPC823
when you need program instructions flow tracking. It reports the number of
instructions flushed from the history buffer in the internal core.

IP_B2
10IS16_B
AT2

D7

Input Port B 2—This input signal is sensed by the MPC823 and its value and
changes are reported in the PIPR and PSCR registers of the PCMCIA interface.
1/0 Device B is 16 Bits Port Size—This input sig{nal is monitored by the MPC823
when a PCMCIA interface transaction is initiated to an 1/O region in socket B within
the PCMCIA space.

Address Type 2—This bidirectional three-state signal is driven by the MPC823
when it initiates a transaction on the external bus. When the transaction is initiated
by the internal core, it indicates if the transfer is instruction or data.

IP_B3
IWP2
VF2

A9

Input Port B 3—This input signal is monitored by the MPC823 and its value and
changes are reported in the PIPR and PSCR registers of the PCMCIA interface.
Instruction Watchpoint 2—This output signal reports the detection of an instruction
watchpoint in the program flow executed by the internal core.

Visible Instruction Queue Flush Status—This output signal, together with VFO and
VF1, is output by the MPC823 when you need program instruction flow trackln%. VFx
reports the number of instructions flushed from the instruction queue in the internal
core.

IP_B4
LWPO
VFO

B9

Input Port B 4—This input signal is monitored by the MPC823 and its value and
changes are reported in the PIPR and PSCR registers of the PCMCIA interface.
Load/Store Watchpoint 0—This output signal reports the detection of a data
watchpoint in the program flow executed by the internal core.
Visible Instruction Queue Flushes Status—This output signal, together with VF1
and VF2, is output by the MPC823 when Y,ou need program instructions flow .
%lr’lacki?g. Vr reports the number of instructions flushed from the instruction queue in
e internal core.

IP_B5
LWP1
VF1

C9

Input Port B 5—This input signal is monitored by the MPC823 and its value and
changes are reported in the PIPR and PSCR registers of the PCMCIA interface.
Load/Store Watchpoint 1—This output signal reports the detection of a data
watchpoint in the program flow executed by the internal core.
Visible Instruction Queue Flushes Status—This output signal, together with VFO
and VF2, is output by the MPC823 when you need program instructions flow .
:Lac!q?g. Vr reports the number of instructions flushed from the instruction queue in
e internal core.
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External Signals

Table 2-1. Signal Descriptions (Continued)

SIGNAL PIN NUMBER DESCRIPTION

IP_B6 . c7 Input Port B 6—This input signal is sensed by the MPC823 and its value and
DSDI changes are reported in the PIPR and PSCR registers of the PCMCIA interface.
ATO .D;evrtfelopment Serial Data Input—This input signal is the data in for the debug port

interface.

Address Type 0—This bidirectional three-state signal is driven by the MPC823
when it initiates a transaction on the external bus. Tf high (1), the fransaction is the
CPM. If low (0), the transaction initiator is the core.

IP_B7 D8 Input Port B 7—This input signal is monitored by the MPC823 and its value and
PTR changes are reported in the PIPR and PSCR registers of the PCMCIA interface.
AT3 Program Trace—This output signal is asserted by the MPC823 to indicate that an

instruction fetch is taking place in order to-allow program flow tracking.
Address Type 3—This bidirectional three-state Si%d is driven by the MPC823
when it initiates a transaction on the external bus. When the transaction is initiated
by the internal core, it indicates if the transfer is reserved for data transfers or a
program trace indication for instructions fetch.
MODCK1 D6 Mode Clock 1—This input signal is sampled at PORESET negation to configure the
oP2 PLL/clock mode of operation.

STS Output Port 2—This output signal is %qnerated by the MPC823 as a result of a write

to the PGCRB register in the PCMCIA interface.
Special Transfer Start—This output signal is driven by the MPC823 to indicate the
beggnning of atransaction on the external bus or an internal transaction in show cycle
mode.

MODCK2 B6 Mode Clock 2—This input signal is sampled at PORESET negation to configure the

OP3 PLL/clock mode of operation.

DSDO Output Port 3—This output silgnal is generated by the MPC823 as a result of a write

to the PGCRB register in the PCMCIA interface.
Development Serial Data Output—This output signal is the data out of the debug
port interface. .

PA[15] P16 General-Purpose /0 Port A Bit 15—Bit 15 of the general-purpose 1/O port A.
USBRXD USBRXD—The receive data input signal for the USB.

PA[14] R15 General-Purpose 1/0 Port A Bit 14—Bit 14 of the general-purpose 1/O port A.
USBOE USBOE—The output enable signal for the USB transmitter.

PA[13] R14 General-Purpose /0 Port A Bit 13—Bit 13 of the general-purpose I/O port A.

RXD2 RXD2—The receive data input signal for the serial communication controller.

PA[12] R13 General-Purpose I/O Port A Bit 12—Bit 12 of the general-purpose I/O port A.

TXD2 TXD2—The transmit data output signal for the serial communication controller.

TXD2 has open-drain capability.

PA[9] N10 General-Purpose /0 Port A Bit 11—Bit 9 of the general-purpose I/O port A.
L1TXDA L1TXDA—The transmit data output signal for the serial interface time-division
SMRXD2 multiplex port A. This signal has open-drain capability.

SMRXD2—The serial management controller 2 receive data pin.

PA[8]" T9 General-Purpose /O Port A Bit 8—Bit 8 of the general-purpose 1/O port A.
L1RXDA L1RXDA—The receive data input signal for the serial interface time-division
SMTXD2 multiplex port A.

SMTXD2—The serial management controller 2 transmit data pin.

PA[7] T8 General-Purpose /O Port A Bit 7—Bit 7 of the general-purpose 1/O port A.

CLK1 CLK1—This input signal is one of the four clock pins that can be used to clock the
TIN1 serial communication controller, serial management controllers, and USB.

L1RCLKA TIN1—The timer 1 external clock pin.
BRGO1 L1RCLKA—The receive clock for the serial interface time-division multiplex port A.
BRGO1—The output clock of BRG1.
PA[6] P8 General-Purpose I/0 Port A Bit 6—Bit 6 of the general-purpose 1/0 port A.
CLK2 CLK2—This input signal is one of the four clock pins that can be used to clock the
TOUTT serial communication controller, serial management controllers, and USB.
TIN3 TOUT1—The timer 1 output pin.
TIN3—The timer 3 external clock pin.
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Table 2-1. Signal Descriptions (Continued)

SIGNAL PIN NUMBER DESCRIPTION

PA[5] T6 General-Purpose 1/O Port A Bit 5—Bit 5 of the general-purpose I/0O port A.

CLK3 CLK3—This input signal is one of the four clock pins that can be used to clock the

TIN2 serial communication controller, serial management controllers, and USB.
L1TCLKA TIN2—The timer 2 external clock input pin.

BRGO2 L1TCLKA—The transmit clock for the serial interface time-division multiplex port A.
BRGO2—The output clock of BRG2.

PA[4] R6 General-Purpose I/O Port A Bit 4—Bit 4 of the general-purpose I/O port A.

CLK4 CLK4—This input signal is one of the four clock pins that can be used to clock the
TOUT2 serial communication controller, serial management controllers, and USB.

TIN4 TOUT2—The timer 2 output pin.
TIN4—The timer 4 external clock pin.

PB[31] N14 General-Purpose 1/0 Port B Bit 31—Bit 31 of the general-purpose I/O port B.
SPISEL SPISEL—The serial peripheral interface slave select input pin.

LCD_A LCD_A—This is one of the LCD controller’s three extension data bits, which are
used to drive an active LCD panel. When using a 12-bit bus instead of a 9-bit bus,
the LCD_A signal is the leas’ -si?_nificant bit of the red 4-bit code. The red portion of
the bus consists of LD[0:2] and LCD_A.

PB[30] P15 General-Purpose I/O Port B Bit 30—Bit 30 of the general-purpose /O port B.

SPICLK SPICLK—The serial geripheral interface output clock when it is configured as a
master or serial peripheral interface input clock when it is configured as a slave.

PB[29] P14 General-Purpose I/0 Port B Bit 29—Bit 29 of the general-purpose I/O port B.

SPIMOSI SPIMOSI—The serial peripheral interface output data when it is configured as a
master or serial peripheral interface input data when it is configured as a slave.

PBI[28] T15 General-Purpose 1/0 Port B Bit 28—Bit 28 of the general-purpose 1/O port B.

SPIMISO SPIMISO—The serial peripheral interface input data when it is configured as a

BRGO3 master or serial peripheral interface output data when it is configured as a slave.
BRGO3—The output clock of BRG3.

PB[27] T14 General-Purpose I/O Port B Bit 27—Bit 27 of the general-purpose I/O port B.
I2CSDA 12CSDA—The I°C serial data pin. This pin is bidirectional and should be configured
BRGO1 as an open-drain output.

BRGO1—The output clock of BRG1.

PBI[26] P12 General-Purpose I/O Port B Bit 26—Bit 26 of the general-purpose 1/O port B.
12CSCL 12CSCL—The I2C serial clock pin. This pin is bidirectional and should be configured
BRGO2 as an open-drain output.

BRGO2—The output clock of BRG2.

PBI[25] N11 General-Purpose I/0 Port B Bit 25—Bit 25 of the general-purpose I/O port B.
SMTXD1 SMTXD1—The serial management controller 1 transmit data output pin.

PB[24] T11 General-Purpose 1/0 Port B Bit 24—Bit 24 of the general-purpose I/O port B.
SMRXD1 SMRXD1—The serial management controller 1 receive data input pin.

PB[23] T10 General-Purpose I/0O Port B Bit 23—Bit 23 of the general-purpose I/O port B.
SMSYN1 SMSYN1—The serial management controller 1 external sync input pin.
SDACK1 SDACK1—The SDMA acknowledge 1 output pin that is used as a peripheral

interface signal for IDMA emulation or as a CAM interface signal for Ethernet.

PB[22] R9 General-Purpose I/O Port B Bit 22—Bit 22 of the general-purpose 1/O port B.

SMSYN2 SMSYN2—The serial management controller 2 external sync input pin.
SDACK2 SDACK2—The SDMA acknowledge 2 output Apin.that is used as a periﬁheral
interface signal for IDMA emulation or as a CAM interface signal for Ethernet.

PB[19] R7 General-Purpose I/0O Port B Bit 19—Bit 19 of the general-purpose 1/O port B.

L1ST1 L1ST1—One of eight output strobes that can be generated by the serial interface.
LCD_B LCD_B—This is one of the LCD controller’s three extension data bits, which are

used to drive an active LCD panel. When using a 12-bit bus instead of a 9-bit bus,
the LCD_B signal is the least-significant bit of the green 4-bit code. The green portion
of the bus consists of LD[3:5] and LCD_B.
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External Signals

Table 2-1. Signal Descriptions (Continued)

SIGNAL PIN NUMBER DESCRIPTION

PB[18] P7 General-Purpose I/0O Port B Bit 18—Bit 18 of the general-purpose /O port B.

RTS2 RTS2—The Request To Send modem signal for the serial communication controller.
L1ST2 L1ST2—One of eight output strobes that can be generated by the serial interface.
PB[17] N7 General-Purpose 1/0 Port B Bit 17—Bit 17 of the general-purpose I/O port B.
L1ST3 L1ST3—One of eight output strobes that can be generated by the serial interface.
LCD_C LCD_C—This is one of the LCD controlier’s three extension data bits, which are

used to drive an active LCD panel. When using a 12-bit bus instead of a 9-bit bus,
the LCD_C signal is the least-significant bit of the blue 4-bit code. The blue portion
of the bus consists of LD[6:8] and LCD_C.

PBI[16] R5 General-Purpose I/0 Port B Bit 16—Bit 16 of the general-purpose /O port B.
L1RQA L1RQA—The D-channel request signal for the serial interface time-division multiplex
L1ST4 port A.

L1ST4—One of eight output strobes that can be generated by the serial interface.

PCI[15] R16 General-Purpose I/O Port C Bit 15—Bit 15 of the general-purpose I/O port C.
DREQ1 DREQ1—The IDMA channel 1 request input signal.

L1ST5 L1ST5—O0ne of eight output strobes that can be generated by the serial interface.
PC[14] T16 General-Purpose I/O Port C Bit 14—Bit 14 of the general-pufpose 1/0 port C.
DREQ2 DREQ2—The IDMA channel 2 request input signal.

RTS2 RTS2—The Request To Send modem signal for the serial communication controller.
L1ST6 L1ST6—One of eight output strobes that can be generated by the serial interface.
PC[13] P13 General-Purpose I/0 Port C Bit 13—Bit 13 of the general-purpose I/O port C.
L1ST7 L1ST7—One of eight output strobes that can be generated by the serial interface.
PC[12] T13 General-Purpose 1/0 Port C Bit 12—Bit 12 of the general-purpose 1/O port C.
L1RQA L1 ﬁ%A_The D-channel request signal for the serial interface time-division multiplex
L1ST8 port A.

L1ST8—One of eight output strobes that can be generated by the serial interface.

PC[11] R10 General-Purpose 1/0 Port C Bit 11—Bit 11 of the general-purpose I/O port C.

USBRXP USBRXP—Used with USBRXN, this signal is used by the USB to detect a
single-ended zero and the interconnection speed.

PC[10] P9 General-Purpose I/0 Port C Bit 10—Bit 10 of the general-purpose I/O port C.

TGATET TGATE1—The timer1/timer2 gate signal.
USBRXN USBRXN—Used with USBRXP, this signal is used by the USB to detect a
single-ended zero and the interconnection speed.

PC[9] R8 General-Purpose /O Port C Bit 9—Bit 9 of the general-purpose 1/O port C.

CTS2 CTS2—The Clear to Send Modem line for the serial communication controller.

PCI8] N8 General-Purpose /O Port C Bit 8—Bit 8 of the general-purpose I/O port C.

CD2 CD2—The Carrier Detect Modem line for the serial communication controller.

TGATEA TGATET1—The timer1/timer2 gate signal.
PC[7] T5 General-Purpose I/0 Port C Bit 7—Bit 7 of the general-purpose 1/O port C.
USBTXP tli'1$BUTSXBP—ThiS output signal, in conjunction with USBTXN, are the transmit lines of
e .
PCI6] N6 General-Purpose /O Port C Bit 6—Bit 6 of the general-purpose 1/O port C.
USBTXN gSBUTSXBN_ThiS output signal, in conjunction with USBTXP, are the transmit lines of
e .
PC[5] P6 General-Purpose I/0 Port C Bit 5—Bit 5 of the general-purpose 1/O port C.
L1TSYNCA L1TSYNCA—The transmit sync input for the serial interface time-division multiplex
SDACK1 portA.
SDACK1—The SDMA acknowledge 1output Rin that is used as a peri{aheral
interface signal for IDMA emulation or as a CAM interface signal for Ethernet.

PC[4] T4 General-Purpose /O Port C Bit 4—Bit 4 of the general-purpose I/0 port C.

L1RSYNCA L1 rF:%\YNCA—The receive sync input for the serial interface time-division multiplex
port A.
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External Signals

Table 2-1. Signal Descriptions (Continued)

SIGNAL PIN NUMBER DESCRIPTION
PD[15] R4 General-Purpose I/O Port D Bit 15—Bit 15 of the general-purpose 1/O port D.
LD8 LD8—One of the 12 data bus bits used to drive the LCD panel.
VD7 VD7—One of the data bus bits of the video controller used for driving the video
encoder.
PD[14] T3 General-Purpose I/O Port D Bit 14—Bit 14 of the general-purpose I/O port D.
LD7 LD7—One of the 12 data bus bits used to drive the LCD panel.
VD6 VD6—One of the data bus bits of the video controlier used for driving the video
encoder.
PD[13] P5 General-Purpose I/0O Port D Bit 13—Bit 13 of the general-purpose I/O port D.
LD6 LD6—One of the 12 data bus bits used to drive the LCD panel.

VD5 VD5—O0ne of the data bus bits of the video controller used for driving the video

encoder.

PD[12] R3 General-Purpose I/O Port D Bit 12—Bit 12 of the general-purpose 1/O port D.

LD5 LD5—One of the 12 data bus bits used to drive the LCD panel.
VD4 VD4—One of the data bus bits of the video controller used for driving the video
encoder.
PD[11] N5 General-Purpose I/O Port D Bit 11—Bit 11 of the general-purpose I/O port D.
LD4 LD4—One of the 12 data bus bits used to drive the LCD panel.
VD3 VD3—One of the data bus bits of the video controller used for driving the video
encoder.
PD[10] T2 General-Purpose I/O Port D Bit 10—Bit 10 of the general-purpose 1/O port D.
LD3 LD3—One of the 12 data bus bits used to drive the LCD panel.

VD2 VD2—One of the data bus bits of the video controller used for driving the video

encoder.

PDI[9] P4 General-Purpose I/O Port D Bit 9—Bit 9 of the general-purpose I/O port D.

LD2 LD2—One of the 12 data bus bits used to drive the LCD panel.

VD1 VD1—One of the data bus bits of the video controller used for driving the video

encoder.

PD[8] T1 General-Purpose 1/O Port D Bit 8—Bit 8 of the general-purpose 1/O port D.

LD1 LD1—One of the 12 data bus bits used to drive the LCD panel.

VDO VD0—One of the data bus bits of the video controller used for driving the video

encoder.

PD[7] R2 General-Purpose I/O Port D Bit 7—Bit 7 of the general-purpose 1/O port D.

LDO LD0—One of the 12 data bus bits used to drive the LCD panel.

FIELD FIELD—The line the video controller uses to signal which of the two fields is the

current one.

PD[6] R1 General-Purpose I/0 Port D Bit 6—Bit 6 of the general-purpose 1/O port D.
LCD_AC LCD_AC—This output signal from the LCD controller toggles once every

LOE programmable number of frames. It is used with passive panels.

BLANK LOE—The output enable signal that is used with TFT panels.
BLANK—The video controller uses this signal to let the video encoder know that the
current cycle is a blank type.

PDI[5] P2 General-Purpose I/O Port D Bit 5—Bit 5 of the general-purpose 1/O port D.
FRAME FRAME—The output signal from the video controller that marks the beginning of a
VSYNC new frame.

VSYNC—The output signal from the LCD controller that marks the beginning of a
new frame.

PD[4] P3 General-Purpose 1/0 Port D Bit 4—Bit 4 of the general-purpose I/O port D.

LOAD LOAD—The output signal from the video controller that marks the beginning of a
HSYNC new display line.

HSY?IC—The output signal from the LCD controller that marks the beginning of a
new frame.
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External Signals

Table 2-1. Signal Descriptions (Continued)

SIGNAL PIN NUMBER DESCRIPTION
PD[3] N4 General-purpose /O Port D Bit 3—Bit 3 of the general-purpose I/O port D.
SHIFT/CLK SHIFT/CLK—This output signal is used to generate the shift clock timing to the LCD
CLK panel when using the LCD controller. The direction is defined when you program it.
CLK—When the video controller is used, the CLK function can either be an output
clock to drive the video encoder or an external input clock from the video encoder to
drive the video controller. The direction is defined when you program it.
Power Supply | See Table 2-2 | VDDL—Power supply of the internal logic.
bf°" In t VDDH—Power supply of the I/O buffers and certain parts of the clock control.
reakout. | yppsYN—Power supply of the phase-locked loop circuitry.
VSSSYN—Power supply of the phase-locked loop ground.
VSSSYN1—Power supply of the phase-locked loop ground.
GND—Power supply ground.
KAPWR—Power supply of the internal oscillator, real-time clock, periodic interrupt
timer, decrementer, and timebase.
TCK T12 Test Clock—This input signal is the clock of the JTAG interface.
DSCK Development Serial Clock—This input signal is the clock for the debug port
interface.
T™S R12 Test Mode Select—This input signal controls the TAP machine sequence in the
JTAG interface.
TDI R11 Test Data Input—This input signal is the data in the JTAG interface.
DSDI Development Serial Data Input—This input signal is the data for the debug port
interface.
TDO N12 Test Data Output—This three-state output signal is the data out of the JTAG
DSDO interface.
Development Serial Data Output—This output signal is the data out of the debug
port interface.
TRST P11 Test Reset—This input signal is the asynchronous reset of the TAP machine on the
JTAG interface.
N/C SeefTab!e 2-2 | No Connect—These pins are not connected.
or pin
breakout.
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Table 2-2. Pin Breakout

External Signals

SIGNAL PIN NUMBER

ADDRESS BUS PINS A6 M13
A7 N15
A8 N16
A9 M15
A10 L13
A1 M16
A12 M14
A13 L14
A4 L15
A15 L16
A16 K14
A7 K13
A18 G13
A19 K15
A20 Ji15
A21 J14
A22 G14
A23 H15
A24 H13
A25 H14
A26 F14
A27 K16
A28 G16
A29 H16
A30 G15
A31 F16
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External Signals

Table 2-2. Pin Breakout (Continued)

SIGNAL PIN NUMBER

DATA BUS PINS DO M1

D1 L1

D2 J2

D3 J

D4 L2

D5 H1

D6 F1

D7 Ef

D8 M2

Q D9 K2

m D10 K3
>
m

o D11 K1
£

o D12 M4
12}

2 D13 M3
>
o

[z D14 J3

D15 Ja4

D16 H2

D17 K4

D18 H3

D19 G2

D20 G3

- D21 F2

D22 H4

D23 L4

D24 F3

D25 G4

D26 E4

D27 L3

D28 Fa4

D29 E2

D30 D2

D31 E3
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Table 2-2. Pin Breakout (Continued)

SIGNAL PIN NUMBER
CHIP SELECT PINS Ts0 D12
s Al4
cts2 B14
Cs3 A15
Cs4 B16
TS5 D13
CS6 ci4
CS7 B15 ‘
POWER SUPPLY PINS VDDH E5-12, F5, F12,
G5, G12, H5, H12,
. J12, K5, K12, o
L5, L12, =
M5-M12 Z
VDDL A7, G1, J16, T7 z
VDDSYN B1 £
w
KAPWR A3 i
VSSSYN Al @
VSSSYNH1 A2
GND F6—F11, G6-G11,
He6-H11, J6—J11,
K6-K11, L6-L11
NO CONNECT PINS N/C A16, C1, C6, E14,
J13, N9, N13,
B1, P10
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SECTION 3
MEMORY MAP

This section discusses the internal memory map (including key registers) of the MPC823.
Each memory resource is mapped within a contiguous block of 16K storage. The location of
this block within the global 4G real storage space can be mapped on 64K resolution through
an implementation specific special register called the internal memory map register (IMMR).
Refer to Section 12.12.1.2 Internal Memory Map Register for more information.

Table 3-1. MPC823 Internal Memory Map

Note: [f you are using Mask Revision Base # F38S, there are only two timers.

INTERNAL : SIZE PAGE NUMBER
ADDRESS REGISTER (IN BITS) LOCATION
000 SIUMCR—SIU Module Configuration Register 32 12-30
004 SYPCR—System Protection Control Register 32 12-35

008 to 00D RES—Reserved — —
00E SWSR—Software Service Register 16 12-27
010 SIPEND—SIU Interrupt Pending Register 32 12-7
014 SIMASK—SIU Interrupt Mask Register 32 12-8
018 SIEL—SIU Interrupt Edge/Level Register 32 12-9
01C SIVEC—SIU Interrupt Vector Register 32 12-10
020 TESR—Transfer Error Status Register 32 12-36

024 to 02F RES—Reserved — —
030 SDCR—SDMA Configuration Register 32 16-87

034 to 07F RES—Reserved — —
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Memory Map

Table 3-1. MPC823 Internal Memory Map (Continued)

INTERNAL SIZE PAGE NUMBER
ADDRESS REGISTER (IN BITS) LOCATION
080 PBRO—PCMCIA Interface Base Register 0 32 17-16
084 PORO—PCMCIA Interface Option Register 0 32 1717
088 PBR1—PCMCIA Interface Base Register 1 32 17-16
08C POR1—PCMCIA Interface Option Register 1 32 1717
090 PBR2—PCMCIA Interface Base Register 2 32 17-16
094 POR2—PCMCIA Interface Option Register 2 32 17-17
098 PBR3—PCMCIA Interface Base Register 3 32 17-16
09C POR3—PCMCIA Interface Option Register 3 32 1717
0AO PBR4—PCMCIA Interface Base Register 4 32 17-16
0A4 POR4—PCMCIA Interface Option Register 4 32 17-17
0A8 PBR5—PCMCIA Interface Base Register 5 32 17-16
0AC POR5—PCMCIA Interface Option Register 5 32 1717
0BO PBR6—PCMCIA Interface Base Register 6 32 17-16
0B4 POR6—PCMCIA Interface Option Register 6 32 17-17
0B8 PBR7—PCMCIA Interface Base Register 7 32 17-16
0BC POR7—PCMCIA Interface Option Register 7 32 17-17
0CO to OE3 RES—Reserved —_ —_
0E4 PGCRB—PCMCIA Interface General Control Register B 32 17-15
OE8 PSCR—PCMCIA Interface Status Change Register 32 17-11
0EC to OEF RES—Reserved — —
0FO0 PIPR—PCMCIA Interface Input Pins Register 32 179
OF4 to OF7 RES—Reserved — —
OF8 PER—PCMCIA Interface Enable Register 32 17-13
OFC to OFF RES—Reserved — —
100 BR0—Base Register Bank 0 32 15-9
104 OR0—Option Register Bank 0 32 15-11
108 BR1—Base Register Bank 1 32 15-9
10c OR1—Option Register Bank 1 32 15-11
110 BR2—Base Register Bank 2 32 15-9
114 OR2—Option Register Bank 2 32 15-11
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Table 3-1. MPC823 Internal Memory Map (Continued)

INTERNAL SIZE PAGE NUMBER
ADDRESS REGISTER (IN BITS) LOCATION
118 BR3—Base Register Bank 3 32 15-9
11C OR3—Option Register Bank 3 32 15-11
120 BR4—Base Register Bank 4 32 15-9
124 OR4—Option Register Bank 4 32 15-11
128 BR5—Base Register Bank 5 32 15-9
12C OR5—Option Register Bank 5 32 15-11
130 BR6—Base Register Bank 6 32 15-9
134 OR6—Option Register Bank 6 32 15-11
138 BR7—Base Register Bank 7 32 15-9
13C OR7—Option Register Bank 7 32 15-11
140 to 163 RES—Reserved —_— —
164 MAR—Memory Address Register 32 15-27
168 MCR—Memory Command Register 32 15-17
16C to 16F RES—Reserved — —
170 MAMR—Machine A Mode Register 32 15-19
174 MBMR—Machine B Mode Register 32 15-23
178 MSTAT—Memory Status Register 16 15-15
17A MPTPR—Memory Periodic Timer Prescaler 16 15-28
17C MDR—Memory Data Register 32 15-26
180 to 1FF RES—Reserved

200 TBSCR—Timebase Status and Control Register 16 12-16
204 TBREFU—Timebase Reference Register Upper 32 12-15
208 TBREFL—Timebase Reference Register Lower 32 12-15
20C to 21F RES—Reserved — —
220 RTCSC—Real-Time Clock Status and Control Register 16 12-18
224 RTC—Real-Time Clock Register 32 12-19
228 RTSEC—Real-Time Clock Alarm Seconds Register 32 12-20
22C RTCAL—Real-Time Clock Alarm Register 32 12-21
230 to 23F RES—Reserved — —
240 PISCR—Periodic Interrupt Status and Control Register 16 12-23
244 PITC—Periodic Interrupt Timer Count Register 32 12-24
MOTOROLA MPC823 USER’S MANUAL 3-3
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Memory Map

Table 3-1. MPC823 Internal Memory Map (Continued)

INTERNAL SIZE PAGE NUMBER

ADDRESS REGISTER (IN BITS) LOCATION
248 PITR—Periodic Interrupt Timer Register 32 12-25

24C to 27F RES—Reserved — -

280 SCCR—System Clock and Reset Control Register 32 5-3
284 PLPRCR—PLL, Low-Power and Reset Control Register 32 5-7
288 RSR—Reset Status Register 32 4-5
28C to 2FF RES—Reserved — -

300 TBSCRK—Timebase Status and Control Register Key 32 5-27
304 TBREFFOK—Timebase Reference Register 0 Key 32 5-27
308 TBREFF1K—Timebase Reference Register 1 Key 32 5-27
30C TBK—Timebase and Decrementer Register Key 32 5-27
310 to 31F RES—Reserved — —
320 RTCSCK—Real-Time Clock Status and Control Register Key 32 5-27
324 RTCK—Real-Time Clock Register Key 32 5-27
328 RTSECK—Real-Time Alarm Seconds Key 32 5-27
32C RTCALK—Real-Time Alarm Register Key 32 5-27
330 to 33F RES—Reserved — —
340 PISCRK—Periodic Interrupt Status and Control Register Key 32 5-27
344 PITCK—Periodic Interrupt Count Register Key 32 5-27
348 to 37F RES—Reserved

5-27

380 SCCRK—System Clock Control Key

384 PLPRCRK—PLL, Low Power and Reset Control Register Key 32 5-27

388 RSRK—Reset Status Register Key 32 5-27
38C to 7FF RES—Reserved — —

800 VCCR—Video Controller Configuration Register 16 19-5
802 to 803 RES—Reserved 16 —
804 VSR—Video Status Register 8 19-7
805 RES—Reserved 8 —_
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Table 3-1. MPC823 Internal Memory Map (Continued)

LCCR—LCD Panel Configur:

L

ation Register

INTERNAL SIZE PAGE NUMBER
ADDRESS REGISTER (IN BITS) LOCATION
806 VCMR—YVideo Controller Command Register 8 19-8
807 RES—Reserved 8 —

808 VBCB—YVideo Background Color Buffer Register 32 19-9
80C to 80F RES—Reserved 16 —
810 VFCR0—Video Frame Configuration Register (Set 0) 32 19-10
814 VFAAO—Video Frame Buffer A Start Address Register (Set 0) 32 19-11
818 VFBAO—Video Frame Buffer B Start Address Register (Set 0) 32 19-12
81C VFCR1—Video Frame Configuration Register (Set 1) 32 19-13
820 VFAA1—Video Frame Buffer A Start Address Register (Set 1) 32 19-14
824 VFBA1—Video Frame Buffer B Start Address Register (Set 1) 32 19-15
828 to 83F RES—Reserved — —

859 to 85F

RES—Reserved

32 18-20

844 LCHCR—LCD Horizontal Control Register 32 18-22

848 LCVCR—LCD Vertical Configuration Register 32 18-23
84C to 84F RES—Reserved — —

850 LCFAA—LCD Frame Buffer A Start Address 32 18-25

854 LCFBA—LCD Frame Buffer B Start Address 32 18-26

858 LCSR—LCD Status Register 8 18-27

860 12MOD—I2C Mode Register 8 16-458
864 [2ADD—I2C Address Register 8 16-463
868 I2BRG—I?C Baud Rate Generator Register 8 16-464
86C 12COM—I2C Command Register 8 16-464
870 I2CER—I2C Event Register 8 16-465
874 I2CMR—I?C Mask Register 8 16-466
875 to 8FF RES—Reserved —_ —_
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Memory Map

Table 3-1. MPC823 Internal Memory Map (Continued)

INTERNAL
ADDRESS

900 to 903

REGISTER

SIZE

(IN BITS)

PAGE NUMBER
LOCATION

RES—Reserved — —
904 SDAR—SDMA Address Register 32 16-90
908 SDSR—SDMA Status Register (DSP Interrupts) 8 16-88
909 to 90B RES—Reserved — —
90C SDMR—SDMA Mask Register (DSP Interrupts) 8 16-36, 16-89
90D to 90F RES—Reserved — —
910 IDSR—IDMA1 Status Register 8 16-95
911 to 913 RES—Reserved — —
914 IDMR—IDMA1 Mask Register 8 16-96
915 to 917 RES—Reserved — —
918 IDSR—IDMAZ2 Status Register 8 16-95
91910 91B RES—Reserved — —
91C IDMR—IDMA2 Mask Register 8 16-96
91D to 92F RES—Reserved — —

94C

CISR—CPM Interrupt In-Service Register

930 CIVR—CPM Interrupt Vector Register 16 16-500
932 to 93F RES—Reserved — —

940 CICR—CPM Interrupt Configuration Register 32 16-495

944 CIPR—CPM Interrupt Pending Register 32 16-497

948 CIMR—CPM Interrupt Mask Register 32 16-498

32 16-499

950 PADIR—Port A Data Direction Register 16 16-471
952 PAPAR—Port A Pin Assignment Register 16 16-471
954 PAODR—Port A Open-Drain Register 16 16-470
956 PADAT—Port A Data Register 16 16-470
958 to 95F RES—Reserved — —
960 PCDIR—Port C Data Direction Register 16 16-482
962 PCPAR—Port C Pin Assignment Register 16 16-483
964 PCSO—Port C Special Options Register 16 16-483
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Table 3-1. MPC823 Internal Memory Map (Continued)

INTERNAL SIZE PAGE NUMBER
ADDRESS REGISTER (IN BITS) LOCATION
966 PCDAT—Port C Data Register 16 16-482
968 PCINT—Port C Interrupt Control Register 16 16-484
96A to 96F RES—Reserved — —
970 PDDIR—Port D Data Direction Register 16 16-486
972 PDPAR—Port D Pin Assignment Register 16 16-487
974 RES—Reserved — —_
976 PDDAT—Port D Data Register 16 16-486
978 to 97F RES—Reserved — —_
980 TGCR—Timer Global Configuration Register 16 16-79
982 to 98F RES—Reserved — —
990 TMR1—Timer1 Mode Register 16 16-80
992 TMR2—Timer2 Mode Register 16 16-80
9A0 TMR3—Timer3 Mode Register 16 16-80
9A2 TMR4—Timer4 Mode Register 16 16-80
994 TRR1—Timer1 Reference Register 16 16-81
996 TRR2—Timer2 Reference Register 16 16-81
9A4 TRR3—Timer3 Reference Register 16 16-81
9A6 TRR4—Timer4 Reference Register 16 16-81
998 TCR1—Timer1 Capture Register 16 16-82
99A TCR2—Timer2 Capture Register 16 16-82
9A8 TCR3—Timer3 Capture Register 16 16-82
9AA TCR4—Timer4 Capture Register 16 16-82
99C TCN1—Timer1 Counter Register 16 16-82
99E TCN2—Timer2 Counter Register 16 16-82
9AC TCN3—Timer3 Counter Register 16 16-82
9AE TCN4—Timer4 Counter Register 16 16-82
9A0 to 9AF RES—Reserved — —
9B0 TER1—Timer1 Event Register 16 16-83
9B2 TER2—Timer2 Event Register 16 16-83
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* Memory Map

Table 3-1. MPC823 Internal Memory Map (Continued)

9B4 to 9BF

RES—Reserved

CPCR—Communication Processor Module Command Register 16

INTERNAL SIZE PAGE NUMBER
ADDRESS REGISTER (IN BITS) LOCATION
9B4 TER3—Timer3 Event Register 16 16-83
9B6 TER4—Timer4 Event Register 16 16-83

9DC to 9EF

BRGC1—BRG1 Configuration Register

RES—Reserved

32

9CO 16-10
9C2t0 9C3 RES—Reserved 16 —

- 9C4 RCCR—RISC Controller Configuration Register 16 16-8
9C6 RES—Reserved — —
9C7 EIAAinDSSt;r—RISC Microcode Development Support Control 8 » 16-7
9D6 RTER—RISC Timer Event Register 16 16-25
9DA RTMR—RISC Timer Mask Register 16 16-25

16-154

9F0
9F4 BRGC2—BRG2 Configuration Register 32 16-154
9F8 BRGC3—BRG3 Configuration Register 32 16-154

A00

BRGC4—BRG4 Configuration Register

USMOD—USB Mode Register

16-357

AO1 USADR—USB Slave Address Register 16-363
A02 USCOM—USB Command Register 16-364
A03 RES—Reserved —
A04 USEP0—USB End Point 0 Register 16 16-365
A06 USEP1—USB End Point 1 Register 16 16-365
. AO8 USEP2—USB End Point 2 Register 16 16-365
AOA USEP3—USB End Point 3 Register 16 16-365
AOC to AOF RES—Reserved — -
A10 USBER—USB Event Register 16 16-368
A12 RES—Reserved 16 —
A4 USBMR—USB Mask Register 16 16-369
A16 RES—Reserved 8 —_
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Table 3-1. MPC823 Internal Memory Map (Continued)

INTERNAL SIZE PAGE NUMBER
ADDRESS REGISTER (IN BITS) LOCATION
A17 USBS—USB Status Register 8 16-369

A18to A1F RES—Reserved

A20 GSMR_L—SCC2 General Mode Low Register 32 16-160

A24 GSMR_H—SCC2 General Mode High Register 32 16-160
A28 SCC2 PSMR—Protocol-Specific Mode Register 16 16-170
16-211 (UART
16-236 (HDLC
16-272 (AHDLC)
16-302 (Trans)
A2A to A2B RES—Reserved 16 —
A2C TODR—Transmit-on-Demand Register 16 16-171
A2E DSR—Data Synchronization Register 16 16-171
A30 SCCE—SCC2 Event Register 16 16-181
16-221 (UART
16-243 §-|DLC§
16-277 (AHDLC)
16-307 (Trans)
A32 RES—Reserved 16 —
A34 SCCM—SCC2 Mask Register 16 16-181
16-223 (UART
16-246 (HDLC
16-309 (Trans
A36 RES—Reserved 8 —
A37 SCCS—SCC2 Status Register 8 16-181
16-224 (UART
16-247 (HDLC =
16-309 (Trans =
5=
A38 IRMODE—SCC2 Infra-Red Mode Register 16 16-287 é
w
A3A IRSIP—SCC2 Infra-Red Serial Interaction Pulse Control 16 16-289 =
Register

A3C to A81 RES—Reserved — —

A82 SMCMR—SMC Mode Register 16

16-374
16-388 iUART;
16-406 (Trans;
16-421 (GCI)
A84 RES—Reserved 16 —
A86 SMCE—SMC Event Register 8 16-395 &UART
16-412 (Trans,
16-422 (GCl)

A87 to A89 RES—Reserved — —

MOTOROLA MPC823 USER’S MANUAL 3-9



£

=
m
=
o
=)
=<
=
>
o

Memory Map

Table 3-1. MPC823 Internal Memory Map (Continued)

INTERNAL SIZE PAGE NUMBER
ADDRESS REGISTER (IN BITS) LOCATION
A8A SMCM—SMC Mask Register 8 16-397 (UART
16-413 (Trans)
16-423 (GCl)
A8B to A91 RES—Reserved — —

A92 SMCMR—SMC Mode Register 16 16 318%-33% R
16-406 ETrans
16-421 (GCl)
A94 RES—Reserved 16 —_
A96 SMCE—SMC Event Register 8 16-395 iUARTg
16-412 (Trans
16-422 (GCl)
A97 to A99 RES—Reserved — —
A9A SMCM—SMC Mask Register 8 16-397 (UART
16-413 (Trans)
16-423 (GCl)
A9B to A9F RES—Reserved — —

AB8

AAO SPMODE—SPI Mode Register 16 16-433
AA2 RES—Reserved 16 —
AAB SPIE—SPI Event Register 8 16-442
AA7 to AA9 | RES—Reserved — —
AAA SPIM—SPI Mask Register 8 16-443
AAB RES—Reserved 16 —
AAD SPCOM—SPI Command Register 8 16-441
AAE to AB1 RES—Reserved — —

PBDIR—Port B Data Direction Register 32 16-477
ABC PBPAR—Port B Pin Assignment Register 32 16-478
ACO PBODR—Port B Open-Drain Register 32 16-475
AC4 PBDAT—Port B Data Register 32 16-476
3-10 MPC823 USER’S MANUAL MOTOROLA
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Table 3-1. MPC823 Internal Memory Map (Continued)

INTERNAL
ADDRESS

REGISTER

SIMODE—Serial Interface Mode Register

SIZE

(IN BITS)

PAGE NUMBER
LOCATION

pes

B0O to BFF

VCRAM—Video Controller RAM Array

AEO 32 16-127
AE4 SIGMR—Serial Interface Global Mode Register 8 16-126
AE5 RES—Reserved 8 —
AE6 SISTR—Serial Interface Status Register 8 16-137
AE7 SICMR—Serial Interface Command Register 8 16-136
AES8 to AEB RES—Reserved — —
AEC SICR—Serial Interface Clock Route Register 32 16-134
AFO SIRP—Serial Interface RAM Pointer Register 32 16-137
AF4 to AFF RES—Reserved — —

256 bytes

19-16

CO00 to DFF

SIRAM—Serial Interface RAM

512 bytes

16-120

EO00 to FFF

LCOLR—LCD Color RAM

512 bytes

18-28

1000 to 1FFF

RES—Reserved

4,096 bytes

2000 to 2FFF | DPRAM—Dual-Port RAM —

3000 to 3BFF | DPRAM—Dual-Port RAM Expansion — —

3C00 to 3FFF | PRAM—Parameter RAM 1,024 bytes —
MOTOROLA MPC823 USER’S MANUAL 3-11
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SECTION 4
RESET

The reset block of the MPC823 has a reset control logic that determines the cause of reset,
synchronizes it if necessary, and resets the appropriate logic modules. The memory
controller, system protection logic, interrupt controller, and parallel I/O pins are initialized
only on hard reset. Soft reset initializes the internal logic while maintaining the system

configuration.
Table 4-1. Possible Reset Results
RESET EFFECT
RESET SYSTEM CLOCK | HRESET | DEBUG OTHER SRESET
RESET LOGIC | CONFIG | MODULE | PIN PORT |INTERNAL| PIN
SOURCE ANDPLL | RESET | RESET | DRIVEN | CONFIG | LOGIC | DRIVEN
STATE RESET )
RESET
Power-On Reset R R N V
External Hard Reset — Y v R
Loss-of-Lock )
Software Watchdog
Check Stop
Debug Port Hard Reset
JTAG Reset
External Soft Reset — R — — R R R
Debug Port Soft Reset
NOTE: + indicates that the logic circuitry is reset or the appropriate pin is driven by the source.
— indicates that the logic circuitry is not affected.
MOTOROLA MPC823 USER’S MANUAL 4-1
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Reset

4.1 TYPES OF RESET
The MPC823 has several types of inputs to the reset logic:

¢ Power-on reset
e External hard reset
¢ Internal hard reset

3 Loss of lock

O Software watchdog reset
O Checkstop reset

[ Debug port hard reset

Qd JTAG reset

¢ External soft reset
¢ Internal soft reset

0 Debug port soft reset
0 JTAG soft reset

All of these reset sources are fed into the reset controller and, depending on the source of
the reset, different actions are taken. The reset status register reflects the last source to
cause a reset.

4.1.1 Power-On Reset

PORESET (power-on reset) is an active low input pin. In a system with power-down
low-power mode, this pin should only be activated when a voltage in the keep-alive power
(KAPWR) rail fails. When this pin is asserted, the MODCK bits are sampled and the
phase-locked loop multiplication factor and pitrtclk and tmbclk sources are changed to their
default values. When this pin is negated, internal MODCK values are unchanged. The
PORESET pin should be asserted for a minimum of 3 microseconds. After detecting this
assertion, the MPC823 enters the power-on reset state and stays there until the following
events occur:

* The internal PLL enters the lock state and the system clock is active
* The PORESET pin is negated

When PORESET is asserted, the MPC823 enters the power-on reset (POR) state in which
SRESET and HRESET are asserted by the core. When the MPC823 remains in POR, the
extension counter of 512 is reset, and the MODCK pins are sampled when POR pin is
negated. After the negation of PORESET or PLL lock, the core enters the state of internal
initiated HRESET and continues driving the HRESET and SRESET pins for 512 cycles.
When the timer expires, which is usually after the 512 cycles, the configuration is sampled
from the data pins and the core stops driving the pins. An external pull-up resistor should
drive the HRESET and SRESET pins high. After the pins are negated, a 16-cycle period
passes before the presence of an external (hard/soft) reset is tested. Refer to

Section 4.3.1 Hard Reset for more information.
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4.1.2 External Hard Reset

HRESET (hard reset) is a bidirectional, active low 1/O pin. The MPC823 can only detect an
external assertion of HRESET if it occurs while the MPC823 is not asserting reset. During
HRESET, SRESET is asserted. HRESET is an open-collector type of pin. SRESET (soft
reset) is a bidirectional, active low 1/O pin. The MPC823 can only detect an external
assertion of SRESET if it occurs while the MPC823 is not asserting reset. The SRESET is
also an open-collector type of pin.

When an external HRESET is asserted, the core starts driving the HRESET and SRESET
for 512 cycles. When the timer expires, after 512 cycles, the configuration is sampled from
the data pins and the core stops driving the HRESET and SRESET pins. An external pull-up
resistor should drive the pins high and once they are negated, a 16-cycle period passes
before the presence of an external (hard/soft) reset is tested. Refer to Section 4.3.1 Hard
Reset for more information.

4.1.3 Internal Hard Reset

When the core finds a reason to assert HRESET, it starts driving the HRESET and SRESET
pins for 512 cycles. When the timer expires, after the 512 cycles, the configuration is
sampled from data pins and the core stops driving the pins. An external pull-up resistor
should drive the HRESET and SRESET pins high and once they are negated a 16-cycle
period passes before the presence of an external (hard/soft) reset is tested. Refer to
Section 4.3.1 Hard Reset for more information. The causes of internal hard reset are as
follows:

* Loss of lock
Software watchdog reset

Checkstop reset
Debug port hard reset
JTAG reset

°

4.1.3.1 LOSS OF LOCK. Ifthe PLL detects a loss of lock, erroneous external bus operation
occurs if synchronous external devices use the core input clock. Erroneous operation could
also occur if devices with a PLL use the core clockout. This source of reset can be asserted
if the LOLRE bit in the PLL low-power and reset control register is set. The enabled PLL
loss-of-lock event generates an internal hard reset sequence.

4.1.3.2 SOFTWARE WATCHDOG RESET. After the core watchdog counts to zero, a
software watchdog reset is asserted. The enabled software watchdog event then generates
an internal hard reset sequence.

4.1.3.3 CHECKSTOP RESET. If the core enters a checkstop state and the checkstop reset
is enabled, the checkstop reset is asserted. The enabled checkstop event then generates
an internal hard reset sequence.
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4.1.3.4 DEBUG PORT HARD RESET. When the development port receives a hard reset
request from the development tool, an internal hard reset sequence is generated. In this
case, the development tool must reconfigure the debug port. See

Section 20.2.1.2.6 Detecting the Trace Window End Address for more information.

4.1.3.5 JTAG RESET. When the JTAG logic asserts the JTAG soft reset signal, an internal
soft reset sequence will be generated.

4.1.4 External Soft Reset

When an external SRESET is asserted, the core starts driving the SRESET pin. When the
timer expires, after 512 cycles, the debug port configuration is sampled from the DSDI and
DSCK pins and the core stops driving the pin. An external pull-up resistor should drive it high
and once itis negated a 16-cycle period passes before the presence of an external soft reset
is tested.

4.1.5 Internal Soft Reset

When the core finds a reason to assert SRESET, it starts driving the SRESET pin. When
the timer expires, after 512 cycles, the debug port configuration is sampled from the DSDI
and DSCK pins and the core stops driving the SRESET pin. An external pull-up resistor
should drive the pin high and once it is negated a 16-cycle period passes before the
presence of an external soft reset is tested. JTAG and the debug port cause an internal soft
reset.

4.1.5.1 DEBUG PORT SOFT RESET. When the development port receives a soft reset
request from the development tool, an internal soft reset sequence is generated. In this case
the development tool must reconfigure the debug port. See Section 20.2.1.2.6 Detecting
the Trace Window End Address for more information.
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4.2 RESET STATUS REGISTER

The 32-bit reset status register (RSR) is powered by the keep-alive power supply. As shown
in Section 3 Memory Map, it is memory-mapped into the MPC823 system interface unit
register map and receives its default reset values at power-on reset.

RSR

DBHRS

DBSRS RESERVED

0 0 0 0 0 0 0 0 0

RW RW RW

RESERVED

0

RW

EHRS—External Hard Reset Status

This bit is cleared by a power-on reset. When an external hard reset event is detected, this
bit is set and remains that way until the software clears it. The EHRS bit can be negated by
writing a 1, but a write of zero has no effect on it.

0 = No external hard reset event occurred.
1 = An external hard reset event occurred.

ESRS—EXxternal Soft Reset Status

This bit is cleared by a power-on reset. When an external soft reset event is detected, this
bit is set and remains that way until the software clears it. The ESRS bit can be negated by
writing a 1, but a write of zero has no effect on it.

0 = No external soft reset event occurred.
1 = An external soft reset event occurred.

LLRS—Loss-of-Lock Reset Status

This bit is cleared by a power-on reset. When a loss-of-lock event is enabled by the LOLRE
bit in the PLPRCR is detected, this bit is set and remains that way until the software clears
it. The LLRS bit can be negated by writing a 1, but a write of zero has no effect on it.

0 = No enabled loss-of-lock reset event occurred.
1 = An enabled loss-of-lock reset event occurred.
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SWRS—Software Watchdog Reset Status

This bit is cleared by a power-on reset. When a software watchdog expire event occurs, this
bit is set and remains that way until the software clears it. The SWRS bit can be negated by
writing a 1, but a write of zero has no effect on it.

0 = No software watchdog reset event occurred.
1 = A software watchdog reset event occurred.

CSRS—Check Stop Reset Status

This bit is cleared by a power-on reset. When the core enters the checkstop state and the
checkstop reset is enabled by the CSR bit in the PLPRCR, this bit is set and remains that
way until the software clears it. The CSRS bit can be negated by writing a 1, but a write of
zero has no effect on it.

0 = No enabled checkstop reset event occurred.
1= An enabled checkstop reset event occurred.

DBHRS—Debug Port Hard Reset Status

This bit is cleared by a power-on reset. When the debug port hard reset request is set, this
bit is set and remains that way until the software clears it. The DBHRS bit can be negated
by writing a 1, but a write of zero has no effect on it.

0 = No debug port hard reset request occurred.
1 = A debug port hard reset request occurred.

DBSRS—Debug Port Soft Reset Status

This bit is cleared by a power-on reset. When the debug port soft reset request is set, this
bit is set and remains that way until the software clears it. The DBSRS bit can be negated
by writing a 1, but a write of zero has no effect on it.

0 = No debug port soft reset request occurred.
1 = A debug port soft reset request occurred.

JTRS—JTAG Reset Status

This bit is cleared by a power-on reset. When the JTAG reset request is set, this bit is set
and remains that way until the software clears it. The JTRS bit can be negated by writing a
1, but a write of zero has no effect on it.

0 = No JTAG reset event occurred.
1= A JTAG reset event occurred.

Bits 8—31—Reserved
These bits are reserved and should be set to 0.
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4.3 HOW TO CONFIGURE RESET

In normal operation, you can configure reset with a hard reset. However, to configure the
development port you should use a soft reset.

4.3.1 Hard Reset

When a hard reset event occurs, the MPC823 reconfigures its hardware system as well as
the development port configuration. The logical value of the bits that determine its initial
mode of operation are sampled either from the data bus or from an internal default constant
(D[0:31]=x’00000000). If, at sampling time, RSTCONF is asserted, the configuration is
sampled from the data bus. Otherwise, it is sampled from the internal default. While
HRESET and RSTCONF are asserted, the MPC823 pulls the data bus low through a weak
resistor. You can overwrite this default by driving high to the appropriate bit, as shown in
Figure 4-1. Figures 4-2 through 4-4 illustrate how reset configuration works when PORESET
is asserted. While the PORESET input signal is being asserted, the core assumes the
default reset configuration that changes when PORESET is negated or the CLKOUT signal
starts oscillating. In this last case, the hardware configuration is sampled every nine clock
cycles on the rising edge of the CLKOUT. The setup time required for the data bus is 15
cycles and the maximum rise time of HRESET should be less than six clock cycles. For
more information, see Section 4.3.2 Soft Reset.

|
1 CONFIGURATION w
WORD

DX (DATA LINE)

|
|
|
|
|
|
|
f RSTCONF
|
|
|
|

Figure 4-1. Reset Configuration Basic Scheme
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CLkouT ||||||I||| ||||||

PORESET

INTPORESET /

—— -

- RSTCONF < P

D[0:31] X

DEFAULT RSTCONF CONTROLLED

|
Y

A
Y
A
Y

Figure 4-2. Reset Configuration Sampling Scheme
For Short PORESET Assertion

CLKouT ||||H|||| HHH

— |

PORESET \ | /

1 -

INTPORESET : /

— | —

HRESET | /
[

RSTCONF l _ TSUP |
L |
|

< >l >
DEFAULT RSTCONF CONTROLLED

Figure 4-3. Reset Configuration Sampling Scheme
For Long PORESET Assertion
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Reset

4.3.1.1 HARD RESET CONFIGURATION WORD. The hard reset configuration word is i
sampled from the data bus. At reset, the bits will determine the default values of the
corresponding bits in the SIUMCR, IMMR, and MSR.

HARD RESET CONFIGURATION WORD

RESERVED

0

NOTE: The default value is due to the internal pull-down resistor on the data bus.

EARB—EXxternal Arbitration

If this bit is set (1), external arbitration is assumed. If it is cleared (0), then internal arbitration
is performed. See Section 12 System Interface Unit for more information.

1IP—Initial Interrupt Prefix

This bit defines the initial value of the MSR,p immediately after reset. The MSRp bit defines
the interrupt table location. If lIP is zero (default), the MSRp initial value is one, but if it is
sampled one, the MSRp initial value is zero.

Bits 2, 6, and 15—Reserved
These bits are reserved and should be left open.

BDIS—Boot Disable

0 = The memory controller is activated after reset so that it matches all addresses.
1 = The memory controller is not activated after reset, but it is cleared.

BPS—Boot Port Size
This field defines the port size of the boot device.

00 = 32-bit port size.
01 = 8-bit port size.
10 = 16-bit port size.
11 = Reserved.

ISB—Initial Internal Space Base Select

This field defines the initial value of the IMMR bits 0-15 and determines the base address of
the internal memory space.

00 = 0x00000000.
01 = 0x00F00000.
10 = 0xFF000000.
11 = 0xFFF00000.
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DBGC—Debug Pins Configuration
This field configures the functionality of the following pins.

Ox = IWP[0:1)/VFLS[0:1] functions as IWP[0:1].
IWP2/VF2 functions as IWP2.
LWPO/VFO functions as LWPO.
LWP1/VF1 functions as LWP1.
MODCK1/STS functions as STS.
DSCK/AT1 functions as AT1.
DSDI/IRQ5 functions as IRQ5.
PTR/ATS functions as AT3.
MODCK2/DSDO functions as DSDO.

10 = Reserved.

11 = IWP[0:1)/VFLS|0:1] functions as VFLS[0:1].
IWP2/VF2 functions as VF2.
LWPO/VFO functions as VFO.
LWP1/VF1 functions as VF1.
MODCK1/STS functions as STS.
DSCK/AT1 functions as AT1.
DSDI/IRQS5 functions as IRQ5.
PTR/ATS3 functions as AT3.
MODCK2/DSDO functions as DSDO.

DBPC—Debug Port Pins Configuration
This field configures the following pins on the active development port.

00= DSCK/AT1 functions as defined by DBGC.
DSDI/IRQ5 functions as defined by DBGC.
PTR/ATS functions as defined by DBGC.
TCK/DSCK functions as DSCK.

TDI/DSDI functions as DSDI.
TDO/DSDO functions as DSDO.

01= DSCK/AT3 functions as defined by DBGC.
DSDI/IRQ5 functions as defined by DBGC.
PTR/AT3 functions as defined by DBGC.
TCK/DSCK functions as TCK.

TDI/DSDI functions as TDI. |
TDO/DSDO functions as TDO.

10 = Reserved.

11 = DSCK/AT1 functions as DSCK.
DSDI/IRQ5 functions as DSDI.
PTR/ATS functions as PTR.
TCK/DSCK functions as TCK.
TDI/DSDI functions as TDI.
TDO/DSDO functions as TDO.

MOTOROLA MPC823 USER’S MANUAL 4-11



Reset

EBDF—External Bus Division Factor

These bits define the frequency division factor between GCLK1/GCLK2 and
GCLK1_50/GCLK2_50. CLKOUT is similar to GCLK2_50. GCLK2_50 and GCLK1_50 are
used by the system interface unit and memory controller to interface with the external
system. The EBDF bits are initialized during HRESET using the hard reset configuration
mechanism.

4.3.2 Soft Reset
When a soft reset event occurs, the MPC823 reconfigures the development port.
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SECTION 5
CLOCKS AND POWER CONTROL

The MPC823 clock system provides many different timing options for all on-chip and
external devices. It contains phase-locked loop circuitry and frequency dividers that
generate programmable clock timing for baud rate generators, timers, the LCD controller,
and a variety of low-power mode options.

The programmable phase-locked loop, called the system phase-locked loop (SPLL) in the
MPCB823, generates the overall system operating frequency. You can program the SPLL in
integer multiples of the input clock frequency. The minimum internal operating frequency is
15MHz. To generate the system operating frequencies, divide by a power of two divider. The
clock sources to the timebase, decrementer, real-time counter, and periodic interrupt
counter are generated by the MPC823 clock module. For additional timer information, refer
to Section 12 System Interface Unit.

The MPCB823 has a variety of programmable modes that allow your system to operate at its
highest level, and yet it still gives you the option of operating in a power-saving mode.
Figure 5-1 illustrates the internal clock source and distribution that includes the SPLL, clock
dividers, drivers, and main clock oscillator.

5.1 FEATURES

 The following list summarizes the main features of the MPC823 clocks and power control
system:

s Contains System Phase-Locked Loop (SPLL)

¢ Clock Dividers Are Provided for Low-Power Modes and Internal Clocks

* Contains Five Major Power-Saving Modes:

@ Normal, Doze, Sleep, Deep Sleep, and Power-Down. Normal and Doze have both
high and low modes of operation.

¢ Able to Operate the Core at Low Voltage for Various Power-Saving Modes
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Figure 5-1. Clock Source and Distribution
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5.2 REGISTER MODEL

5.2.1 System Clock and Reset Control Register

The SPLL has a 32-bit control register that is powered by keep-alive power. The system
clock and reset control register (SCCR) is memory-mapped into the MPC823 system
interface unit’s register map.

SCCR

RESERVED CRQEN | PRQEN | RESERVED
- # 0 # # # 0 0 0 t 0
0 0 0 0 * * 0 0 0 t 0
AW AW AW Rw | RW | RW | RW | RW AW AW AW

(IMMR & 0xFFFF0000) + 0x280

DFALCD

0 0 0 0 0 0 0

0 0 0 0 0 0 0

RW RW RW RW RW RW RW

(IMMR & OxFFFF0000) + 0x282

NOTE: HRESET is hard reset and POR is power-on reset.
— = undefined and # = unaffected.
* RTDIV depends on the combination of MODCK1and MODCK2. RTSEL depends on MODCK1.
See Table 5-2 for more information.
1 This field is set according to the default of the hard reset configuration word.

Bits 0 and 3—-5—Reserved
These bits are reserved and should be set to 0.

COM—Clock Output Module

This field controls the output buffer strength of the CLKOUT pin. When both bits are set, the
CLKOUT pin is held in the high state. These bits can be dynamically changed without
generating spikes on the CLKOUT pin. If the CLKOUT pin is not connected to external
circuits, both bits are should be set to minimize noise and power dissipation. The COM field
is cleared by hard reset.

00 = Clock output enabled full-strength buffer.

01 = Clock output enabled half-strength output buffer.
10 = Reserved. ‘
11 = Clock output disabled.
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TBS—Timebase Source
This bit determines the clock source that drives the timebase and decrementer.

0 = Timebase frequency source is OSCCLK divided by 4 or 16.
1 = Timebase frequency source is GCLK2 divided by 16.

RTDIV—Real-Time Clock Divide

This bit indicates if the clock, the crystal oscillator or main clock oscillator, to the real-time
clock and periodic interrupt timer is divided by 4 or 512. At power-on reset this bit is cleared
if the MODCK1 and MODCK2 signals are low.

0 = The clock is divided by 4.
1 = The clock is divided by 512.

RTSEL—Real-Time Clock Select

This bit selects the crystal oscillator or main clock oscillator as the input source to the
real-time clock. At power-on reset, this bit reflects the value of the MODCK1 signal.

0 = The main clock oscillator is selected.
1 = The crystal oscillator is selected.

CRQEN—CPM Request Enable

This bitis cleared by power-on or hard reset and specifies if the general system clock returns
to the high frequency while the communication processor module’s RISC microcontroller is
active.

0 = The system remains in the lower frequency even if the communication processor
module is active.

1 = The system switches to high frequency when the communication processor
module is active.

PRQEN—Power Management Request Enable

This bit specifies whether or not the general system clock returns to a high frequency when
a pending interrupt from the interrupt controller or POW bit in the machine state register is
clear (normal mode). This bit is cleared by power-on or hard reset.

0 = The system remains in low frequency even if there is a pending interrupt from the
interrupt controller or power management bit in the machine state register is
cleared (normal mode).

1 = The system switches to high frequency when there is a pending interrupt from the
interrupt controller or power management bit in the machine state register is
cleared.

Bits 11—12 and 15-16—Reserved
These bits are reserved and should be set to 0.
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EBDF—External Bus Division Factor

This field defines the frequency division factor between GCLKx and GCLKx_50. CLKOUT
is similar to GCLK2_50. The GCLKx_50 is used by the bus interface and memory controller
to interface with an external system. This field is initialized during hard reset using the hard
reset configuration word in Section 4.3.1.1 Hard Reset Configuration Word.

00 = CLKOUT is GCLK2 divided by 1.
01 = CLKOUT is GCLK2 divided by 2.
1x = Reserved.

DFSYNC—-Division Factor for the SYNCCLK

This field sets the VCOOUT frequency division factor for the SYNCCLK signal. Changing
the value of this field does not result in a loss-of-lock condition. This field is cleared by a
power-on or hard reset.

00 = Divide by 1 (normal operation).
01 = Divide by 4.

10 = Divide by 16.

11 = Divide by 64.

DFBRG—Division Factor of the BRGCLK

This field sets the VCOOUT frequency division factor for the BRGCLK signal. Changing the
value of this field does not result in a loss-of-lock condition. This field is cleared by a
power-on or hard reset.

00 = Divide by 1 (normal operation).
01 = Divide by 4.

10 = Divide by 16.

11 = Divide by 64.

DFNL—Division Factor Low Frequency

This field sets the VCOOUT frequency division factor for general system clocks to be used
in low-power mode. In low-power mode, the MPC823 automatically switches to the DFNL
frequency. To select the DFNL frequency, load this field with the divide value and set the
CSRC bit. A loss-of-lock condition will not occur when you change the value of this field. This
field is cleared by a power-on or hard reset.

000 = Divide by 2.
001 = Divide by 4.
010 = Divide by 8.
011 = Divide by 16.
100 = Divide by 32.
101 = Divide by 64.
110 = Reserved.
111 = Divide by 256.

MOTOROLA MPC823 USER’S MANUAL 5-5

o
wi
=
o
o
[=
=
<
w o
2E
=
S8
0o




8g
=0
=0
DX
ow
>
=
o
4
(=]
=
m
=

Clocks and Power Control

DFNH—Division Factor High Frequency

This field sets the VCOOUT frequency division factor for general system clocks to be used
in normal mode. In normal mode, the MPC823 automatically switches to the DFNH
frequency. To select the DFNH frequency, load this field with the divide value and clear the
CSRC bit. A loss-of-lock condition will not occur when you change the value of this field. This
field is cleared by a power-on or hard reset.

000 = Divide by 1.
001 = Divide by 2.
010 = Divide by 4.
011 = Divide by 8.
100 = Divide by 16.
101 = Divide by 32.
110 = Divide by 64.
111 = Reserved.

DFLCD—-Division Factor of LCDCLK

This field sets the VCOOUT frequency division factor for the LCDCLK signal. The total
division factor of DFALCD and this field should not exceed 64, as defined in

Section 5.3.4.4 The LCD Clocks. A loss-of-lock condition does not occur when you change
the value of this field. This field is cleared by a power-on or hard reset.

000 = Divide by 1.
001 = Divide by 2.
010 = Divide by 4.
011 = Divide by 8.
100 = Divide by 16.
101 = Divide by 32.
110 = Divide by 64.
111 = Reserved.

DFALCD—Division Factor of LCDCLK50

This field sets the LCDCLK frequency division factor for the LCDCLK50 signal. The
LCDCLKS50 signal is input to the LCD panel. The total division factor of DFLCD and this field
should not exceed 64, as defined in Section 5.3.4.4 The LCD Clocks. Changing the value
of this field does not result in a loss-of-lock condition. This field is cleared by a power-on or
hard reset.

00 = Divide by 1.
01 = Divide by 3.
10 = Divide by 5.
11 = Divide by 7.
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5.2.2 PLL, Low-Power, and Reset Control Register

The 32-bit system PLL, low-power, and reset control register (PLPRCR) is powered by a
keep-alive power supply and is used to control the system frequency and low-power mode
operation.

PLPRCR

RESERVED

- 0

0

RW RW

(IMMR & 0xFFFF0000) + 0x284

2

TEXPS | RES | TMIST | RES | CSRC LPM CSR | LOLRE | FIOPD RESERVED

RW | RW | RW | RW | RW RW RW | RW | RW RW

(IMMR & OxFFFF0000) + 0x286

NOTE: HRESET is hard reset and POR is power-on reset.
7= Undefined.
Depends on the combination of MODCK1and MODCK2. See Table 5-2 for more information.

MF—Multiplication Factor

The output of the voltage control oscillator (VCO) frequency is divided to generate the
feedback signal that goes to the phase comparator. This field controls the value of the
divider in the SPLL feedback loop. The phase comparator determines the phase shift
between the feedback signal and the reference clock. This difference results in an increase
or decrease of the VCO output frequency.

The MF field can be read and written at any time. Changing the MF field causes the SPLL
to lose its lock. All clocks are disabled until the SPLL reaches lock condition. The normal
reset value for the DFNH bits is 0x0 (divide-by-one). When the SPLL is operating in
one-to-one mode, the MF field is set to 0. See Table 5-2 for details.

Bits 12—15—Reserved
These bits are reserved and should be set to 0.
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Clocks and Power Control

SPLSS—System PLL Lock Status Sticky

This bit is not affected by hard reset. An out-of-lock indication sets the SPLSS bit and it
remains set until the software clears it. At power-on reset, the state of the SPLSS bit is zero.
Write a 1 to clear this bit (writing a zero has no effect). Notice that a loss-of lock caused by
a change in the MF field or the processor entering deep-sleep mode or power-down mode
does not affect the SPLSS bit. Only a loss-of-lock caused by the following conditions will set
this bit.

0 = SPLL remains locked.
1 = SPLL has gone out of lock at least once since the bit was cleared or at the last
power-on reset.

TEXPS—Timer Expired Status

This internal status bit is set when the periodic timer expires, the real-time clock alarm sets,
the timebase clock alarm sets, the decrementer interrupt occurs, or the system resets. The
TEXP pin reflects the value of the TEXPS bit, so you have to read the pin to find out the
status of the bit. You can clear this bit by writing a 1 (writing a zero has no effect). When
TEXPS is set, the TEXP external signal is asserted and when it is reset, the TEXP external
signal is negated.

0= TEXP is negated.
1= TEXP is asserted.

Bits 18, 20, and 27-31—Reserved
These bits are reserved and should be set to 0.

TMIST—Timers Interrupt Status

This bit is cleared at reset and is set when a real-time clock, periodic interrupt timer,
timebase, or decrementer interrupt occurs. You can clear this bit by writing a 1 (writing a
zero has no effect). When the TMIST bit is set, the system clock switches to high frequency,
as defined by the DFNH field. The system clock frequency stays high if the CSRC bit is set
and there is no reason to switch to normal low mode.

0 = No timer interrupt is detected.
1 = Atimerinterrupt is detected.

CSRC—Clock Source

This bit specifies whether the DFNH or DFNL field generates the general system clock. This
bit is cleared by a hard reset.

0 = The general system clock is generated by the DFNH field.
1 = The general system clock is generated by the DFNL field.
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LPM—Low-Power Modes

This bit, in conjunction with the TEXPS and CSRC bits, specifies the operating mode of the
core. There are seven possible modes. In the normal mode, you can write a non-zero value
to this field. In the other modes, only a reset or interrupt (that is not from the interrupt
controller) can clear this field.

00 = Normal high/normal low mode.
01 = Doze high/doze low mode.

10 = Sleep mode.

11 = Deep sleep/power-down mode.

CSR—Checkstop Reset Enable

This bit enables an automatic reset when the processor enters checkstop mode. If the
processor enters debug mode at reset, then reset is not generated automatically. Refer to
Section 20.6.3.2 Debug Enable Register for more information.

CSR BIT CHSTPE BIT CHECKSTOP RESULT
IN DER MODE

0 0 No —

0 0 Yes —

0 1 No —

0 1 Yes Enter debug mode
1 0 No —

1 0 Yes Automatic reset
1 1 No —

1 1 Yes Enter debug mode

LOLRE—Loss-of-Lock Reset Enable

This bit enables hard reset generation when a loss-of-lock indication occurs, but not as a
result of altering the MF field or the processor entering deep-sleep or power-down mode.

0 = A hard reset is not generated when a loss-of-lock is indicated.
1 = A hard reset is generated when a loss-of-lock is indicated.

FIOPD—Force 1/O Pull Down
This bit indicates when the address and data external pins are driven by an internal
pull-down device in sleep and deep-sleep mode.

0 = No pull-down on the address and data bus.
1 = Address and data bus is driven low in sleep and deep-sleep mode.
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5.3 THE CLOCK MODULE

The input frequency source for the phase-locked loop can either be a low frequency crystal
(32kHz or 38.4kHz) or a high frequency oscillator (3-5MHz) that the phase-locked loop
multiplies to produce the system clock. If you use a low frequency crystal circuitry, the
on-chip main clock oscillator requires an external parallel resonant crystal, two capacitors,
and two resistors, as shown in Figure 5-2. When you design and implement this circuitry,
follow normal high-frequency design rules for placement and layout.

32 or 38KHz CRYSTAL X VDD
]
f XFC' 01F
T2 | | =
i g 8 2
>| > = =
i----{A5}-{Af}------------{Bg}------- ----[A1]----[AZ]
1
! ‘ !
H E’—»cmow
:
EXTCLK r,:| SPLL

! '
'
1
| |
H

g 5

MPC823 |

T
XTAL| 3-5MHz
0SC

 *XFC must be a low-leakage capacitor. See Section 22 Electrical Characteristics for recommended values.

i
b Figure 5-2. Crystal Oscillator

o

If you use a high-frequency oscillator, its output can be directly input to the EXTCLK pin.

Even though crystals are typically much cheaper, oscillators have more stability because
they are lesslaffected by trace length, component quality, printed circuit board layout and
characteristics.
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a Note: In your design, you should always consider the oscillation startup stablization
time of the crystal. During this stabilization time, no internal or external clocks are
generated by the MPC823, which may cause higher than normal static current
during the short period of stabilization. Assuming that the crystal circuit is
powered by keep-alive power, then once you system has had first time power-
up, allowance for stabilization is not necessary.

The MPC823 clock module consists of the main crystal oscillator, the SPLL, the low-power
divider, the clock generator/driver blocks, and the clock module/system low-power control
block. The clock module and system low power control block receive control bits from the
system clock control register (SCCR), PLL low-power and reset control register (PLPRCR),
and reset status register (RSR). Figure 5-3 illustrates the clock module.
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DOZE MODE
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DIVISION FACTOR TOTAL LESS THAN 64
Figure 5-3. Clock Module Diagram
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5.3.1 On-Chip Oscillators and External Clock Input

The main clock oscillator (OSCM) uses either a 3-5MHz source at EXTCLK (4MHz mode)
oscillator or a 30-50kHz (32kHz mode) crystal between EXTAL and XTAL to generate the
SPLL reference clock (OSSCLK). The external clock input EXTCLK is generated from an
external source. In one-to-one mode, the input clock frequency must be at least 15MHz.
Otherwise, it can be between 3 and 5MHz. See Figure 5-1 for details.

For normal operation, at least one clock source should be active, but it is possible to
configure both clock sources to be active. When both clock sources are active, the EXTCLK
pin provides the OSCCLK signal for the SPLL. The EXTAL and XTAL pins provide the input
frequency for the OSCM that generates the PITRTCLK signal. The input of an unused timing
reference should be grounded.

Note: Under any condition, the voltage on the MODCK1 and MODCK2 pins should be
less than or equal to the power supply voltage VDDH applied to the part.

5.3.2 System PLL

The main purpose of the SPLL is to generate a stable reference frequency by multiplying
the frequency and eliminating the clock skew. The SPLL allows the processor to operate at
a high internal clock frequency using a low frequency clock input, which gives you two
advantages. Lower frequency clock input reduces the overall electromagnetic interference
generated by the system. Also, oscillating at different frequencies reduces the cost because
you will not have to add more oscillators to your system. The MPC823 SPLL block diagram
is illustrated in Figure 5-4.

XFC
L]
0SCCLK "
FEEDBACK comﬁimﬂ DOWN :C;ILAJ;(EE Vo veoour .
VDDSYN / VSSSYN

CLOCK | o MULTIPLICATION FACTORH___
DELAY MF[0:11]

Figure 5-4. SPLL Block Diagram
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The OSCCLK signal goes to the phase comparator that controls the direction in which the
charge pump drives the voltage across the external filter capacitor (XFC). Direction is based
on whether the feedback signal phase lags or leads the reference signal. The output of the
charge pump drives the VCO whose output frequency at VCOOUT is divided down and fed
back to the phase comparator to be compared with the reference frequency (OSCCLK
signal). The multiplication factor should be between 1 and 4,096. Also, when the SPLL is
operating in one-to-one mode, the multiplication factor is 1 (the MF field equals 0).

At the initial system power-up after keep-alive power is lost, external logic should assert the
PORESET pin for 3us after a valid level is reached on the keep-alive power supply. When
power-on reset is asserted, the MF field is set as shown in Table 5-1 and the DFNH and
DFNL fields are both set to 0. This MF field value then programs the SPLL to generate the
approximate default system frequency of 16.7MHz when a 32kHz input frequency is used
and 20MHz when a 4MHz input frequency is used.

Table 5-1. Power-On Reset Clock Configuration

MODCK [1:2] DEFAULT SPLL OPTIONS
MF +1 AT
POWER-ON RESET

00 513 Normal operation, SPLL enabled.
Main timing reference is OSCMgygq = 32 kHz.

01 5 Normal operation, SPLL enabled.
Main timing reference is OSCMgreq = 4 MHz.

1" 5 Normal operation, SPLL enabled,
Main timing reference is EXTCLKjrgq= 4 MHz.

10 1 Normal operation, SPLL enabled.
One-to-one Mode Maximum
LKOUTfrgq = EXTCLKreq

5.3.2.1 SPLL STABILITY. The SPLL can multiply the input frequency by any integer that is
between 1 and 4,096. The multiplication factor can be changed by modifying the value of
the MF field in the PLPRCR. Even though any multiplication factor between 1 and 4,096 can
be programmed, the resulting VCO output frequency must be within the range specified in
Section 22 Electrical Characteristics. The MF field in the PLPRCR is set to a
predetermined value when a power-on reset occurs. The multiplication factor is the most
important parameter and as it goes higher it has a greater effect on the stability of the SPLL.
There are three factors that define SPLL stability—phase skew, phase jitter, and frequency
jitter. )

The phase skew is the time difference between the falling edges of the EXTAL and CLKOUT
pins for a capacitive load on CLKOUT over the entire process, temperature ranges, and
voltage ranges. For input frequencies greater than 15MHz and MF<2, this skew is between
-0.9ns and +0.9ns. Otherwise, this skew is not guaranteed. However, for MF<10 and input
frequencies greater than 10MHz, the skew is between -2.3ns and +2.3ns.

MOTOROLA MPC823 USER’S MANUAL 5-13

[
w
=
<)
o
=
=
<
wn
x
o
o
-1
o

CONTROL

(5




8g
=0
=0
DX
ow
>
=
o
o
o
=
m
=

|
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The phase jitter is a variation in the skew that occurs between the falling edges of the EXTAL
and CLKOUT pins for a specific temperature, voltage, input frequency, MF, and capacitive
load on the CLKOUT pin. These variations are a result of the PLL locking mechanism. For
input frequencies greater than 15MHz and MF<2, this jitter is less than £0.6ns. Otherwise,
this jitter is not guaranteed. However, for MF<10 and input frequencies greater than 10MHz,
this jitter is less than £2ns.

The frequency jitter is defined as the frequency variation of the CLKOUT pin. For small
multiplication factors (MF<10), this jitter is smaller than 0.5%. For mid-range multiplication
factors (10<MF<500), this jitter is between 0.5% and -2%. For large multiplication factors
(MF>500), the frequency jitter is 2-3%. The maximum input frequency jitter on the EXTAL
pinis 0.5%. If the rate of change of the frequency at the EXTAL pin is slow (it does not jump
between the minimum and maximum values in one cycle), the maximum jitter can be 2%.

5.3.3 The Low-Power Clock Divider

The output of the SPLL is sent to a low-power divider that generates other clocks for normal
operation, but also has the ability to divide the output frequency of the VCO before it
generates the SYNCCLK, LCDCLK, LCDCLK50, BRGCLK, and GCLKXx (which is sent to the
rest of the MPC823). GCLKXC is the system timing reference for the core, instruction and
data caches, and memory management unit. GCLKX is the system timing reference for the
other modules. GCLKx_50 operates at a frequency that is half the GCLKx frequency. The
frequency ratio between GCLKx and GCLKx_50 is determined by the EBDF bit in the SCCR.
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Figure 5-5. Clock Dividers
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The low-power dividers allow you to reduce and restore the operating frequencies of
different sections of the MPC823 without losing the SPLL lock. Using the low-power dividers,
you can still obtain full chip operation, but at a lower frequency. This is called normal low
mode. You can switch to normal low mode or set the speed at any time and the changes
you make will occur immediately. The low-power dividers are controlled by the SCCR and
its default division factor is divide by one at reset. For a 40MHz system, SYNCCLK,
LCDCLK, LCDCLK50, BRGCLK, and GCLKXx are all 40MHz at reset.
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5.3.4 Internal Clock Signals
The internal logic of the MPC823 uses the following internal clock signals:

¢ General system clocks

¢ Baud rate generator clock
¢ Synchronization clocks

* LCD clocks

The MPCB823 also generates an external clock signal called CLKOUT. All internal clock
signals originate from the same source, so they are all synchronized to VCOOUT.

5.3.4.1 THE GENERAL SYSTEM CLOCKS. The general system clocks—GCLK1C,
GCLK2C, GCLK1, GCLK2, GCLK1_50, and GCLK2_50—are the basic clocks supplied to
all modules of the MPC823. GCLKXC is supplied to the core, data and instruction caches,
and memory management unit. It is not active when the core is in sleep or power-down
mode. GCLKXx is supplied to the system interface unit, clock module, memory controller, and
most of the other blocks in the communication processor module.

The timing relationship between the general system clock signals that are shown in
Figure 5-1 is illustrated in Figure 5-6. CLKOUT, the only externally visible clock, is derived
from the GCLK2_50 signal.

GCLK1

GCLK2

GOLK1_50
(EBDF=00)

GCLK2_50
(EBDF=00)

CLKOUT
(EBDF=00)

GCLK1_50
(EBDF=01)

GCLK2_50
(EBDF=01)

CLKOUT
(EBDF=01)

e

| |
I I
i 1
| I
I l
! I
I |
f f
I |
I |
} |
| |
I I

V_I"—[F"I_ [

Figure 5-6. MPC823 Clocks Timing Diagram
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Notice that GCLK1_50, GCLK2_50, and CLKOUT can have a lower frequency than GCLK1
and GCLK2. This allows the external bus to operate at lower frequencies as controlled by
the EBDF bit in the SCCR. GCLK2_50 always rises simultaneously with GCLK2. GCLK1_50
rises simultaneously with GCLK1, but when the MPC823 is not in normal low mode, the
falling edge of GCLK1_50 occurs in the middle of the high phase of GCLK2_50 and EBDF
determines the division factor between GCLKx and GCLKx_50. See Figure 5-9 for more
information.

The general system clock defaults to VCOOUT frequency at system reset. In normal low
mode, the frequency of the general system clock can be dynamically switched using the
SCCR.

DFNH
VCOoouT DFNH DIVIDER
M
GCLK1
DFNL DIVIDER DFNL
LOW POWER MODE |

Figure 5-7. Selecting the General System Clock

You can switch the general system clock division factor between two different values (DFNH
and DFNL). The high frequency is generated by using the DFNH field in the SCCR and it is
used in normal high and doze high mode. The low frequency is generated using the DFNL
field in the SCCR and it is used in normal low and doze low mode. Conventionally, to
conserve power low frequency is slower than high frequency.

In some applications, a high frequency is needed to perform critical tasks. For example,
interrupt routines need to be run at a high frequency, but the rest of the application can run
at a low frequency to conserve power. The MPC823 can automatically switch between low
and high frequency operation when one of the following conditions exist:

* A pending interrupt from the interrupt controller occurs. This option is maskable by the
PRQEN bit in the SCCR.

¢ The POW bit of the machine status register is clear. This option is maskable by the
PRQEN bit in the SCCR.

¢ The RISC microcontroller in the communication processor module has a pending
request or is currently executing a routine. This option is maskable by the CRQEN bit
in the SCCR.
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Clocks and Power Control

When none of these conditions exist and the CSRC bit of the PLPRCR is set, the general
system clock automatically switches back to low frequency. When the general system clock
is divided, its duty-cycle is modified. One phase remains the same while the other stretches
out. GCLKx and CLKOUT no longer have a 50% duty cycle when the division factor is
greater than 1, as shown in Figure 5-8 and Figure 5-9.

GCLK2 DIVIDED BY 1

GCLK1 DIVIDED BY 1

GCLKIDVIDEDBY2  [] M M m M
GCLK2 DIVIDED BY 2 _|_| ] ] M M
GCLKIDVIDEDBY4 [ | ] M

GCLK2 DIVIDED BY 4 T ] M

Figure 5-8. Divided System Clocks Timing Diagram
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CLKOUT
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GCLK1_50
(EBDF=01)

GCLK2_50
(EBDF=01)

CLKOUT
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I
I
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(EBDF=01) |
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I
I
|
1

|
|
I
I
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Figure 5-9. MPC823 Clocks For Division Factor 2
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The frequency for the GCLKx system clock is:

VCOOUT,,,,

DFNH DFNL +1

The frequency for the GCLKx_50 system clock is:
VCOOUT,, 1

(2DFNH)or(2DFNL+ 1) X EBDF+1

GCLKX 50, =

CLKOUT is derived from GCLK2_50. It defaults to VCOOUT, which is the user-defined
system frequency (25 or 50MHz). CLKOUT can drive at full-strength, half-strength, or it can
be disabled. The strength of the drive is controlled in the system clock and reset control
register. Disabling or decreasing the strength of CLKOUT reduces power consumption,
noise, and electromagnetic interference on the printed circuit board. When the SPLL is
acquiring lock, the CLKOUT signal is disabled and remains in a low state.

GCLK1 EBDF
PHASE
GCLK2_50
~U o
N CLKOuT -
| o

Figure 5-10. CLKOUT Divider

5.3.4.2 THE BAUD RATE GENERATOR CLOCK. The baud rate generator clock
(BRGCLK) is used by the four baud rate generators of the communication processor module
and by the memory controller refresh counter. It defaults to VCOOUT, which is the
user-defined system frequency (25 or 50MHz). The baud rate generator clock allows the
baud rate generators to continue operating at a fixed frequency, even when the rest of the
MPC823 is operating at a reduced frequency. Refer to Section 16.8 The Baud Rate
Generators for more information about using the baud rate generator clock to save power.

o
wi
=
o
a
(=
=
=
7))
4
(5]
o
pus |
(3]

CONTROL

VCCOUT BRGCLK
— ] DFBRG

CPM, UPM, \
(REFRESH |
TIMER) |

Figure 5-11. BRGCLK Divider
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Clocks and Power Control

The baud rate generator clock frequency is:
VeoouT, .

22>< DFBRG

BRGCLKfreq = ( )

5.3.4.3 THE SYNCHRONIZATION CLOCKS. The synchronization clock signal
(SYNCCLK) is used by the serial synchronization circuitry in the serial ports of the
communication processor module that includes the serial interface, serial communication
controller, and serial management controllers. SYNCCLK defaults to VCOOUT, which is the
user-defined system frequency (25 or 50MHz).

VCCcouT ~ DFSYNC SYNCCLK CPM

Figure 5-12. SYNCCLK Divider

SYNCCLK allows the serial interface, serial communication controller, and serial
management controllers to continue operating at a fixed frequency, even when the rest of
the MPC823 is operating at a reduced frequency. This allows you to maintain the serial
synchronization circuitry at the preferred rate, while lowering the general system clock to the
lowest possible rate. SYNCCLK must always have a frequency at least as high as the
general system clock frequency and be at least two times the preferred serial clock rate. If
the time-slot assigner in the serial interface is used, SYNCCLK is at least two and half times
the preferred serial clock rate. Refer to Section 16.7 The Serial Interface with Time-Slot
Assigner for more information on how to select an appropriate frequency for SYNCCLK.
The synchronization clock frequency is:

VCOOUT

(22 x DFSYNC

SYNCCLKIreq = )
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5.3.4.4 THE LCD CLOCKS. The LCD clocks—LCDCLK and LCDCLK50—are used by the
LCD controller circuitry to transfer the frame data to pixel format data. LCDCLK defaults to
VCOOUT, which is the user-defined system frequency (25 or 50MHz).When the PON bit in
the LCCR is set, the ratio between the system clock frequency value and the LCD clock
frequency value should be an integer value. The LCD clock frequency is the system
frequency divided by two serial dividers. LCDCLK50 is a 50% duty-cycle clock at the same
frequency as LCDCLK that is used as a clock output to the LCD panel. DFLCD and DFALCD
should be set so that the total LCD clock division factor never exceeds 64.

LCDCLK | LCDNVIDEO
CONTROLLER

VCCOUT DFLCD DRALCD [ LCDCLK50

P LCD PANEL

Figure 5-13. LCDCLK Divider

The LCDCLK and LCDCLKS50 frequency is:

VCOOUT,,

(2°FHCP) « (2 x DFALCD + 1)

LCDCLK;,qq = LODCLK50; 4, =

Gokepivioesyt L[ LI LI LML LML L L]
teocikoviesyt [ L[ L LT LI LI LT LI LT LI
LenetksoompEBY 1 _ [ [T [T L L L L L L]
GCLK2DIVIDEBY2 [ | [

-

LCDCLKDIVIDEBY2 [ M 1

LCDCLKSODIVIDEBY2 [ | [ | [ ]
=
B

14

o
w
=
=)
a
[=]
=
<
2]
~
[}
o
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3}

CONTROL

GCLK2 DIVIDE BY 4
LCDCLK DIVIDE BY 4

LCDCLKS0 DIVIDE BY 4
Figure 5-14. LCD Clock Timing Diagram
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Clocks and Power Control

5.3.5 Clock Configuration

You can configure the clock of the MPC823 using the MODCK1 and MODCK?2 pins. The
SPLL has several power and ground pins (VDDSYN, VSSSYN, VSSSYN1, and XFC) that
must be properly terminated for stability and CLKOUT integrity.

5.3.5.1 MODE CLOCK PINS. The MODCK1 and MODCK?2 pins are used to determine
clock source and configuration options. These pins are sampled on the rising edge of the
PORESET pin. MODCK1 specifies the input source to the SPLL and, combined with
MODCK2, specifies the multiplication factor at reset. If you do not want the PITRTCLK,
TMBCLK, and multiplication factor to change during power-down mode, do not sample the
MODCK1 and MODCK2 pins during wake-up. Thus, the PORESET pin should remain
negated while the HRESET pin is asserted during this wake-up sequence.

Table 5-2. Reset Clock Source Configuration

MODCK | POWER-ON | DEFAULT | PITRTCLK | TMBCLK SPLL OPTIONS
[1:2] RESET MF +1 DIVISION | DIVISION
(POR) AT POR | DEFAULTS | DEFAULTS

AT POR AT POR

00 0 513 4 4 Normal operation, SPLL enabled.
Main timing reference is OSCMggq = 32 kHz.

01 0 5 512 4 Normal operation, SPLL enabled.
Main timing reference is OSCMgreq = 4 MHz.

11 0 5 512 4 Normal operation, SPLL enabled.
Main timing reference is EXTCLKjrgq = 4 MHz.

10 0 1 512 16 Normal operation, SPLL enabled.
One-to-one Mode, Maximum
CLKOUTfreq = EXTCLKireq

— 1 — — — The configuration remains unchanged.

MODCK1 selects the clock source to use (EXTCLK or main oscillator) and MODCK?2 selects
the reference frequency (4MHz, 32kHz, or EXTCLK). If, during the power-on reset
sequence, the MODCK1 pin is zero, then the oscillator's 4MHz or 32kHz clock is the
selected input. If MODCK1 is one, then the EXTCLK pin is the input source to the SPLL. The
system clock frequency (GCLK1) can be divided as defined by the DFNH and DFNL fields
in the SCCR. The maximum system clock frequency occurs when the DFNH field is equal
to 00. If MODCK?2 is zero during the power-on reset sequence, the input frequency is either
32kHz or EXTCLK (one-to-one mode). If the MODCK2 pin is one, then a 4MHz clock is the
input source to the SPLL.

If the EXTCLK pin is the main timing reference and the OSCM is the timing reference to the
real-time clock and periodic interrupt timer, then the frequency of the OSCM should be
32.768 or 38.4kHz. Depending on how the TBS bit is set in the SCCR, the timebase clock
is either the SPLL clock frequency or GCLK2. The RTSEL field in the SCCR specifies the
source (EXTCLK or OSCM) of the periodic interrupt timer and real-time clock. The RTDIV
field in the SCCR specifies the division factor (+ by 4 or + by 512).
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Table 5-3. TMBCLK Dividers

TBS BIT IN SCCR | MODCK1 AT RESET MF + 1 CLOCK SOURCE | TMBCLK DIVISION 1
1 — — GCLK2 16 :
0 0 — 0SCM 4
0 1 1,2 EXTAL 16
0 1 >2 EXTAL 4

5.3.5.2 THE SYSTEM PHASE-LOCKED LOOP PINS. The internal frequency of the
MPC823 and the output of the CLKOUT pin depends on the quality of the crystal circuit and
the MF bit in the PLPRCR. The SPLL contains the following dedicated pins that are isolated
from common power and ground.

* VDDSYN—The power supply pin for the analog SPLL circuitry. You should provide a
well-regulated voltage to this pin via an extremely low impedance path to the VDD
power rail. The SPLL power plane must be isolated from the VDD power plane with an
LC filter, which gives you the best performance. A 0.1UF bypass capacitor must
connect VDDSYN and VSSSYN and be as close to the chip as possible. To reduce the
noise from the open EXTAL pin, pull it to ground when you are not using it.

* VSSSYN—A ground reference pin for the analog SPLL circuitry. You should provide a
low impedance path from VSSSYN to the ground plane.

* VSSSYN1—A ground reference pin for the analog SPLL circuitry. You should provide
a low impedance path from VSSSYNT1 to the ground plane.

* XFC—The external filter capacitor pin that connects to the off-chip capacitor for the
SPLL filter. One terminal of the capacitor is connected to XFC while the other terminal
is connected to the VDDSYN pin. For proper SPLL operation, you should supply a
minimum parallel parasitic resistance value of 30MQ. The value of the XFC capacitor is
based on the value of the MF field in the PLPRCR.

Table 5-4. XFC Capacitor Values Based on the MF Field

MF MINIMUM MAXIMUM UNIT
RANGE CAPACITANCE CAPACITANCE
MF<4 | XFC=(MFx425)-125 | XFC=(MFx590)-175 | pF
MF > 4 XFC = MF x 520 XFC = MF x 920 pF
MOTOROLA MPC823 USER’S MANUAL 5-23
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Clocks and Power Control

5.4 POWER CONTROL

To preserve the life of your battery, the MPC823 provides low-power modes that limit the
operation to essential modules. In addition to normal high mode, the MPC823 supports
normal low, doze high, doze low, sleep, deep-sleep, and power-down modes. When the
CPM s idle, it uses its own power-saving mechanism to shut down automatically. There are
a variety of modules connected to separate power rails that allow you to achieve the best
performance using the least amount of power.

5.4.1 Power Rails

There are different power planes (called power rails) within the MPC823 that can be
connected to different power sources. Your system implementation defines the power
source for each of these different power rails. Figure 5-15 shows you which module is
connected to each power rail.

INTERNAL LOGIC ‘
OSCM, TEXP
AND CLOCK DRIVERS Fl’JIE'cRg%’cTS’ |
PLPRCR, KAPWR

AND RSR

CLOCK CONTROL
ANALOG |
SPLL AND DIGITAL SPLL VDDH

VDDL VDDSYN
Figure 5-15. MPC823 Power Rails and TEXP Status

The I/0O buffers, logic, and clock control are fed by a 3.3V (10%) power supply. The internal
logic can be fed by a 3.3V source or, to conserve power, a 2.2V source. To improve
CLKOUT stability, the SPLL requires a separate 3.3V source (VDDSYN). The OSCM,
timebase, decrementer, periodic interrupt timer, real-time clock, SCCR, PLPRCR, and RSR
are all connected to the keep-alive power (KAPWR) rail. This power rail architecture allows
you to remove the power at the VDDH/VDDL/VDDSYN pins during sleep, deep-sleep, or
power-down mode. The external power supply unit can use the TEXP pin, which is fed by
the KAPWR rail, to switch between power sources.
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All other circuits are powered by the normal supply pins—VDDH and VDDL—and VSS.
VDDH feeds the I/O buffers and logic and VDDL supplies the internal chip logic to reduce
system power consumption. However, the power supply connected to VDDH should be
larger or equal to the one connected to VDDL. The power supply for each block is listed in
Table 5-5 and described in Section 5.4 Power Control.

Table 5-5. MPC823 Power Supply

BLOCK VDDH VDDL VDDSYN KAPWR

1/O Pad
CLKOUT
Digital SPLL
Clock Control

X | X|X| X

Internal Logic

Clock Drivers
Analog SPLL X
OsCM

SCCR, PLPRCR, and RSR
RTC, PIT, TB, and DEC

The following are the power supply requirements of the MPC823:

° VDDH = VDDSYN = 3.3V £10%

e VDDH = VDDL > 2.2V £10%

e VDDH = KAPWR = VDDH — 0.4V for normal operation
¢ KAPWR = 2.2V £10% in power-down mode

5.4.2 Keep-Alive Power

When the MPCB823 is in normal operation mode, the keep-alive power supply (KAPWR) is
powered to the same voltage value as that of the I/O buffers and logic. Therefore, if the
VDDL is 2.2V and the VDDH is 3.3V, then the KAPWR is 2.9V to 3.3V.
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Clocks and Power Control

5.4.2.1 POWER SWITCHING EXAMPLE. An example of a switching scheme for an
optimized low-power system is illustrated in Figure 5-16.

MPC823

VDDSYN

VDDH ! !

MAIN POWER
SUPPLY

33V 22v

VDDL
....f..__J {7

KAPWR L

TEXP

2.4-3.3V

BACKUP
POWER
SUPPLY

Figure 5-16. External Power Supply Scheme (2.2V Internal Voltage)

Switch 1 and 2 (SW1 and SW2) can be combined into a single switch if VDDSYN and VDDH
are supplied by the same source. If VDDL is fed with 3.3V, SW2 and SW3 can be combined
into one switch. The TEXP pin, if enabled, is asserted by the MPC823 when the real-time
clock or timebase time value matches the value programmed in its associated alarm register
or when the periodic interrupt timer or decrementer decrements their value to zero. The
TEXP pin is negated when you write a 1 to the TEXPS bit in the PLPRCR.

If the voltage to the KAPWR rises too slow, the OSCM (supplied by KAPWR) will take longer
to stabilize the OSCCLK. The maximum KAPWR rise time should be less than 1.7V/ms for

a 32kHz input frequency.
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5.4.2.2 REGISTER LOCK. The MPC823 registers that are powered by KAPWR can be
write-protected using the associated key register shown in Table 5-6. When the MPC823
disconnects from the main power supply after it enters power-down mode, the value of these
registers is automatically preserved. You may lose data if you do not enter power-down
mode before disconnecting. To protect your data, lock the register by writing to the
associated key register. Once you lock a register, writes are ignored and a machine check
exception is generated.

Table 5-6. Key Registers

MNEMONIC REGISTER NAME
TBSCRK Timebase Status and Control Register Key
TBREFFOK Timebase Reference Register 0 Key
TBREFF1K Timebase Reference Register 1 Key
TBK Timebase and Decrementer Register Key
RTCSCK Real-Time Clock Status and Control Register Key
RTCK Real-Time Clock Register Key
RTSECK Real-Time Alarm Seconds Key
RTCALK Real-Time Alarm Register Key
PISCRK Periodic Interrupt Status and Control Register Key
PITCK Periodic Interrupt Count Register Key
SCCRK System Clock Control Key
PLPRCRK PLL, Low Power and Reset Control Register Key
RSRK Reset Status Register Key

NOTE: Refer to Section 3 Memory Map for each register’'s address.

Each of the registers in the keep-alive power region have a key register that can be in an
open or locked state. At power-on reset, all key registers are open, except for the key
real-time clock registers. Each key register has an associated address in the internal
memory map, as shown in Table 3-1. If you write 0x55CCAA33 to any of the key registers,
the associated register will be open and if you write any other value it will be locked. For
example, writing a 0xX55CCAA33 to the RTCK key register will allow you to access the RTC
register.
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POWER-ON RESET \
OPEN
WRITE 0x55CCAA33 TO
WRITE ANY OTHER VALUE TO
THE KEY REGISTER THE KEY REGISTER
LOCKED

Figure 5-17. Register Lock Mechanism

5.5 LOW-POWER OPERATION

The low-power dividers can be used to take advantage of the MPC823'’s low-power
capabilities. The low-power dividers allow you to dynamically adjust the operating
frequencies for different modules of the MPC823 and yet still maintain the SPLL lock. In
normal low mode, you can use the low-power dividers to maintain full chip functionality, but
at a much lower frequency. When you change the value of the divider, the resulting output
frequency occurs immediately. The low-power dividers are controlled in the SCCR and their
default division factors are one. For example, in a 50MHz system frequency, the SYNCCLK,
LCDCLK, LCDCLK50, BRGCLK, and GCLKx are all 50MHz.

You can switch between the various low-power modes, as illustrated in Figure 5-18. Your
software must set the appropriate CSRC and LPM fields in the PLPRCR and the POW bit
in the MSR so the MPCB823 can enter doze, sleep, or power-down mode from a normal
mode. The MPCB823 uses an interrupt to exit from any of these lower power modes. An
enabled interrupt clears the LPM field, but does not change the CSRC bit. An interrupt
switches automatically to normal high mode from normal low, doze high, doze low, sleep, or
deep-sleep mode. Interrupts are generated by:

¢ Wake-up interrupts (IRQ signal) from the interrupt controller.
* Real-time clock, periodic interrupt timer, timebase, or decrementer interrupts.
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CRQEN & CPM_ACT | PRQEN & (POW | INTERRUPT) | CSRC o /_\ ‘

NORMAL LOWMODE | {5RQEN | POW & INTERRUPT) & CRQEN | CPM_ACT) & CSRC'T*
LPM=00,CSRC=1 )=
DOZE LOW MODE —®
LPM = 01, CSRC = 1 __
A
INTERRUPT _
CPM_ACT] CPM_ACT & CSRC WAKE-UP: MAXIMUM 2-4 GCLK1
CLOCKS
Y
DOZE HIGH MODE \— INTERRUPT | _
LPM =01, CSRG=00R 1 WAKE-UP: 3-4 VCOOUT 4888
|
SOFTWARE CLOCKS ,,Eé = EI 3
285 x
x w0
(&)
SLEEP MODE

LPM =10, CSRC =0

WAKE-UP OR RTC/PIT/TB/DEC
DEEP-SLEEP MODE \ INTEREUPL
LPM = 11, CSRC =0, > ‘
TEXPS - 1 J WAKE-UP: 500 0SCM CLOCKS
&
T DO oD \ EXTERNAL HARD RESET OR g
PSoOn RTC/PITITB/DEC INTERRUPT g 2
TEXPS =0 J FOLLOWED BY AN =
EXTERNAL HARD RESET 29
8k
>~ a8
HARD RESET _
NOTE: ‘&” DENOTES “AND” OPERATION, " DENOTES “OR’ OPERATION, AND CPM_ACT DENOTES CPM ACTIVITY. Q

* SOFTWARE IS ACTIVE ONLY IN NORMAL HIGH/LOW MODES.
** TEXPS RECEIVES THE ZERO VALUE BY WRITING A ONE TO IT. WRITING A ZERO HAS NO EFFECT ON TEXPS.
*** YOU CAN SWITCH FROM NORMAL HIGH TO NORMAL LOW ONLY IF THE CONDITIONS TO AN INTERRUPT ARE CLEARED.

Figure 5-18. MPC823 Low-Power Mode Flowchart
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The system responds quickly to an interrupt that does not come from the interrupt controller.
The wake-up time from normal low, doze high, doze low, or sleep mode is between three
and four VCOOUT clocks. For example, it could take 60-80ns to wake up in a 50MHz
system. The level-sensitive interrupt from the interrupt controller is defined as a wake-up
interrupt. It is only negated after the interrupt source bit is cleared. Any of the real-time clock,
periodic interrupt timer, timebase, or decrementer interrupts can set the TMIST bit in the
PLPRCR. The MPC823 clock module recognizes this interrupt as a pending interrupt when
the TMIST bit is set. Therefore, the TMIST bit should be cleared before you enter any low-
power mode other than normal high mode.

The wake-up time for all interrupt sources from the interrupt controller is measured in actual
GCLK1 clocks. Once the interrupt is recognized, it takes between two and four GCLK1
clocks for the MPC823 to reach normal high mode. For example, it could take between
10.24ps and 20.48ps to wake up in a 50MHz system where DFNL = 111 (divided by 256).
In normal and doze modes when the CSRC bit is set, the system toggles between the low
and high frequencies. One of the following conditions must be met before you can switch
from normal low mode to normal high mode.

* The communication processor module must be active (CPM_ACT)
* A pending interrupt from the interrupt controller must be recognized (INTERRUPT)
* The POW bit in the MSR must be cleared (normal operation) (POW)

If none of these conditions are met, the CSRC bit is set, and the interrupt status bits are
reset, then the system automatically switches back to normal low mode. If the
communication processor module is active, the system automatically switches from doze
low mode to doze high mode. On the other hand, when the communication processor
module is idle and the CSRC bit is set, then the system automatically switches back to doze
low mode. A pending interrupt from the interrupt controller transfers the system from doze
mode to normal high mode. The MPC823 exits deep-sleep mode and enters normal high
mode when a wake-up interrupt from the interrupt controller, real-time clock, periodic
interrupt timer, timebase, or decrementer is recognized.

In deep-sleep mode the SPLL is disabled and, therefore, the wake-up time from this mode
is a maximum of 500 OSCM clocks. In 1-to-1 mode, the wake-up time can be a maximum
of 1,000 EXTCLK clocks. For example, if the SPLL input frequency is 32kHz, the wake-up
time is a maximum of 15.6ms and if it is 4MHz in 1-to-1-mode, the wake-up time is a
maximum of 125pus.

To exit power-down mode and enter normal high mode, the HRESET pin must be asserted
by external logic when the TEXP pin is asserted. The TEXPS bit in the PLPRCR is
automatically set when a wake-up interrupt from the real-time clock, periodic interrupt timer,
timebase, or decrementer occurs. HRESET should be asserted longer than the time it takes
the power supply to wake up, plus the time it takes for the SPLL to reach lock condition.
Another way to exit power-down mode is to assert HRESET when the TEXP pin is negated
and the TEXPS bit is cleared. This causes the MPC823 to automatically assert the TEXP
pin, which sets the TEXPS bit, and enter normal high mode.
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When a timer expires, if enabled, the TEXP pin is asserted asynchronously with CLKOUT
to show that the MPC823 is preparing to exit power-down mode. TEXP should be externally
connected to a switch that should turn on the power supply to the chip, as illustrated in

Figure 5-16.

In normal and doze modes, the system can be in the high mode defined by the DFNH field
or in the low mode defined by the DFNL field. The MPC823 is in normal high mode after
reset and this also the default state when the condition to exit low-power mode occurs.
Table 5-7 provides the power consumption equations for each of these modes.

Table 5-7. MPC823 Low-Power Modes

RETURN TIME MPC823 POWER
OPERATION | SPLL | CLOCKS | WAKE-UP FROM CONSUMPTION FUNCTIONALITY
MODE METHOD | WAKE-UP EVENT AT 50MHZ
TO NORMAL HIGH
Normal High Active | VCOUT, - —_ = DFNH Full Functions Not In
P00 9 oDFNI =20 mW + 127 W ] (e Are Shut OFF
TEXPS=1 ;
Normal Low Active | VCOUTyq |  Software Asynchronous =00 mW + 1/2(BFNL+1)
= +oDFNL# or Interrupts:
TEXPS=1 N Interrupt 3-4 VCOOUT Clocks
Doze High Active | VCOUT Interrupt Synchronous = DFNH Enabled: Real-Time
LPM=O1g .2DFN;-r|eq P Ynterrquts: =20mW + 0.4/2 w Clock, Periodic
TEXPS=1 * 2-4 GCLKT Clocks Interrupt Timer, and
g‘emﬁ% Clgnltrolclieer(:j

Doze Low Active | vcouT, Interrupt = (DFNL+1) isabled: Extende
LPM=01 L pDFNLH? P =20 mW +04/2 W [Core
TEXPS=1 i
Sleeg LPM=10 | Active Inactive Interrupt 3-4 VCOOUT Clocks <10 mW Enabled: Real-Time
TEXPS=1 Clock, Periodic

- !Pterrgpt Tlme&,
Deep-Slee| Inactive | Inactive Interrupt <500 OSCM Clocks 40pA imebase, an
LPNP=1 1 P P 16ms-32kHz H Decrementer
TEXPS=1 125ps-4MHz
Power-Down | Inactive| Inactive Interrupt <500 OSCM Clocks + 32kHz- ~10pA,
LPM=11 Power StJé)pI%IWake- KAPWR = 3.0V
TEXPS=0 -?( W {J ake+ Temperature = 50° C

6ms at 32kHz)

MOTOROLA

Note: The communication processor module has its own power conservation logic,
which it uses to automatically shut down its own clock when idle.
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SECTION 6
THE PowerPC CORE

The MPC823 core is where the PowerPC™ architecture is implemented. It has the
functionality of the PowerPC branch processor and fixed-point processor and includes all
the PowerPC user mode (problem mode) instructions, except floating-point instructions,
relevant privileged instructions, and all the registers associated with the processors and
instructions. In addition, it contains part of the development support features of the MPC823,
including breakpoint and watchpoint support, program flow tracking data generation, and
debug mode operation in which the core is controlled by the development support system
through the debug port module.

This section describes the functional specifications of the core. It is based on a document
called the PowerPC Microprocessor Family: The Programming Environment for 32-Bit
Microprocessors (MPCFPE32B/AD). Any reference to 64-bit implementation is not
supported by this core. Only a subset of the PowerPC architecture books are supported, as
indicated in Appendix B MPC823 Instruction Set.

6.1 FEATURES
The following is a list of the core’s main features:

e 32-bit PowerPC Architecture

¢ Single-Issue Integer Machine

e Variable Pipeline Depth Architecture Tailored to Instruction Complexity
* Fully Static Design

¢ Out-of-Order Execution Termination

e Branch Prediction for Prefetch

e 32 x 32-Bit General-Purpose Register File

¢ Precise Exception Model

» Extensive Debug/Testing Support
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6.2 BASIC STRUCTURE OF THE CORE
To accomplish its tasks, the core is divided into the following subunits:

* Sequencer Unit—Consists of the branch processor (next address generation), the
instruction prefetch queue, and the interrupt handling mechanism. It controls some data
structures within the register unit.

¢ Register Unit—Consists of all the user-visible registers, the register’s scoreboard
mechanism, and a history of previous operations to allow for a precise interrupt model.
This module is physically split so that each data structure is implemented near the area
in which it is used.

¢ Fixed-Point Unit—Implements all fixed-point instructions, except load/store
instructions. This module. is subdivided into the following two blocks:

O IMUL/IDIV-Fixed-point multiply and divide instruction implementation.
1 ALU/BFU-Fixed-point logic, add, and subtract instruction implementation, as well
as the bit field instructions. ‘

¢ Load/Store Unit—Implements all load and store instructions. No ﬂoating-point
processor load and store instructions are implemented.

6.2.1 Inétruction Flow Within the Core

When fetched, instructions enter the instruction queue and enable branch folding by
allowing out-of-order branch execution. Nonbranch instructions reaching the top of the
instruction queue are issued to the execution units. Instructions can be flushed from the
instruction queue in case of an exception on a previous instruction, interrupt, or
miss-predicted fetch.

All instructions, including branches, enter the history buffer along with processor state
information that can be affected by the instruction’s execution. This information is used to
enable out-of-order completion of instructions together with precise exception handling.
When exceptions or interrupts occur, instructions can be flushed or recovered from the
machine. The instruction queue is always flushed when the history buffer is recovered. An
instruction retires from the machine after it finishes executing without exception and all
preceding instructions are retired from the machine. Figure 6-1 illustrates the core’s
microarchitecture.
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INSTRUCTION CACHE / INSTRUCTION MMU INTERFACE DATA CACHE / DATA MMU INTERFACE

CORE

NEXT ADDRESS v INSTRUCTION
GENERATION V QUEUE

CORE

Figure 6-1. Block Diagram of the Core

RETIRE EXECUTION UNITS
WRITEBACK G
HISTORY BUFFER
A
ISSUE ‘
INSTRUCTION QUEUE
FETCH

Figure 6-2. Instruction Flow Conceptual Diagram
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6.2.2 Basic Instruction Pipeline

Figure 6-3 illustrates the basic instruction pipeline timing.

FETCH ( " X 12 Yo B ;

___________

pecoot
READ + EXECUTE
WRITE BACK (1) (i2)

L ADDRESS DRIVE ()

LOAD WRITE BACK @

BRANCH DECODE @
BRANCH EXECUTE

Figure 6-3. Basic Instruction Pipeline Timing Diagram

6.3 SEQUENCER UNIT

The instruction sequencer is the heart of the core. It controls data flow among execution
units and register files, implements the basic instruction pipeline, fetches instructions from
the memory system and issues them to available execution units, and maintains a state
history so it can back up the machine in the event of an exception. The sequencer data path
is illustrated in Figure 6-4. In addition, the sequencer implements all branch processor
instructions, including flow control and condition register instructions.
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6.3.1 Flow Control

Flow control operations, or branches disrupt normal instruction pipeline flow. A change in
program flow creates bubbles in the pipeline because of the time it takes to fetch the newly
targeted instruction stream. In typical code, with 4 or 5 sequential instructions between
branches, the machine could waste up to 25% of its execution bandwidth waiting on branch
latency.

INSTRUCTION MEMORY SYSTEM

! ¢

INSTRUCTION ADDRESS GENERATOR t INSTRUCTION BUFFER J

A / T /%32

Y Y
BRANCH INSTRUCTION
READ / WRITE | CCUNT CONDITION PREFETCH
BUSSES = [ EVALUATION QUEUE (4)
A P

Figure 6-4. Sequencer Data Path

The sequencer maintains a 4-instruction deep instruction prefetch queue to execute
branches in parallel with the execution of sequential instructions. Ideally, a sequential
instruction is issued every clock, even when branches are present in the code. This is
referred to as branch folding. The instruction prefetch queue also eliminates stalls due to
long latency instruction fetches and all instructions are fetched into the instruction prefetch
queue, but only sequential instructions are issued to the execution units when they reach
the head of the queue. Branches enter the queue to mark watchpoints. See Section 20
Development Capabilities and Interface for details. Since branches do not prevent the
issue of sequential instructions unless they come in pairs, the performance impact of
entering branches in the instruction prefetch queue is negligible.

MOTOROLA MPC823 USER’S MANUAL 6-5
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In addition to branch folding, the core implements a branch reservation station and static
branch prediction so branches can issue as early as possible. The reservation station allows
a branch instruction to issue even before its condition is ready. With the branch issued and
out of the way, instruction prefetch can continue while the branch operand is being
computed and the condition is evaluated. Static branch prediction determines which
instruction stream is prefetched while the branch is being resolved. When the branch
operand becomes available, it is forwarded to the branch unit and the condition is evaluated.

Branch instructions whose condition is unavailable and forced to issue to the reservation
station are said to be predicted and these branches, which later turn out to have followed
the wrong path, are said to be mispredicted. Branch instructions that issue with source data
already available are unpredicted and those instructions fetched under a predicted branch
are conditionally fetched. The core ignores conditionally prefetched instructions fetched
under a mispredicted branch.

Table 6-1. Branch Prediction Policy

BRANCH TYPE DEFAULT PREDICTION | MODIFIED PREDICTION
(Y=0) (Y=1)
BC With Negative Offset Taken Fall Through
BC With Positive Offset Fall Through Taken
BCLR or BCCTR (lk or ctr) Address Ready Fall Through Taken
BCLR or BCCTR (lk or ctr) Address NOT Ready Wait Wait
B (Unconditional Branch) Taken Taken

6.3.2 Issuing Instructions

The sequencer tries to issue a sequential instruction on each clock whenever possible.
However, for an instruction to issue, the execution unit must be available and able to discern
whether or not the required source data is available and to ensure that no other instruction
still in execution targets the same destination register. The sequencer informs the execution
units of the existence of the instruction on the instruction bus. The execution units then
decode the instruction, interrogate the register unit (if the operands and targets are free),
and inform the sequencer that it accepts the instruction for execution.
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6.3.3 Interrupts

The core interrupts can be generated when an exception occurs. An exception results when
certain instructions are executed or an asynchronous external event occurs. There are five
exception sources in the MPC823:

¢ External interrupt request
» Certain memory access conditions (protection faults and bus error)

e Internal errors, such as an attempt to execute an unimplemented opcode or
floating-point arithmetic overflow

Trap instructions
Internal exceptions (breakpoints and debug counter’s expiration)

Interrupt handling is transparent to user mode code and uses the same mechanism to
handle all types of exceptions. When a user mode instruction experiences an exception, the
machine is placed into privileged state and control is transferred to a software exception
handler routine located at some offset within a memory-based vector table. Each interrupt
generated in the machine transfers control to a different address in the vector table. For
more information on initializing the base address of the vector table, refer to Table 6-6 as
well as the PowerPC definition of the machine state register. When the exception has been
handled, the handler can continue executing your program without ever knowing that an
event has occurred. As specified in the PowerPC Microprocessor Family: The Programming
Environment for 32-Bit Microprocessors, the core implements a precise interrupt model.
This means that when an interrupt is taken, the following conditions are met:

¢ No instruction that logically follows the faulting instruction in the code stream has
started executing.

¢ Allinstructions preceding the faulting instruction appear to have completed with respect
to the executing processor.

¢ The precise location (address) of the faulting instruction is known to the exception
handler.

¢ The instruction causing the exception might not have started executing (before
interrupt), could be partially completed, or has completed (after interrupt), depending on
the interrupt and instruction types. See Table 6-2 for details.

In any case, a partially completed instruction is restartable and can be reexecuted after the
interrupt is handled. This precise exception model can simplify and speed up exception
processing because the software does not have to manually save the machine’s internal
pipeline states, unwind the pipelines, or cleanly terminate the faulting instruction stream. Nor
does it have to reverse the process to resume execution of the faulting stream.
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Table 6-2. Before and After Interrupts

INTERRUPT TYPE INSTRUCTION BEFORE / CONTENTS OF SRRO
TYPE AFTER

Hard Reset Any NA Undefined
System Reset Any Before Next Instruction to Execute
Machine Check Interrupt Any Before Faulting Instruction
&;t);e?fgthaﬂtiigsn/s rfg;ficr:“ggg;gion / Any Before Faulting Fetch or Load/Store
8\}2gnétsl}(lré%gl;'?%%lfgtlendtellqig?}ls]pts) Any Before Next Instruction to Execute
Alignment Interrupt Load / Store Before Faulting Instruction
Privileged Instruction Armsl?rrlil\(/:i{%%ed Before Faulting Instruction
Trap tw, twi Before Faulting Instruction
System Call Interrupt sc After Next Instruction to Execute
Trace Any After Next Instruction to Execute
Debug |- Breakpoint Any Before Faulting Instruction
Debug L- Breakpoint Load / Store After Faulting Instruction + 4
Implementation Dependent Software NA Before Faulting Instruction

Emulation Interrupt

Floating-Point Unavailable Floating-Point Before Faulting Instruction

6.3.4 Implementing the Precise Exception Model

To achieve maximum performance, many pieces of the instruction stream are concurrently
processed by the core independent of the sequence specified by the executing program.
Instructions execute in parallel and are completely random. The hardware ensures that this
out-of-order operation never has an effect different than that specified by the program. This
requirement is most difficult to assure when an interrupt occurs after instructions that
logically follow the faulting instruction or have already completed. At the time of an interrupt,
the machine state becomes visible to other processes and, therefore, must be in the
appropriate architecturally specified condition. The core takes care of this in the hardware
by automatically backing up the machine to the instruction which caused the interrupt and
is, therefore, said to implement a precise exception model. This is, of course, assuming that
the instruction causing the exception has not begun when the interrupt occurs.

To recover from an interrupt, a history buffer is used. This buffer is a FIFO queue that
records the relevant machine state at the time of each instruction issue. Instructions are
placed on the tail of the queue when they are issued and percolated to the head of the queue
while they are in execution. Instructions remain in the queue until they complete execution
and all preceding instructions have been completed to a point where no exception can be
generated (in the core, such a condition is fulfilled by waiting for full completion).
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In the event of an exception, the machine state necessary to recover the architectural state
is available. As instructions finish executing, they are released (retired) from the queue and
the buffer storage is reclaimed for new instructions entering the queue. An exception can be
detected at any time during instruction execution and is recorded in the history buffer when
the instruction finishes execution. The exception is not recognized until the faulting
instruction reaches the head of the history queue, but once the exception is recognized, an
interrupt process begins. The queue is reversed and the machine is restored to its state at
the time the instruction is issued. Machine state is restored at a maximum rate of two
floating-point and two fixed-point instructions per clock.

QUEUE QUEUE
TAIL HEAD

ISSUED RETIRED
INSTRUCTIONS > HISTORY BUFFER QUEUE > INSTRUCTIONS

COMPLETED INSTRUCTIONS
WRITEBACK

Figure 6-5. History Buffer Queue

To correctly restore the architectural state, the history buffer must record the value of the
destination before the instruction is executed. The destination of a store instruction,
however, is in memory and it is not practical from a performance standpoint to always read
memory before writing it. Therefore, stores issue immediately to store buffers, but do not
update memory until all previous instructions have finished executing without exception or
the store has reached the head of the history buffer.

The history buffer has enough storage to hold the state of six instructions, but no more than
four fixed-point instructions. The other two instructions can be condition code or branch
instructions. In the event of a long latency instruction, it is possible that issued instructions
will fill the history buffer. If so, instruction issue waits until the long latency operation finishes.
The following types of instructions can potentially cause the history buffer to fill:

¢ Floating-point arithmetic instructions
* Integer divide instructions
* Instructions that affect or use resources external to the core (load/store instructions)
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6.3.4.1 RESTARTABILITY AFTER AN INTERRUPT

Most of the interrupt cases in the core are always restartable. Some interrupts may be
unable to be restarted because they can be recognized when the machine status
save/restore 0 and 1 registers (SRRO and SRR1) are busy. Such interrupts in the PowerPC
architecture are known as system reset and machine check.

All other interrupt types defined in the architecture should always be restartable. By
convention, no interrupt generating instruction should be executed between the start of an
interrupt handler and the save of the registers altered by any interrupt or between restore of
these registers and the execution of the rfi instruction. These registers being the SRR0 and
SRR1 registers or the data address register (DAR) and data storage interrupt status register
(DSISR) for some interrupt types.

External interrupts are also masked in these areas. In the core, two implementation-specific
interrupt types can have this characteristic—debug port unmaskable interrupt and
breakpoint interrupt in nonmaskable mode. Since there might be a situation in which it is
preferable to be restartable, such as in the mentioned implementation-specific interrupts, a
mechanism is defined to notify the interrupt handler code whether it is in a restartable state.

The mechanism uses a bit within the machine state register (MSR) called the recoverable
interrupt bit (MSRg)). The MSRg, shadow bit in the SRR1 register indicates if the interrupt is
restartable or not. This bit does not need to be checked on interrupt types that are
restartable by convention, except those previously mentioned. The MSRg, bit follows a
similar behavior as the external interrupt enable bit (MSRgg). Every time an interrupt occurs,
MSRg, is copied to its shadow in the SRR1 register (like the MSR) and cleared. Every time
an rfi instruction is executed, MSRy, is copied from its shadow in the SRR1 register. In
addition, it can be altered by the software via the mtmsr instruction. The MSRy, bit is
intended to be set by the interrupt handler software after saving the machine state, (registers
SRRO, SRR1, DAR, and DSISR if needed) and cleared by the interrupt handler software
before retrieving the machine state.

In critical code sections where MSRg is negated but the SRR0 and SRR1 registers are not
busy, MSRg, should be left asserted. In these cases, if an interrupt occurs it is restartable.
To facilitate the software manipulation of the MSRg, and MSRg bits, the core includes
special commands implemented as move to special register. The following table defines
these special register mnemonics. A write of any data to these locations performs the
operation specified in the following table. Any read from these locations is treated like any
other unimplemented instruction and, therefore, results in an implementation-dependent
software emulation interrupt.
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Table 6-3. Special Ports to Machine State Register Bits

MNEMONIC| SPR MSRzz | MSRg ' USED FOR

EIE 80 1 1 External Interrupt Enable:
End of Interrupt Handler’s Prologue, Enable Nested
External Interrupts;

End of Critical Code Segment in Which External
Interrupts
Were Disabled

EID 81 0 1 External Interrupt Disable, But Other Interrupts Are Recoverable:
End of Interrupt Handler’'s Prologue, Keep External
Nested Interrupts Disabled;

Start of Critical Code Segment in Which External
Interrupts Are Disabled

NRI 82 0 0 Nonrecoverable Interrupt:
Start of Interrupt Handler’s Epilogue

6.3.5 Processing an Interrupt
The following table provides the significant events that occur when processing an interrupt.

w
Table 6-4. Interrupt Latency g
TIME POINT FETCH ISSUE INSTRUCTION COMPLETE | KILL PIPELINE e
A Faultin? Instruction
ssue
B Instruction Complete
and All Previous
Instructions Complete
C Start Fetch
Handler
Kill Pipeline
D <B + 3 Clocks
E First Instruction of
Handler Issued

NOTES: 1. Attime point A an instruction that will cause an interrupt is issued.

2. Attime point B the excepting instruction has reached the head of the history queue, thus implying that
all instructions preceding it in the code stream have finished execution without generating any interrupt.
Also, the excepting instruction itself has completed execution. At this time the exception is “recognized”
and exception processing begins. If, at this point, the instruction had not generated an exception, it
would have been retired.

3. Attime point C the sequencer starts to fetch the interrupt handler’s first instruction.

4. By time point D the state of the machine prior to the issue of the excepting instruction is restored (the
machine is restored to its state at time.

5. Attime point E the machine state register and instruction pointer of the executing process have been
saved and control has been transferred to the interrupt handler routine.
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At time point A the excepting instruction issues and begins executing. During the interval
between A and B, previously issued instructions are finishing execution. This interval is
equivalent to the time required for all instructions currently in progress to complete. At time
point B, the exception is recognized and during the interval between B and D the machine
state is being restored. This time is a maximum of 10 cycles. At time point C, the core starts
fetching the first instruction of the exception handler if the interrupt handler is external. It is
5 cycles if it is in the instruction cache and NO SHOW mode is on.

At time point D all state has been restored and during the interval between D and E, the
machine is saving context information in the SRR0 and SRR1 registers, disabling interrupts,
placing the machine in privileged mode, and continues the process of fetching the first
instructions of the interrupt handler from the vector table. The interval between D and E
requires a minimum of one clock. The interval between C and E depends on the memory
system and is the time it takes to fetch the first instruction of the interrupt handler. For full
history buffer restore time, it is no less then two clocks.

6.3.6 Serialization

The core has multiple execution units, each of which can be executing different instructions
at the same time. This is normally transparent to your program, but in some special
circumstances (debugging, I/O control, multiprocessor synchronization) it might become
necessary to force the machine to serialize. There are two possible serialization actions
defined for the core:

* Execution serialization—Instruction issue is halted until all instructions currently in
progress have completed execution, all internal pipeline stages and instruction buffers
have emptied, and all outstanding memory transactions are completed.

* Fetch serialization—Instruction fetch is halted until all instructions currently in the
processor have completed execution. After fetch serialization, the machine is
completely synchronized.

An attempt to issue a serializing instruction causes the machine to serialize before the
instruction issues. Only the sync instruction guarantees serialization across PowerPC
implementations. Fetching an isync instruction causes fetch serialization. Also, when the
serialize mode bit (CTRLggR) is asserted or is in debug mode, any instruction can cause
fetch serialization.

6.3.6.1 LATENCY

The time required to serialize the machine is also the amount of time needed to complete

the instructions currently in progress. This time is heavily dependent on the instructions in
progress and the memory system latency. It is impossible to put an absolute upper bound
on this time because the memory system design is not under the core’s control. The time to
complete the current instruction is generally the machine serialization time and the specific
instruction execution time determines how long serialization takes. This can be either divide,
load, or store a multiple, string, or pair of simple load/store instructions.
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6.3.7 The External Interrupt

The core provides one external interrupt line: the architectural maskable external interrupt.
In the MPC823, this interrupt is generated by the on-chip interrupt controller. It is software
acknowledged and maskable by the MSRge bit, which is automatically cleared by the
hardware to disable external interrupts when any interrupt is taken.

6.3.7.1 LATENCY

When an external interrupt is detected, every instruction that can retire from the history
buffer does so and the interrupt is assigned to the instruction at the head of the history buffer
(at point B in Table 6-4). However, the following conditions must be met before the
instruction at the head of the queue can retire.

* The instruction must be completed without exception

* The instruction must either be a mtspr, mtmsr, or rfi instruction, a memory reference,
or a storage or cache control instruction.

Any instruction that does not meet these criteria is discarded with all of its side effects and
the execution at the end of the interrupt handler resumes with the first instruction that was
discarded. If all the instructions in the history buffer were allowed to complete, execution at
the end of the interrupt handler resumes with the next instruction. External interrupt latency
depends on the time required to reference memory. The measurement is equal to the time

taken for one of the following three possible events, in addition to the interval from B to E as e
shown in Table 6-4.

CORE

Longest load/store multiple/string instruction used
or

One bus cycle for aligned access

or

Two bus cycles for unaligned access

Actual system-level interrupt latency can be worse than just the interval from B to E. If the
instruction prior to the one in which the interrupt was assigned generates an exception, then
the exception is recognized first. If minimal interrupt latency is an important system
parameter, interrupt handlers should save the machine context and reenable external
interrupt as rapidly as possible so that a pending external interrupt receives service quickly.
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6.3.8 Interrupt Ordering
There are two main types of interrupts:

* Instruction-related interrupts
* Asynchronous interrupts

Instruction-related exceptions (interrupt causes) are detected while the instruction is in
various stages of being processed by the core. Exceptions found early in instruction
processing preclude detection of further exceptions. This earlier interrupt will eventually be
taken. If more than one instruction in the pipeline causes an exception, only the first
exception is taken and causes an interrupt. The remaining instruction-induced exceptions
are ignored. The following table lists the instruction-related interrupts in the order of
detection within the instruction processing.

Table 6-5. Instruction-Related Interrupt Detection Order

NUMBER ) INTERRUPTTYPE CAUSE
1 Trace - Trace Bit Asserted!
2 wgéementation Dependent Instruction TLB Instruction Memory Management Unit TLB Miss
3 E?%I?mentation Dependent Instruction TLB g\rsc}{ggttiigg /Ml'er?l% a%%neggrrnent Unit
4 Machine Check Interrupt Fetch Error
5 Debug |- Breakpoint Match Detection
6 Imglr%r,r'\)?mation Dependent Software Emulation | Attempt to Invoke Unimplemented Feature
1 Floating-Point Unavailable ﬁé?ﬁ&t. ég i;snl\él?vtlig éc'J: E);%cute Floating-Point
72 Privileged Instruction étrtgé}'g] kl\)/l (I)E&(gcute Privileged Instruction in
Alignment Interrupt Load/Store Checking
System Call Interrupt - SC Instruction
Trap " | Trap Instruction
8 Implementation Dependent Data TLB Miss Data Memory Management Unit TLB Miss
9 Implementation Dependent Data TLB Error '?%ﬁs,}g?i?r? rpg?nagement Unit TLB Protection/
10 Machine Check Interrupt Load or Store Access Error
1 Debug L- Breakpoint Match Detection

NOTES: 1. The trace mechanism is implemented by letting one instruction go as if no trace is enabled and
trapping the second instruction. This, of course, refers to this second instruction.

2. Exclusive for any one instruction.
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More than one asynchronous interrupt cause or exception can be present at any time.
However, when more than one interrupt causes exist, only the highest priority interrupt is
taken, as shown in the following table.

Table 6-6. Interrupt Priority Mapping

NUMBER INTERRUPT TYPE CAUSE

1 Development Port Nonmaskable Interrupt Signal From the Development Port

2 System Reset NMI_L Assertion

3 Instruction-related Interrupts Instruction Processing

4 Peripheral Breakpoint Request or Breakpoint Signal From Any Peripheral
Development Port Maskable Interrupt

5 External Interrupt Signal From the Interrupt Controller
Decrementer Interrupt Decrementer Request

6.4 THE REGISTER UNIT

The fixed-point registers bank holds thirty-two 32-bit fixed-point registers and some control
registers. The register unit holds the general register files of the core and performs the

following operations:

Decodes the operand fields of all sequential instructions
Drives the operand buses, as requested by the execution unit

» Performs scoreboard checking and signing

MOTOROLA
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6.4.1 Control Registers

The following tables describe the core control registers, also known as special-purpose
registers, implemented within the MPC823.

Table 6-7. Standard Special-Purpose Registers

SPR REGISTER PRIVILEGED SERIALIZE ACCESS
NAME
DECIMAL SPR 5.9 SPR .4
1 00000 00001 XER No Write:  Full Sync

Read: Sync Relative to Load/
Store Operations

8 00000 01000 LR No No
9 00000 01001 CTR No No
18 00000 10010 DSISR Yes Write:  Full Sync

Read: Sync Relative to Load/
Store Operations

19 00000 10011 DAR Yes Write:  Full Sync

Read: Sync Relative to Load/
Store Operations

22 00000 10110 DEC Yes Write
26 00000 11010 SRRO Yes Write
27 00000 11011 SRR1 Yes Write
272 01000 10000 SPRGO Yes Write
273 01000 10001 SPRG1 Yes Write
274 01000 10010 SPRG2 Yes Write
275 01000 10011 SPRG3 Yes Write
287 01000 11111 PVR Yes No (Read-Only Register)

Table 6-8. Standard Timebase Register Mapping

SPR REGISTER PRIVILEGED SERIALIZE ACCESS
NAME
DECIMAL SPR 5.9 SPR ¢.4
268 01000 01100 TBL Read? No Write - As a Store
269 01000 01101 TBU Read? No Write - As a Store
284 01000 11100 TBL Write? Yes Write - As a Store
285 01000 11101 TBU Write3 Yes Write - As a Store

NOTES: 1. Extended opcode for mftb, 371 rather then 339.
2. Any write (mtspr) to this address results in an implementation-dependent software emulation interrupt.
3. Any read (mftb) to this address results in an implementation-dependent software emulation interrupt.
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Table 6-9. Additional Special-Purpose Registers

SPR REGISTER PRIVILEGED SERIALIZE ACCESS
NAME
DECIMAL SPR 5.9 SPR ¢4
80 00010 10000 glE! Yes Write
81 00010 10001 EID Yes Write
82 00010 10010 NRI Yes Write
144 00100 10000 CMPAL Debug3 Fetch Sync on Write
145 00100 10001 CMPB Debug Fetch Sync on Write
146 00100 10010 CMPC Debug Fetch Sync on Write
147 00100 10011 CMPD Debug Fetch Sync on Write
148 00100 10100 ICR Debug Fetch Sync on Write
149 00100 10101 DER Debug Fetch Sync on Write
150 00100 10110 COUNTA Debug Fetch Sync on Write
151 00100 10111 COUNTB Debug Fetch Sync on Write
152 00100 11000 CMPE Debug Write:  Fetch Sync
Read: Synch Relative
to Load/Store
Operations
153 00100 11001 CMPF Debug Write:  Fetch Sync
Read: Synch Relative
to Load/Store
Operations
154 00100 11010 CMPG Debug Write:  Fetch Sync
Read: Synch Relative
to Load/Store
Operations
155 00100 11011 CMPH Debug Write:  Fetch Sync
Read: Synch Relative
to Load/Store
Operations
156 00100 11100 LCTRL1 Debug Write:  Fetch Sync
Read: Synch Relative
to Load/Store
Operations
157 00100 11101 LCTRL2 Debug Write:  Fetch Sync
Read: Synch Relative
to Load/Store
Operations
158 00100 11110 ICTRL Debug Fetch Sync on Write
159 00100 11111 BAR Debug Write:  Fetch Sync
Read: Synch Relative
to Load/Store
Operations
630 10011 10110 DPDR Debug Read and Write
631 10011 10111 DPIR? Yes Fetch
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Table 6-9. Additional Special-Purpose Registers (Continued)

SPR REGISTER PRIVILEGED SERIALIZE ACCESS
NAME
DECIMAL SPR 5.9 SPR .4
638 10011 11110 IMMR Yes Write - As a Store
560 10001 10000 IC_CST Yes Write - As a Store
561 10001 10001 IC_ADR Yes Write - As a Store
562 10001 10010 IC_DAT Yes Write - As a Store
568 10001 11000 DC_CST Yes Write - As a Store
569 10001 11001 DC_ADR Yes Write - As a Store
570 10001 11010 DC_DAT Yes Write - As a Store
784 11000 10000 MI_CTR Yes Write - As a Store
786 11000 10010 MI_AP Yes Write - As a Store
787 11000 10011 MI_EPN Yes Write - As a Store
789 11000 10101 MI_TWC Yes Write - As a Store
(MI_L1DL2P)
790 11000 10110 MI_RPN Yes Write - As a Store
816 11001 10000 MI_CAM Yes Write - As a Store
817 11001 10001 MI_RAMO Yes Write - As a Store
818 11001 10010 MI_RAM1 Yes Write - As a Store
792 11000 11000 MD_CTR Yes Write - As a Store
793 11000 11001 M_CASID Yes Write - As a Store
794 11000 11010 MD_AP Yes Write - As a Store
795 11000 11011 MD_EPN Yes Write - As a Store
796 11000 11100 M_TwB Yes Write - As a Store
(MD_L1P)
797 11000 11101 MD_TWC Yes Write - As a Store
(MD_L1DL2P)
798 11000 11110 MD_RPN Yes Write - As a Store
799 11000 11111 M_TW Yes Write - As a Store
. (M_SAVE)
824 11001 11000 MD_CAM Yes Write - As a Store
825 11001 11001 MD_RAMO Yes Write - As a Store
826 11001 11010 MD_RAM1 Yes Write - As a Store

NOTES: 1. See Section 6.3.4.1 Restartability After An Interrupt.
2. Refer to Section 20.6.2 Development Port Registers.

Protection of registers with “debug” privileges is described in Section 20.6.1 Protecting the
Development Port Registers.

4. This register is a fetch-only register. Using mtspr is ignored and using mfspr gives an undefined value.
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Table 6-10. Other Control Registers

DESCRIPTION NAME COMMENTS PRIVILEGED | SERIALIZE ACCESS
Machine State Register MSR — Yes Write Fetch Sync
Condition Register CR — No Only mterf

6.4.1.1 PHYSICAL LOCATION OF SPECIAL REGISTERS

Some of the special registers in the core are physically located outside of the core. Access
to these registers is gained the same way as any other special register—via the appropriate
mtspr, mfspr instructions through the internal chip buses. Apart from the PowerPC
timebase counter and decrementer, in the current implementation the following encoding is
reserved for special registers not located within the core.

Table 6-11. Encoding Special Registers Located Outside the Core

SPR RESERVED FOR
SPR 5.9 SPR g4
100xx 110xx XXXXX Registers External to the Core
1x0xx XOXXX Reserved
10011 X0XxX System Interface Unit Internal Registers
OXXXX XXXXX The Internal Bus Signifying Decrementer or Timebase
10000 XO0XXX Reserved
10000 X1xxx Reserved
1100x X0XXX Instruction Memory Management Unit Implementation-Specific Control
1100x Xx1xxx Data Memory Management Unit Implementation-Specific Control
10001 x00xx Instruction Cache Registers
10001 x10xx Data Cache Registers

For these registers, a bus cycle is performed on the internal bus with the following address.

0:17 18:22 23:27 28:31

0. .0 SPr o:4 Spr g9 0000

If any address error occurs on this cycle, an implementation-dependent software emulation
interrupt is taken.
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6.4.1.2 POWeERPC STANDARD CONTROL REGISTER BIT ASSIGNMENT

6.4.1.2.1 Machine State Register. The 32-bit machine state register (MSR) defines the
state of the processor. It can be read by the mfmsr instruction. However, it can be modified
by the mtmsr, sc, and rfi instructions, as well as the hard reset configuration word. Refer to
Section 4.3.1.1 Hard Reset Configuration Word for more information.

MSR

RESERVED POW | RES | ILE
0 0 0 0
RW RW | RW | RW

EE | PR | FP | ME | FEO | SE | BE | FE1 |RES| IP | IR | DR |RESERVED | RI | LE
0 0 0 0 0 0 0 0 0| —10 0 - 0 0
RW|RW|RW|RW|RW|RW|RW]|RW|RW|RW|RW|RW RW RW | RW
NOTE: — = Undefined.

Bits 0—-12—Reserved

These bits are reserved and should be set to 0. Bits 0, 5, and 9 are loaded from the
corresponding bit in the MSR when an interrupt is taken. The appropriate bit in the MSR is
loaded from this bit when an rfi is executed. Reserved bits in the MSR are set from the
source value on write and return the value last set for it on read.

POW—Power Management Disable

When this bit is clear it allows you to automatically switch between low and high frequency
operation or between normal low mode and normal high mode. When this bit is set, power
management is disabled. Refer to Section 5 Clocks and Power Control for more
information on bus power management.

Bit 14—Reserved
This bit is reserved and should be set to 0.

ILE—Interrupt Little-Endian Mode

When an exception occurs, this bit is copied into the MSR to select the endian mode for the
context established by the exception.

0 = Little-endian mode is selected.
1 = Big-endian mode is selected.

EE—External Interrupt Enable

This bit is loaded from the corresponding bit in the MSR when an interrupt is taken. The
appropriate bit in the MSR is loaded from this bit when an rfi is executed.
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PR—Problem State

This bit is loaded from the corresponding bit in the MSR when an interrupt is taken. The
appropriate bit in the MSR is loaded from this bit when an rfi is executed.

FP—Floating-Point Available

This bit is loaded from the corresponding bit in the MSR when an interrupt is taken. The
appropriate bit in the MSR is loaded from this bit when an rfi is executed.

ME—Machine Check Enable

This bit is loaded from the corresponding bit in the MSR when an interrupt is taken. The
appropriate bit in the MSR is loaded from this bit when an rfi is executed.

FEO—Floating-Point Exception Mode 0

This bit is loaded from the corresponding bit in the MSR when an interrupt is taken. The
appropriate bit in the MSR is loaded from this bit when an rfi is executed.

SE—Single-Step Trace Enable

This bit is loaded from the corresponding bit in the MSR when an interrupt is taken. The
appropriate bit in the MSR is loaded from this bit when an rfi is executed.

BE—Branch Trace Enable

This bit is loaded from the corresponding bit in the MSR when an interrupt is taken. The
appropriate bit in the MSR is loaded from this bit when an rfi is executed.

FE1—Floating-Point Exception Mode 1

This bit is loaded from the corresponding bit in the MSR when an interrupt is taken. The
appropriate bit in the MSR is loaded from this bit when an rfi is executed.

Bit 24—Reserved

This bit is reserved and should be set to 0. It is loaded from the corresponding bit in the MSR
when an interrupt is taken. The appropriate bit in the MSR is loaded from this bit when an
rfi is executed. Reserved bits in the MSR are set from the source value on write and return
the value last set for it on read.

{P—Interrupt Prefix

This bit is loaded from the corresponding bit in the MSR when an interrupt is taken. The reset
value of this bit is determined by the hard reset configuration word. For more information,
see Section 4.3.1.1 Hard Reset Configuration Word.

0 = The interrupt prefix is 0x000n_nnnn.
1 = The interrupt prefix is OXFFFn_nnnn.

IR—Instruction Relocate

This bit is loaded from the corresponding bit in the MSR when an interrupt is taken. The
appropriate bit in the MSR is loaded from this bit when an rfi is executed.
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DR—Data Relocate

This bit is loaded from the corresponding bit in the MSR when an interrupt is taken. The
appropriate bit in the MSR is loaded from this bit when an rfi is executed.

Bits 28 and 29—Reserved

These bits are reserved and should be set to 0. Reserved bits in the MSR are set from the
source value on write and return the value last set for it on read.

RI—Recoverable Interrupt

This bit is loaded from the corresponding bit in the MSR when an interrupt is taken. The
appropriate bit in the MSR is loaded from this bit when an rfi is executed.

LE—Little-Endian Mode

This bit is loaded from the corresponding bit in the MSR when an interrupt is taken. The
appropriate bit in the MSR is loaded from this bit when an rfi is executed. This bit is loaded
from the ILE bit when an interrupt is taken

6.4.1.2.2 The Condition Register. The condition register (CR) contains eight 4-bit
condition fields. Each field can have one of the following formats and the software can
assign an arbitrary meaning to them.

* Bit 0—Negative (LT). The result is negative.

» Bit 1—Positive (GT). The result is positive.

* Bit 2—Zero (EQ). The result is zero.

* Bit 3—Summary Overflow (SO). The values of this bit is copied from XERgo.
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6.4.1.2.3 Fixed-Point Exception Cause Register. The following table provides the bit
assignments for the fixed-point exception cause register (XER). The bits are based on the
final result produced by executing an instruction.

XER

RESERVED

RESERVED BCNT
0 0
RW RW

SO—Summary Overflow

This bit is set when an instruction other than mtspr sets the OV bit. Once it is set, it stays
that way until an mtspr or merxr instruction clears it. It is not altered by compare instructions
or other instructions that cannot overflow. SO is cleared and OV is set when an mtspr
instruction is executed, which supplies the zero values for these bits.

OV—Overflow

When this bit is set it indicates that an overflow has occurred during the execution of an
instruction. The add, subtract, and negate instructions with OE equal to 1, set this bit if the
carry out of the MSB is not equal to that carry out of the MSB+1. The multiply low and divide
instructions with OE equal to 1, set this bit if the result cannot be represented in 64 bits
(mulld, divd, divdu) or 32 bits (mullw, divw, divwu). The OV bit is not altered by compare
instructions that cannot overflow, except mtspr to the XER and merxr.

CA—Carry

This bit is set during execution of the following instructions. It is not altered by compare
instructions or by other instructions that cannot carry, except shift right algebraic, mtspr to
the XER, and mcrxr.

e Add carrying, subtract from carrying, add extended, and subtract from extended
instructions set CA if there is a carry out of the MSB. Otherwise, it is cleared.

e The shift right algebraic instructions set CA if any 1 bits have been shifted out of a
negative operand. Otherwise, it is cleared.

Bits 3—24—Reserved
These bits are reserved and should be set to 0.

BCNT—Byte Count for Load/Store String Operations
This field specifies the number of bytes to be transferred by a Iswx or stswx instruction.
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6.4.1.3 INITIALIZING THE CONTROL REGISTERS

6.4.1.3.1 System Reset Interrupt. A system reset interrupt occurs when the IRQO pin is
asserted. The only control registers affected by the system reset interrupt are the MSR,
SRRO0, and SRR1 registers. For information on the values of these registers, refer to
Section 7.3.7.3.1 System Reset Interrupt.

6.4.1.3.2 Hard/Soft Reset. When a hard or soft reset occurs, the registers affected by
system reset are set in the same way. The following list shows how each register is set.

e SRRO, SRR1—Set to an undefined value.

* MSR,;—Programmable.

* MSRye—Set to zero.

e [CTRL—Setto 0.

¢ LCTRL1—Setto 0.

e LCTRL2—Set to 0.

e COUNTA5.3;—Set to 0.

e COUNTB;4.3;—Set to 0.

e |[CR—Set to 0 (no interrupt occurred).

* DER; 1428:31—Set to 1 (all debug-specific interrupts cause debug mode entry).

6.5 THE FIXED-POINT UNIT

The fixed-point unit implements all fixed-point processor instructions, except the fixed-point
storage access instructions that are implemented by the load/store unit. Refer to the
PowerPC Microprocessor Family: The Programming Environment for 32-Bit
Microprocessors manual for more information.

6.5.1 XER Update In Divide Instructions

The divide instructions have a relatively long latency, but those instructions can update the
OV bit in the XER after one cycle. Therefore, data dependency on the XER is limited to one
cycle, although the divide instruction latency can be a maximum of 11 clocks.
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6.6 THE LOAD/STORE UNIT

The load/store unit handles all data transfers between the register file and chip internal bus.
It is implemented as an independent execution unit so that stalls in the memory pipeline do
not cause the master instruction pipeline to stall, unless there is a data dependency. The
unit is fully pipelined so that memory instructions of any size can be issued on back-to-back
cycles.

There is a 32-bit wide data path between the load/store unit and fixed-point register file.
Single-word accesses to the internal on-chip data RAM require one clock, resulting in two
clock latencies and double-word accesses require two clocks, which results in three clock
latencies. Because the internal bus is 32 bits wide, double-word transfers take two bus
accesses. The load/store unit implements all of the PowerPC load/store instructions in
hardware, including unaligned and string accesses.

The following is a list of the load/store unit's main features:

* Supports many instructions

* Two-entry load/store instruction address queue

¢ Pipelined operation

e Minimal load latency-2 clocks using 1 clock on-chip data RAM

* Minimal store latency—1 clock since the load/store unit ends the store execution in e
2 clocks, using 1 clock on-chip data RAM.

* Load/store multiple and string instructions synchronize

CORE

* Load/store breakpoint/watchpoint detection support

Figure 6-6 illustrates a conceptual block diagram of the load/store unit and its two queues.
The address queue is a 2-entry queue shared by all load/store instructions and the
fixed-point data queue is a 2-entry, 32-bit wide queue that holds fixed-point data.

The load/store unit has a dedicated writeback bus so that loaded data received from the
internal bus is written directly back to the fixed- or floating-point register files.
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UNIT REGISTERS FILE

ADDRESS FIXED-POINT
QUEUE 32 DATA
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-
-

LOAD / STORE UNIT

D-CACHE / D-MMU
Y INTERFACE

Figure 6-6. Load/Store Unit Functional Block Diagram

To execute multiple (Imw, stmw) instructions, string instructions, unaligned accesses, and
double-precision floating-point load/store instructions, the load/store unit contains an
address incrementor that generates the needed addresses. This allows the unit to execute
the unaligned accesses without stalling the master instruction pipeline.

6.6.1 Issuing Load/Store Instructions
When load or store instructions are encountered, the load/store unit checks the scoreboard
to determine if all of the operands are available. These operands include:

* Address register operands

¢ Source data register operands (for store instructions)

» Destination data register operands (for load instructions)

¢ Destination address register operands (for load/store with update instructions)
If all operands are available, the load/store unit takes the instruction and enables the
sequencer to issue a new instruction. Then, using a dedicated interface, the load/store unit

notifies the integer unit of the need to calculate the effective address. All load/store
instructions are executed and terminated in order.
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if there are no prior instructions waiting in the address queue, the load/store instruction is
issued to the data cache immediately at the time the instruction is taken. Otherwise, if there
are prior instructions remaining whose addresses have not yet been issued to the data
cache, the instruction is inserted into the address queue and data is inserted into the
respective store data queue. For load/store with update instructions, the destination address
register is written back on the following clock, regardless of the address queue’s state.

6.6.2 Serializing Load/Store Instructions
The following load/store instructions are not taken until all previous instructions have
terminated.

¢ |oad/store multiple instructions—Imw, stmw

¢ Storage synchronization instructions—lwarx, stwex, sync

e String instructions—Iswi, Iswx, stswi, stswx '

* Move to internal special registers and move to off-core special registers

The following load/store instructions must terminate before more instructions can be issued.

CORE

* Load/store multiple instructions—Imw, stmw
o Storage synchronization instructions—Ilwarx, stwex, sync
* String instructions—Iswi, Iswx, stswi, stswx e

6.6.3 Instructions Issued to the Data Cache

The load/store unit pipelines load accesses. The individual cache cycles of all multiregister
instructions and unaligned accesses are pipelined into the data cache interface.

6.6.4 Issuing Store Instruction Cycles

A new store instruction is not issued to the data cache until all prior instructions have
terminated without an exception because the core supports the precise interrupt model. If a
load instruction is followed by a store instruction, a one clock delay is inserted between the
load bus cycle termination and the store cycle issue.

6.6.5 Issuing Nonspeculative Load Instructions

Load instructions targeted at a nonspeculative memory region are identified as

nonspeculative one clock cycle after the previous load/store bus cycle termination, but only |
if all prior instructions have terminated normally and without an exception. The

nonspeculative identification relates to the state of the cycle’s associated instruction. For

Imw, although the cycles are pipelined into the bus, they are all marked as nonspeculative \
because the instruction is nonspeculative. \

With a single register load instruction where more than one bus cycle is generated, some of |
the cycles can be marked as speculative and later cycles can be marked as nonspeculative

after all prior instructions terminate. When executing speculative load cycles to the

nonspeculative external memory region, no external cycles are generated until the load

instruction becomes nonspeculative.
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6.6.6 Executing Unaligned Instructions

The load/store unit supports fixed-point unaligned accesses in the hardware. The 32-bit
L-bus only supports naturally aligned transfers. For an unaligned instruction, the load/store
unit breaks the instruction into a series of aligned transfers that are pipelined into the bus.
Figure 6-7 illustrates the number of bus cycles needed to execute unaligned instructions.

00'h 1 BUS CYCLE
04h
ooh 1 BUS CYCLE
04h
ooh 1 BUS CYCLE
04h
00'h |2 BUS cYCLES
04’h
00'h 2 BUS CYCLES
04h
00h 2 BUS CYCLES
o04h
00'h 3 BUS CYCLES
04h
00'h 3 BUS CYCLES
04

Figure 6-7. Number of Bus Cycles Needed For Unaligned,
Single Register Fixed-Point Load/Store Instructions
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6.6.7 Little-Endian Mode Support

The load/store unit implements the little-endian mode as it is specified by the PowerPC
architecture and in this mode the modified address is issued to the data cache. For an
individual scalar unaligned transfer or an attempted execution of a multiple/string instruction,
an alignment exception is generated.

6.6.8 Atomic Update Primitives

The lwarx and stwcx instructions are atomic update primitives. Storage reservation
accesses made by the same processor are implemented by the load/store unit. The external
bus interface module implements storage reservation as it relates to accesses made by
external bus masters. Accesses made by other internal masters to internal memories
implements storage reservation as it relates to special internal bus snoop logic. This logic is
implemented in the data cache.

When a lwarx instruction is executed the load/store unit issues a cycle to the data cache
with a special attribute. For an external memory access, this attribute causes the external
bus interface module to set a storage reservation on the cycle address. The external bus
interface module is then responsible for snooping the external bus or getting an indication
from external snoop logic if the storage reservation is broken by some other processor
accessing the same location. When an stwex instruction to external memory is executed,
the external bus interface module checks to see if a reservation was lost. if loss of
reservation has occurred, the cycle is blocked from going to the external bus and the
external bus interface module notifies the load/store unit of a stwex failure.

The MPCB823 storage reservation supplies hooks for the support of storage reservation
implementation in a hierarchical bus structure. For a full description of the storage
reservation mechanism, refer to Section 7 PowerPC Architecture Compliance. In case
of storage reservation on internal memory, a lwarx indication causes the on-chip snoop
logic to latch the address. This logic notifies the load/store unit in the case of an internal
master store access, then the reservation is reset. If a new lwarx instruction address phase
is successfully executed it replaces any previous storage reservation address at the
appropriate snoop logic. However, when an stwex instruction is executed, the storage
reservation is canceled, unless an alignment interrupt condition is detected.
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6.6.9 Instruction Timing

The following table summarizes the different load/store instructions timing in the case of
zero wait state memory references on a parked bus. With external memory accesses,
pipelined external accesses are assumed.

Table 6-12. Load/Store Instructions Timing

LATENCY CLEARED FROM
LOAD/STORE UNIT
INSTRUCTION TYPE
DATA CACHE EXTERNAL DATA EXTERNAL
MEMORY CACHE MEMORY
Fixed-Point Single Target 2 Clocks 5 Clocks 2 Clocks 5 Clocks
Register Load (Aligned)
Fixed-Point Single Target 1 Clock 1 Clock 2 Clocks 5 Clocks
Register Store (Aligned)
Load/Store Multiple 1+N 1+N
’ P 3+N+(NsL1) 3+N+(N—;1)

NOTE: N denotes the number of registers transferred.

String instructions are broken into a series of aligned bus accesses. Figure 6-8 illustrates
the maximum number of bus cycles needed for string instruction execution.

00h
04h 2 BUS CYCLES
08'h . WORD

i TRANSFERS
0Ch 3 BUS CYCLES
10'h
14h 2 BUS CYCLES
18'h

Figure 6-8. Number of Bus Cycles Needed For String Instruction Execution

6.6.10 Stalling Storage Control Instructions
A storage control instruction waits one clock before it is taken.

6.6.11 Accessing Off-Core Special Registers

Access to special registers—mtspr and mfspr—implemented off-core is executed by the
load/store unit via the internal bus using a special cycle. Refer to Section 6.4.1.1 Physical
Location of Special Registers for detailed information. If the access terminates in a bus
error, then an implementation-dependent software emulation interrupt is taken. All write
operations to off-core special registers (mtspr) are previously synchronized. In other words,
the instruction is not taken until all prior instructions terminate.
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6.6.12 Storage Control Instructions

Cache management instructions and lookaside buffer management instructions are
implemented by the load/store unit. These instructions are implemented as the special bus
write cycles, which are issued to the data cache interface.

6.6.13 Exceptions

6.6.13.1 DAR, DSISR, AND BAR OPERATION. The load/store unit keeps track of all
instructions and bus cycles. When a bus error occurs, the data address register (DAR) is
loaded with the cycle’s effective address. For a multicycle instruction, the effective address
of the first offending cycle is loaded.

The data storage interrupt status register (DSISR) notifies the error when an exception
caused by the load/store occurs. For a memory management unit error, this register is
loaded with the error status delivered by the memory management unit. For other
exceptions, the DSISR is loaded with the instruction information as defined by the PowerPC
architecture for alignment exception. The breakpoint address register (BAR) notifies the
address on which an L-bus breakpoint occurred. For a multicycle instruction, the BAR
contains the address of the first cycle with which the breakpoint condition was associated.
The BAR has a valid value only when a data breakpoint interrupt is taken. At any other time,
its value is boundedly undefined. The following situations cause the DAR, BAR, and DSISR
registers to be updated.

Table 6-13. Value Summary of the DAR, BAR, and DSISR Registers

INTERRUPT TYPE DAR VALUE DSISR VALUE BAR VALUE
Data Storage Interrupt Cycle EA MeLrjr:‘ciJt rIvrlc:;lrng :tﬂ'nsent Undefined
Alignment Interrupt Data EA Instruction Information Undefined
L-Bus Breakpoint Interrupt Does Not Change Does Not Change Cycle EA
Machine Check Interrupt Cycle EA Instruction Information Undefined
}mglri%ttantation Dependent Software Emulation | Does Not Change Does Not Change Undefined
Floating-Point Unavailable Interrupt Does Not Change Does Not Change Undefined
Program Interrupt Does Not Change Does Not Change Does Not Change
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SECTION 7
PoweRPC ARCHITECTURE COMPLIANCE

This section describes implementation-dependent choices made for the core on issues that
are optional on the PowerPC™ architecture as defined in the PowerPC Architecture Books
1, I, and Ill. It also describes features that exist in the architecture, but are not supported by
the core. The information in this section is based on the PowerPC books, but you can also
refer to the PowerPC Microprocessor Family: The Programming Environment for 32-Bit
Microprocessors (MPCFPE32B/AD) manual for more information.

7.1 PowerPC USER INSTRUCTION SET ARCHITECTURE (BOOK I)

7.1.1 Computation Modes

The core is a 32-bit fixed-point implementation of the PowerPC architecture. Any reference
in the PowerPC Architecture Books |, Il, and Il regarding 64-bit implementations are not
supported by this core. No floating point of the architecture is implemented.

7.1.2 Reserved Fields

Reserved fields in instructions are described under the specific instruction definition
sections. Unless otherwise stated in the specific instruction description, fields marked

I, 1l, and 1ll in the instruction are discarded by the core decoding. Thus, this type of invalid
form instructions yield results of the defined instructions with the appropriate field zero. In
most cases, the reserved fields in registers are ignored on write and return zeros for them
on read for any control register implemented by the core. Exceptions to this rule are bits
16-23 of the fixed-point exception cause register (XER) and the reserved bits of the machine
state register (MSR), which are set by the source value on write and return the value last set
for it on read.

7.1.3 Classes of Instructions

Nonoptional instructions (except floating-point load, store, and compute instructions) are
implemented by the hardware. Optional instructions are executed by
implementation-dependent code and any attempt to execute one of these commands
causes the core to take the implementation-dependent software emulation interrupt (offset
x’01000’ of the vector table). lllegal and reserved instruction class instructions are supported
by implementation-dependent code and, thus the core hardware generates the
implementation-dependent software emulation interrupt. How the core treats invalid and
preferred instruction forms is described in the specific processor compliance sections.
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PowerPC Architecture Compliance

7.1.4 Exceptions

Invocation of the system software for any exception caused by an instruction in the core is
precise, regardless of the type and setting.

7.1.5 The Branch Processor

7.1.6 Fetching Instructions

The core fetches a number of instructions into its internal buffer (the instruction prefetch
queue) prior to execution. If a program modifies the instructions it intends to execute, it
should call a system library program to ensure that the modifications are visible to the
instruction fetching mechanism prior to executing the modified instructions.

7.1.7 Branch Instructions

The core implements all the instructions defined for the branch processor by the PowerPC
User Instruction Set Architecture (Book |)in the hardware. For details about the performance
of various instructions, see Table 8-1 of this manual.

7.1.7.1 INVALID BRANCH INSTRUCTION FORMS. Bits marked with zin the BO
encoding definition are discarded by the core decoding. Thus, these types of invalid form
instructions yield results of the defined instructions with the z bit zero. If the decrement and
test CTR option is specified for the becetr or becetrl instructions, the target address of the
branch is the new value of the CTR. Condition is evaluated correctly, including the value of
the counter after decrement.

7.1.7.2 BRANCH PREDICTION. The core uses the y bit to predict path for prefetch.
Prediction is only done for not-ready branch conditions. No prediction is done for branches
to the link or count register if the target address is not ready (see Table 6-1 for more details).

7.1.8 The Fixed-Point Processor
The core implements the following fixed-point instructions:

¢ Arithmetic instructions
¢ Compare instructions
* Trap instructions
* Logical instructions
¢ Rotate and shift instructions
* Move to/from system register instructions
All hardware instructions are defined for the fixed-point processor in the PowerPC User

Instruction Set Architecture (Book I). For details about the performance of the various
instructions, see Table 8-1 of this manual.
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7.1.8.1 MOVE TO/FROM SYSTEM REGISTER INSTRUCTIONS. Move to/from invalid
special registers in which spr, =1 invokes the privilege instruction error interrupt handler if
the processor is in problem state (user mode). For a list of all implemented special registers,
refer to Section 6.4.1 Control Registers.

7.1.8.2 FIXED-POINT ARITHMETIC INSTRUCTIONS. If you try to perform any of the
following divisions using the divw[o][.] instruction

0x80000000 - -1
<anything> + 0

then, the contents of RT are 0x80000000 and if Rc =1, the contents of the bits in the CR field
OareLT=1,GT =0, EQ =0, and SO is set to the correct value.

In the cmpi, cmp, cmpli, and cmpl instructions, the L bit is applicable for 64-bit
implementations. For the MPC823, if L = 1 the instruction form is invalid. The core ignores
this bit and, therefore, the behavior when L = 1 is identical to the valid form instruction with
L=0.

7.1.9 The Load/Store Processor

The load/store processor supports all of the 32-bit implementation fixed-point PowerPC
load/store instructions in the hardware.

7.1.9.1 FIXED-POINT LOAD WITH UPDATE AND STORE WITH UPDATE
INSTRUCTIONS. For load with update and store with update instructions where RA =0, the
EA is written into RO. For load with update instructions where RA = RT, RA is boundedly
undefined.

7.1.9.2 FIXED-POINT LOAD AND STORE MULTIPLE INSTRUCTIONS. For these types
of instructions, EA must be a multiple of four. If it is not, the system alignment error handler
is invoked. For a Imw instruction (if RA is in the range of registers to be loaded), the
instruction completes normally. RA is then loaded from the memory location as follows:

RA <- MEM(EA+(RA-RT)*4, 4)

7.1.9.3 FIXED-POINT LOAD STRING INSTRUCTIONS. Load string instructions behave
the same as load multiple instructions, with respect to invalid format in which RA is in the
range of registers o be loaded. If RA is in the range, it is updated from memory.

7.1.9.4 STORAGE SYNCHRONIZATION INSTRUCTIONS. For these type of instructions,
EA must be a multiple of four. If it is not, the system alignment error handler is invoked.

7.1.9.5 OPTIONAL INSTRUCTIONS. No optional instructions are supported.

7.1.9.6 LITTLE-ENDIAN BYTE ORDERING. The load/store unit supports little-endian byte
ordering as specified in the PowerPC User Instruction Set Architecture (Book ). In
little-endian mode, if an attempt is made to execute an individual scalar unaligned transfer,
as well as a multiple or string instruction, an alignment interrupt is taken.
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7.2 PowerPC VIRTUAL ENVIRONMENT ARCHITECTURE (BOOK II)

7.2.1 Storage Model
The MPC823 caches are structured as follows:

* Physically addressed split 2K instruction cache and 1K data cache
* Two-way set associative managed with LRU replacement algorithm
¢ 16-byte (4 words) line size with one valid bit per line

7.2.1.1 MEMORY COHERENCE. Hardware memory coherence is not supported in the
MPC823 hardware, but can be performed in the software or by defining storage as cache
inhibited. In addition, the MPC823 does not provide any data storage attributes to an
external system.

7.2.1.2 ATOMIC UPDATE PRIMITIVES. Both the lwarx and stwex instructions are
implemented according to the PowerPC architecture requirements. When the storage
accessed by the lwarx and stwex instructions is in the cache-allowed mode, it is assumed
that the system works with the single master in this storage region. Therefore, if a data
cache miss occurs, the access on the internal and external buses does not have a
reservation attribute.

The MPCB823 does not cause the system data storage error handler to be invoked if the
storage accessed by the lwarx and stwex instructions is in the writethrough required mode.
Also, the MPC823 does not provide support for snooping an external bus activity outside the
chip. The provision is made to cancel the reservation inside the MPC823 by using the CR_B
and KR_B input pins. Data cache has a snoop logic to monitor the internal bus for
communication processor module accesses of the address associated with the last lwarx
instruction.

7.2.2 The Effect Of Operand Placement on Performance

The load/store unit hardware supports all of the PowerPC load/store instructions. An optimal
performance can be obtained for naturally aligned operands. These accesses result in
optimal performance for a maximum size of four bytes and good performance for double
precision floating-point operands. Unaligned operands are supported in the hardware and
are broken into a series of aligned transfers. The effect of operand placement on
performance is as stated in the PowerPC Virtual Environment Architecture (Book I1), except
for the case of 8-byte operands. Because the MPC823 uses a 32-bit wide data bus, the
performance is good rather than optimal. Refer to Section 6.6.6 Executing Unaligned
Instructions for a description of fixed-point unaligned instruction execution and timing and
to Section 6.6.9 Instruction Timing for a description of string instruction timing.
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7.2.3 The Storage Control Instructions

The MPC823 interprets the cache control instructions (icbi, isync, dcbt, dcbi, debf, dcbz,
dcbst, eieio, and dcbtst) as if they pertain only to the MPC823 cache. These instructions
do not broadcast. Any bus activity caused by these instructions is what happens when an
operation is performed on the MPC823 cache.

Instruction Cache Block Invalidate (icbi)—The effective address is translated by the
memory management unit and the associative block in the instruction cache is
invalidated if hit.

Instruction Synchronize (isync)—The isync instruction waits for all previous
instructions to complete and then discards any prefetched instructions, thus causing
subsequent instructions to be fetched or refetched from memory and executed.

Data Cache Block Touch (dcbt)—The block associated with this instruction is checked
for hitin the cache. If it is a miss, the instruction is treated as a regular miss, except that
the bus error does not cause an interrupt. If no error occurs, the line is written into the
cache.

Data Cache Block Touch for Store (dcbtst)—The block associated with this instruction
is checked for a hit in the cache. If it is a miss, the instruction is treated as a regular
miss, except that bus error does not cause an interrupt. If no error occurs, the signal is
written into the cache.

Data Cache Block Set to Zero (dcbz)—This instruction is executed according to how it
is defined in the PowerPC Virtual Environment Architecture Book .

Data Cache Block Store (decbst)—This instruction is executed according to how it is
defined in the PowerPC Virtual Environment Architecture Book |I.

Data Cache Block Invalidate (dcbi)—The effective address is translated by the memory
management unit and the associative block in the data cache is invalidated if hit.

Data Cache Block Flush (dcbf)—This instruction is executed according to how it is
defined in the PowerPC Virtual Environment Architecture Book II.

Enforce In-Order Execution of 1/O (eieio)—When executing an eieio instruction, the
load/store unit waits until all previous accesses have terminated before issuing cycles
associated with load/store instructions after the eieio instruction.

7.2.4 Timebase

A description of the timebase register can be found in Section 12 System Interface Unit
and Section 5 Clocks and Power Control.
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7.3 POwerPC OPERATING ENVIRONMENT ARCHITECTURE (BOOK i)

The MPC823 has an internal memory space that includes memory-mapped control registers
and memory that is used by various modules on the chip. This memory is part of the main
memory as seen by the core but cannot be accessed by any external system master.

7.3.1 The Branch Processor

7.3.1.1 MACHINE STATE REGISTER. The floating-point exception mode is ignored by the
MPCB823. The IP bit initial state after reset is set as programmed by the reset configuration
specified in Section 12 System Interface Unit.

7.3.1.2 PROCESSOR VERSION REGISTER. The value of the PVR register’s version field
is X’0050°. The value of the revision field is x¥’0000’ and it is incremented each time that the
software distinguishes between the core revisions.

7.3.1.3 BRANCH PROCESSORS INSTRUCTIONS. The core implements all the
instructions defined for the branch processor in the PowerPC User Instruction Set
Architecture Book | in the hardware. For the details about the performance of various
instructions, see Table 8-1 of this manual.

7.3.2 The Fixed-Point Processor

7.3.2.1 UNSUPPORTED REGISTERS. The following registers are not supported by the
MPC823. Refer to Section 7.3.3 Storage Model for more details.

SDR 1 IBAT2U DBAT1U IBATOL IBAT3L DBAT2L
EAR IBAT2L DBAT1L IBAT1U DBATOU DBAT3U
IBATOU IBAT3U DBAT2U IBAT1L DBATOL DBAT3L

7.3.2.2 ADDED REGISTERS. For a list of the added special purpose registers, see
Table 6-9.

7.3.3 Storage Model

Page sizes are 4K, 16K, 512K, and 8M and an optional sub-page granularity of 1K for 4K
pages in a maximum real memory size of 4G. Neither ordinary or direct-store segments are
supported.

7.3.3.1 ADDRESS TRANSLATION. If address translation is disabled (MSRg =0 for
instruction accesses or MSRpi =0 for data accesses), the effective address is treated as the
real address and is passed directly to the memory subsystem. Otherwise, the effective
address is translated by using the translation lookaside buffer (TLB) mechanism of the
memory management unit (MMU). Instructions are not fetched from no-execute or guarded
storage and data accesses are not executed speculatively to or from the guarded storage.
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The features of the MMU hardware is as follows:

* 32-entry fully associative instruction TLB
32-entry fully associative data TLB

Supports up to 16 virtual address spaces
Supports 16 access protection groups
Supports fast software tablewalk mechanism
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7.3.4 Reference and Change Bits

No reference bit is supported by the MPC823. However, the change bit is supported by
using the data TLB error interrupt mechanism when writing to an unmodified page.

7.3.5 Storage Protection
Two main protection modes are supported by the MPC823:

¢ Domain manager mode
e PowerPC mode

For more details, refer to Section 11 Memory Management Unit.

7.3.6 Storage Control Instructions

7.3.6.1 DATA CACHE BLOCK INVALIDATE (dcbi). This instruction is executed
according to the definition in PowerPC Operating Environment Architecture (Book Ill).

7.3.6.2 TLB INVALIDATE ENTRY (tlbie). This instruction is performed as defined by the
architecture, except that the 22 most-significant bits of the EA are used for address
compare.

7.3.6.3 TLB INVALIDATE ALL (tlbia). This instruction is performed as defined by the
architecture.

7.3.6.4 TLB SYNCHRONIZE (tlbsync). This instruction is implemented like a regular
mtspr instruction as it relates to engine synchronization with no further effects.

7.3.7 Interrupts

7.3.7.1 CLASSES. All interrupts associated with storage are implemented as precise
interrupts by the core, which means that a load/store instruction is not complete until all
possible error indications are sampled from the load/store bus. This also implies that a store
or nonspeculative load instruction is not issued to the load/store bus until all previous
instructions have completed. If a late error occurs, a store cycle (or a nonspeculative load
cycle) can be issued and aborted.
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7.3.7.2 PROCESSING. In each interrupt handler, when registers SRRO and SSR1 are
saved, MSRg, can be set to 1.

7.3.7.3 DEFINITIONS. The following table defines the offset value by interrupt type and the
sections that follow describe each interrupt in detail.

Table 7-1. Offset of First Instruction by Interrupt Type
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OFFSET (HEX) INTERRUPT TYPE
00000 Reserved
00100 System Reset
00200 Machine Check
00300 Data Storage
00400 Instruction Storage
00500 External
00600 Alignment
00700 Program
00800 Floating Point Unavailable
00900 Decrementer
00A00 Reserved
00B00 Reserved
00C00 System Call
00D00 Trace
00E00 Floating Point Assist
01000 Implementation-Dependent Software Emulation
01100 Implementation-Dependent Instruction TLB Miss
01200 Implementation-Dependent Data TLB Miss
01300 Implementation-Dependent Instruction TLB Error
01400 Implementation-Dependent Data TLB Error
01500 - 01BFF Reserved
01C00 Implementation-Dependent Data Breakpoint
01D00 Implementation-Dependent Instruction Breakpoint
01E00 Implementation-Dependent Peripheral Breakpoint
01F00 Implementation-Dependent Nonmaskable Development Port
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7.3.7.3.1 System Reset Interrupt. A system reset interrupt occurs when the IRQO pin is
asserted and the following registers are set. Execution begins at physical address 0x100 if
the hard reset configuration word IIP bit is 1. Execution begins at physical address
0xFFF00100 if the hard reset configuration word IIP bit is 0. .

SRR0—Save/Restore Register 0

Set to the effective address of the next instruction the processor executes if no interrupt
conditions are present.

SRR1—Save/Restore Register 1

Used to save the machine status prior to exceptions and to restore status when an rfi
instruction is executed.

1-4 Setto 0.

10-15 Setto 0.

Other  Loaded from bits 16-31 of the MSR. In the current implementation, Bit 30 of
the SRR1 is never cleared, except by loading a zero value from MSRg,.

MSR—Machine State Register

P No change.

ME No change.

LE Bit is copied from the ILE.
Other Setto 0.

7.3.7.3.2 Machine Check Interrupt. A machine check interrupt indication is received from
the U-bus as a response to the address or data phase. It is usually caused by one of the
following conditions:

e The accessed address does not exist
o A data error is detected

As defined in PowerPC Operating Environment Architecture (Book 11l), machine check
interrupts are enabled when MSRye =1. If MSRy;e = 0 and a machine check interrupt
indication is received, the processor enters the checkstop state. The behavior of the core in
checkstop state is dependent on the working mode as defined in Section 20.4.2.1 Debug
Mode Enable vs. Debug Mode Disable. When the processor is in debug mode enable, it
enters the debug mode instead of the checkstop state. When in debug mode disable,
instruction processing is suspended and cannot be restarted without resetting the core.

An indication that can generate an automatic reset in this condition is sent to the system
interface unit. Refer to the Section 12 System Interface Unit for more details. If the
machine check interrupt is enabled (MSRye =1) it is taken. If SRR1 Bit 30 =1, the interrupt
is recoverable and the following registers are set.

SRR0—Save/Restore Register 0
Set to the effective address of the instruction that caused the interrupt.
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SRR1—Save/Restore Register 1
1 Set to 1 for instruction fetch-related errors and 0 for load/store-related errors.
2-4 Set to 0.
10-15 Setto 0.
Other Loaded from bits 16-31 of the MSR. In the current implementation, Bit 30 of
the SRR1 is never cleared, except by loading a zero value from MSRg,.

MSR—Machine State Register

P No change.

ME Setto 0.

LE Bit is copied from the ILE.
Other Setto 0.

When using the load/store bus, the following registers are set:

DSISR—Data/Storage Interrupt Status Register

0-14 Setto 0.
15—-16 Set to bits 29-30 of the instruction if X-form instruction and to 0b0O if D-form.
17 Set to Bit 25 of the instruction if X-form instruction and to Bit 5 if D-form.

18-21 Set to bits 21-24 of the instruction if X-form instruction and to bits 1-4 if D-form.
22-31 Set to bits 6-15 of the instruction.

DAR—Data Address Register
Set to the effective address of the data access that caused the interrupt.

Execution resumes at offset xX' 00200’ from the base address indicated by MSRp.

7.3.7.3.3 Data Storage Interrupt. A data storage interrupt is never generated by the
hardware. However, the software may branch to this location as a result of either an
implementation-specific data TLB error or miss interrupt.

7.3.7.3.4 Instruction Storage Interrupt. An instruction storage interrupt is never
generated by the hardware, but the software may branch to this location as a result of an
implementation-specific instruction TLB error interrupt.

7.3.7.3.5 Alignment Interrupt. An alignment interrupt occurs as a'result of one of the
following conditions:

* The operand of a floating-point load or store is not word aligned.

e The operand of a load/store multiple is not word aligned.

* The operand of a Iwarx or stwex is not word aligned.

* The operand of a load/store individual scalar instruction is not naturally aligned
when MSR = 1.

* An attempt to execute a multiple/string instruction is made when MSR g = 1.
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7.3.7.3.6 Program Interrupt. The MPC823 cannot generate a floating-point exception type
interrupt. Likewise, an illegal instruction type program interrupt is not generated by the core,
but an implementation-dependent software emulation interrupt is generated instead. A
privileged instruction program interrupt is generated for an on-core valid special-purpose
register (SPR) field or any SPR encoded as an external special register if SPR,=1 and
MSRpg =1, as well as if you try to execute privileged instruction occurred when MSRpg =1.
See Table 6-11 for details.

7.3.7.3.7 Floating-Point Unavailable Interrupt. The MPC823 cannot generate a
floating-point exception type interrupt. An implementation-dependent software emulation
interrupt will be taken when you try to execute floating-point instruction, regardless of
MSRgp.
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7.3.7.3.8 Trace Interrupt. A trace interrupt occurs if MSRge = 1 and any instruction except
rfi is successfully completed or if MSRgg = 1 and a branch is completed. Notice that the trace
interrupt does not occur after an instruction that causes an interrupt. The monitor/debugger
software must change the vectors of other possible interrupt addresses to single-step these
instructions. If this is unacceptable, other debug features can be used. Refer to

Section 20 Development Capabilities and Interface for more information. The following
registers are set on a trace interrupt:

SRR0O—Save/Restore Register 0
Set to the effective address of the instruction following the executed instruction.

SRR1—Save/Restore Register 1
1-4 Set to 0.
10-15 Setto 0.
Other  Loaded from bits 16-31 of the MSR. In the current implementation, Bit 30 of
the SRR1 is never cleared, except by loading a zero value from MSRg,.

MSR—Machine State Register
IP No change.
ME No change.
LE Bits are copied from the ILE.
Other SettoO.

Execution resumes at offset x’00D00’ from the base address indicated by MSR;p.
7.3.7.3.9 Floating-Point Assist Interrupt. The floating-point assist interrupt is not

generated by the MPC823. An implementation-dependent software emulation interrupt will
be taken when you try to execute a floating-point instruction.
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7.3.7.3.10 Implementation-Dependent Software Emulation Interrupt. An
implementation-dependent software emulation interrupt occurs as a result of one of the
following conditions:

¢ When executing any unimplemented instruction, including all illegal and
unimplemented optional and floating-point instructions.

* When executing a mtspr or mfspr that specifies an on-core unimplemented register,
regardless of SPR,.

¢ When executing a mtspr or mfspr that specifies an off-core unimplemented register
and SPR, =0 or MSRpg =0 (no program interrupt condition). For more information, refer
to Section 7.3.7.3.6 Program Interrupt.

In addition, the following registers are set:

SRR0—Save/Restore Register 0
Set to the effective address of the instruction that caused the interrupt.

SRR1—Save/Restore Register 1
14 Setto 0.
10-15 Setto 0.
Other  Loaded from bits 16-31 of the MSR. In the current implementation, Bit 30 of
the SRR1 is never cleared, except by loading a zero value from MSRp,.

MSR—Machine State Register

IP No change.
ME No change.
LE Bits are copied from the ILE.

Other SettoO.
Execution resumes at offset xX01000’ from the base address indicated by MSRp.

7.3.7.3.11 Implementation-Specific Instruction TLB Miss Interrupt. This type of
interrupt occurs if MSR g =1 and you try to fetch an instruction from a page whose effective
page number cannot be translated by TLB. The following registers are set:

SRR0-Save/Restore Register 0
Set to the effective address of the instruction that caused the interrupt.

SRR1—Save/Restore Register 1

0-3 Setto 0.

4 Setto 1.

10 Setto 1.

11-15 Setto 0.

Other Loaded from bits 16-31 of the MSR. In the current implementation, Bit 30 of
the SRR1 is never cleared, except by loading a zero value from MSRg,.
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MSR—Machine State Register

IP No change.

ME No change.

LE Bits are copied from the ILE.
Other Setto 0.

Some instruction TLB registers are set to the values described in
Section 11 Memory Management Unit. Execution resumes at offset x¥’01100’ from the
base address indicated by MSRe.
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7.3.7.3.12 Implementation-Specific Instruction TLB Error Interrupt. This type of
interrupt occurs as a result of one of the following conditions:

¢ The effective address cannot be translated. Either the segment or page valid bit of this
page is cleared in the translation table.

¢ The fetch access violates storage protection.
¢ The fetch access is to guarded storage and MSR g =1.

The following registers are set:

SRR0—Save/Restore Register 0
Set to the effective address of the instruction that caused the interrupt.

SRR1—Save/Restore Register 1

1 Set to 1 if the translation of an attempted access is not found in the translation
tables. Otherwise, set to 0.

2 Setto 0.

3 Set to 1 if the fetch access was to a guarded storage when MSR g = 1 or when
bit 4 is set. Otherwise, set to 0.

4 Set to 1 if the storage access is not permitted by the protection mechanism;

otherwise set to 0. In the first revision when this bit is set, Bits 3 and 10 are
also set, but in future revisions this bit may be set alone

10 Set to 1 when Bit 4 is set. Otherwise, set to 0.

11-15 Setto 0.

Other Loaded from bits 16-31 of the MSR. In the current implementation, Bit 30 of
the SRR1 is never cleared, except by loading a zero value from MSRg;.

MSR—Machine State Register

IP No change.

ME No change.

LE Bits are copied from the ILE.
Other Setto 0.

Some instruction TLB registers are set to a value described in

Section 11 Memory Management Unit. Execution resumes at offset xX’01300’ from the
base address indicated by MSR;p.
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7.3.7.3.13 Implementation-Specific Data TLB Miss Interrupt. This type of interrupt
occurs when MSRpg =1 and you try to access a page whose effective page number cannot
be translated by TLB. The following registers are set:

SRR0—Save/Restore Register 0
Set to the effective address of the instruction that caused the interrupt.

SRR1—Save/Restore Register 1

1-4 Setto 0.

10-15 Setto 0.

Other  Loaded from bits 16-31 of the MSR. In the current implementation, Bit 30 of
the SRR1 is never cleared, except by loading a zero value from MSRg,.

MSR—Machine State Register

IP No change.

ME No change.

LE Bits are copied from the ILE.
Other Setto 0.

Some instruction TLB registers are set to the values described in
Section 11 Memory Management Unit. Execution resumes at offset X’01200’ from the
base address indicated by MSRp.

7.3.7.3.14 Implementation-Specific Data TLB Error Interrupt. This type of interrupt
occurs as a result of one of the following conditions:

¢ No effective address of a load, store, icbi, dcbz, dcbst, dcbf or debi instruction can
be translated (either the segment or page valid bit of this page is cleared in the
translation table).

* The access violates storage protection.
* An attempt was made to write to a page with a negated change bit.

The following registers are set:

SRR0—Save/Restore Register 0
Set to the effective address of the instruction that caused the interrupt.

SRR1—Save/Restore Register 1

1-4 Set to 0.

10-15 Setto 0. :

Other  Loaded from bits 16-31 of the MSR. In the current implementation, Bit 30 of
the SRR1 is never cleared, except by loading a zero value from MSRg,.
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MSR—Machine State Register

IP No change.

ME No change.

LE Bits are copied from the ILE.
Other Setto 0.

DSISR—Data/Storage Interrupt Status Register
0 Setto 0.
1 Set to 1 if the translation of an attempted access is not found in the translation
tables. Otherwise, set to 0.
2-3 Setto 0.

4 Set to 1 if the storage access is not permitted by the protection mechanism;
otherwise<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>