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SECTION 1
INTRODUCTION

The MPC823e microprocessor is a versatile, one-chip integrated microprocessor and
peripheral combination that can be used in a variety of portable electronic products. Itis a
version of the low-cost MPC823 with larger instruction and data caches, which will provide
for greater PowerPC core performance. The MPC823e 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 seven serial channels—two serial
communication controllers, two serial management controllers, one 1>C 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 MPC823e:

+ Embedded PowerPC Core Provides 99MIPS (Using Dhrystone 2.1) or
172K Dhrystones 2.1 at 75MHz

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

0 Low Power Consumption, 2.2V Internal, 3.3V I/0O Boundary with Microprocessor
Core, Caches, Memory Management, and I/O in Operation

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

Conditional Execution

8K Data Cache and 16K Instruction Cache

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

0 Memory Management Units with 32-Entry Translation Lookaside Buffers (TLBSs)
and Fully Associative Instruction and Data TLBs

O 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

(|

¢ Advanced On-Chip Emulation Debug Mode
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Introduction

» Data Bus Dynamic Bus Sizing for 8-,16-, and 32-Bit Buses

O Supports Traditional 68K Big-Endian, Traditional x86 Little-Endian, and PowerPC
Little-Endian Memory Systems
O Twenty-Six External Address Lines

» Completely Static Design (0—75MHz Operation)
e Communication Processor Module

1-2

0O Embedded 32-Bit RISC Microcontroller Architecture for Flexible 1/O
O Interfaces to PowerPC Core Through On-Chip 8K Dual-Access RAM and Virtual
(Serial) DMA Channels on a Dedicated DMA Accelerator
O Continuous Mode Transmission and Reception on All Serial and Parallel Channels
O Twenty Serial DMA (SDMA) Channels for Reception and Transmission on all Serial
and Parallel CPM Channels
O Programmable Memory-to-Memory and Memory-to-1/0O (Including Flyby) DMA
Provided by Virtual DMA Support
0 99MIPS @ 75MHz
O Protocols Supported by ROM or Download Microcode and the Hardware Serial
Communication Controllers Include, but are Not Limited to, the Digital Portions of:
— Ethernet/IEEE 802.3 (CS/CDMA)
— HDLC/SDLC and HDLC Bus
— Appletalk
— Signalling System #7 (RAM Microcode Option)
— Universal Asynchronous Receiver Transmitter (UART)
— Synchronous UART (USART)
— Totally Transparent Mode With/Without CRC
— Asynchronous HDLC
— IrDA Version 1.1 Serial Infrared (SCC2 only)
— Basic Rate ISDN (BRI) in Conjunction with Serial Management
Controller Channels
— V.38bis 33.6kbaud Modem
— Primary Rate ISDN

O 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 No Limited to
JPEG Compression/Decompression

Four Independent Baud Rate Generators and Two Input Clock Pins for Supplying
Clocks to the SCC and SMC Serial Channels

MPC823e REFERENCE MANUAL MOTOROLA
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¢ Two Serial Communication Controllers

0 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 (UART)

Synchronous UART

Serial Infrared (IrDA) Supporting a Maximum of 4Mbps (SCC2 only)

Totally Transparent. Frame Based with Optional Cyclical Redundancy Check
Maximum Serial Data Rate of 66Mbps at 75MHz
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« One Dedicated High-Speed Serial Channel for the Universal Serial Bus (USB)

0 Supports USB Slave Mode At a Maximum of 12Mbps With Four USB Endpoints
(One for Control and Three for Data)

« Two Serial Management Controllers with Externally Accessible Pins
O Provides Management for BRI Devices as General Circuit Interface Control
Functions in TDM Channels
O Low-Speed UART, Transparent and CODEC Interfaces

¢ One Serial Peripheral Interface

O Supports Master and Slave Modes
O Supports Multimaster Operation on the Same Bus

» One I2C® (Microwire-Compatible) Interface that Supports Master and Slave Modes
 Serial Interface with a Time-Slot Assigner
O Allows Serial Communication Controllers and Serial Management Controllers to be
Used in Multiplexed and/or Nonmultiplexed Operation
O Supports T1, CEPT, PCM Highway, ISDN Basic Rate, ISDN Primary Rate,
User-Defined
O 1- or 8-Bit Resolution
O Allows Independent Transmit and Receive Routing, Frame Synchronization, and
Dynamic Clocking Modification Capability
O Eight Programmable Strobes Can be Used to Generate Wave Patterns
O Software-Configurable for Internal Interconnection of CPM Serial Channels

« Four Independent 16-Bit Timers That can be Configured as Two 32-Bit Timers.
e Interrupts

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

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

I
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* Memory Controller (Eight Banks)
O Contains Complete DRAM Controller

~ O Each Bank Can Be a Chip-Select or RAS to Support a DRAM Bank
E O A Maximum of 30 Wait States per Memory Bank Can Be Programmed
§ O Glueless Interface to DRAM Single In-Line Memory Modules, Static RAM,
% Electrically Programmable Read-Only Memory, Flash EPROM or Synchronous
= DRAM
0 Four CAS lines, Four WE lines, and One OE Line
O Boot Chip-Select Available at Reset (Options for 8-, 16-, or 32-Bit Memory)
O Variable Block Sizes—32K to 256M
O Selectable Write Protection

» System Integration Unit

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

Clock Synthesizer

On-Chip Bus Arbitration Logic
PowerPC Decrementer
PowerPC Timebase
Real-Time Clock

Reset Controller

ideo/LCD Controller

Video Controller

— Supports Digital TFT LCD Panels and Analog NTSC/PAL Displays

— Sequential RGB, 4:4:4, and 4:2:2 YC:Cs (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

— Glueless Interface for Most Digital Video Encoders

— Uses Burst Read DMA Cycles for Maximum Bus Performance

— End-of-Frame Interrupt Generation

0O < Ooooooogoood
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LCD Controller

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

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

— Programmable Display Active Area

— Nonsplit- 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

— Uses Burst Read DMA Cycles for Maximum Bus Performance

— End-of-Frame Interrupt Generation
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¢ Single-Socket PCMCIA-ATA Interface

O

O
0
O

Master Interface, Release 2.1-Compliant
Single PCMCIA Socket
Eight Memory or I/O Windows Available

Eight General-Purpose I/0 Pins and Two General-Purpose Output-Only Pins are
Available when the PCMCIA Controller is not in Operation

¢ Low-Power Support Modes

O
O
O

Normal High—All Units are Fully Powered at High Clock Frequency

Normal Low-All Units are Fully Powered at Low Clock Frequency

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

Deep Sleep—All Units are Disabled Including PLL, but not the Real-Time Clock and
Periodic Interrupt Timer, Timebase, and Decrementer

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.

Can be Dynamically Shifted Between High and Low Frequency Operation

MOTOROLA MPC823e REFERENCE MANUAL 1-5
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» Development Capabilities and Interface

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

» |IEEE 1149.1 Test Access Port (JTAG)

» 3.3V Operation with 5V TTL Compatibility for the JTAG and Communication Processor
Module Port Pins and 3.3V for All Others.

» 256-Pin Plastic Ball Grid Array (BGA) Packaging
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1.2 ARCHITECTURE

The MPCB823e microprocessor uses a dual-processor architecture design approach with
large data and instruction caches to provide high performance using a 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
MPC823e is comprised of four 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 MPC823e block diagram is illustrated in Figure 1-1.
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Figure 1-1. MPC823e Block Diagram
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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 (MMUS) provide 32-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 16K, four-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 8K, four-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 99MIPS at 75MHz (using Dhrystone
2.1) or 172K 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. Regardless 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.

1-8 MPC823e REFERENCE MANUAL MOTOROLA
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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. Although the MPC823e supports a glueless interface to DRAM, the capacitance of
the system bus may require that there be external buffers. 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.
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1.2.3 The Communication Processor Module

The communication processor module (CPM) contains features that allow the MPC823e
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 MPC823e’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, IIR, 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 MPC823e are provided by the communication
processor module. These features include a RISC microcontroller with multiply accumulate
(MAC) hardware, two serial communication controllers (SCCs), two serial management
controllers (SMCs), one dedicated serial channel for the universal serial bus (USB), one
inter-integrated circuit (1C) port, one serial peripheral interface (SPI), 8K dual-port RAM, an
interrupt controller, a time-slot assigner, and four independent baud rate generators.

Twenty serial DMA channels support the SCCs, SMCs, USB channel, SPI, and I12C
controllers. The independent DMASs 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.

MOTOROLA MPC823e REFERENCE MANUAL 1-9
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1.2.4 The Video/LCD Controller

The MPC823e has a dual-purpose video/LCD controller that shares common dual-port
memory. You can 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- or 8-bit single-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 of the
PCMCIA standard. 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.

1-10 MPC823e REFERENCE MANUAL MOTOROLA
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1.4 POWER MANAGEMENT

The MPC823e 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 MPC823e 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.

1.5 SYSTEM DEBUG SUPPORT

The MPC823e 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 MPC823e 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 MPC823e 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 functional serial connectivity, a graphical LCD, and a video
display controller. The MPC823e excels in low-power and portable applications because of
its extensive power-down modes and low normal operation current.

MOTOROLA MPC823e REFERENCE MANUAL 1-11
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1.7 DIFFERENCES BETWEEN MPC823 (REV 1) AND MPC823e
The following modifications were made to the MPC823 Revision 1 to create the MPC823e:

» Core operation was increased to 99MIPS @ 75MHz or 172K Dhyrstones
The instruction cache was increased to 16K
» There are twenty serial DMA channels for reception and transmission

NOILONAOYLNI
L]

» The data cache was increased to 8K
» The instruction and data memory management units each consist of 32 TLB entries

» A time-division multiplex channel (TDMB) was added to the serial interface

1.8 MPC823e GLUELESS SYSTEM DESIGN

The MPC823e 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. Although the MPC823e
supports a glueless interface to DRAM, the capacitance of the system bus may require that
there be external buffers. From a logic standpoint, however, a glueless system is
maintained.

1-12 MPC823e REFERENCE MANUAL MOTOROLA
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EPROM/FLASH
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Figure 1-2. MPC823e System Configuration
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SECTION 2
EXTERNAL SIGNALS

This section briefly describes each of the MPC823e input and output signals.

VDDSYNNVSSSYN/VSSSYNL/VDDHVDDLVSSIKAPWR
USBRXD/PA(15]

USBOE/PA[14]

RXD2/PA[13]

TXD2IPA[12]

SMRXD2IL1TXDA/PA[9]

SMTXD2/L1IRXDAIPA[8]
TINA/LIRCLKA/BRGO1/CLK1/PA7]
TIN3/LIRCLKBITOUTL/CLK2/PA[6]
TIN2/LLITCLKA/BRGO2/CLK3/PA[5]
TIN4/LLTCLKBITOUT2/CLK4/PA[4]
LCD_A/SPISELIPB[31]

SPICLK/TXD3/PB[30]

SPIMOSI/RXD3/PB[29]

BRGO3/SPIMISO/PB[26)]

BRGOL/I2CSDAIPB[27]

BRGO2/12CSCLIPB[26]

SMTXDL/TXD3/PB[25]
SMRXDL/LIRXDBIRXD3/PB[24]
SMSYNA/SDACKL/LITSYNCBICTS3/PB[23]
SMSYN2/SDACKZILIRSYNCBIPB[22]
LCD_BILISTU/PB[19]

L1ST2IRTS2IPB[18]

LCD_CILIST3/PB[17]

LIST4/LIRQA/PB[16]
L1STS/LITXDB/DREQI/PCI15]
L1ST6/RTS2/DREQ2IPC[14]

LIST7/RTS3/PC[13]

L1STBILIRQAIPC[12]

USBRXP/PC[11]

USBRXNITGATEL/PC[10]

CTs2IPCl9]
TGATEL/CD2IPC]8]
USBTXPIPC[T]
USBTXN/PC[]
SDACKL/LITSYNCA/PCI5]
LIRSYNCA/CD3/PC4]
LD8NVD7/PD[15]
LD7ND6/PD[14]
LD6/VDS5/PD[13]
LD5/VD4/PD[12]
LD4NVD3/PD[11]
LD3VD2/PD[10]
LD2VDL/PD[9]
LDIVDO/PD[8]
LDO/FIELD/PD[7]
LCD_AC/LOE/BLANK/PD[6]
FRAME/VSYNC/PD[5]
LOAD/HSYNC/PD[4]
SHIFT/CLK/CLK/PD[3]
™S

TDIDSDI

TCK/DSCK

TRST

TDO/DSDO

Figure 2-1. MPC823e Signal Pinout
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TSizL
RDWR

BURST

BDIP/GPL_B5

s

A

TEA

BI

IRQ2/RSV
IRQ4/KR/IRETRY/SPKROUT

D[0:31]
DP[0:3)/IRQ[3:6]
BR

BG

BB

IRQ6/FRZ

TRQ[o:1]
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External Signals

2.1 THE SYSTEM BUS SIGNALS

The MPC823e 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. A6 is the most-significant signal for this bus. The signal is output

breakout. | when an internal master on the MPC823e initiates 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.

0

TSIZ0 F15 Transfer Size 0 —When accessin% 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 MPC823e 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

&o 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
MPC823e when it is the owner of the bus. Itis 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 MPC823e
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 Al3 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 by the master. This signal is negated prior to the
expected last data beat of the burst transfer.
General-Purpose Line B5 —This signal is used by the memory controller when the
user programmable machine B (UPMB) takes conitrol of the slave access.

TS D10 Transfer Start— This three-state signal 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 onl)éwhen it has gained ownership of the bus. Every master should
negate this signal’before the busrelinquishes. 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 MPC823e 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 Al2 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 PU”'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.

TEA Ci11 Transfer Error Acknowledge —This open-drain signal indicates that a bus error
occurred in the current transaction. It is driven asserted by the MPC823e when the
bus monitor does not detect a bus cycle termination within a reasonable amount of
time. The assertion of TEA causes the termination of the current bus cycle, thus
ignoring the state of TA.

BI 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 MPC823e 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 after the end of the transaction
and immediately three-states it to avold contentions if a new transfer is initiated
addressing other slave devices.

wn
-
=
=
Q
»
-
<
=
x
i
=
<
w

Py
)
<

D9 Reservation —This three-state signal is output by the MPC823e in conjunction with
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.
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IRQ4 B7 Interrupt Request 4 —This input signal is one of the eight external signals that can
KR request (by means of the internal interrupt con_troller?qa 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 signal (if defined to function as IRQ4) and the
SPKROUT DP1/IRQ4 (if defined to function as I§Q4).
Kill Reservation —This input is used as a part of the storage reservation protocol
when the MPC823e 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 MPC823e 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 MPC823e and all other devices. Although the data pathis a
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.

v
o
o

C3 Data Parity 0—This bidirectional three-state signal provides parity generation and

checklng for the data bus lane D[0:7] by transferring to a slave device initiated by the
MPC823e. 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 on the éxternal bus.

Interrupt Request 3 —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.
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D4 Data Parity 1—This bidirectional three-state signa} provides parict?/ generation and

checking for the data bus lane D[8:15] by trans er_nrljg to a slave device initiated by
the MPC823e. The parity function can be defined independently for each one of the
addressed memory banks (if controlled by the memory controllér) 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 interrupt controller is the
logical AND of this signal (if defined to function as IRQ4) and the KR/ISPKROUT/
IRQ4 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
IRQ5 checking for the data bus lane D[16:23] by transferring to a slave device initiated by

the MPC823e. The parity function can be ‘defined independently for each one of the
addressed memory banks (if controlled by the memory controllér) and for the rest of
the slaves on the éxternal bus.

Interrupt Request 5 —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.

DP3 c2 Data Parity 3—This bidirectional three-state signal provides parity generation and
IRQ6 checking for the data bus lane D[24:31] by transferring to a slave device initiated by

the MPC823e. 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 on the éxternal bus.

Interrupt Request 6 —This input signal is one of the eight external signals that can
req#est (by means of the internal interrupt controllerz]a service routine from the core.
It should be noted that the interrupt request signal that is sent to the interrupt
controller js the logical AND of this signal (if defined to function as IRQ6) and the
FRZ/IRQ6 if defined to function as IRQ6.

0

B11 Bus Request —This bidirectional si%nal is asserted low when a possible master is

requesting ownership of the bus. When the MPC823e is configured to operate with
the internal arbiter, this signal is configured as an input. However, when the
MPCB823e 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 MPC823e is
configured to operate with the internal arbiter, this signal is configured as an output
and asserted every time the external master asserts the BR signal and its priority
request is higher than any of the internal sources requiring theinitiation of a bus
transfer. However, when the MPC823e is configured to operate with an external
arbiter, this signal is configured as an input.
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BB All Bus Busy —This bidirectional signal is asserted low by a master to show that it owns
the bus. The MPC823e asserts this signal after the bus arbiter grants it bus
ownership and the BB signal is negated.

IRQ6 A10 Interrupt Request 6 —This input signal is one of the eight external signals that can
FR request (by means of the internal interrupt controller?qa 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 signal (if defined to function as IRQ6) and the
DP3/IRQ6 (if defined to function as IRQ6.)

Fregze—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 signals that can
request (by means of the internal interrupt controller) a service routine from the core.
It causes a non-maskable interrupt to the core.

IRQ1 N2 Interrupt Request 1 —This input signal is one of the eight external sig?nals 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 programmed addresses If they are appropriately defined in the memory controller.
breakout. CSO0 can be configured to be the global chip-select for the boot device:
S6 Cil4 Chip Select 6—This output si%nal enables a peripheral or memory device at a
CEL B programmed address if defined appropriately in the BR6 and OR6 of the memory

- controller.

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

SIGNAL

PIN NUMBER

DESCRIPTION

B15

Chip Select 7—This qugjut signal enables a peripheral or memo;y 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 MPC823e.
XVE_O is asserted if the data lane D[0:7] contains valid data to be stored by the slave
evice.

Byte Select 0 on UPMA or UPMB —This output signal is asserted as required by
the UPMA or UPMB in the memory controller whenever you program it. In a read or
write transfer, the signal is only asserted if the data lane D[0:7] contains valid data.
1/0 Device Read —This output signal is asserted when the MPC823e initiates a read
access to a region controlled by the PCMCIA interface. The signal is only asserted if
the access is fo a PC Card I/O space.

E16

Write Enable 1 —This output signal is asserted when the MPC823e initiates a write
access to an external slave controlled by the GPCM in the memory controller. WE1
:js asserted if the data lane D[8:15] contains valid data to be stored by the slave
evice.
Byte Select 1 on UPMA or UPMB —This output signal is asserted as required by
the UPMA or UPMB in the memory controller whenever you grogram 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 MPC823e initiates a write
access to a region controlled by the PCMCIA interface. The signal is only asserted if
the access is fo a PC Card I/O space.

D15

Write Enable 2 —This output signal is asserted when the MPC823e initiates a write
access to an external slave controlled by the GPCM in the memory controller. WE2
:js asserted if the data lane D[16:23] contains valid data to be storéd by the slave
evice.
Byte Select 2 on UPMA or UPMB —This output signal is asserted as required by
the UPMA or UPMB in the memory controller Whenevergou program it. In a read or
write transfer, the signal is only asserted if the data lane D[16:23] contains valid data.
PCMCIA Output Enable —This output signal is asserted when the MPC823e
!nltlaftes a read access to a memory region under the control of the PCMCIA
interface.

F13

Write Enable 3 —This output signal is asserted when the MPC823e initiates a write
access to an external slave controlled by the GPCM in the memory controller. WE3
|ds asserted if the data lane D[24:31] contains valid data to be stored by the slave
evice.
Byte Select 3 on UPMA or UPMB —This output signal is asserted as required by
the UPMA or UPMB in the memory controller whenever you program 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 MPC823e initiates
a write access to a memory region controlled by the PCMCIA interface.

GPL_AO
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_AL
GPL_B1
OE

C16

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 MPC823e initiates a read
access to an external slave controlled by the GPCM in the memory controller.

MOTOROLA

MPC823e REFERENCE MANUAL 2-5

wn
-
=
=
Q
»
-
<
=
x
i
=
<
w

(2




0

m
>
3
m
by)
Z
>
=
<2}
[}
b=
>
=
1%}

External Signals

Table 2-1. Signal Descriptions (Continued)

SIGNAL

PIN NUMBER

DESCRIPTION

GPL_AZ
GPL_ B2
CcS2

C15

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 si%nal enables a peripheral or memory device at a
programmed address if defined appropriately in the BR2 and ORZ2 registers of the
memory controller.

GPL_A3
GPL_B3
CS3

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 BR3 and OR3 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 samBIed when you need
itand \li\llhen 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 MPC823e
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 samBIed when you need
itand \li\llhen an access to an external slave is controlled by the UPMB in the memory
controller.

GPL_AS

Ci12

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 Brogrammable machine A (UPMA). This signal can also be
controlled by the UPMB.

PORESET

B3

Power-On Reset —When asserted, this input signal causes the MPC823e to enter
the power-on reset state.

RSTCONF

C5

Reset Configuration_—This input signal is sampled by the MPC823e 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 MPC823e. 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 MPC823e to enter the
hard reset state.

SRESET

B4

Soft Reset —This open drain line, when asserted, causes the MPC823e 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 Capacitance —This 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 MPC823e
initiates an access to a region under the control of the PCMCIA socket B interface.
Development 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 MPC823e
when it inifiates 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
VFLSO

A8

Input Port B 0 —This input siginal is sensed by the MPC823e 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
MPC823e when you need program instructions flow tracking. It reports the number
of instructions flushed from the history buffer in the internal core.

IP_B1
VFLS1

C8

Input Port B 1 —This input siginal is sensed by the MPC823e and its value and
changes are reported in the PIPR and PSCR registers of the PCMCIA interface.
Instruction Watchpoint1 —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
MPC823e when you need program instructions flow tracking. It reports the number
of instructions flushed from the history buffer in the internal core.

IP_B2
[0IS16_B
AT2

D7

Input Port B 2 —This input siglxnal is sensed by the MPC823e 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 signal is monitored by the MPC823e
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 MPC823e
when it inifiates 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 si%nal is monitored by the MPC823e and its value and
changes are reported in the PIPR and PSCR registers of the PCMCIA interface.
Instruction Watchpoint2 —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 MPC823e when you need program instruction flow tracking.
VFx reports the humber of instructions flushed from the instruction queue in the
internal core.

IP_B4
LWPO
VFO

B9

Input Port B 4 —This input siglxnal is monitored by the MPC823e 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 MPC823e when you need program instructions flow
t{]ackmg. Vr reports the number of instructions flushed from the instruction queue in
the internal core.

IP_B5
LWP1
VF1

Cc9

Input Port B’ 5 —This input si%nal is monitored by the MPC823e 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 %/the MPC823e when you need program instructions flow
tLacklng. Vr reports the number of instructions flushed from the instruction queue in
the internal core.
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External Signals

Table 2-1. Signal Descriptions (Continued)

SIGNAL PIN NUMBER DESCRIPTION
IP_B6 Cc7 Input Port B 6 —This input si%nal is sensed by the MPC823e and its value and
DSDI changes are reported in the PIPR and PSCR registers of the PCMCIA interface.
ATO _Devr(felopment 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 MPC823e
when it inifiates a transaction on the external bus. If high (1), the transaction is the
CPM. If low (0), the transaction initiator is the core.

IP_B7 D8 Input Port B 7 —This input siﬁ;nal is monitored by the MPC823e 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 MPC823e to indicate that an
instruction fetch is taking place in order to allow program flow tracking.

Address Type 3 —This bidirectional three-state si(\;/r\}al is driven by the MPC823e

when it inifiates 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 generated by the MPC823e as a result of a
write to the PGCRB register in the PCMCIA interface.
. Special Transfer Start —This output signal is driven by the MPC823e to indicate the
m beg&nnlng of a transaction on the external bus or an intérnal transaction in show cycle
e} mode.
=
=
» MODCK2 B6 Mode Clock 2 —This input signal is sampled at PORESET negation to configure the
o) OP3 PLL/clock mode of operation.
Q : . .
DSDO Output Port 3 —This output signal is generated by the MPC823e as a result of a
5 write to the PGCRB register in the PC?\/ICIA interface.

Development Serial Data Output —This output signal is the data out of the debug
port interface.

PA[15] P16 General-Purpose 1/0 Port A Bit 15 —Bit 15 of the general-purpose I/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 1/0 Port A Bit 13 —Bit 13 of the general-purpose I/O port A.

RXD2 RXD2—The receive data input signal for serial communication controller 2.

PA[12] R13 General-Purpose 1/0 Port A Bit 12 —Bit 12 of the general-purpose I/O port A.

TXD2 TXD2—The transmit data output signal for serial communication controller 2. TXD2

has open-drain capability.

PA[9] N10 General-Purpose 1/0 Port A Bit 11 —Bit 9 of the general-purpose 1/0O port A.
L1TXDA L1TXDA—The transmit data output signal for the serial interface time-division
SMRXD?2 multiplex port A. This signal has open-drain capability.

SMRXD2—The serial management controller 2 receive data pin.

PA[8] T9 General-Purpose 1/0 Port A Bit 8 —Bit 8 of the general-purpose I/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 1/0 Port A Bit 7 —Bit 7 of the general-purpose I/O port A.

CLK1 CLK1—This input signal is one of the four clock pins that can be used to clock the

TINL serial communication controllers, 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 1/0 Port A Bit 6 —Bit 6 of the general-purpose 1/O port A.
CLK2 CLK2—This input signal is one of the four clock pins that can be used to clock the
TOUTL serial communication controllers, serial management controllers, and USB.

TIN3 TOUT1—The timer 1 output pin.

L1IRCLKB TIN3—The timer 3 external clock pin. LLRCLKB —The receive clock for the serial

interface time-division multiplex port B.
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Table 2-1. Signal Descriptions (Continued)

SIGNAL PIN NUMBER DESCRIPTION
PA[5] T6 General-Purpose 1/0 Port ABit5 —Bit 5 of the general-purpose I/O port A.
CLK3 CLK3—This input signal is one of the four clock pins that can be used to clock the
TIN2 serial communication controllers, serial management controllers, and USB.
L1TCLKA TIN2—The timer 2 external clock input pin.

BRGO?2 L1TCLKA —The transmit clock for the serial interface time-division multiplex port A.

BRGO2—The output clock of BRG2.
PA[4] R6 General-Purpose 1/0 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 controllers, serial management controllers, and USB.
TIN4A TOUT2—The timer 2 output pin.
L1TCLKB TIN4—The timer 4 external clock pin.
L1TCLKB —The transmit clock for the serial interface time-division multiplex port A.

PB[31] N14 General-Purpose 1/0O 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 least-significant 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 1/0 Port B Bit 30 —Bit 30 of the general-purpose 1/O port B.

SPICLK SPICLK—The serial ﬂeriph_eral interface output clock when it is configured as a

TXD3 master or serial peripheral interface input clock when it is configured as a slave.
TXD3—The transmit data output signal for serial communication controller 3. TXD3
has open-drain capability.

PB[29] P14 General-Purpose 1/0O 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

RXD3 master or serial peripheral interface input data when it is configured as a slave.
RXD3—The receive data input signal for serial communication controller 3.

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

SPIMISO SPIMISO—The serial peripheral interface irgf)ut 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 /0O Port B Bit 27 —Bit 27 of the general-purpose 1/O port B.

I2CSDA I2CSDA—The I2C serial data pin. This pin is bidirectional and should be configured

BRGO1 as an open-drain output.

BRGO1—The output clock of BRG1.

PB[26] P12 General-Purpose 1/O Port B Bit 26 —Bit 26 of the general-purpose I/O port B.

12CSCL I12CSCL—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.
PB[25] N11 General-Purpose 1/0O 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.

TXD3 TXD3—The transmit data output signal for serial communication controller 3. TXD3
has open-drain capability.

PB[24] Ti1 General-Purpose 1/O Port B Bit 24 —Bit 24 of the general-purpose 1/O port B.

SMRXD1 SMRXD1—The serial management controller 1 receive data input pin.
LlRF)Q()I(DSB RXD3—The receive data input signal for serial communication controller 3.
L1RXDB—The receive data input signal for the serial interface time-division
multiplex port B.
PB[23] T10 General-Purpose 1/0O 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.
CTS3 CTS3—The Clear to Send Modem line for serial communication controller 3.
SDACK1 SDACK1—The SDMA acknowledge 1 output pin that is used as a peripheral
L1IRSYNCB interface signal for IDMA emulation.
LlR%YNCB—The transmit sync input for the serial interface time-division multiplex
port B.
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External Signals

Table 2-1. Signal Descriptions (Continued)

SIGNAL PIN NUMBER DESCRIPTION
PB[22] R9 General-Purpose 1/0O Port B Bit 22— Bit 22 of the general-purpose I/O port B.
SMSYN2 SMSYN2—The serial management controller 2 external sync input pin.
SDACK2 SDACK2—The SDMA acknowledge 2 output pin that is used as a peripheral
L1ITSYNCB interface signal for IDMA emulation.
L1TSBYNCB—The receive sync input for the serial interface time-division multiplex
port B.
PB[19] R7 General-Purpose 1/0O Port B Bit 19 —Bit 19 of the general-purpose I/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.
PB[18] P7 General-Purpose 1/O Port B Bit 18 —Bit 18 of the general-purpose 1/O port B.
RTS2 RTS2—The Request To Send modem signal for serial communication controller 2.
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 1/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 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_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.
PB[16] R5 General-Purpose 1/0 Port B Bit 16 —Bit 16 of the general-purpose I/O port B.
L1RQA L1RQA—The D-channel request signal for the serial interface time-division multiplex
L1ST4 port A. ] o
L1ST4—One of eight output strobes that can be generated by the serial interface.
PC[15] R16 General-Purpose 1/0O 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—One of eight output strobes that can be generated by the serial interface.
L1TXDB L1TXDB—The transmit data input signal for the serial interface time-division
multiplex port B.
PC[14] T16 General-Purpose 1/0 Port C Bit 14 —Bit 14 of the general-purpose I/O port C.
DREQ2 DREQ2—The IDMA channel 2 request input signal.
RTS2 RTS2—The Request To Send modem signal for serial communication controller 2.
L1ST6 L1ST6—One of eight output strobes that can be generated by the serial interface.
PC[13] P13 General-Purpose 1/0 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.
RTS3 RTS3—The Request To Send modem signal for serial communication controller 3.
PC[12] T13 General-Purpose 1/0 Port C Bit 12 —Bit 12 of the general-purpose I/O port C.
L1IRQA L1RQA—The D-channel request signal for the serial interface time-division multiplex
L1ST8 port A. ) o
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 1/0 Port C Bit 10 —Bit 10 of the general-purpose I/O port C.
TGATE1 TGATE1—The timerl/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 1/0 Port C Bit 9 —Bit 9 of the general-purpose I/0 port C.
CTS2 CTS2—The Clear to Send Modem line for serial communication controller 2.
PC[8] N8 General-Purpose 1/0 Port C Bit 8 —Bit 8 of the general-purpose 1/0 port C.
CD2 CD2—The Carrier Detect Modem line for serial communication controller 2.
TGATE1 TGATE1—The timerl/timer2 gate signal.
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Table 2-1. Signal Descriptions (Continued)

SIGNAL PIN NUMBER DESCRIPTION
PC[7] T5 General-Purpose 1/0 Port C Bit 7 —Bit 7 of the general-purpose 1/O port C.
USBTXP lf]SEl,JTSXéD—This output signal, in conjunction with USBTXN, are the transmit lines of
the .
PC[6] N6 General-Purpose 1/0O Port C Bit 6 —Bit 6 of the general-purpose I/0 port C.
USBTXN %S'?B%\'_This output signal, in conjunction with USBTXP, are the transmit lines of
the .
PC[5] P6 General-Purpose 1/0 Port C Bit 5 —Bit 5 of the general-purpose I/0 port C.
LITSYNCA L1ITSYNCA—The transmit sync input for the serial interface time-division multiplex
SDACK1 port A. . ) )
CTS3 SDACK1—The SDMA acknowledge loutput pin that is used as a peripheral
interface signal for IDMA emulation.
CTS3—The Clear to Send Modem line for serial communication controller 3.
PC[4] T4 General-Purpose 1/0O Port C Bit 4 —Bit 4 of the general-purpose I/0 port C.
LleI\D(:IJ’\JCA L1RSAYNCA—The receive sync input for the serial interface time-division multiplex
port A.
CD3—The Carrier Detect Modem line for serial communication controller 3.
PD[15] R4 General-Purpose I/0O 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 1/0O 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 controller used for driving the video
encoder.
PD[13] P5 General-Purpose 1/0 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 1/0 Port D Bit 12 —Bit 12 of the general-purpose I/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 1/0 Port D Bit 11 —Bit 11 of the general-purpose 1/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 1/0 Port D Bit 10 —Bit 10 of the general-purpose I/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.
PD[9] P4 General-Purpose 1/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 1/0O Port D Bit 8 —Bit 8 of the general-purpose I/O port D.
LD1 LD1—One of the 12 data bus bits used to drive the LCD panel.
VDO VDO0—One of the data bus bits of the video controller used for driving the video
encoder.
PDI[7] R2 General-Purpose 1/0O Port D Bit 7 —Bit 7 of the general-purpose I/0 port D.
LDO LDO—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.
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External Signals

Table 2-1. Signal Descriptions (Continued)

SIGNAL PIN NUMBER DESCRIPTION

PD[6] R1 General-Purpose 1/0 Port D Bit 6 —Bit 6 of the general-purpose I/O port D.
LCD_AC LCD_AC—This outgut 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.

PD[5] P2 General-Purpose 1/0 Port D Bit 5 —Bit 5 of the general-purpose I/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 1/0O 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.

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

PD[3] N4 General-purpose 1/O Port D Bit 3 —Bit 3 of the general-purpose 1/O port D.

SHIFT/CLK SHIFT/CLK—This output signal is used to %enerate 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.
beTIEIHt VDDH—Power supply of the 1/O buffers and certain parts of the clock control.

reaxout. VDDSYN—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 suppl&l 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.

TMS 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

SIGNAL PIN NUMBER
ADDRESS BUS PINS A6 M13
A7 N15
A8 N16
A9 M15
A10 L13
A1l M16
A12 M14
A13 L14
Al4 L15
A15 L16 9
Al6 K14 %
w
A17 K13 2
A18 G13 E
A19 K15 w
A20 Ji5 @
A21 J14
A22 Gl4
A23 H15
A24 H13
A25 H14
A26 F14
A27 K16
A28 G16
A29 H16
A30 G15
A31 F16

MOTOROLA MPC823e REFERENCE MANUAL 2-13
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Table 2-2. Pin Breakout (Continued)

SIGNAL PIN NUMBER
DATA BUS PINS DO M1
D1 L1
D2 J2
D3 Ji
D4 L2
D5 H1
D6 F1
D7 El
D8 M2
D9 K2
D10 K3
D11 K1
D12 M4
D13 M3
D14 J3
D15 Ja
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 F4
D29 E2
D30 D2
D31 E3

MPC823e REFERENCE MANUAL
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Table 2-2. Pin Breakout (Continued)

SIGNAL PIN NUMBER
CHIP SELECT PINS CS0 D12
Cs1 Al4
CS2 B14
CS3 Al5
CS4 B16
CS5 D13
CS6 Ci4
Cs7 B15
POWER SUPPLY PINS VDDH E5-12, F5, F12,
G5, G12, H5, H12,
J5,J12, K5, K12,
,L12,
M5-M12
VDDL A7,G1,J16, T7
VDDSYN B1
KAPWR A3
VSSSYN Al
VSSSYN1 A2
GND F6-F11, G6-G11,
H6-H11, J6-J11,
K6-K11, L6-L11
NO CONNECT PINS N/C

Al6, C1, C6, E14,
J13, N9, N13,

MPC823e REFERENCE MANUAL
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SECTION 3
MEMORY MAP

This section discusses the internal memory map (including key registers) of the MPC823e.
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

Table 3-1. MPC823e Internal Memory Map

for more information.

INTERNAL SIZE PAGE NUMBER
ADDRESS REGISTER (IN BITS) LOCATION
SYSTEM INTERFACE UNIT
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 16-85
034 to O7F RES—Reserved — —
PCMCIA
080 PBRO—PCMCIA Interface Base Register O 32 17-16
084 PORO—PCMCIA Interface Option Register 0 32 17-17
088 PBR1—PCMCIA Interface Base Register 1 32 17-16
08C POR1—PCMCIA Interface Option Register 1 32 17-17
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
MOTOROLA MPC823e REFERENCE MANUAL 3-1
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Table 3-1. MPC823e Internal Memory Map (Continued)

INTERNAL SIZE PAGE NUMBER
ADDRESS REGISTER (IN BITS) LOCATION
09C POR3—PCMCIA Interface Option Register 3 32 17-17
0AO0 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
O0AC POR5—PCMCIA Interface Option Register 5 32 17-17
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 — —

OE4 PGCRB—PCMCIA Interface General Control Register B 32 17-15

OE8 PSCR—PCMCIA Interface Status Change Register 32 17-11

OEC to OEF RES—Reserved — —

OF0 PIPR—PCMCIA Interface Input Pins Register 32 17-9

OF4 to OF7 RES—Reserved — —

OF8 PER—PCMCIA Interface Enable Register 32 17-13

OFC to OFF RES—Reserved — —

®

MEMORY CONTROLLER
= 100 BR0O—Base Register Bank 0 32 15-9
% 104 ORO0—Option Register Bank 0 32 15-11
g 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
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
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Table 3-1. MPC823e Internal Memory Map (Continued)

INTERNAL SIZE PAGE NUMBER
ADDRESS REGISTER (IN BITS) LOCATION
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 15-26
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 15-22
178 MSTAT—Memory Status Register 16 15-15
17A MPTPR—Memory Periodic Timer Prescaler 16 15-27
17C MDR—Memory Data Register 32 15-26
180 to 1FF RES—Reserved — —
SYSTEM INTEGRATION TIMERS
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
248 PITR—Periodic Interrupt Timer Register 32 12-25
24C to 27F RES—Reserved — —
CLOCKS AND RESET
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 — —
MOTOROLA MPC823e REFERENCE MANUAL 3-3
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Memory Map

Table 3-1. MPC823e Internal Memory Map (Continued)

INTERNAL SIZE PAGE NUMBER
ADDRESS REGISTER (IN BITS) LOCATION
SYSTEM INTEGRATION TIMERS KEYS
300 TBSCRK—Timebase Status and Control Register Key 32 5-27
304 TBREFFUK—Timebase Reference Register Upper Key 32 5-27
308 TBREFFLK—Timebase Reference Register Lower 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 — —
CLOCKS AND RESET KEYS
380 SCCRK—System Clock Control Key 32 5-27
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 — —
VIDEO CONTROLLER
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 —
806 VCMR—Video Controller Command Register 8 19-8
807 RES—Reserved 8 —
808 VBCB—Video Background Color Buffer Register 32 19-9
80C to 80F RES—Reserved 16 —
810 VFCRO—Video Frame Configuration Register (Set 0) 32 19-10
814 VFAAQ—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
3-4 MPC823e REFERENCE MANUAL MOTOROLA
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Table 3-1. MPC823e Internal Memory Map (Continued)

INTERNAL SIZE PAGE NUMBER
ADDRESS REGISTER (IN BITS) LOCATION
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 — —

LCD CONTROLLER

840 LCCR—LCD Panel Configuration Register 32 18-21
844 LCHCR—LCD Horizontal Control Register 32 18-23
848 LCVCR—LCD Vertical Configuration Register 32 18-25

84C to 84F RES—Reserved — —

850 LCFAA—LCD Frame Buffer A Start Address 32 18-27
854 LCFBA—LCD Frame Buffer B Start Address 32 18-28
858 LCSR—LCD Status Register 8 18-29

859 to 85F RES—Reserved — —

I2C CONTROLLER

860 12MOD—I2C Mode Register 8 16-468

864 12ADD—I%C Address Register 8 16-473

868 12BRG—I?C Baud Rate Generator Register 8 16-474

86C 12COM—I?C Command Register 8 16-474 .

870 I2CER—IC Event Register 8 16-475 %
o

874 I2CMR—I2C Mask Register 8 16-476 %
=

875 to 8FF RES—Reserved — —

DMA CONTROLLER

@

900 to 903 RES—Reserved — —

904 SDAR—SDMA Address Register 32 16-89

908 SDSR—SDMA Status Register (DSP Interrupts) 8 16-87

909 to 90B RES—Reserved — —

90C SDMR—SDMA Mask Register (DSP Interrupts) 8 16-34, 16-88

90D to 90F RES—Reserved — —

910 IDSR1—IDMAL1 Status Register 8 16-94

911 to 913 RES—Reserved — —
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Table 3-1. MPC823e Internal Memory Map (Continued)

INTERNAL SIZE PAGE NUMBER
ADDRESS REGISTER (IN BITS) LOCATION
914 IDMR1—IDMAL Mask Register 8 16-95
915 to 917 RES—Reserved — —
918 IDSR2—IDMAZ2 Status Register 8 16-94
919 to 91B RES—Reserved — —
91C IDMR2—IDMA2 Mask Register 8 16-95
91D to 92F RES—Reserved — —
COMMUNICATIONS PROCESSOR MODULE INTERRUPT CONTROLLER
930 CIVR—CPM Interrupt Vector Register 16 16-512
932 to 93F RES—Reserved — —
940 CICR—CPM Interrupt Configuration Register 32 16-507
944 CIPR—CPM Interrupt Pending Register 32 16-509
948 CIMR—CPM Interrupt Mask Register 32 16-510
94C CISR—CPM Interrupt In-Service Register 32 16-511
PARALLEL PORTS
950 PADIR—Port A Data Direction Register 16 16-481
952 PAPAR—Port A Pin Assignment Register 16 16-481
954 PAODR—Port A Open-Drain Register 16 16-480
956 PADAT—Port A Data Register 16 16-480
958 to 95F RES—Reserved — —
960 PCDIR—Port C Data Direction Register 16 16-493
962 PCPAR—Port C Pin Assignment Register 16 16-494
964 PCSO—Port C Special Options Register 16 16-494
966 PCDAT—Port C Data Register 16 16-493
968 PCINT—Port C Interrupt Control Register 16 16-496
96A to 96F RES—Reserved — —
970 PDDIR—Port D Data Direction Register 16 16-498
972 PDPAR—Port D Pin Assignment Register 16 16-499
974 RES—Reserved — —
976 PDDAT—Port D Data Register 16 16-498
978 to 97F RES—Reserved — —
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Table 3-1. MPC823e Internal Memory Map (Continued)

INTERNAL SIZE PAGE NUMBER
ADDRESS REGISTER (IN BITS) LOCATION
CPM TIMERS
980 TGCR—Timer Global Configuration Register 16 16-77
982 to 98F RES—Reserved — —
990 TMR1—Timerl Mode Register 16 16-78
992 TMR2—Timer2 Mode Register 16 16-78
994 TRR1—Timerl Reference Register 16 16-79
996 TRR2—Timer2 Reference Register 16 16-79
998 TCR1—Timerl Capture Register 16 16-80
99A TCR2—Timer2 Capture Register 16 16-80
99C TCN1—Timerl Counter Register 16 16-80
99E TCN2—Timer2 Counter Register 16 16-80
9A0 TMR3—Timer3 Mode Register 16 16-78
9A2 TMR4—Timer4 Mode Register 16 16-78
9A4 TRR3—Timer3 Reference Register 16 16-79
9A6 TRR4—Timer4 Reference Register 16 16-79
9A8 TCR3—Timer3 Capture Register 16 16-80
9AA TCR4—Timer4 Capture Register 16 16-80
9AC TCN3—Timer3 Counter Register 16 16-80
9AE TCN4—Timer4 Counter Register 16 16-80
9B0 TER1—Timerl Event Register 16 16-81
9B2 TER2—Timer2 Event Register 16 16-81
9B4 TER3—Timer3 Event Register 16 16-81
9B6 TER4—Timer4 Event Register 16 16-81
9B8 to 9BF RES—Reserved — —
COMMUNICATION PROCESSOR MODULE
9CO0 CPCR—Communication Processor Module Command Register 16 16-9
9C2to 9C3 RES—Reserved 16 —
9C4 to 9C7 RCCR/RMDS—RISC Controller Configuration Register and 32 16-7
RISC Microcode Development Support Control Register
9C8to 9CB RES—Reserved 32 —
9CC RCTR1—RISC Controller Trap Register 1 16 —
9CE RCTR2—RISC Controller Trap Register 2 16 —
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Table 3-1. MPC823e Internal Memory Map (Continued)

INTERNAL SIZE PAGE NUMBER
ADDRESS REGISTER (IN BITS) LOCATION
9D0 RCTR3—RISC Controller Trap Register 3 16 —
9D2 RCTR4—RISC Controller Trap Register 4 16 —
9D4 to 9D5 RES—Reserved — —
9D6 RTER—RISC Timer Event Register 16 16-23
9D8 to 9D9 RES—Reserved — —
9DA to 9DB RTMR—RISC Timer Mask Register 16 16-23
9DC to 9EF RES—Reserved — —
BAUD RATE GENERATORS
9F0 BRGC1—BRG1 Configuration Register 32 16-160
9F4 BRGC2—BRG2 Configuration Register 32 16-160
9F8 BRGC3—BRG3 Configuration Register 32 16-160
9FC BRGC4—BRG4 Configuration Register 32 16-160
UNIVERSAL SERIAL BUS
AO0 USMOD—USB Mode Register 8 16-365
A01 USADR—USB Slave Address Register 8 16-371
A02 USCOM—USB Command Register 8 16-372
AO3 RES—Reserved 8 —
A04 USEPO0—USB Endooint Configuration 0 Register 16 16-373
A06 USEP1—USB Endooint Configuration 1 Register 16 16-373
A08 USEP2—USB Endooint Configuration 2 Register 16 16-373
AOA USEP3—USB Endooint Configuration 3 Register 16 16-373
AOC to AOF RES—Reserved — —
Al0 USBER—USB Event Register 16 16-376
A12 RES—Reserved 16 —
Al4 USBMR—USB Mask Register 16 16-377
Al6 RES—Reserved 8 —
A17 USBS—USB Status Register 8 16-377
Al8to ALF RES—Reserved — —
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Table 3-1. MPC823e Internal Memory Map (Continued)

INTERNAL SIZE PAGE NUMBER
ADDRESS REGISTER (IN BITS) LOCATION
SERIAL COMMUNICATION CONTROLLER 2
A20 GSMR_L—SCC2 General Mode Low Register 32 16-166
A24 GSMR_H—SCC2 General Mode High Register 32 16-166
A28 PSMR—SCC2 Protocol-Specific Mode Register 16 16-176
16-217 (UART
16-242 (HDLC
16-279 (AHDLC)
16-309 (Trans)
A2A to A2B RES—Reserved 16 —
A2C TODR—SCC2 Transmit-on-Demand Register 16 16-177
A2E DSR—SCC2 Data Synchronization Register 16 16-177
A30 SCCE—SCC2 Event Register 16 16-187
16-227 (UART
16-250 (HDLC
16-284 (AHDLC)
16-314 (Trans)
A32 RES—Reserved 16 —
A34 SCCM—SCC2 Mask Register 16 16-187
16-229 (UART
16-253 (HDLC
16-316 gTransé
A36 RES—Reserved 8 —
A37 SCCS—SCC2 Status Register 8 16-187
16-230 (UART
16-254 (HDLC
16-316 (Trans
A38 IRMODE—SCC?2 Infra-Red Mode Register 16 16-294
A3A IRSIP—SCC2 Infra-Red Serial Interaction Pulse Control 16 16-296
Register
A3C to A3F RES—Reserved — —
SERIAL COMMUNICATION CONTROLLER 3
A40 GSMR_L— SCC3 General Mode Low Register 32 16-166
Ad4 GSMR_H — SCC3 General Mode High Register 32 16-166
A48 PSMR—SCC3 Protocol-Specific Mode Register 16 16-176
16-217 (UART
16-242 i\HDLCé
16-279 (AHDLC)
16-309 (Trans)
A4A-A4B Reserved 16 —
A4C TODR—SCC3 Transmit-on-Demand Register 16 16-177
A4dE DSR—SCC3 Data Synchronization Register 16 16-177
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Table 3-1. MPC823e Internal Memory Map (Continued)

INTERNAL SIZE PAGE NUMBER
ADDRESS REGISTER (IN BITS) LOCATION
A50 SCCE—SCC3 Event Register 16 16-187
16-227 (UART
e AR
16-314 (Trans)
A52-A53 Reserved 16 —
A54 SCCM—SCC3 Mask Register 16 16-187
16-229 (UART
16-253 (HDLC
16-316 (Trans
A56 Reserved 8 —
A57 SCCS—SCC3 Status Register 8 16-187
16-230 (UART
16-254 (HDLC
16-316 (Trans
A58-A81 Reserved — —
SERIAL MANAGEMENT CONTROLLER 1
A82 SMCMR—SMC Mode Register 16 16 3%%-381RT
16-416 %Trans;
16-431 (GCI)
A84 RES—Reserved 16 —
A86 SMCE—SMC Event Register 8 16-405 (UART
16-422 (Trans
16-432 (GCl)
A87 to A89 RES—Reserved — —
ABA SMCM—SMC Mask Register 8 16-407 (UART
16-423 (Trans)
16-433 (GCI)
A8B to A91 RES—Reserved — —
SERIAL MANAGEMENT CONTROLLER 2
A92 SMCMR—SMC Mode Register 16 16 3%%-381RT
16-416 %Trans;
16-431 (GCl)
A94 RES—Reserved 16 —
A96 SMCE—SMC Event Register 8 16-405 (UART
16-422 (Trans
16-432 (GCl)
A97 to A99 RES—Reserved — —
A9A SMCM—SMC Mask Register 8 16-407 (UART
16-423 (Trans)
16-433 (GCl)
A9B to A9F RES—Reserved — —
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Table 3-1. MPC823e Internal Memory Map (Continued)

INTERNAL SIZE PAGE NUMBER
ADDRESS REGISTER (IN BITS) LOCATION
SERIAL PERIPHERAL INTERFACE
AAO SPMODE—SPI Mode Register 16 16-443
AA2 RES—Reserved 16 —
AA6 SPIE—SPI Event Register 8 16-452
AA7 to AA9 RES—Reserved — —
AAA SPIM—SPI Mask Register 8 16-453
AAB RES—Reserved 16 —
AAD SPCOM—SPI Command Register 8 16-451
AAE to AB7 RES—Reserved — —
PORT B
AB8 PBDIR—Port B Data Direction Register 32 16-488
ABC PBPAR—Port B Pin Assignment Register 32 16-489
ACO PBODR—Port B Open-Drain Register 32 16-485
AC4 PBDAT—Port B Data Register 32 16-487
SERIAL INTERFACE
AEQ SIMODE—Serial Interface Mode Register 32 16-129
AE4 SIGMR—Serial Interface Global Mode Register 8 16-128
AE5 RES—Reserved 8 —
AE6 SISTR—Serial Interface Status Register 8 16-140
AE7 SICMR—Serial Interface Command Register 8 16-139
AES8 to AEB RES—Reserved — —
AEC SICR—Serial Interface Clock Route Register 32 16-136
AFO SIRP—Serial Interface RAM Pointer Register 32 16-141
AF4 to AFF RES—Reserved — —
SPECIALIZED RAM
B0O to BFF VCRAM—Video Controller RAM Array 256 bytes 19-16
C00 to DFF SIRAM—Serial Interface RAM 512 bytes 16-122
EOO to FFF LCOLR—LCD Color RAM 512 bytes 18-30
1000 to 1FFF | RES—Reserved — —
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Table 3-1. MPC823e Internal Memory Map (Continued)

INTERNAL SIZE PAGE NUMBER
ADDRESS REGISTER (IN BITS) LOCATION

DUAL-PORT RAM

2000 to 2FFF DPRAM—Dual-Port RAM 4,096 bytes —

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

3C00 to 3FFF | PRAM—Parameter RAM 1,024 bytes —
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SECTION 4
RESET

The reset block of the MPC823e 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 /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 v v v v v v v

External Hard Reset —
Loss-of-Lock

Software Watchdog
Check Stop

Debug Port Hard Reset
JTAG Reset

External Soft Reset — v — — v v v
Debug Port Soft Reset

NOTE: V indicates that the logic circuitry is reset or the appropriate pin is driven by the source.
— indicates that the logic circuitry is not affected.
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Reset

4.1 TYPES OF RESET
The MPC823e has several types of inputs to the reset logic:

¢ Power-on reset

External hard reset
Internal hard reset

O Loss of lock

Software watchdog reset
Checkstop reset

Debug port hard reset
JTAG reset

» External soft reset

s

Internal soft reset

O Debug port soft reset
O 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 must 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 must be asserted for a minimum of 3 microseconds. After detecting this
assertion, the MPC823e 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 MPC823e enters the power-on reset (POR) state in which
SRESET and HRESET are asserted by the core. When the MPC823e 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 and the PLL locks, 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.

4-2 MPC823e REFERENCE MANUAL MOTOROLA



Reset

4.1.2 External Hard Reset

HRESET (hard reset) is a bidirectional, active low I/O pin. The MPC823e can only detect an
external assertion of HRESET if it occurs while the MPC823e 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 1/0O pin. The MPC823e can only detect an external
assertion of SRESET if it occurs while the MPC823e 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

e 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. Ifthe 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.

Note: It is recommended that you connect TRST to ground (if you don't use JTAG) or
% to PORESET through a diode. The problem with the connection to HRESET is
that if at power up the JTAG logic blocks the PORESET signal from propagating
into the chip (since the logic is not initialized yet), this will prevent HRESET from
asserting, which leaves the JTAG logic (and the whole device) uninitialized.

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. If the DSCK pin is asserted during
SRESET negation, the processor will take a breakpoint exception and go directly to debug
mode, instead of fetching the reset vector.
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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 MPC823e system interface unit
register map and receives its default reset values at power-on reset.

RSR

BIT ol 1] 2]3|la]s5]|6]7 8‘9‘10‘11‘12‘13‘14‘15

FIELD EHRS | ESRS | LLRS | SWRS | CSRS |DBHRS | DBSRS | JTRS RESERVED
RESET 1 1 0 0 0 0 0 0 0
RIW RW | RW | RW | RW | RW | RW | RW | RW RIW

BT | 16 |17 | 18 | 19 | 20 | 21 | 22 | 23 24‘25‘26‘27‘28‘29‘30‘31

FIELD RESERVED
RESET 0
RIW RIW

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—External 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—IJTAG 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 must 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 must use a soft reset.

4.3.1 Hard Reset

When a hard reset event occurs, the MPC823e 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 MPC823e pulls the data bus low through a weak
resistor (2-4k). 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 must be less than six clock
cycles. For more information, see Section 4.3.2 Soft Reset .

MPC823e

CONFIGURATION W
WORD

DX (DATA LINE)

RSTCONF

I
I
I
I
I
I
I
I
I
I
I
I
I
|
I
I
I

Figure 4-1. Reset Configuration Basic Scheme

MOTOROLA MPC823e REFERENCE MANUAL 4-7




Reset

LUUDL JUDL

PORESET

INTPORESET /

HRESET

RSTCONF TSUP
-l

S x

- R
- ’

DEFAULT RSTCONF CONTROLLED

s
y

A
Y

Figure 4-2. Reset Configuration Sampling Scheme
For Short PORESET Assertion
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Figure 4-3. Reset Configuration Sampling Scheme
For Long PORESET Assertion
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4.3.1.1 HARD RESET CONFIGURATION WORD. The hard reset configuration word is
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

BT | o] 1] 2] 3 4\5 6 7‘8 9‘10 11\12 13\14 15
FIELD EARB | IIP RES | BDIS BPS RES ISB DBGC DBPC EBDF RES
DEFAULT 0 0 0 0 0 0 0 0 0 0 0
BT | 16 | 17 | 18 | 19 | 20 \ 21| 22 | 23 \ 24 | 25 \ 26 | 27 \ 28 | 29 \ 30 | 31
FIELD RESERVED
DEFAULT 0

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

EARB—External 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.

[IP—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 [IP 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 must 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-hit port size.
11 = Reserved.
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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. Make sure that the IMMR is not in the interrupt address space

(IP).

00 = 0x00000000.
01 = 0xO0FO00000.
10 = OxFF000000.
11 = OxFFF0000O0.

DBGC—Debug Pins Configuration
This field configures the functionality of the following pins.

00 = IP_BJ[0:1]/IWP[0:1])/VFLS[0:1] functions as IP_B[0:1].
IP_B3/IWP2/VF2 functions as IP_B3.
IP_B4/LWPO/VFO functions as IP_B4.
IP_B5/LWP1/VF1 functions as P_B5.
OP2/MODCKZ1/STS functions as OP2.
ALE_B/DSCKI/AT1 functions as ALE_B.
IP_B2/AT2 functions as IP_B2.
IP_B6/DSDI/ATO functions as IP_B6.
IP_B7/PTR/AT3 functions as IP_B7.
OP3/MODCK2/DSDO functions as OP3.

01 = IP_BJ[0:1)/IWP[0:1)/VFLS[0:1] functions as IWP[0:1].
IP_B3/IWP2/VF2 functions as IWP2.
IP_B4/LWPO/VFO functions as LWPO.
IP_B5/LWP1/VF1 functions as LWP1.
OP2/MODCKZ1/STS functions as STS.
ALE_B/DSCK/AT1 functions as ATL1.
IP_B2/AT2 functions as AT2.
IP_B6/DSDI/ATO functions as ATO.
IP_B7/PTR/AT3 functions as AT3.
OP3/MODCK2/DSDO functions as OP3.

10 = Reserved.

11 = IP_B[0:1)/IWP[0:1])/VFLSJ[0:1] functions as VFLS[0:1].
IP_B3/IWP2/VF2 functions as VF2.
IP_B4/LWPO/VFO functions as VFO.
IP_B5/LWP1/VF1 functions as VF1.
OP2/MODCKZ1/STS functions as STS.
ALE_B/DSCK/AT1 functions as AT1.
IP_B2/AT2 functions as AT2.
IP_B6/DSDI/ATO functions as ATO.
IP_B7/PTR/AT3 functions as AT3.
OP3/MODCK2/DSDO functions as OP3.

MOTOROLA MPC823e REFERENCE MANUAL 4-11



Reset

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

00 = ALE_B/DSCK/AT1 functions as defined by DBGC.
IP_B6/DSDI/ATO functions as defined by DBGC.
OP3/MODCK2/DSDO functions as defined by DBGC.
IP_B7/PTR/AT3 functions as defined by DBGC.
TCK/DSCK functions as DSCK.

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

01 = ALE_B/DSCK/ATL1 functions as defined by DBGC.
IP_B6/DSDI/ATO functions as defined by DBGC.
OP3/MODCK2/DSDO functions as defined by DBGC.
IP_B7/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 = ALE_B/DSCKI/AT1 functions as DSCK.
IP_B6/DSDI/ATO functions as DSDI.
OP3/MODCK2/DSDO functions as DSDO.
IP_B7/PTR/AT3 functions as PTR.

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

EBDF—EXxternal 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 (described in Section 5.2.1 System Clock and Reset Control
Register ) are initialized during HRESET using the hard reset configuration mechanism.

4.3.2 Soft Reset

When a soft reset event occurs, the MPC823e reconfigures the development port.
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SECTION 5
CLOCKS AND POWER CONTROL

The MPC823e 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
MPC823e, 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 clock, and periodic interrupt
counter are generated by the MPC823e clock module. For additional timer information, refer
to Section 12 System Interface Unit

The MPCB823e 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 MPC823e clocks and power control
system:

» Contains System Phase-Locked Loop (SPLL)

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

» Contains Five Major Power-Saving Modes:

O 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

MOTOROLA MPC823e REFERENCE MANUAL 5-1
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Figure 5-1. Clock Source and Distribution

5-2 MPC823e REFERENCE MANUAL MOTOROLA



Clocks and Power Control

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 MPC823e system
interface unit’s register map.

SCCR
BT [ o1 |2]afa]s|[6|7]8]09|w|un|n][us
FIELD RES CoM RESERVED TBS | RTDIV | RTSEL | CRQEN | PRQEN |  RESERVED EBDF RES
HRESET — # 0 # # # 0 0 0 t 0
POR 0 0 0 0 * * 0 0 0 t 0
RIW RIW RW RW RW | RW | RW | RW | RW RW RW RIW
ADDR (IMMR & OXFFFF0000) + 0x280
BT |16 |17 |18 |19 |20 |2 |2 |23 |2 |25 ]2 |27]28]2]3]a
FIELD RES DFSYNC DFBRG DFNL DFNH DFLCD DFALCD
HRESET 0 0 0 0 0 0 0
POR 0 0 0 0 0 0 0
RIW RIW RW RW RW RW RW RW
ADDR (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.
T 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 must be set to 0.
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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 must 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 MODCKZ1 signal.

0 = The main clock oscillator is selected.
1= The EXTCLK signal is selected.

CRQEN—CPM Request Enable

This bit is 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). See Section 6.4.1.2.1 Machine State Register for more information.
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 POW 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 POW bit in the machine state register is cleared.

Bits 11-12 and 15-16—Reserved
These bits are reserved and must 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 described in Section 4.3.1.1 Hard Reset Configuration Word

00 = CLKOUT is GCLK2 divided by 1.
01 = CLKOUT is GCLK2 divided hy 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 MPC823e 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.
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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.
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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 MPC823e automatically switches to the DFNH
frequency. To select the DFNH frequency, load this field with the divide value and clear the
CSRC hit. 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 must not exceed 64, as defined in

Section 5.3.4.4 The LCD Clocks . Aloss-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 LCDCLKS50 signal. The
LCDCLKS50 signal is input to the LCD panel. The total division factor of DFLCD and this field
must 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.

5-6 MPC823e REFERENCE MANUAL MOTOROLA



Clocks and Power Control

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
BT o1 |2 afals |6 |7]8]09|w|ufn|n[us
FIELD MF RESERVED
HRESET - 0
POR * 0
RIW RW RW
ADDR (IMMR & OXFFFF0000) + 0x284
BT |16 |17 |18 |19 | 20 |21 |22 23| 28|25 |26 |27[28 |20 |33
FIELD | spLss | TEXPS | RES | TMIST | RES | CSRC LPM CSR | LOLRE | FIOPD RESERVED
HRESET | — 1 0 0 0 0 0 - - - 0
POR 0 1 0 0 0 0 0 0 0 0 0
RIW RW | RW | RW | RW | RW | RW RIW RW | RW | RW RIW
ADDR (IMMR & OXFFFF0000) + 0x286

NOTE: HRESET is hard reset and POR is power-on reset.
— = Undefined.
* Depends on the combination of MODCKland 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 must 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 not 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, TEXP is negated.

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

Bits 18, 20, and 27-31—Reserved
These bits are reserved and must 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= Atimer interrupt 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 No —

Yes —

No —

Yes Enter debug mode

Yes Automatic reset

No —

PlRr|RPr]|RPrP]|]O|l]O]|]O]|O

0
1
1
0 No —
0
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.
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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
or a high frequency crystal (4MHz) 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 VDD
z [ =
I 0
a 0 (9]
3= 2
1=---{A5 b -{Ad}------------{B2}-------{BL]----- ----
' I
1 1
: 0SCM H:ﬂ—» CLKOUT
| :
EXTCLK @ SPLL !
, |
1 1
1 1
r MPC823 |
XTAL| 3-5MHz
0sC *XFC must be a low-leakage capacitor. See Section 22 Electrical Characteristics for recommended values.

Figure 5-2. Crystal Oscillator

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 less affected by trace length, component quality, printed circuit board layout and
characteristics.

% Note: In your design, you must always consider the oscillation startup stablization time
of the crystal. During this stabilization time, no internal or external clocks are
generated by the MPC823e, 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 MPC823e 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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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 must 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 must be grounded.

% Note: Under any condition, the voltage on the MODCK1 and MODCK2 pins must 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 MPC823e SPLL block diagram
is illustrated in Figure 5-4.

XFC
0SCCLK o
PHASE B~ CHARGE - VCOOUT o
FEEDBACK | COMPARATOR | DOWN | | PUMP veo >
H
VDDSYN / VSSSYN

CLOCK ¢ MULTIPLICATION FACTOR|
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 must 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 must 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 OSCMreq = 32 kHz.

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

11 5 Normal operation, SPLL enabled.
Main timing reference is EXTCLKggq= 4 MHz.

10 1 Normal operation, SPLL enabled.
One-to-one Mode Maximum
OSCMyreq = 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 system clock frequency must be within the range specified in
Section 23 Mechanical Data and Ordering Information . 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.
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Clocks and Power Control

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
pin is 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 MPC823e). 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

(5

The low-power dividers allow you to reduce and restore the operating frequencies of
different sections of the MPC823e 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 MPC823e uses the following internal clock signals:

» General system clocks

» Baud rate generator clock
» Synchronization clocks

» LCD clocks

The MPC823e 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 MPC823e. 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

GCLK1_50
(EBDF=00)

GCLK2_50
(EBDF=00)

CcLKOUT
(EBDF=00)

GCLK1_50
(EBDF=01)

GCLK2_50
(EBDF=01)

CcLKOUT
(EBDF=01)

TTT [

Figure 5-6. MPC823e 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 bitin the SCCR. GCLK2_50 always rises simultaneously with GCLK2. GCLK1_50
rises simultaneously with GCLK1, but when the MPC823e 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
VCOOUT DFNH DIVIDER
2:1
MUX
GCLK1
DFNL
DFNL DIVIDER
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 MPC823e can automatically switch between low
and high frequency operation when one of the following conditions exist:
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* 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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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.

GCLK1 DIVIDED BY 1

GCLK2 DIVIDED BY 1

GCLKIDIVIDEDBY2  [| M B M M
GCLK2 DIVIDED BY 2 j ’—\ ’—\ ’—\ ’—\
GCLKIDIVIDEDBY4 [ | [ =

GCLK2 DIVIDED BY 4 [ [ =

Figure 5-8. Divided System Clocks Timing Diagram

I I
GCLK1 ‘ ‘
| T | * |
@ GCLK2 ‘ | ‘ : ‘
\
‘ f ‘ f
82 GCLK1_50
=0 | \
Z5 (EBDF=00)
X | |
Py | ‘ | ' |
z GCLK2_50 \ | |
P (EBDF=00) | \ 1 \ ‘
= — | ‘ | ‘
e CLKOUT \ | | \ |
(EBDF=00) | 1 | | |
L ‘ L
\
GCLK1_50 \ | |
(EBDF=01) | 1 |
x ‘ T
GCLK2_50 \ | \ \ \
(EBDF=01) | | \ | |
\ \ \ \
CLKOUT | I | | |
(EBDF=01) \
| | 1 |

Figure 5-9. MPC823e Clocks For Division Factor 2
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The frequency for the GCLKx system clock is:

VCOOUT .,
DFNH DFENL+1

GCLKxf =
1 "™Mor2 )

The frequency for the GCLKx_50 system clock is:
VCOOUTy, 1
DFNH)Or(ZDFNL+l) EBDF +1

GCLKX 50y, = ;

CLKOUT is derived from GCLK2_50. It defaults to VCOOUT, which is the user-defined
system frequency (25-75MHz). 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.

EBDF
PHASE
GCLK2_50
~v -

l[> CLKOUT -
Figure 5-10. CLKOUT Divider

GCLK1

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 (25-75MHz). The baud rate generator clock allows the baud
rate generators to continue operating at a fixed frequency, even when the rest of the
MPC823e 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.

VCOOUT BRGCLK
— DFBRG

CPM, UPM,
(REFRESH
TIMER)

Figure 5-11. BRGCLK Divider

MOTOROLA MPC823e REFERENCE MANUAL 5-19

x
i
=
(@]
&
o
=
<
%)
v
(&)
(@]
-
(&)

CONTROL

(5




g
o
=3
XN
owm
x>
=
[w)
o
o
=
m
X

Clocks and Power Control

The baud rate generator clock frequency is:
VCOOUT

2 xDFBRG

BRGCLK( o, =
(2 )

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
controllers, and serial management controllers. SYNCCLK defaults to VCOOUT, which is
the user-defined system frequency (25-75MHz).

VCOOUT SYNCCLK

DFSYNC CPM

Y

Figure 5-12. SYNCCLK Divider

SYNCCLK allows the serial interface, serial communication controllers, and serial
management controllers to continue operating at a fixed frequency, even when the rest of
the MPC823e 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:

VCOOUTfreq

2 xDFSYNC

SYNCCLKf o, =
(2 )
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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 (25-75MHz).When the PON bit in the
LCCR is set, the ratio between the system clock frequency value and the LCD clock
frequency value must 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 must be
set so that the total LCD clock division factor never exceeds 64.

LCDCLK p| LCDIVIDEO
CONTROLLER
VCOOUT DFLCD DFALCD D LCDCLKSO0 | LD PANEL

Figure 5-13. LCDCLK Divider

The LCDCLK and LCDCLK50 frequency is:

VCOOUT

(2°F-CPy x (2 x DFALCD + 1)

LCDCLK;oq = LCDCLKSO0;eq =

S Re2olI73: 1 e I N I O I O R S B A S R R
teocikoivioesy: [ L[ LT LT LT L L L L]
LeoetksoDVIDEBY L[| [ [ L L LT L L L]
GCLK2DIVIDEBY2 [ ] [

M

LCDCLKDIVIDEBY2 [ ] Il M

LCDCLK50DIVIDEBY 2 | | [ ‘ [ ‘
M
M

1

x
i
=
(@]
&
o
=
<
%)
v
(&)
(@]
-
(&)

CONTROL

GCLK2 DIVIDE BY 4
LCDCLK DIVIDE BY 4
LCDCLKS50 DIVIDE BY 4

Figure 5-14. LCD Clock Timing Diagram
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5.3.5 Clock Configuration

You can configure the clock of the MPC823e using the MODCK1 and MODCK2 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
MODCK?2, 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 MODCK?2 pins during wake-up. Thus, the PORESET pin must 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 OSCMgrgq = 32 kHz.

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

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

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

— 1 — — — The configuration remains unchanged.

MODCK1 selects the clock source to use (EXTCLK or main oscillator) and MODCK2 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 must 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 MF + 1 CLOCK SOURCE | TMBCLK DIVISION
RESET
1 — — GCLK2 16
0 0 — OSCM 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
MPC823e 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 must 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 0.1JF 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 must provide a
low impedance path from VSSSYN to the ground plane.

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

« XFC—The external filter capacitor pin that connects to the off-chip capacitor for the

Note:

MOTOROLA

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 must 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. ég
S8
Table 5-4. XFC Capacitor Values Based on the MF Field ©e
XFC CAPACITOR VALUES Q
MULTIPLY MINIMUM RECOMMENDED [  MAXIMUM
FACTOR_ | cAPACITANCE | CAPACITANCE | CAPACITANCE UNIT
RANGE
MF<4 | (580*MF)-100 | (680*MF)-120 | (780 * MF) - 140 pF
MF > 4 830 * MF 1100 * MF 1470 * MF pF

The Multiply Factor Range is the true multiply factor starting from 1, not 0. If you look at Table 5-4 , it indicates the
“Multiply Factor RANGE”, not the “MF FIELD”, of the PLPRCR. The Multiply Factor (MF) referred to in this table
is the value of the MF field in the PLPRCR plus 1 (or PLPRCRMF + 1). The Multiply Factor (PLPRCRMF + 1) is
the value that should be used in the equations to determine the XFC Capacitor Value.
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5.4 POWER CONTROL

To preserve the life of your battery, the MPC823e provides low-power modes that limit the
operation to essential modules. In addition to normal high mode, the MPC823e supports
normal low, doze high, doze low, sleep, deep-sleep, and power-down modes. When the
communication processor module is 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 MPC823e 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.

MPC823e
r— - - - - - - - - - - - - — — - — — — — A
\ \
| 110 PAD |
\ \
\ \
\ \
INTERNAL LOGIC

: AND CLOCK DRIVERS - | TEXP

DEC, SCCR, |
| PLPRCR,  [-————— KAPWR

AND RSR —
\ A \
\ \

-

| ANALOG CLOCK CONTROL ‘
‘ o AND DIGITAL SPLL - VDDH
\ \
\ \
e e |

VDDL VDDSYN
Figure 5-15. MPC823e Power Rails and TEXP Status

The I/0 buffers, logic, and clock control are fed by a 3.3V (£5%) power supply. The internal
logic can be fed by a 3.3V 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 1/O buffers and logic and VDDL supplies the internal chip logic to reduce
system power consumption. However, the power supply connected to VDDH must 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. MPC823e Power Supply

BLOCK VDDH VDDL VDDSYN KAPWR
1/0 Pad X
CLKOUT X
Digital SPLL X
Clock Control X X

Internal Logic

Clock Drivers

Analog SPLL X

Main Clock Oscillator X

SCCR, PLPRCR, and RSR

Real-Time Clock, Periodic
Interrupt Timer, Timebase and
Decrementer

The following are the power supply requirements of the MPC823e:

e VDDH = VDDSYN = 3.3V *5%

e VDDH = VDDL = 3.3V 5%

* VDDH = KAPWR = VDDH - 0.4V for normal operation
e KAPWR = 2.5V 5% in power-down mode
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5.4.2 Keep-Alive Power

(5

When the MPC823e 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 and VDDH is 3.3V, then the KAPWR is 2.9V to 3.3V.
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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.

MPC823e

} "Sw1 MAIN POWER
VDDSYN ‘ ‘ SUPPLY
Y 33V 22V

KAPWR L
(7

TEXP_ | SWITCH
LOGIC

2.5-3.3V

BACKUP
POWER
SUPPLY

Figure 5-16. External Power Supply Scheme

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 MPC823e 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 must be less than 1.7V/ms for a
32kHz input frequency.
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5.4.2.2 REGISTER LOCK. The MPC823e registers that are powered by KAPWR can be
write-protected using the associated key register shown in Table 5-6. When the MPC823e
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
TBREFFUK Timebase Reference Register Upper Key
TBREFFLK Timebase Reference Register Lower 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 0OX55CCAA33 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 0OxX55CCAA33 to the RTCK key register will allow you to access the RTC
register.
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% Note: A write of 0X55CCAA33 to any of the key registers in Table 5-6 will unlock the
associated SIU register and witing any other value will cause the associated
SlU register to be locked. Any other accesses to these key registers, inlcuding

reads, will cause the associated SIU register to be locked.
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Clocks and Power Control

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 MPC823e’s low-power
capabilities. The low-power dividers allow you to dynamically adjust the operating
frequencies for different modules of the MPC823e 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
(described in Section 5.2.1 System Clock and Reset Control Register ) and their default
division factors are one. For example, in a 75MHz system frequency, the SYNCCLK,
LCDCLK, LCDCLK50, BRGCLK, and GCLKXx are all 75MHz.

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 MPC823e can enter doze, sleep, or power-down mode from a normal
mode. The PLPRCR is described in Section 5.2.2 PLL, Low-Power, and Reset Control
Register . The MPC823e 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 (IRQx signal) from the interrupt controller.
» Real-time clock, periodic interrupt timer, timebase, or decrementer interrupts.
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Figure 5-18. MPC823e Low-Power Mode Flowchart
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Clocks and Power Control

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 75MHz
system. The level-sensitive interrupt from the interrupt controller is defined as a wake-up
interrupt. Itis 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 MPC823e clock module recognizes this interrupt as a pending interrupt when
the TMIST bit is set. Therefore, the TMIST bit must 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 MPC823e to reach normal high mode. For example, it could take between
10.24ps and 20.48ps to wake up in a 75MHz 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 MPC823e 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 @ 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 125ps.

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 must 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 MPC823e 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 MPC823e is preparing to exit power-down mode. TEXP must be externally
connected to a switch that must 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 MPC823e 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. MPC823e Low-Power Modes

OPERATION UDR2 (.421) POWER@ | CDR2 (.36p) EQUATION [POWER@ | POWER @ | POWER @
MODE EQUATION 50MHZ 25MHZ 50MHZ 66MHZ

UDR2 CDR2 CDR2 CDR2
(-42p) (-36H) (.36u) (.361)

Ng,rwnl%OHigh (20 mW + (.78)/2PFNH w 860mW (20 mW + (.555)/2PFNH w 298 mW 575 mW 750 mwW

TEXPS=1

Pglrvlnl%loLOW 20 mW + (.78)/2FNL+) | 450 mW 20 MW + (.555)/2(0FNL+1) 159 mw 298 mW 385 mW

TEXPS=1

Egﬁﬂe_gilgh [2OmW + 0.4(.78)/2PFNH w [ 356 mW 20 mW + 0.4(.555)/20FNH w 132 mw 242 mwW 312mw

TEXPS=1

Doze Low [20 mW + 0.4(.78)/ 188 mw (DFNL+1) 76 mwW 131 mw 166 mW

Poze Lo L) \5\/ ) 20 mW + 0.4(.555)/2 W

TEXPS=1

SIeeB LPM=10 — 10 mW — 10 mW 10 mW 10 mW

TEXPS=1

Deep-Slee — 40pA — 40pA 40pA 40pA

Peep-Sieep H & M M

TEXPS=1

Power-Down — 10pA — 10pA 10pA 10pA

LPM=11 " W " "

TEXPS=0

NOTE: The above currents are measured at 3.3V.
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% 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 MPC823e 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
MPC823e, 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 MPC823e Instruction Set

CORE

6.1 FEATURES

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

» 32-bit PowerPC Architecture

¢ Single-Issue Integer Machine

« Variable Pipeline Depth Architecture Tailored to Instruction Complexity
¢ Fully Static Design

« Out-of-Order Execution Termination

¢ 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.

O 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 Instruction 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
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CONTROL BUS Y
A A A A A A A
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Figure 6-1. Block Diagram of the Core

RETIRE EXECUTION UNITS
WRITEBACK
HISTORY BUFFER /
ISSUE
INSTRUCTION QUEUE BRANCH
UNIT
A A
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 ( I X i2 s )

,,,,,,,,,,

DECODE

READ + EXECUTE

WRITE BACK (i) (i2)
L ADDRESS DRIVE (1)

L DATA

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

! r

INSTRUCTION ADDRESS GENERATOR ’ INSTRUCTION BUFFER

A T A

i Y
BRANCH INSTRUCTION @

READ / WRITE CONDITION PREFETCH

CORE

Busses [ »| CCUNT '—m  EyALUATION QUEUE (4)
T A

EXECUTION UNITS AND REGISTERS FILES

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
gueue, 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.
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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 (Ik or ctr) Address Ready Fall Through Taken
BCLR or BCCTR (Ik 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 MPC823e:

< External interrupt request
e Certain memory access conditions (protection faults and bus error)

 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.

e 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 detalils.

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
Implementation Specific Instruction / Any Before Faulting Fetch or Load/Store
Data TLB Miss / Error Interrupts
Other Asynchronous Interrupts Any Before Next Instruction to Execute
(Noninstruction Related Interrupts)
Alignment Interrupt Load / Store Before Faulting Instruction
Privileged Instruction Any Privileged Before Faulting Instruction
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 must always be restartable. By
convention, no interrupt generating instruction must 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 SRRO 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 whether or not
the interrupt is restartable. 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, MSRg, is copied from its shadow in the SRR1 register. In
addition, it can be altered by the software via the mtmsr instruction. The MSRg, 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 SRRO and SRR1 registers are not
busy, MSRg, must 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 MSRge | 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.

CORE

Table 6-4. Interrupt Latency

A

TIME POINT FETCH ISSUE INSTRUCTION COMPLETE | KILL PIPELINE Q

Faultin? Instruction
ssue

B Instruction Complete
and All Previous
Instructions Complete
C Start Fetch

Handler o
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.

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

MOTOROLA

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 SRR0O 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, 1/0 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 (CTRLggg) 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 MPC823e, this interrupt is generated by the on-chip interrupt controller. It is software
acknowledged and maskable by the MSRgg 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
shown in Table 6-4.

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 must 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 INTERRUPT TYPE CAUSE
1 Trace Trace Bit Asserted®
2 IMmigéementation Dependent Instruction TLB Instruction Memory Management Unit TLB Miss
3 Implementation Dependent Instruction TLB Instruction Memory Management Unit
Error Protection / Translation Error
4 Machine Check Interrupt Fetch Error
5 Debug I- Breakpoint Match Detection
6 :nmtglrt?l:rrl)?ntation Dependent Software Emulation | Attempt to Invoke Unimplemented Feature
1 Floating-Point Unavailable Attempt to is Made to Execute Floating-Point
Instruction and MSRgp =0
72 Privileged Instruction élt’toe&]epntqt'c\)ﬂgé(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 Data Memory Management Unit TLB Protection/
Translation Error
10 Machine Check Interrupt Load or Store Access Error
11 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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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
6 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

« Samples the resulting data from the writeback bus

MOTOROLA

MPC823e REFERENCE MANUAL

CORE

6-15



The PowerPC Core

6.4.1 Control Registers

The following tables describe the core control registers, also known as special-purpose
registers, implemented within the MPC823e.

Table 6-7. Standard Special-Purpose Registers

SPR REGISTER PRIVILEGED SERIALIZE ACCESS
NAME
DECIMAL SPR 5.9 SPR g4
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 g4
268 01000 01100 TBL Read? No Write - As a Store
269 01000 01101 TBU Read? No Write - As a Store
284 01000 11100 TBL Write3 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 54 SPR g4

80 00010 10000 Elg? 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 w
152 00100 11000 CMPE Debug Write:  Fetch Sync §

Read: Synch Relative

to Load/Store

Operations e

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 5.4 SPR .4
638 10011 11110 IMMR Yes Write - As a Store
560 10001 10000 IC_CSR 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_CSR 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_TwWB 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
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 mtcrf

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 59 SPR g4
&
100xx 110xx XXXXX Registers External to the Core 8
1X0xx XOXXX Reserved
10011 XOXXX System Interface Unit Internal Registers Q
OXXXX XXXXX The Internal Bus Signifying Decrementer or Timebase
10000 XOXXX Reserved
10000 XIXXX Reserved
1100x XOXXX Instruction Memory Management Unit Implementation-Specific Control
1100x XIXXX 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 g:4 Spr 5.9 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 POwWerRPC 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
BIT 0‘1‘2‘3‘4‘5‘6‘7‘8‘9‘10‘11‘12 13| 14 | 15
FIELD RESERVED POW | RES | ILE
RESET 0 o | o] o
RIW RIW RW | RW | RW
BIT | 16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30 | a1

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

Bits 0—-12—Reserved

These bits are reserved and must 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 Enable

When this bit is set, 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 cleared,
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 must 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 = Big-endian mode is selected.
1 = Little-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 must 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.

IP—Interrupt Prefix

This bitis 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 must 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 XERgp.
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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
BT | o0 | 1] 2 3‘4‘5‘6‘7‘8‘9‘10‘11‘12‘13‘14‘15
FIELD | SO | ov | cA RESERVED
RESET | 0 | 0 | 0 0
RW | RW | RW | RW RIW
BT | 16 | 17 | 18 19\20\21\22\23\24 25‘26‘27‘28‘29‘30‘31
FIELD RESERVED BCNT
RESET 0 0
RIW RIW RIW

SO—Summary Overflow

This bit is set when an instruction other than mtspr sets the OV bit. Once SO is set, it stays
that way until an mtspr or mcrxr 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.

CORE

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
(mulid , 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 mcrxr .

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.

«  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 must 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.

* SRRO, SRR1—Set to an undefined value.

* MSR,—Programmable.

* MSR,c—Set to zero.

* ICTRL—Set to O.

* LCTRL1—Set to O.

* LCTRL2—Set to O.

* COUNTA;5.3;—Set to 0.

* COUNTB;4.53;—Set to 0.

* ICR—Set to 0 (no interrupt occurred).

* DER; 142831—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
QV hit 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

« 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 @
2 clocks, using 1 clock on-chip data RAM.

CORE

« Load/store multiple and string instructions synchronize
» 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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Figure 6-6. Load/Store Unit Functional Block Diagram

To execute multiple (Imw, stmw ) instructions, string instructions, and unaligned accesses,
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.

e Load/store multiple instructions—Imw , stmw

e Storage synchronization instructions—Iwarx , stwcx , 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.

¢ Load/store multiple instructions—Imw, stmw
e Storage synchronization instructions—Iwarx , stwcx , sync
e String instructions—Iswi , Iswx , stswi , stswx

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 00 01 02 03 1BUS CYCLE
04’h 04 05 06 07
00'h 00 01 02 03 1BUS CYCLE
04'h 04 05 06 07

00’h 00 01 02 03 1BUS CYCLE

04’h 04 05 06 07

00’h 00 01 02 03 2 BUS CYCLES

04’h 04 05 06 07

00’h 00 01 02 03 |2BUSCYCLES

04’h 04 05 06 07
00’h 00 01 02 03 2 BUS CYCLES
04'h 04 05 06 07
00'h 00 01 02 03 3 BUS CYCLES
04'h 04 05 06 07
00’h 00 01 02 03 3 BUS CYCLES
04’h 04 05 06 07

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 stwcx 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.

CORE

The MPC823e 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 stwcx 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 N+ 10 1+N N +17
3+N+D-——3D 3+N+U———3EI

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.

00'h 00 01 02 03
04'h 04 05 06 07 2 BUS CYCLES
08'h 08 09 0A 0B WORD

TRANSFERS
0Ch ocC 0D OE OF 3 BUS CYCLES

10'h 10 11 12 13
14'h 14 15 16 17 2 BUS CYCLES
18h 18 19 1A 1B

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 Memory Management Undefined
Unit Error Status

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
:nmtgr?trjr;)?ntation 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
PoOwerRPC 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
I, II, and lll. 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 1)

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 1, 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, I, and Il 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
gueue) prior to execution. If a program modifies the instructions it intends to execute, it must
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 1) 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 z in 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 bcctr or bectrl 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 ). 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
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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 MPC823e, 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)

% Note: The instruction form is invalid if RA is in the range of registers to be loaded or if
RA=0.

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 to be loaded. If RA is in the range, it is updated from memory.

Note: The instruction forms are invalid if RA is in the range of registers to be loaded or
% if RA = 0 (i.e. RO). For Iswx only, the instruction form is invalid if RD=RA or
RD=RB.
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PowerPC Architecture Compliance

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 1). 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.

7.2 PowerRPC VIRTUAL ENVIRONMENT ARCHITECTURE (BOOK 1)
7.2.1 Storage Model

The MPC823e 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
MPC823e hardware, but can be performed in the software or by defining storage as cache
inhibited. In addition, the MPC823e does not provide any data storage attributes to an
external system.

7.2.1.2 ATOMIC UPDATE PRIMITIVES. Both the lwarx and stwcx instructions are
implemented according to the PowerPC architecture requirements. When the storage
accessed by the lwarx and stwcx 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 MPC823e does not cause the system data storage error handler to be invoked if the
storage accessed by the lwarx and stwcx instructions is in the writethrough required mode.
Also, the MPC823e does not provide support for snooping an external bus activity outside
the chip. The provision is made to cancel the reservation inside the MPC823e 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.
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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. 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 11), except for the case of 8-byte operands. Because the MPC823e 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.

7.2.3 The Storage Control Instructions

The MPC823e interprets the cache control instructions (icbi , isync , dcbt, dcbi, debf, dcbz,
dcbst , eieio, and dcbtst ) as if they pertain only to the MPC823e cache. These instructions
do not broadcast. Any bus activity caused by these instructions is what happens when an

operation is performed on the MPC823e 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 hit in the cache. Ifitis 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 cache
line 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 Il.

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

« Data Cache Block Invalidate (dcbi )—The effective address is translated by the memory
management unit and the associated 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 |I.

« Enforce In-Order Execution of I/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.
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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

7.3 PowerRPC OPERATING ENVIRONMENT ARCHITECTURE (BOOK ll1)

The MPCB823e 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
MPCB823e. 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 the core
is revised so that 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 Iin 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
MPC823e. Refer to Section 7.3.3 Storage Model for more details.

SDR 1 IBAT2U DBAT1U IBATOL IBAT3L DBAT2L
EAR IBAT2L DBATIL IBAT1U DBATOU DBAT3U
IBATOU IBAT3U DBAT2U IBATI1L 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 (MSR,g =0 for
instruction accesses or MSRpg =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
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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.

The features of the MMU hardware is as follows:

e 32-entry fully associative instruction TLB

32-entry fully associative data TLB
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e Supports up to 16 virtual address spaces

e Supports 16 access protection groups

« Supports fast software tablewalk mechanism

7.3.4 Reference and Change Bits

No reference bit is supported by the MPC823e. 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 MPC823e:

« Domain manager mode
¢ 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 Il1).

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
00B0O Reserved
00C00 System Call
00D00 Trace
00EQO0 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
01EO0 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
O0xFFF00100 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.
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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 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 Bit is copied from the ILE.

Other SettoO.

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:

¢ The accessed address does not exist
* A data error is detected

As defined in PowerPC Operating Environment Architecture (Book 1ll), machine check
interrupts are enabled when MSRyz =1. If MSR,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 (MSR,z =1) it is taken. If SRR1 Bit 30 =1, the interrupt
is recoverable and the following registers are set.

SRRO—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 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
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IP 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 Set to 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 Setto 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 x¥’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.

» The operand of a load/store multiple is not word aligned.

» The operand of a lwarx 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 = 1.
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7.3.7.3.6 Program Interrupt. The MPC823e 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.
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7.3.7.3.7 Floating-Point Unavailable Interrupt.  The MPC823e 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

7.3.7.3.8 Trace Interrupt. A trace interrupt occurs if MSRge = 1 and any instruction except
rfi is successfully completed or if MSRge = 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:

SRRO—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 SettoO.

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 Bits are copied from the ILE.

Other Setto 0.
Execution resumes at offset x’00D00’ from the base address indicated by MSRp.
7.3.7.3.9 Floating-Point Assist Interrupt.  The floating-point assist interrupt is not

generated by the MPC823e. 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 MSRyg =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:

SRRO—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 O.

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.
Execution resumes at offset x¥’01000’ from the base address indicated by MSRp.

% Note: The exception 1000 implementation-dependent software emulation is triggered
when an unimplemented opcode is being decoded.

7.3.7.3.11 Implementation-Specific Instruction TLB Miss Interrupt. This type of
interrupt occurs if MSRgr =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:

SRRO0O-Save/Restore Register 0
Set to the effective address of the instruction that caused the interrupt.

7-12 MPC823e REFERENCE MANUAL MOTOROLA
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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 SettoO.

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 MSRp.

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:

e The effective address cannot be translated. Either the segment or page valid bit of this
page is cleared in the translation table.

e The fetch access violates storage protection.
e The fetch access is to guarded storage and MSR g =1.

The following registers are set:

SRRO—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 Setto 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,.
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MSR—Machine State Register

P No change.
ME No change.
LE Bits are copied from the ILE.

Other SettoO.

Some instruction TLB registers are set to a value described in
Section 11 Memory Management Unit . Execution resumes at offset x’'01300’ from the
base address indicated by MSRp.

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:

SRRO—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,.

MSR—Machine State Register

P No change.
ME No change.
LE Bits are copied from the ILE.

Other SettoO.

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 dcbi 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:

SRRO—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
1-4 Setto 0.

10-15 Setto 0. &
Other Loaded from bits 16-31 of the MSR. In the current implementation, Bit 30 of D
the SRR1 is never cleared, except by loading a zero value from MSRg,. %g
o
MSR—Machine State Register §§
IP No change.
ME No change. @
LE Bits are copied from the ILE.

Other SettoO.

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 set to 0.

5 Setto 0.

6 Set to 1 for a store operation and to O for a load operation.

7-31 Setto 0.

DAR—Data Address Register
Set to the effective address of the data access that caused the interrupt.

Some instruction TLB registers are set to the values described in
Section 11 Memory Management Unit . Execution resumes at offset x'01400’ from the
base address indicated by MSRp.

7.3.7.3.15 Implementation-Specific Debug Register.  An implementation-specific debug
interrupt occurs as a result of one of the following conditions:

* When there is an internal breakpoint match (for more details, refer to
Section 20.3 Generating Watchpoints And Breakpoints ).
« When a peripheral breakpoint request is presented to the interrupt mechanism.

« When the development port request is presented to the interrupt mechanism. Refer to
Section 20 Development Capabilities and Interface  for details on how to generate
the development port request.
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The following registers are set:

SRR0—Save/Restore Register 0

For I-breakpoints, set to the effective address of the instruction that caused the interrupt. For
L-breakpoint, set to the effective address of the instruction following the instruction that
caused the interrupt. For development port maskable request or a peripheral breakpoint, set
to the effective address of the instruction that the processor would have executed next if no
interrupt conditions were present. If the development port request is asserted at reset, the
value of SRRO is undefined.

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,.

If the development port request is asserted at reset, the value of SRR1 is undefined.

MSR—Machine State Register

P No change.
ME No change.
LE Bits are copied from the ILE.

Other Setto 0.
For L-bus breakpoint instances, the following registers are set to:

BAR—Breakpoint Address Register

Set to the effective address of the data access as computed by the instruction that caused
the interrupt.

DSISR—Data/Storage Interrupt Status Register
Do not change.

DAR—Data Address Register
Do not change.

The execution resumes from an address equal to the base indicated by the MSR,, and the
following offset.

» X'01D00’-For an instruction breakpoint match

» X'01C00’-For a data breakpoint match

» X'01EO00—For a development port maskable request or a peripheral breakpoint

* X'01F00'-For a development port nonmaskable request
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7.3.7.4 PARTIALLY EXECUTED INSTRUCTIONS. In general, the architecture allows
instructions to be partially executed when an alignment or data storage interrupt occurs. In
the core, instructions are not executed if an alignment interrupt condition is detected or if a
data storage interrupt is never generated by the hardware. In the MPC823e, the instruction
can be partially executed only in the case of load/store instructions that cause multiple
access to the memory subsystem—multiple/string and unaligned load/store instructions.
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In this instance, the instruction can be partially completed if one of the accesses (except the
first one) causes a miss in the data TLB. The implementation-specific data TLB miss
interrupt is taken in this case. For the update forms, the update register (RA) is not altered.

7.3.8 Timer Facilities

Descriptions of the timebase and decrementer registers can be found in
Section 12 System Interface Unit and Section 5 Clocks and Power Control
7.3.9 Optional Facilities and Instructions

Any other PowerPC Operating Environment Architecture (Book Ill) optional facilities and
instructions that are not discussed here are not implemented by the MPC823e hardware.
Any attempt to execute any of these instructions causes an implementation-dependent
software emulation interrupt to occur.
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SECTION 8
INSTRUCTION EXECUTION TIMING

This section describes the timing of the instruction cycles in terms of clock cycles, including
serialization, latency, and blockage.

8.1 INSTRUCTION TIMING LIST

The following table lists the instruction execution timing in terms of latency and blockage of
the appropriate execution unit. A serializing instruction has the effect of blocking all
execution units.

Table 8-1. Instruction Execution Timing

INSTRUCTIONS LATENCY BLOCKAGE EXECUTION SERIALIZING
UNIT INSTRUCTION
Branch Instructions: Taken 2 2 Branch Unit No
b, ba, bl, bla, bc, bca, bcl, bcla, bclr,
bclrl, becetr, becetl Not Taken 1 1
System Call: Serialize + 2 Serialize + 2 — Yes
sc, rfi
CR Logical: 1 1 CR Unit No

crand, crxor, cror, crnand, crnor,
crandc, creqv, crorc, merf

Fixed-Point Trap Instructions: Taken Serialize + 3 ALU /BFU After
twi, tw Serialize + 3

Not Taken 1 1 No
Move to Special Registers: Serialize + 1 Serialize + 1 All Yes

mtspr, mtcrf, mtmsr, mcrxr

Except mtspr to LR and CTR and
External to the Core Registers

Move to LR, CTR: 1 1 Branch Unit No
mtspr
Move to External to the Core Serialize + 18 Serialize + 1 LDST Yes

Special Registers:
mtspr, mttb, mttbu

Move from External to the Core Load Latency 1 LDST No
Special Registers:
mfspr, mftb, mftbu

Move from Special Registers 1 1 — See List 2
Located Internal to the Core:
mfsprl

MOTOROLA MPC823e REFERENCE MANUAL 8-1
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Instruction Execution Timing

Table 8-1. Instruction Execution Timing (Continued)

INSTRUCTIONS LATENCY BLOCKAGE EXECUTION SERIALIZING
UNIT INSTRUCTION

Move from Others: Serialize + 1 Serialize + 1 — See List 3
mfcr, mfmsr
Fixed-Point Arithmetic: 1 1 ALU / BFU No
addi, add[o][.], addis, subf[o][.], addic,
subfic, addic., addc[o][.], adde[o][.],
subfc[o][.], subfe[o][.], addme[o][.],
addze[o][.], subfmel[o][.], subfze[o][.],
neg[o][]
Fixed-Point Arithmetic Min 2 Min 2 IMUL / IDIV No
(Divide Instructions): Max 11 4 Max 11°
divw[o][.], divwu[o][.]
Fixed-Point Arithmetic 2 126 IMUL / IDIV No
(Multiply Instructions):
mul, mullw[o][.], mulhw[.], mulhwul.]
Fixed Point Compare: 1 1 ALU / BFU No
cmpi, cmp, cmpli, cmpl
Fixed-Point Logical: 1 1 ALU / BFU No
andi., andis., ori, oris, xori, xoris,
and[.], or[.], xor[.], nand[.], nor[.],
eqv[.], andc[.], orc[.], extsb[.],
extsh[.], cntlzw[.]
Fixed-Point Rotate and Shift: 1 1 ALU / BFU No
riwinm[.], riwnml[.], rlwimil.], slw[.],
srw[.], srawil.], sraw[.]
Fixed-Point Load Instructions: 27 1 LDST No
bz, Ibzu, Ibzx, Ibzux, Ihz, lhzu, lhzx,
lhzux, lha, Ihau, lhax, lhaux, lwz, lwzu,
Ilwzx, lwzux, lhbrx, lwbrx.
Fixed-Point Store Instructions: 18 1 LDST No
sth, stbu, stbx, stbux, sth, sthu, sthx,
sthux, stw, stwu, stwbrx, stwx, stwux,
sthbrx
Fixed-Point Load and Store Serialize + 1 Serialize + 1 LDST Yes
Multiple Instructions: + Number of + Number of
Imw, smw Registers Registers
Synchronize: Serialize + 1 Serialize + 1 LDST Yes
sync
Storage Synchronization Instructions: Serialize + 2 Serialize + 2 LDST Yes
Iwarx, stwcx.
Move Condition Register from XER: Serialize + 1 Serialize + 1 LDST Yes (Before)
mcrxr
Move to / from Special Purpose Serialize + 1 Serialize + 1 LDST Yes (Before)
Register (Debug, DAR, DSISR):
mtspr, mfspr
String Instructions: Serialize + 1 Serialize + 1 LDST Yes
Iswi, Iswx, stswi, stswx + Number + Number

of Words of Words

Accessed Accessed
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Table 8-1. Instruction Execution Timing (Continued)

INSTRUCTIONS LATENCY BLOCKAGE EXECUTION SERIALIZING
UNIT INSTRUCTION
Storage Control Instructions: Serialize Serialize Branch Yes
isync
Order Storage Access: 1 1 LDST Next Load or Store
eieio is Synchronized
Relative to All Prior
Load or Store
Cache Control: 1 1 LDST, No
ichi |-Cache
NOTES: 1. Referto Table 6-11 for details.
2. Refer to Section 6.4.1 Control Registers -
3. See Table 6-10 for detalils. 8
)
4. @
. &
NoOverflow O 3+%34—d|\/|s4wu P
DivisionLatency = 5
Overflow O 2 2 ]
s
ZF
Where: @
- DO, MaxNegativeNumber
Overflow Eﬁ]orm

DivisionBlockage = DivisionLatency

Blocking the multiply instruction is dependent on the subsequent instruction. For any subsequent
multiply instruction, the blockage is 1 clock and for any subsequent divide it is 2 clocks.

7. Assuming nonspeculative aligned access, on-chip memory, and available bus. For details, refer to
Section 6.6.5 Issuing Nonspeculative Load Instructions , Section 6.6.6 Executing Unaligned
Instructions , and Section 6.6.9 Instruction Timing

8. Although a store (as well as mtspr for special registers external to the core) issued to the load/store
unit buffer frees the core pipeline, the next load or store will not actually be performed on the bus until
the bus is free.
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Instruction Execution Timing

8.2 INSTRUCTION EXECUTION TIMING EXAMPLES

All examples assume an instruction cache hit.

8.2.1 Data Cache Load
lwz 12,64 (SP)

sub r3,r12,3
addic r4,r14,1
mulli  r5,r3,3

addi r4,3(r0)

|
[}
T
FETCH ( ywz X sus X ApDIc X MUl X ADDI )
T
[}
1
READ + EXECUTE LWz (:B_IJEB_T_E:)

1
1
1
WRITEBACK !
1
1

L ADDRESS DRIVE
1

L DATA !
1

LOAD WRITEBACK 1
1

Figure 8-1. Example of a Data Cache Load

This is an example from a data cache with zero wait states. The sub instruction is dependent
on the value loaded by the load to r12. This causes a bubble to occur in the instruction
stream as shown in the execute line. Refer to Section 8.2.2.2 Private Writeback Bus Load
for instances in which no such dependency exists.
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8.2.2 Writeback
8.2.2.1 WRITEBACK ARBITRATION
mulli r12,r4,3

sub r3,r15,3
addic r4,r12,1

ST T N S S s A e B O
FETCH ( mu X suB X ADDIC )

i

1
DECODE E {muLLl) (sus) (aopic)

WRITEBACK E \

Figure 8-2. Example of a Writeback Arbitration
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The addic instruction is dependent on the mulli result. Since the single-cycle instruction
sub has priority on the writeback bus over the mulli and the mulli writeback is delayed one
clock and causes a bubble in the execute stream.

mulli r12,r4,3
sub r3,r15,3
addic r4,r3,1

GCLK1 | |

mull Y SuB X ADDIC )

FETCH (

DECODE {muLLl) (sus) (apDIC)

READ + EXECUTE (muLi) (sus,muLLI)  (‘ADDIC)

N

Figure 8-3. Another Example of a Writeback Arbitration

WRITEBACK
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In this example, the addic instruction is dependent on the sub rather than on the mulli .
Although the writeback of the mulli is delayed two clocks, there is no bubble in the execution
stream.

8.2.2.2 PRIVATE WRITEBACK BUS LOAD

lwz rl2,64 (SP)
sub  r5,r5,3

cror 4,14,1

and r3,r4.r5

xor r4,r3,r5

or ré,r12.r3

O

N R s A R
1
1

FETCH ( viwz X suB X CROR X AND X XOR X ORI )

DECODE

o ) oo

READ + EXECUTE E (oap) (su) (crorR) (AnD) (xor) { ORI )
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WRITEBACK

L ADDRESS DRIVE

L DATA

CACHE ADDRESS

E ADDRESS Lwz

E DATA

1
1
1
1
1
1
1
LOAD WRITEBACK : LWZ)
T
1
1
1
1
1
1

Figure 8-4. Example of a Private Writeback Bus Load

The load and the xor writeback in the same clock since they use the writeback bus in two
different ticks.
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8.2.3 Fastest External Load (Data Cache Miss)

lwz rl2,64 (SP)
sub r3,r12,3
addic r4,r14,1

S R i [ [ v S
1

FETCH ( vwwz X suB X ADDIC )

DECODE

READ + EXECUTE Lwz (BUBBLE: (BUBBLE: (BUBBLE: < BUBBLE: { SUB
| S -

e - — o - - ) e — o

WRITEBACK

L ADDRESS DRIVE Lwz

1
1
1
1
1
1
1
1
1
I
1 LW2Z)
L DATA ! (Lw2)
1
1
1
1
T
1
1
1
1
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CACHE ADDRESS LWz

LOAD WRITEBACK LWZ

E ADDRESS Lwz

E DATA

Figure 8-5. Example of an External Load

The sub instruction is dependent on the value read by the load. It causes three bubbles in
the instruction execution stream. The external clock is shifted 90° relative to the internal
clock.
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8.2.4 A Full History Buffer

lwz rl2,64 (SP)
sub r5,5,3
addic r4,r14,1
and r3,r4.r5

xor r4,r3,r5

ori r7,r8,1

ol A1 S s B B
1

FETCH ( wz X su X appic X AND X XOR X ORI )

O

[2) (B) (o9 (wo) bisid b (on

DECODE

READ + EXECUTE

WRITEBACK

L ADDRESS DRIVE Lwz

1
1
I
1
1
1
[}
1
1
T
1 LW.
L DATA ! Lw
1
[}
1
1
T
1
1
1
[}
1
1
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CACHE ADDRESS

LOAD WRITEBACK

E ADDRESS Lwz

E DATA Lwz

Figure 8-6. Example of a Full History Buffer

This example demonstrates the condition of a full history buffer. In this case, the history
buffer is full from executing the sub, add, and and instructions. It takes one more bubble
from the load writeback to allow further issue. This is the time for the history buffer to retire
sub, add, and and.
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8.2.5 Branch Folding
lwz rl2,64 (SP)

sub r3,r12,3
addic r4,r14,1
bl func
func:

mulli  r5,r3,3

addi r4,3(r0)

BRANCH EXECUTE

Figure 8-7. Example of Branch Folding

S I Y Y I I
FETCH ( ELWZ X sus Y aoic Y B ¥ Bussle { wmutl Y AbDI ) %
i o
. 5
DECODE E é
READ + EXECUTE : wz ) (ussle» (BusBle) (sus )  (apbic)  (muLLi) g
WRITEBACK E
LADDRESSDRIVE | Wz @
L DATA i LWz
LOADWRITEBACK 1 w7
BRANCH DECODE E
.
|
|

The Iwz instruction accesses the internal storage with one wait state. The instruction
prefetch queue and parallel operation of the branch unit allows the two bubbles caused by
the bl issue and execution to overlap the two bubbles caused by the load. The issue of the
branch itself is referred to as a bubble since no actual work is done by a branch.
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8.2.6 Branch Prediction

while:
mulli  r3,r12,r4
addi r4,3(r0)

lwz rl2,64 (r2)
cmpi 0,r12,3
addic r6,r5,1
bit crO,while

GCLKL | |

i
1
FETCH ( Evaz X cwmp X ADDIC X  BLT )f: BUBBLE: MULLl X ADDI )
I
1
1
1

O

DECODE Lwz

LWz «:BDB_B_L_E:) «:B__U§B_LE:) (cower)  (appic)  (wuLll)

READ + EXECUTE

WRITEBACK
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L ADDRESS DRIVE Lwz

L DATA Lwz]

BRANCH DECODE BLT,

BRANCH EXECUTE BLT

BRANCH FINAL
DECISION

BLT

1
1
I
1
1
1
1
1
1
T
LOAD WRITEBACK ! Lwz
1
1
]
1
1
1
1
1

Figure 8-8. Example of Branch Prediction

In this example, the blt instruction is dependent on the cmpi instruction. Nevertheless, the
branch unit predicts the correct path and allows an overlap of its bubbles with those of Iwz.
When the cmpi writes back, the branch unit reevaluates the decision and if correct
prediction occurs no more action is taken and execution continues fluently. The fetched
instructions on the predicted path are not allowed to execute before the condition is finally
resolved. Instead, they are stacked in the instruction prefetch queue.
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SECTION 9
INSTRUCTION CACHE

The MPC823e instruction cache is a 16K four-way, set associative storage area. It is
organized into 256 sets, four lines per set and four words per line. Cache lines are aligned
on 4-word boundaries in memory and can be used as an SRAM that allows the application
to lock critical code segments that need fast and deterministic execution time. The cache
access cycle begins with an instruction request from the instruction unit in the core. If a
cache hit occurs, the instruction is delivered to the instruction unit and if a cache miss
occurs, the cache initiates a burst read cycle on the internal bus with the address of the
requested instruction. The first word received from the bus is considered the requested
instruction. The cache forwards this instruction to the instruction unit of the core as soon as
it is received from the internal bus. A cache line is then selected to receive the data that will
be coming from the bus. A least recently used (LRU) replacement algorithm is used to select
a line when no empty lines are available.

Instruction cache coherency in a multiprocessor environment is maintained by the software
and supported by a fast hardware invalidation capability. Figure 9-1 illustrates a block
diagram view of the cache organization and Figure 9-2 illustrates a view of the cache’s data
path.

9.1 FEATURES
The following is a list of the instruction cache’s main features:

e 16K Four-Way, Set-Associative at Four Words Per Line
« Implements the LRU Replacement Policy

« Parked on the Internal Bus

* Lockable Cache Lines

 “Critical word first” Burst Access

« Contains Stream Hit, which Allows Fetching from the Burst Buffer and of the Word
Currently on the Internal Bus

¢ Operates in Parallel with the Core to Maximize Performance
» Cache Control

O Supports PowerPC™ invalidate instruction
O Supports load and lock (cache line granularity)

MOTOROLA MPC823e REFERENCE MANUAL 9-1
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Instruction Cache

9-2

Supports Cache Inhibit

O As a cache mode of operation (cache disable)
O On memory regions (supported by the memory management unit)

Efficiently Uses the Pipeline of the Internal Bus by Initiating a New Burst Cycle (if a Miss
is Detected) while Bringing the Tail of the Previously Missed Line to the Cache.

Performance Enhanced for Cache-Inhibited Regions by Fetching a Full Line to the
Internal Burst Buffer. Instructions Stored in the Burst Buffer and Those Originated in a
Cache-Inhibited Region are Only Used Once before Being Refetched.

Instruction Unit Request has Priority Over a Burst Buffer Write to an Array (Burst Buffer
Holds Last Missed Data), thus Increasing the Overall Core Performance

Miss Latency is Reduced by Sending Addresses to the Cache and Internal Bus
Simultaneously and Aborting when a Hit before a Cycle Goes External

Minimum Operational Power Consumption

Tags and Data Arrays can be Accessed by the Core for Debugging and Testing
Purposes

Special Support is Available when the MPC823e Processor is in Debug Mode. Refer to
Section 9.9 Debug Support for More Information.
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Figure 9-1. Instruction Cache Organization Block Diagram
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Instruction Cache
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Figure 9-2. Cache Data Path Block Diagram

9.2 PROGRAMMING THE INSTRUCTION CACHE

Three special-purpose registers can be used to control the instruction cache with the mfspr
and mtspr instructions:

« Instruction cache control and status register (IC_CST)
* Instruction cache address register (IC_ADR)
« Instruction cache data port register (read-only) (IC_DAT)

These registers are privileged and any attempt to access them while the core is in the
problem state (MSRpg =1) results in a program interrupt.
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Instruction Cache

9.2.1 Instruction Cache Control and Status Register

The instruction cache control and status register (IC_CST) is used to configure and access
the status of the instruction cache.

IC_CST

BIT

o[ 123 ]a]s][s]7][8]09

10

11

12

13‘14‘15

FIELD

IEN RESERVED CMD RESERVED

CCER1

CCER2

CCER3

RESERVED

RESET

0 0 0 0

0

RIW

R — RIW —

SPR

560

BIT

6 |17 |18 |19 |20 |2 |2 |28 |24|2|26|27]2s8][2]3n]a

FIELD

RESERVED

RESET

0

RIW

SPR

560

NOTE:

— = Undefined.

IEN—Instruction Cache Enable Status

This read-only bit indicates the status of the instruction cache. Any attempt to write to it is
ignored. You can enable or disable the instruction cache by writing to the CMD field.

0 = Instruction cache is disabled.
1 = Instruction cache is enabled.

Bits 1-3—Reserved
These bits are reserved and must be set to 0.

CMD—Command
The following commands can be written to the CMD field to control and configure the

instruction cache. The machine must be in privilege mode (MSRpa=1).

000 =
001 =
010 =
011 =
100 =
101 =
110 =
111 =

Reserved.

CACHE ENABLE.
CACHE DISABLE.
LOAD & LOCK .
UNLOCK LINE.
UNLOCK ALL .
INVALIDATE ALL .
Reserved.

Bits 7-9—Reserved
These bits are reserved and must be set to 0.

MOTOROLA
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Instruction Cache

CCER1—lInstruction Cache Error Type 1
This field is sticky and set by the hardware. It is read-only and cleared when read.

0 = No Error.
1= Error.

CCER2—lInstruction Cache Error Type 2
This field is sticky and set by the hardware. It is read-only and cleared when read.

0 = No Error.
1= Error.

CCER3—lInstruction Cache Error Type 3
This field is sticky and set by the hardware. It is read-only and cleared when read.

0 = No Error.
1= Error.

Bits 13—-31—Reserved
These bits are reserved and must be set to 0.

9.2.2 Instruction Cache Address Register

The instruction cache register (IC_ADR) contains addresses to be used in the command
programmed in the IC_CST.

IC_ADR
e BT [ o1 |2 3456|7809 |w|ufn|n[u|s
_ FIELD ADR
=
£ RESET —
c
3 RIW RIW
o
gzg SPR 561
(@]
=z BIT 16‘17‘18‘19‘20‘21‘22‘23‘24‘25‘26‘27‘28‘29‘30‘31
FIELD ADR
RESET —
RIW RIW
SPR 561
NOTE: — = Undefined.

ADR—Address

This field represents the address to be used in the command programmed in the CMD field
of the IC_CST. The format may vary depending on the selected cache operation.
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9.2.3 Instruction Cache Data Port Register

The instruction cache data port register (IC_DAT) contains data that is received from the
instruction cache.

IC_DAT
BT [ o |12 3| afs |67 |89 w0|nu|[n|n|uls
FIELD DAT
RESET _

RIW RIW
SPR 562
BIT 16‘17‘18‘19‘20‘21‘22‘23‘24‘25‘26‘27‘28‘29‘30‘31

FIELD DAT

RESET —
RIW RIW
SPR 562

NOTE: — = Undefined.

DAT—Data

This field represents the data received when reading information from the instruction cache.
The format may vary depending on the selected cache.

9.3 INSTRUCTION CACHE OPERATION

On an instruction fetch, bits 20-27 of the instruction’s address point into the cache to retrieve
the tags and data of one set. The tags from all four accessed ways are then compared
against bits 0-19 of the instruction’s address. If a match is found and the matched entry is
valid, then it is a cache hit. If none of the tags match or the matched tag is not valid, itis a
cache miss. The instruction cache includes one burst buffer that holds the last line received
from the bus and one line buffer that holds the last line retrieved from the cache array. If the
requested data is found in one of these buffers, it can also be considered a cache hit. Refer
to Figure 9-2 for more information. To minimize power consumption, the instruction cache
attempts to make use of data stored in one of its internal buffers. Using a special indication
from the core, it is possible to make sure that the requested data is in one of the buffers early
enough that the cache array is not activated.

9.3.1 Instruction Cache Hit

When a cache hit occurs, bits 28-29 of the instruction address are used to select one word
from the cache line whose tag matches the instruction pointer. The instruction is then
immediately transferred to the instruction unit of the core.
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Instruction Cache

9.3.2 Instruction Cache Miss

When an instruction cache miss occurs, the address of the missed instruction is driven on
the internal bus with a 4-word burst transfer read request. A cache line is then selected to
receive the data that will be coming from the bus. The selection algorithm gives first priority
to invalid lines. If none of the lines in the selected set are invalid, then the least recently used
line is selected for replacement. Locked lines are never replaced. The transfer begins with
the word requested by the instruction unit, followed by the remaining words of the line, then
by the word at the beginning of the lines.

When the missed instruction is received from the bus, it is immediately delivered to the
instruction unit and also written to the burst buffer. As subsequent instructions are received
from the bus, they are written into the burst buffer and delivered to the instruction unit either
directly from the bus or from the burst buffer. When the line resides in the burst buffer, it is
written to the cache array as long as it is not busy with an instruction unit request. If a bus
error is encountered on the access to the requested instruction, then a machine check
interrupt is taken. If a bus error occurs on any access to other words in the line, then the
burst buffer is marked invalid and the line is not written to the array. However, if no bus error
is encountered, the burst buffer is marked valid and eventually written to the array.

If you receive a cache-inhibit signal, the line is only written to the burst buffer and not to the
cache. Instructions that are stored in the burst buffer and originate in a cache-inhibited
memory region are only used once before they are refetched. Refer to

Section 9.4.6 Instruction Cache Read for more information.

9.3.3 Instruction Fetch On A Predicted Path

The core allows branch prediction so branches can issue as early as possible. This
mechanism allows instruction prefetch to continue while an unresolved branch is being
computed and the condition is being evaluated. Instructions fetched after unresolved
branches are considered fetched on a predicted path. These instructions may be discarded
later if it turns out that the machine has followed the wrong path. To minimize power
consumption, the MPC823e instruction cache does not initiate a miss sequence in most
cases when the instruction is inside a predicted path. The MPC823e instruction cache
evaluates fetch requests to see if they are inside a predicted path and if a hit is detected, the
requested data is delivered to the core. However, if a cache miss is detected, the miss
sequence is usually not initiated until the core finishes branch evaluation.

9.4 INSTRUCTION CACHE COMMANDS

The MPC823e instruction cache supports the PowerPC invalidate instruction with some
additional commands that help control the cache and debug the information stored in it. The
additional commands are implemented using the three special-purpose control registers
mentioned previously in Section 9.2 Programming the Instruction Cache . Most of the
commands are executed immediately after the control register is written and unable to
generate any errors. Therefore, when executing these command, there is no need to check
the error status in the IC_CST.
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Some commands may take some time to generate errors. In the current implementation,
LOAD & LOCK is the only command to which this applies. Therefore, when executing these
commands, you must insert an isync instruction immediately after the instruction cache
command and check the error status in the IC_CST after the isync . The error type bits in
the IC_CST are sticky, thus allowing you to perform a series of instruction cache commands
before checking the termination status. These bits are set by the hardware and cleared by
the software.

Only commands that are not immediately executed need to be followed by an isync
instruction for the hardware to perform them correctly. However, all commands need to be
followed by an isync to make sure all instruction fetches that are after the instruction cache
commands in the program stream are affected by the instruction cache command. When the
instruction cache is executing a command it is busy, so it stops any treatment of core
requests. This eventually results in a machine stall.

9.4.1 Invalidating the Instruction Cache

The MPC823e implements the PowerPC instruction cache block invalidate (icbi ) instruction
if it only pertains to the MPC823e instruction cache. This instruction does not broadcast on
the external bus and the MPC823e does not snoop this instruction if it is broadcasted by
other masters. This command is not privileged and has no associated error cases. The
instruction cache performs this instruction in one clock cycle. To accurately calculate the
latency of this instruction, bus latency must be taken into consideration.

The invalidate all instruction cache operation is privileged and any attempt to perform it
when the core is in the problem state (MSRpg =1) results in a program interrupt. When it is
invoked and MSRpr = 0, all valid lines in the cache, except the lines that are locked, are
made invalid. As a result of this command, the lines’ LRU points to an unlocked Way or to
Way 0 if all of the lines are unlocked. This last feature is useful when initializing the
instruction cache out of reset. For more information, refer to Section 9.8 Reset Sequence .
To invalidate the whole cache, set the INVALIDATE ALL command in the IC_CST. This
command has no associated error cases. The instruction cache performs this instruction in
one clock cycle. To accurately calculate the latency of this instruction, bus latency must be
taken into consideration.
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Instruction Cache

9.4.2 Loading and Locking the Instruction Cache

The LOAD & LOCK command is used to lock critical code segments in the instruction
cache. This operation is privileged and any attempt to perform it when the core is in the
problem state (MSRpg = 1) results in a program interrupt. LOAD & LOCK is performed on a
cache line granularity and after a line is locked, it operates as a regular instruction SRAM. It
is not replaced during misses and it is not affected by invalidation commands. The hardware
operation trusts the software to follow the exact steps mentioned in Section 9.7 Updating
Code And Memory Region Attributes . To load and lock a line, follow these steps:

Read the error type bits in the IC_CST to clear them.
Write the address of the line to be locked to the IC_ADR.
Set the LOAD & LOCK command in the IC_CST.

Execute the isync instruction.
Return to Step 2 to load and lock more lines.

L A

Read the error type bits in the IC_CST to determine if the operation completed
properly.

After the LOAD & LOCK command is written to the IC_CST, the cache checks to see if the
line containing the byte addressed by the IC_ADR is in the cache. If it is a hit, the line is
locked and the command terminates with no exception. If it is not, a regular miss sequence
is initiated. After the whole line is placed in the cache, the line is locked. You must check the
error type bits in the IC_CST to determine if the LOAD & LOCK operation completed
properly. The LOAD & LOCK command can generate two errors:

» Type 1—A bus error occurs in one of the cycles that fetched the line.

» Type 2—There is no place to lock. It is your responsibility to make sure that there is at
least one unlocked way in the appropriate set.

9.4.3 Unlocking A Line

The UNLOCK LINE command is used to unlock previously locked cache lines. This
operation is privileged and any attempt to perform it when the core is in the problem state
(MSRpg = 1) results in a program interrupt. UNLOCK LINE is performed on a cache line
granularity. If the line is found in the cache it is considered a hit, thus it is unlocked and
operates as a regular valid cache line. If the line is not found in the cache it is considered a
miss, there is no operation and the command terminates without an exception. To unlock a
line, follow these steps:

1. Write the address of the line to be unlocked into the IC_ADR.
2. Setthe UNLOCK LINE command in the IC_CST.
This command has no error cases that you need to check. The instruction cache performs

this instruction in one clock cycle. To accurately calculate the latency of this instruction, bus
latency must be taken into consideration.
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9.4.4 Unlocking the Entire Instruction Cache

The UNLOCK ALL command is used to unlock the entire instruction cache. This operation
is privileged and any attempt to perform it when the core is in the problem state (MSRpg =1)
results in a program interrupt. It is performed on all cache lines. If a line is locked, it is
unlocked and operates as a regular valid cache line. If a line is not locked or if it is invalid,
no operation occurs. To unlock the whole cache, set the UNLOCK ALL command in the
IC_CST. This command has no associated error cases. The instruction cache performs this
instruction in one clock cycle. To accurately calculate the latency of this instruction, bus
latency must be taken into consideration.

9.4.5 Inhibiting the Instruction Cache

In the MPC823e, there are two ways to inhibit the cache—using the MMU cache-inhibit
attribute or the cache disable mode. To disable the instruction cache, set the CACHE
DISABLE command in the IC_CST. This operation is privileged and any attempt to perform
it when the core is in the problem state (MSRpg =1) results in a program interrupt. This
command has no error cases that you need to check.

To enable the instruction cache, set the CACHE ENABLE command in the IC_CST. This
operation is privileged and any attempt to perform it when the core is in the problem state
(MSRpg =1) results in a program interrupt. This command has no error cases that you need
to check. When fetching from cache-inhibited regions the full line is brought to the internal
burst buffer. Instructions that originate in a cache-inhibited region and are stored in the burst
buffer can be sent to the MPC823e core no more than once before being refetched. In the
memory management unit, a memory region can be programmed as cache-inhibited. When
changing a memory region to be cache inhibited, you must unlock all previously locked lines
containing code that originated in this memory region, invalidate all lines containing code
that originated in this memory region, and execute an isync instruction.

% Note: Failure to follow these steps causes code from cache-inhibited regions to be left
inside the cache and any reference to these regions will result in a cache hit. If
a reference to a cache-inhibited region results in a cache hit, the data is sent to

the core from the cache and not from memory.

When the MPC823e asserts the FRZ signal, it indicates that the MPC823e is under debug
and all fetches from the cache are treated as if they were from the cache-inhibited memory
region. For more information on cache debug support, refer to Section 9.9 Debug Support
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Instruction Cache

9.4.6 Instruction Cache Read

The MPC823e allows you to read all data stored in the instruction cache, including the
content of the tags array. However, this operation is privileged and any attempt to perform
it when the core is in the problem state (MSRpg =1) results in a program interrupt. To read
the data stored in the instruction cache, follow these steps:

1. Write the address of the data to be read to the IC_ADR. It is also possible to read this
register for debugging purposes.

2. Read the IC_DAT register.

So that it can access all parts of the instruction cache, the IC_ADR is divided into the fields
shown in the following table.

IC_ADR (CACHE READ COMMAND FORMAT)

BT [ o1 |2 afa]s|[6|7]8]09|w|ufn|n[u|s
FIELD RESERVED
RESET —
RIW RIW
SPR 561
BT |16 |17 |18 |19 | 20 |21 |22 |23 |24 |25 |26 | 27|28 |20 |30 |31
FELD |RES| TS | WAY SET WORD | RESERVED
RESET & — — — - - —
RW | RW|RW/| RW RIW RIW RIW
SPR 561
NOTE: — = Undefined.

Bits 0—-16—Reserved
These bits are reserved and must be set to 0.

TD—Tag or Data Select

0 = Select tag RAM.
1 = Select data RAM.

WAY—Way Select

00 = Select way 0 of cache array.
01 = Select way 1 of cache array.
10 = Select way 2 of cache array.
11 = Select way 3 of cache array.

SET—Set Select
This field is used to select the set index of the cache array.
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WORD—Word Select
This field is used to select a word within a set and way.

Bits 30-31—Reserved
These bits are reserved and must be set to 0.

When read from the data array, the 32 bits of the word selected by the IC_ADR is placed in
the targeted general-purpose register. When read from the tag array, the 22 bits of the tag
and related information that is selected by the IC_ADR are all placed in the targeted
general-purpose register. The following table provides the bit layout of the instruction cache
data register when reading a tag.

IC_DAT (TAG READ FORMAT)

BT [ o1 |23 456|780 w|ufn|n][us
FIELD TAG
RESET —
RIW RIW
SPR 562
BIT 16‘17‘18‘19 20\21 2 | 23 24‘25‘26‘27‘28‘29 30\31
FIELD TAG RES VoL LRU RES
RESET - - —| - — —
RIW RIW RW | RW | RW R RIW
SPR 562
NOTE: — = Undefined.

TAG—Tag Select
This field contains the upper 22 bits of the address.
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Bits 20-21 and 30-31—Reserved
These bits are reserved and must be set to 0.

o

V—Valid Entry

0 = Entry is not valid.
1= Entry is valid.

L—Lock Entry

0 = Entry is unlocked.
1= Entry is locked.
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Instruction Cache

LRU—Least-Recently Used
This bit indicates that the entry is aged or least recently used.

Bit 24—When set, way 3 is more recently used than way 2.
Bit 25—When set, way 3 is more recently used than way 1.
Bit 26—When set, way 3 is more recently used than way O.
Bit 27—When set, way 2 is more recently used than way 1.
Bit 28—When set, way 2 is more recently used than way O.
Bit 29—When set, way 1 is more recently used than way 0.

9.4.7 Instruction Cache Write
Instruction cache write is only enabled when the MPC823e is in test mode.

9.5 RESTRICTIONS

Zero wait state devices that are placed on the internal bus are considered to be in the
cache-inhibited memory region and the hardware correct operation trusts the software to
follow the exact steps mentioned in Section 9.7 Updating Code And Memory Region
Attributes . It is not recommended that you perform LOAD & LOCK from zero wait state
devices that are placed on the internal bus, especially since it is not guaranteed that the data
will be fetched from the instruction cache. In most cases, it is fetched from the device, but
found in the instruction cache.

9.6 INSTRUCTION CACHE COHERENCY

Cache coherency in a multiprocessor environment is maintained by the software and
supported by the invalidation mechanism as described above. All instruction storage is
considered to be coherent, not required, mode.

9.7 UPDATING CODE AND MEMORY REGION ATTRIBUTES

To update the code or change the programming of the memory regions in the chip-select
logic, follow these steps:
1. Update the code and change the memory region programming in the chip-select logic.
2. Execute the sync instruction to ensure that the update/change operation has finished.
3. Unlock all locked lines that contain code that was updated.
4. Invalidate all lines that contain code that was updated.
5. Execute the isync instruction.

9.8 RESET SEQUENCE

To simplify the debug task of the system, the instruction cache is only disabled during
hardware reset (IC_CSTgy = 0). This feature enables you to investigate the exact state of
the instruction cache prior to the event that asserts the reset. To ensure proper operation of
the instruction cache after reset, the UNLOCK ALL , INVALIDATE ALL , and
INSTRUCTION CACHE ENABLE commands must be executed.
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9.9 DEBUG SUPPORT

The MPC823e can be debugged either in debug mode or by a software monitor debugger.
In both cases, the core of the MPC823e CPU asserts the internal freeze (FRZ) signal. When
FRZ is asserted the instruction cache treats all misses as if they were from cache-inhibited
regions and, assuming the debug routine is not in the instruction cache, the cache state
remains exactly the same. When FRZ is asserted, hits are still read from the array and the
LRU bits are updated. Therefore, in the simple case of the debug routine it is read from
memory like any other miss. However, for performance reasons, it might be preferable to
run the debug routine from the cache. Follow these steps with little variation:

1.

Save all four ways of the sets that are needed for the debug routine by reading the tag,
LRU code bit, valid bit, and lock bit values.

2. Unlock the locked ways in the selected sets.

4.

Use a LOAD & LOCK command to load and lock the debug routine into the instruction
cache (LOAD & LOCK operates the same when FRZ is asserted).

Run the debug routine. All accesses to it will result in hits.

After the debug routine has completed, the old state of the instruction cache can be restored
by following these steps:

A wnd PR

Unlock and invalidate all the sets that are used by the debug routine (both ways).
Use a LOAD & LOCK command to restore the old sets.
Unlock the ways that were not previously locked.

To restore the old state of the LRU, accesses must be made in the second LRU way,
the third LRU way and the MRU way. An access in this description is either LOAD &
LOCK or UNLOCK LINE.

9.9.1 Fetching Instructions From The Development Port

When the MPC823e is in debug mode, all instructions are fetched from the development
port, regardless of the address generated by the MPC823e core. Therefore, the instruction
cache is practically bypassed when the MPC823e is in debug mode.
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SECTION 10
DATA CACHE

The MPC823e data cache is a 8K two-way, set-associative cache. It is organized into 256
sets, two lines per set and four words per line. Cache lines are aligned on 4-word boundaries
in memory and can be used as an SRAM that allows the application to lock critical data
segments that need a fast and deterministic execution time. Two state bits are included in
each cache line and implement invalid, modified-valid, and unmodified-valid states of the
data cache. Cache coherency in a multiprocessor environment is maintained by the
software and supported by a fast hardware invalidation capability. The cache is designed for
both writeback and writethrough modes of operation and a least recently used (LRU)
replacement algorithm is used to select a line when no empty lines are available.

10.1 FEATURES

The following is a list of the data cache’s main features:

« 8K Four-Way, Set Associative, and Physically Addressed

« Single-Cycle Cache Access on Hit and 1 Clock Latency Added for Miss
e Four Word Line Size

« “Critical Word First” and Four Word Burst Line Fill

« Implements LRU Replacement Policy

« 32-Bit Interface to Load/Store Unit

* One-Word Write Buffer

« Lockable Cache Line Granularity

¢ Copyback/Writethrough Operation is Programmed per Memory Management Unit
Page

¢ Coherency is Only Maintained by the Software and No Bus Snooping is Supported

¢ Cache Operation is Blocked under Miss, until the Critical Word is Delivered to the Core
¢ Hit Under Miss Operation

* Full Data Cache PowerPC™ Control Operations

» Implementation-Specific Single Operation
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Data Cache

10.2 ORGANIZATION OF THE DATA CACHE

The data cache is a 8K two-way, set associative, physically addressed cache that has
16-byte line and a 32-bit data path to and from the load/store unit, which allows for a 4-byte
transfer per cycle.
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Figure 10-1. Data Cache Organization
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Figure 10-2. Cache Data Path Block Diagram

10.3 PROGRAMMING THE DATA CACHE

10.3.1 PowerPC Architecture Instructions

The following PowerPC instructions are supported by the data cache.

10.3.1.1 PowerPC USER INSTRUCTION SET ARCHITECTURE (BOOK 1)

’

The data cache supports the sync instruction through a cache pipe clean indication to the

core.
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Data Cache

10.3.1.2 PowerPC VIRTUAL ENVIRONMENT ARCHITECTURE (BOOK II)
The data cache supports the following instructions:

 Data cache block flush (dcbf)

» Data cache block store (dcbst)

» Data cache block touch (dcbt)

» Data cache block touch for store (dcbtst )
» Data cache block set to zero (dcbz)

10.3.1.3 POWERPC OPERATING ENVIRONMENT ARCHITECTURE (BOOK IIl). The
data cache supports the dcbi (data cache block invalidate) instruction.

10.3.2 Implementation-Specific Operations

The MPCB823e data cache includes some extended features in addition to those of the
PowerPC architecture. The following are implementation-specific operations supported by
the MPC823e:

» Block lock

» Block unlock

* Invalidate all

* Unlock all

* Flush cache line

* Read tags

* Read registers

10.3.3 Special Registers of the Data Cache

The PowerPC special registers are accessed via the mtspr and mfspr instructions. The
following registers are used to control the data cache:

» Data cache control and status register (DC_CST)
» Data cache address register (DC_ADR)
» Data cache data register (DC_DAT)

These registers are privileged and any attempt to access them while the core is in the
problem state (MSRpg =1) results in a program interrupt.
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10.3.3.1 DATA CACHE CONTROL AND STATUS REGISTER. The data cache control
and status register (DC_CST) is used to configure and access the status of the data cache.

bC_CST
BT | o | 1] 2] 3 4‘5‘6‘7 8‘9 10| 11 13‘14\15
FIELD DEN DFWT LES RES CMD RESERVED CCER1 | CCER2 | CCER3 RESERVED
RESET 0 0 0 0 0 0 0 0 0 0
R/W R R R RIW RIW RIW R R R RIW
SPR 568

BT |16 |17 |18 |19 |20 |2 |2 |23 |2 |25 |2 |27]28]2]3]a

FIELD RESERVED
RESET 0
RIW RW
SPR 568
NOTE: — = Undefined.

DEN—Data Cache Enable Status

This read-only bit indicates the status of the data cache. Any attempt to write to it is ignored.
You can enable or disable the data cache by writing to the CMD field.

0 = Data cache is disabled.
1 = Data cache is enabled.

DFWT—Data Cache Force Writethrough

This bit is read-only and any attempt to write to it is ignored. Write to the CMD field to set or
force writethrough mode.

0 = Data cache mode is determined by the memory management unit.
1 = Data cache is forced writethrough.

LES—Little-Endian Swap

This bit is read-only. Write to the CMD field to set or clear little-endian swap mode. Refer to
Section 14 Endian Modes for details about using this bit to achieve the required endian
behavior.

0 = Address of the data and the instruction caches is the unchanged address from the
core. No byte swap is done on the data and instruction caches’ external accesses.

1 = Address munging performed by the core is reversed before accessing the data
cache, the instruction cache and storage. Byte swap is performed for the
instruction and data caches’ external accesses. This bit is a read-only bit and any
attempt to write to it is ignored.
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Bits 3, 8, and 9—Reserved
These bits are reserved and must be set to O.

CMD—Command

The following commands can be written to the CMD field to control and configure the data
cache. The machine must be in privilege mode (MSRpg=1).

0000 = Reserved.

0010 = Data Cache ENABLE.

0100 = Data Cache DISABLE.

0110 = LOCK LINE.

1000 = UNLOCK LINE.

1010 = UNLOCK ALL .

1100 = INVALIDATE ALL .

1110 = FLUSH Data Cache LINE.

0001 = SET FORCE WRITETHROUGH MODE.
0011 = CLEAR FORCE WRITETHROUGH MODE.
0101 = SET LITTLE-ENDIAN SWAP MODE .
0111 = CLEAR LITTLE-ENDIAN SWAP MODE .
Others = Reserved.

CCER1—Data Cache Error Type 1
This field is sticky and set by the hardware. It is read-only and cleared when read.

0 = No Error.
1= Error.

CCER2—Data Cache Error Type 2
This field is sticky and set by the hardware. It is read-only and cleared when read.

0 = No Error.
1= Error.

CCER3—Data Cache Error Type 3
This field is sticky and set by the hardware. It is read-only and cleared when read.

0 = No Error.
1= Error.

Bits 13—-31—Reserved
These bits are reserved and must be set to 0.
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Data Cache

10.3.3.2 DATA CACHE ADDRESS REGISTER. The data cache address register
(DC_ADR) contains the address to be used in the command programmed in the CMD field
of the DC_CST. It also may contain the internal address for the read tags and register
operation.

DC_ADR
BT [ o1 |2 afa]s|[6|7]8]09|w|ufn|n][us
FIELD ADR
RESET —

RIW RIW
SPR 569
BIT 16\17\18\19\20\21\22\23\24\25\26\27\28\29\30\31

FIELD ADR

RESET _
RIW RIW
SPR 569

NOTE: — = Undefined.

ADR—Address

This field represents the address to be used in the command programmed in the DC_CST.
It is also the internal address used to read tags and registers.

10.3.3.3 READING THE CACHE STRUCTURES. To read the data stored in the data
cache tags or registers, follow these steps:

1. Write to the DC_ADR. This register can also be read for debugging purposes.
2. Read the DC_DAT register.
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The DC_ADR must be configured into the following fields before the internal parts of the
data cache are read from the DC_DAT register.

DC_ADR (CACHE READ COMMAND FORMAT)

BT [ o1 |23 a]s|[6|7]8]09|w|ufn|n][u]s
FIELD RESERVED

RESET —

RIW RIW

SPR 569

BT |16 |17 |18 |19 |20 |2 |2 |23 |2 |25 ]2 |27]28]2]3n]a
FIELD | RESERVED | RT | WAY SET RESERVED
RESET — — | = _ —

RIW RW | RW | RW RIW RIW

SPR 569
NOTE: — = Undefined.

Bits 0-17 and 28—-31—Reserved
These bits are reserved and must be set to 0.

RT—Register or Tag Selection

0 = Select tag operation.
1 = Select register operation.

WAY—Way Selection

0 = Select Way 0 of the cache array.
1 = Select Way 1 of the cache array.

SET—Set Selection
This field is used to select the index of the cache array. When RT is set to 1, it specifies the

register to be read. The following registers and their encoding are supported:
» 0x00—Copyback data register 0
» 0x01—Copyback data register 1
» 0x02—Copyback data register 2

@

» 0x03—Copyback data register 3
» 0x04—Copyback address register

When reading from the DC_DAT register, the 20 bits of the tag (and related information) that
is selected by the DC_ADR are placed in the targeted general-purpose register. The
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following table illustrates the DC_DAT register’s bit layout when reading a tag. Writing to
DC_DAT is illegal and can result in an undefined data cache state.

DC_DAT (TAG READ FORMAT)

BIT 0‘1‘2‘3‘4‘5‘6‘7‘8‘9‘10‘11‘12‘13‘14‘15
FIELD TAG

RESET _

RIW RIW

SPR 570

BIT 16‘17‘18‘19 20\21 2| 23| 24| 25 26‘27‘28‘29‘30‘31
FIELD G RESERVED | V | L |LRU| D RESERVED

RESET - - N R -

RIW RIW RW | RW | RW | RW | RW RIW

SPR 570
NOTE: — = Undefined.

TAG—Tag Selection
This field contains the upper 20 bits of the address.

Bits 20-21 and 26—-31—Reserved
These bits are reserved and must be set to 0.

V—Valid Cache Line

0 = Entry is not valid.
1= Entry is valid.

L—Lock Entry

0 = Cache entry is unlocked.
1 = Cache entry is locked.

LRU—Least Recently Used

0 = This entry is not aged or least-recently used.
1= This entry is aged or least-recently used.

D—Dirty or Clean Cache Line

0 = This entry has not been modified since it was read from memory.
1 = This entry has been modified since it was read from memory.
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10.4 OPERATING THE DATA CACHE

The data cache is a three-state design. Two bits are included in each cache line to maintain
the line’s state information. The status bits keep track of whether or not the line is valid or if
it has been modified relative to memory. These modes are invalid, modified-valid, and
unmodified-valid.

10.4.1 Data Cache Read

There are two possible outcomes of a data cache read:

» Read Hit—On a cache hit, the requested word is immediately transferred to the
load/store unit and the LRU state of the set is updated. No state transition occurs and
the access time is 1 clock (zero wait state).

» Read Miss—A line in the cache is selected to hold the data that will be fetched from
memory. The selection algorithm gives first priority to invalid lines and if both lines are
invalid, the way zero line is selected first. If neither of the two candidate lines in the
selected set is invalid, then one of the lines is selected by the LRU algorithm for
replacement. If the selected line is valid-modified (dirty), then itis kept in a special buffer
to be written out (flushed) to memory or a later time.

Subsequently, the address of the missed entry is sent to the system interface unit with
arequest to retrieve the cache line. The system interface unit arbitrates for the bus and
initiates a 4-word burst transfer read request. The transfer begins with the aligned word
containing the missed data, followed by the remaining word in the line, then by the word
at the beginning of the line (wraparound). As the missed word is received from the bus,
it is delivered (forwarded) directly to the load/store unit. When the line has been fully
received, it is written into the cache. The data cache supports further requests as long
as they hit in the cache immediately after the arrival of the critical word.

After the line with the requested data has been brought from memory, the dirty line kept
in the buffer is sent to the system interface unit to be written out (flushed) to memory. If
a bus error is detected during the fetch of the missed “critical word”, a machine check
interrupt is generated. If a bus error occurs on any other word in the line transfer, the
line is marked invalid. On the other hand, if no bus error is encountered, the cache line
is marked unmodified-valid. If a bus error is detected during the dirty line flush, a
machine check interrupt is generated (the dirty line flush error is an imprecise interrupt).
For more information about reading the address and data of a line, see

Section 10.3.3.3 Reading the Cache Structures

10.4.2 Data Cache Write

The cache operates in either writethrough or copyback mode, depending on how the
memory management unit is programmed. If two logical blocks map to the same physical
block, it is considered a programming error for them to specify different cache write policies.
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Data Cache

10.4.2.1 COPYBACK MODE

In copyback mode, write operations do not necessarily update the external memory. For this
reason, copyback mode is the preferred mode of operation when it is necessary to keep bus
bandwidth usage and power consumption at a minimum. The possible outcomes of a data
cache write in copyback mode are:

« Write Hit to Modified Line—Data is simply written into the cache with no state transition.
The LRU of the set is updated to point to the way holding the hit data.

* Write Hit to Unmodified Line—Data is written into the cache and the line is marked
modified. The LRU of the set is updated to point to the way holding the hit data.

« Write Miss—A line in the cache is selected to hold the data that is fetched from memory.
The selection algorithm gives first priority to invalid lines if both lines are invalid the way
zero line is selected first. If neither of the two candidate lines in the selected set is
invalid, then one of the lines is selected by the LRU algorithm for replacement. If the
selected line is valid-modified (dirty), it is kept in a special buffer to be written out
(flushed) to memory at a later time.

Subsequently, the address of the missed entry is sent to the system interface unit with
arequest to retrieve the cache line. The system interface unit arbitrates for the bus and
initiates a 4-word burst transfer read request. The transfer begins with the aligned word
containing the missed data (the critical word first), followed by the remaining word in the
line, then by the word at the beginning of the line (wraparound). As the missed word is
received from the bus, it is merged with the data to be written. When the line has been
fully received, it is written into the cache. Once the line fill is complete, the new store
data is written into the cache and the line is marked modified-valid (dirty). At this point,
if the machine stalls while waiting for the store to complete, execution is allowed to
resume. The data cache does not support further requests until after the whole line
arrives.

After the line with the requested data has been brought from memory, the dirty line kept
in the buffer is sent to the system interface unit to be written out (flushed) to memory.
The data cache can support further requests as long as they hit in the cache while
flushing the dirty line to memory. If a bus error is detected during a fetch of the missed
line (even on a word not accessed by the load/store unit) the cache line is not modified
and a machine check interrupt is generated. If a bus error is detected during the dirty
line flush, a machine check interrupt is generated (the dirty line flush error is an
imprecise interrupt). For more information about reading the address and data of a line,
see Section 10.3.1.2 PowerPC Virtual Environment Architecture (Book I1)
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10.4.2.2 WRITETHROUGH MODE. In writethrough mode, store operations always update
memory. This mode is used when external memory and internal cache images must agree.
It gives a lower worst-case interrupt latency at the expense of average performance (for
example, if it does not have to do flush accesses). The possible outcomes of a data cache
write in writethrough mode are:

» Write Hit—Data is written into both the cache and memory, but the cache state is not
changed. The LRU of the set is updated to point to the way holding the hit data. If a bus
error is detected during the write cycle, the cache is still updated and a machine check
interrupt is generated.

» Write Miss—Data is only written into memory, not to the cache (write no allocate) and
no state transition occurs. The LRU is not changed, but if a bus error is detected during
the write cycle, a machine check interrupt is generated.

10.4.3 Data Cache Inhibited Accesses

If the cache access is to a page that has the CI bit set in the memory management unit, one
of the following outcomes will occur:

* Hit to Modified or Unmodified Line—This is considered a programming error if the
targeted location copy of a load, store, or dcbz instruction to cache inhibit storage is in
the cache. The result is boundedly undefined.

» Read Miss—Data is read from memory, but not placed in the cache. The cache’s status
is unaffected.

» Write Miss—Data is written through to memory, but not placed in the cache. The
cache’s status is unaffected.

10.4.4 Data Cache Freeze

The MPC823e can be debugged either in debug mode or by a software monitor debugger.
In both cases, the MPC823e core asserts the internal FRZ signal. For a detailed description
of MPC823e debug support, refer to Section 20 Development Capabilities and

Interface . When FRZ is asserted, the possible outcomes are:

» Read Miss—Data is read from memory, but not placed in the cache. The cache’s status
is unaffected.

* Read Hit—Data is read from the cache, but LRU is not updated.
» Write Miss/Hit—Data cache operates in writethrough mode, but LRU is not updated.

* dcbz Instruction Miss/Hit—Data is written into cache and memory, but LRU is not
updated.

 dchst /dcbf /dchi Instructions—The data cache and memory is updated according to
the PowerPC architecture, but LRU is not updated.
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10.4.5 Data Cache Coherency

The MPC823e data cache provides no support for snooping external bus activity. All
coherency between the internal caches and memory/devices external to the extended core
must be controlled by the software. In addition, there is no mechanism provided for DMA or
other internal masters to access the data cache directly.

10.5 DATA CACHE COMMANDS

10.5.1 Flushing and Invalidating the Cache

The MPC823e allows the data cache to be flushed and invalidated when it is being
controlled by the software. The data cache can be invalidated by writing the UNLOCK ALL
and INVALIDATE ALL commands to the DC_CST. The data cache is not automatically
invalidated on reset. It must be invalidated under software control. The data cache can be
flushed by a software loop using the dcbst or dcbf instructions or the implementation-
specific CACHE LINE FLUSH command. Notice that the PowerPC architecture instructions
flush a line indexed by the effective address, while the implementation-specific command
indexes a line by its physical set index within the data cache.

When flushing must be restricted to a specific memory area or the architecture must be
compliant, itis recommended that you use the PowerPC architecture instructions. However,
if the entire data cache must be flushed and there is no concern for compatibility, the
implementation-specific command is more efficient. If a bus error occurs while executing the
dcbf and dcbst instructions or the implementation-specific CACHE LINE FLUSH
command, the data of the cache line specified by these operations must be retrieved from
the copyback data registers rather than from the data cache array.

10.5.2 Enabling and Disabling the Cache

The data cache can be enabled or disabled by writing the DATA CACHE ENABLE and
DATA CACHE DISABLE commands to the DC_CST. In the disabled state, the cache tag
state bits are ignored and all accesses are propagated to the bus as single beat
transactions. The default after the reset state of the data cache is disabled. Disabling the
data cache does not affect the data address translation logic and translation is still controlled
by the MSRpg bit. Any write to the DC_CST must be preceded by a sync instruction. This
prevents the data cache from being disabled or enabled in the middle of a data access.
When the data cache generates an interrupt as a result of a bus error on the COPYBACK
or implementation-specific CACHE LINE FLUSH command, it enters the disable state.
Operation of the cache when it is disabled is similar to cache-inhibit operation.

10.5.3 Locking and Unlocking the Cache

Each line of the data cache can be independently locked by writing the LOCK LINE
command to the DC_CST. Replacement line fills are not performed to a locked line. A flush
or invalidation of a locked line cache is ignored by the data cache. Any write to the DC_CST
must be preceded by a sync instruction, which prevents a cache from being locked during
a line fill. Use the UNLOCK LINE or UNLOCK ALL commands to unlock the cache.

MOTOROLA MPC823e REFERENCE MANUAL 10-13
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Data Cache

10.5.4 Data Cache Instructions

10.5.4.1 dchi, dcbst, dcbf AND dcbz INSTRUCTIONS

The dcbz, dcbi, dcbst , and dcbf instructions operate on a block basis of cache line, which
is 16 bytes (4 words) long. A data TLB miss exception is generated if the effective address
of one of these instructions cannot be translated and data address relocation is enabled.

10.5.4.2 TOUCH. The dcht and dcbtst instructions of the MPC823e operate on a block
basis of cache line, which is 16 bytes (4 words) long. Touch instructions initiate bus transfers
to bring in a cache line of data from memory. They become no operation instructions if the
effective address cannot be translated when the memory management unit is enabled.

10.5.4.3 STORAGE SYNCHRONIZATION/RESERVATION. The lwarx and stwcx.
instructions are implemented according to the PowerPC architecture requirements. When
the storage accessed by the Iwarx and stwcx. instructions is in the Cache Allowed mode,
it is assumed that the system works with the single master in this storage region. Therefore
in the case of a data cache miss, the access on the internal and external buses do not have
a reservation attribute.

The MPC823e does not cause the system data storage error handler to be invoked if the
storage accessed by the lwarx and stwcx. instructions is in the Write Through Required
mode. The MPC823e does not provide support for snooping an external bus activity outside
the chip. The provision is made to cancel the reservation inside the MPC823e by using the
CR_B and KR_B input pins. The data cache has a snoop logic to monitor the internal bus
for CPM accesses of the address associated with the last Iwarx instruction.

10.5.5 Data Cache Read

To allow debug and recovery actions, the MPC823e allows you to read the content of the
tags array as well as the last copyback address and data buffers. See

Section 10.3.3 Special Registers of the Data Cache  for details. This operation is
privileged and any attempt to perform it when the core is in the problem state (MSRpg =1)
results in a program interrupt.
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SECTION 11
MEMORY MANAGEMENT UNIT

The MPC823e implements a virtual memory management scheme that provides cache
control, storage access protection, and effective-to-real address translation. This
implementation includes separate instruction and data memory management units. The
MPC823e memory management unit is compliant with the PowerPC Microprocessor
Family: The Programming Environment for 32-Bit Microprocessors manual in relation to the
supported attributes, except that two new modes of operation have been added:

« PowerPC™ mode with extended encoding
« Domain manager mode
Available protection granularity sizes are page (4K, 16K, 512K, or 8M) or 1K subpage
(1K subpage resolution is supported for 4K pages only). The prefix Mx_ that appears before

a memory management unit control register name corresponds to instruction and data
cache conditions.

11.1 FEATURES

The following is a list of the memory management unit’s main features:

« 32-Entry Fully Associative Data and Instruction Translation Lookaside Buffers (TLBs)
« Multiple Page Size Support

¢ High Performance

e Supports Maximum of 16 Virtual Address Spaces
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e Supports 16 Access Protection Groups

< Each Entry can be Programmed to Match Problem Accesses, Privileged Accesses, or
Both

¢ PowerPC MSR; and MSRpg Controls Memory Management Unit Translation and
Protection

®

» Supports PowerPC tlbie and tlbia Instructions. No tlbsync Instruction is Supported,
but it is Implemented as a NOP Instruction.

« PowerPC mtspr/mfspr Instructions to and from the Implementation-Specific
Special-Purpose Registers can be Used for Programming

¢ A Scratch Register is Available for Software Tablewalks
« Designed for Minimum Power Consumption
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Memory Management Unit

11.2 ADDRESS TRANSLATION

The MPC823e core generates 32-bit effective addresses and, when enabled, the memory
management unit translates the effective address to a real address that is used for cache or
memory access. If disabled, the effective address is passed as the real address to the
memory, which bypasses the appropriate translation lookaside buffer. When the memory
management unit is enabled, the effective address is used to locate a TLB entry if found or
hit, which will then provide the real address mapping and storage attributes. For
performance reasons, a translation lookaside buffer is implemented in each hardware cache
to hold recently used address translations. In the MPC823e, the table lookup and TLB reload
are performed by a software routine with little hardware assistance. This partition simplifies
the hardware and gives the system the opportunity to choose the translation table structure.

A TLB hit in multiple entries is avoided during the TLB reload phase. The TLB logic
recognizes that the effective page number (EPN) currently loaded into the translation
lookaside buffer overlaps another EPN. At least when taking into account the page sizes,
subpage validity flags, problem/privileged state, address space ID (ASID), and the SH
values of the TLB entries. When such an event occurs, the current EPN is written into the
translation lookaside buffer and the entry of the other EPN is invalidated from the translation
lookaside buffer.

The memory management unit supports a multiple virtual address space model and, when
enabled, each translation is associated with an ASID. In this case, for the translation to be
valid, its ASID must be equal to the current address space ID (CASID) that is in effect when
an access is performed.

11.2.1 Translation Lookaside Buffer Operation

Two translation lookaside buffers are provided in the MPC823e—one for instruction fetches
and one for data accesses. The translation lookaside buffer contains pointers to pages in
the real memory where data is indexed by the effective page number and it can hold entries
with different page sizes. The entry page size controls the number of effective address bits
to be compared and the number of least-significant effective address bits that remain
untranslated and passes them as least-significant real address bits.

For a 4K page size, four subpage validity flags are supported, thus allowing any combination
of 1K subpages to be mapped. For any other page size, all of these flags must have the
same value. Programming pages other than 4K pages with different valid bits is considered
a programming error. The subpage validity flags can be manipulated to implement effective
page sizes of 1K, 2K, 3K, 4K, or any other combination of 1K subpages. However, subpages
of an effective page frame must all map to the same real page. During the translation
process, the effective address, the processor problem state (MSRpR), and CASID are
provided to the translation lookaside buffer. See Figure 11-1 for details. In the translation
lookaside buffer, the effective address and CASID are compared with the EPN and ASID of
each entry. The CASID is only compared when the matching entry was programmed as
nonshared. See Section 11.6.1.6 MMU Instruction Real Page Number Register  and
Section 11.6.1.7 MMU Data Real Page Number Register for details.
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A successful TLB hit occurs if the incoming effective address matches the EPN stored in a
valid TLB entry and the CASID value stored in the M_CASID register matches the entry’s
ASID field. At the same time, the subpage validity flag is set for the subpage pointed to by
the incoming effective address. If a hit is detected, the content of the real page number is
concatenated with the appropriate number of least-significant bits from the effective address
to form the real address that is then sent to the cache and memory system.

11.3 PROTECTION

Access control is assigned on a page-by-page basis and any further manipulation is
conducted on a group basis.

32-BIT EFFECTIVE
CASID ADDRESS
(FROM M_CASID)

MSRPR
20
Y 12
32-BIT LOGICAL
| PAGE | BYTE | ““ApDRESS
IMPLEMENTATION SPECIFIC
20 TLB MISS INTERRUPTS
\ \ Y TO CORE
>
TRANSLATION LOOKASIDE BUFFER PAGE PROTECTION
32-ENTRY FULLY ASSOCIATIVE ARRAY
FREE ACCESS
PROTECTION =
20 12 &
y y GROUP NUMBER IMPLEMENTATION =
| REAL PAGE NUMBER | BYTE | SPECIFIC o
L ) NO ACCESS ERROR INTERRUPTS =
TO CORE E:
1 VY &
TRANSLATION Y VY PROTECTION Y S
ENABLED ﬁ/ TRENSLATION LOOKUP —»\__ /' i
EXCEPTION
> 10

GIC

o

32-BIT REAL ADDRESS

Figure 11-1. Block Diagram of Effective-to-Real Address Translation For 4K Pages
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Memory Management Unit

Each TLB entry holds an access protection group (APG) number. When a match is detected,
the value of the matched entry’s APG is used to index a field in the access protection register
that defines access control for the translation. The access protection register contains 16
fields. The field content is used according to the group protection mode. In the PowerPC
mode, each field holds the Kp and Ks bits of a corresponding segment register. To be
consistent with the PowerPC Microprocessor Family: The Programming Environment for
32-Bit Microprocessors manual, the APG value must match the four most-significant bits of
the effective page number. In domain manager mode, each field holds override information
over the page protection setting. No override, no access override, and free access override
modes are all supported.

11.4 STORAGE CONTROL

The memory management unit can be used to map a block of memory in different access
modes. Each page can have different storage control attributes. The MPC823e supports
cache inhibit, writethrough, and guarded attributes, but not the memory coherence attribute.
A page that needs to be memory coherent must be programmed cache-inhibited. Refer to
the definition of these attributes in the PowerPC Microprocessor Family: The Programming
Environment for 32-Bit Microprocessors manual. The effects of the cache-inhibit and
writethrough attributes in the MPC823e are described in Section 9 Instruction Cache

The guarded attribute is used to map 1/O devices that are sensitive to speculative accesses.
An attempt to access a page marked guarded with the guarded bit asserted forces the
access to stall until the access is nonspeculative or canceled by the core. Fetching from a
guarded storage is prohibited and if it is attempted an implementation-specific instruction
storage interrupt is generated. When MSRz or MSRpR, for instruction or data address
translation are negated, default attributes are used. See Section 11.6.1.1 MMU Instruction
Control Register and Section 11.6.1.2 MMU Data Control Register for details.

The MPC823e does not generate an exception for a reference bit update because there is
no entry for a reference bit in the translation lookaside buffer. The change bit updates are
implemented by the software, but the hardware treats the change bit as a write-protect
attribute. Therefore, if you try to write to a page marked unmodified, that entry is invalidated
and an implementation-specific data TLB error interrupt is generated.
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11.5 TRANSLATION TABLE STRUCTURE

The MPC823e memory management unit includes special hardware to assist in a two-level
software tablewalk. Other table structures are not precluded. Figure 11-2 and Figure 11-3
illustrate the two levels of translation table structures supported by MPC823e special
hardware. When MD_CTRywam = 1, the tablewalk begins at the level one base address in
the M_TWB register. The level one table is indexed by the ten most-significant bits of the
effective address to get the level one page descriptor. For 8M pages, there must be two
identical entries in the level one table for either Bit 9 =0 or Bit 9 =1. See Table 11-2 for more
information. The level two base address from the level one descriptor is indexed by the next
ten least-significant bits to find the level two page descriptor. For pages larger than 4K, the
entry in the level two table must be duplicated according to the page size. See Table 11-3
for more information.

During address translation by the memory management unit, the most-significant bits of the
missed effective address are replaced by the real page address bits from the level two page
descriptor. The number of replaced bits depends on the page size. The rest of the real
address bits are taken directly from the effective address. When MD_CTRqyam = O, the
tablewalk begins at the level one base address placed in the M_TWB register. The level one
table is indexed by the 12 most-significant bits of the effective address to get the level one
page descriptor. For 8M pages, there must be eight identical entries in the level one table
for bits 9-11 of the effective address. The level two base address from the level one
descriptor is indexed by the next ten least-significant bits to find the level two page
descriptor. For pages larger than 1K, the entry in the level two table must be duplicated
according to the page size.
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Memory Management Unit

EFFECTIVE ADDRESS
0 9 10 19 20 31
0 19 | LEVEL 1 INDEX | LEVEL 2 INDEX PAGE OFFSET
| LEVEL ONE TABLE POINTER |
20 10
Y Y
| LEVEL ONE TABLE BASE | LEVEL 1 INDEX | 00 |
20 10
LEVEL ONE TABLE
> LEVEL ONE DESCRIPTOR 0
LEVEL ONE DESCRIPTOR 1
LEVEL ONE DESCRIPTOR N o
20 10 12-FOR 4K
LEVEL ONE DESCRIPTOR 1023 14- FOR 16K
19- FOR 512K
23-FOR 8M
Y
| LEVEL TWO TABLE BASE | LEVEL 2 INDEX | 00 |
E 20 10
=
m
=
% LEVEL TWO TABLE
§ > LEVEL TWO DESCRIPTOR 0
3 LEVEL TWO DESCRIPTOR 1
2
m -«
= LEVEL TWO DESCRIPTOR N
20-FOR 4K LEVEL TWO DESCRIPTOR 1023
18- FOR 16K
13- FOR 512K
9-FOR 8M
Y Y
| REAL PAGE ADDRESS | PAGE OFFSET |

REAL ADDRESS
Figure 11-2. Two Level Translation Table When MD_CTR(TWAM) = 1
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EFFECTIVE ADDRESS
0 11 12 21 2 31
0 17 | LEVEL 1 INDEX | LEVEL 2 INDEX PAGE OFFSET
| LEVEL ONE TABLE POINTER |
18 12
Y Y
| LEVEL ONE TABLE BASE | LEVEL 1 INDEX | 00 |
18 12
LEVEL ONE TABLE
> LEVEL ONE DESCRIPTOR 0
LEVEL ONE DESCRIPTOR 1
LEVEL ONE DESCRIPTOR N -
20 10 12-FOR 1K
LEVEL ONE DESCRIPTOR 4095 1. FOR 4K
14-FOR 16K
19- FOR 512K
23-FOR 8M
\ Y
| LEVEL TWO TABLE BASE | LEVEL 2 INDEX | 00 |
—
=
wl
20 10 &
[©)
<
=2
=
=
LEVEL TWO TABLE >
o
> LEVEL TWO DESCRIPTOR 0 =
LEVEL TWO DESCRIPTOR 1 =
LEVEL TWO DESCRIPTOR N ) 9
20-FOR 1K LEVEL TWO DESCRIPTOR 1023
20- FOR 4K
18- FOR 16K
13- FOR 512K
9-FOR 8M
Y Y
| REAL PAGE ADDRESS | PAGE OFFSET |
REAL ADDRESS

Figure 11-3. Two Level Translation Table When MD_CTR(TWAM) =0
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During the memory management unit’s address translation, the most-significant bits of the
missed effective address are replaced by the real page address bits from the level two page
descriptor. The number of replaced bits depends on the page size. The rest of the real
address bits are taken directly from the effective address. See Table 11-1 for details.

Table 11-1. Number of Effective Address Bits Replaced
By Real Address Bits
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11-8

PAGE SIZE NUMBER OF REPLACED
EFFECTIVE ADDRESS BITS
1K 20
4K 20
16K 18
512K 13
8M 9

Table 11-2. Number of Identical Entries Required in

the Level One Table

PAGE SIZE

MD_CTRTWAM =0

MD_CTRTWAM =1

1K

1

4K

16K

[y

512K

=

8M

[ee]

[ S IS

Table 11-3. Number of Identical Entries Required in

the Level Two Table

PAGE SIZE MD_CTRryam = 0 MD_CTRmyam = 1
1K 1 _
4K 4 1
16K 16 4
512K 512 128
8M 1,024 1,024
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11.5.1 Level One Descriptor

The following table describes the hardware-assisted level one descriptor format that

minimizes the software tablewalk routine.

LEVEL ONE DESCRIPTOR FORMAT

BIT 0‘1‘2‘3‘4‘5‘6‘7‘8‘9‘10‘11‘12‘13‘14‘15
FIELD L2BA

RESET _

RIW RIW

ADDR SYSTEM MEMORY XXXXX0000

BIT 16‘17‘18‘19 20\21\22 23‘24‘25‘26 27 | 28 | 29 [ 30 | 3
FIELD L2BA RESERVED APG G PS wr | v
RESET - - - — - - =
RIW RIW RIW RIW RW| RW | RW|RW
ADDR SYSTEM MEMORY XXXXX002
NOTE: — = Undefined. The default values depend on the state of system memory.

L2BA—Level 2 Table Base Address

This field contains a pointer to a base address of the level 2 table. Bits 18 and 19 are only

used when MD_CTRqyam = 1. Otherwise, they must be set to 0.

Bits 20-22—Reserved
These bits are reserved and must be set to 0.

APG—Access Protection Group

This field contains access protection for the entire memory segment associated with this

entry of the table.

G—Guarded Storage Attribute for Entry

0 = Unguarded storage.
1 = Guarded storage.

PS—Page Size Level One

00 = Small (4K or 16K).
01 = 512K.

11 = 8M.

10 = Reserved.

WT—Writethrough Attribute for Entry

0 = Copyback cache policy region (default).
1 = Writethrough cache policy region.
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Memory Management Unit

V—Valid

0 = Segment is not valid.

1 = Segment is valid.
11.5.2 Level Two Descriptor

The following table describes the hardware-assisted level two descriptor format that
minimizes the software tablewalk routine.

LEVEL TWO DESCRIPTOR FORMAT

BIT 0‘1‘2‘3‘4‘5‘6‘7‘8‘9‘10‘11‘12‘13‘14‘15
FIELD RPN

RESET -

RIW RIW

ADDR SYSTEM MEMORY

BIT 16‘17‘18‘19 20\21 22\23 24\25 26‘27 28 | 29 | 30 | &
FIELD RPN PP1 PP2 PP3 PP4 | LPS| SH | Cl | V
RESET _ — _ — _ I
RIW RIW RIW RIW RIW RW | RW | RW | RW | RW
ADDR SYSTEM MEMORY
NOTE: — = Undefined. The default values depend on the state of system memory.

RPN—Real Page Number
This field contains the physical address of the page mapped in by this entry.

)

=
5 PP1—Protection for the First 1K Subpage in a 4K Page
z This field contains protection code for the first subpage in a 4K page. Depending on Bit 22
)’Z: of the PP2 field, the same protection code has different protection schemes.
2
=
Z
5 4K PAGES WITH 1K RESOLUTION PROTECTION

PP1 INSTRUCTION PAGES DATA PAGES

SETTING
PRIVILEGED MODE PROBLEM MODE PRIVILEGED MODE PROBLEM MODE

00 No access No access No access No access

01 Executable No access Read/Write No access

10 Executable Executable Read/Write Read-only

11 Executable Executable Read/Write Read/Write
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PAGES OVER 4K WITH 4K RESOLUTION PROTECTION (EXTENDED ENCODING)
PP1 INSTRUCTION PAGES DATA PAGES
SETTING
PRIVILEGED MODE PROBLEM MODE PRIVILEGED MODE PROBLEM MODE
00 No access No access No access No access
01 Executable No access Read-only No access
10 Reserved Reserved Reserved Reserved
11 Reserved Reserved Reserved Reserved
PAGES OVER 4K WITH 4K RESOLUTION PROTECTION (POWERPC ENCODING)
PP1 INSTRUCTION PAGES DATA PAGES
SETTING
PRIVILEGED MODE PROBLEM MODE PRIVILEGED MODE PROBLEM MODE
00 Executable Executable Read-only Read-only
01 Executable No access Read-only No access
10 Executable Executable Read/Write Read-only
11 Executable Executable Read/Write Read/Write

PP2—Protection for a Second 1K Subpage in a 4K Page

This field contains a protection code for the second subpage in a 4K page. Depending on
the encoding mode, this field has different meanings.

4K PAGES WITH 1K RESOLUTION PROTECTION
PP2 INSTRUCTION PAGES DATA PAGES
SETTING
PRIVILEGED MODE PROBLEM MODE PRIVILEGED MODE PROBLEM MODE
00 No access No access No access No access
01 Executable No access Read/Write No access
10 Executable Executable Read/Write Read-only
11 Executable Executable Read/Write Read/Write
MOTOROLA MPC823e REFERENCE MANUAL 11-11
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Memory Management Unit

PP2 SETTING PAGES OVER 4K WITH 4K RESOLUTION PROTECTION
0x PP1 contains PowerPC encoding
1x PP1 contains Extended Encoding
x1 Page is writable
x0 Page is write-protected

PP3—Protection for the Third 1K Subpage in a 4K Page

This field contains protection code for the third subpage in a 4K page. Depending on the
encoding mode, this field has different meanings.

4K PAGES WITH 1K RESOLUTION PROTECTION

PP3 INSTRUCTION PAGES DATA PAGES
SETTING
PRIVILEGED MODE PROBLEM MODE PRIVILEGED MODE PROBLEM MODE

00 No access No access No access No access

01 Executable No access Read/Write No access

10 Executable Executable Read/Write Read-only

11 Executable Executable Read/Write Read/Write

@ PAGES OVER 4K WITH 4K RESOLUTION PROTECTION
E PP3 SETTING CASE: Mx_CTR (PPCS) =0
o
2 0x First subpage not valid
= - -
;Z: 1x First subpage valid
g x0 Second subpage not valid
% x1 Second subpage valid
11-12 MPC823e REFERENCE MANUAL MOTOROLA
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PAGES OVER 4K WITH 4K RESOLUTION PROTECTION
PP3 SETTING CASE: Mx_CTR (PPCS) = 1
00 No hit for any state
01 Hit only for problem accesses
10 Hit only for privilege accesses
11 Hit for both problem and privilege accesses

PP4—Protection for the Fourth 1K Subpage in a 4K Page

This field contains protection code for the fourth subpage in a 4K page. Depending on the
encoding mode, this field has different meanings.

4K PAGES WITH 1K RESOLUTION PROTECTION

PP4 INSTRUCTION PAGES DATA PAGES
SETTING
PRIVILEGED MODE PROBLEM MODE PRIVILEGED MODE PROBLEM MODE
00 No access No access No access No access
01 Executable No access Read/Write No access
10 Executable Executable Read/Write Read-only
11 Executable Executable Read/Write Read/Write

PAGES OVER 4K WITH 4K RESOLUTION PROTECTION
PP4 SETTING CASE: Mx_CTR (PPCS) = 0
0x Third subpage not valid
1x Third subpage valid
x0 Fourth subpage not valid
x1 Fourth subpage valid

MOTOROLA
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Memory Management Unit

PAGES OVER 4K WITH 4K RESOLUTION PROTECTION
PP4 SETTING CASE: Mx_CTR (PPCS) =1
00 Must be zero
01 Reserved
10 Reserved
11 Reserved

LPS—Large Page Size
This bit must be set to 0 for 1K resolution protection.

0= 1K or 4K.
1= 16K.

SH—Shared Page

0 = This entry matches only if the ASID field in the TLB entry matches the value of the
M_CASID register.
1 = ASID comparison is disabled for the entry.

Cl—Cache Inhibit

This bit is the cache-inhibit attribute for the entry. Setting this bit will inhibit cache fill for
accesses to this page.

V—Valid
This is the page valid bit. Setting this bit indicates the page is valid or resident in the memory
(for demand page memory management).
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11.6 PROGRAMMING THE MEMORY MANAGEMENT UNIT

The memory management unit implements specific operations using control and status
registers, which can be accessed with the PowerPC mtspr /mfspr instructions. In addition,
the PowerPC tlbie and tlbia architecture instructions are supported. The memory
management unit registers must be accessed when both MSR g =0 and MSRpg =0. No
similar restriction exists for the tlbie and tlbia instructions.

e < N
\
INSTRUCTION MMU REGISTERS : DATA MMU REGISTERS
\
CONFIGURATION REGISTERS: N\
\
\
\
MI_CTR ’ Instruction MMU Control ‘ : MD_CTR ’ Data MMU Control ‘
\
MI_AP ’ Instruction MMU Access Protection ‘ : MD_AP ’ Data MMU Access Protection ‘
\
\
M_CASID’ Current Address Space ID ‘
N
\
\
TABLE WALK REGISTERS: \
\
\
MI_EPN ’ Instruction MMU Effective Address ‘ : MD_EPN ’ Data MMU Effective Address ‘
\
MI_TWC ’ Instruction MMU Table Walk Control ‘ : MD_TwC ’ Data MMU Table Walk Control ‘ —
\ &
MI_RPN ’ Instruction MMU Real Address ‘ :MD_RPN ’ Data MMU Real Address ‘ =
\
\ E
. %
M_TWB ’ MMU Table Walk Base ‘ e
A =
M_TW ’ MMU Table Walk Scratch ‘
N
: ©
DEBUG REGISTERS: :
\
\
MI_DCAM ’ Instruction MMU Debug CAM ‘ : MD_DCAM ’ Data MMU Debug CAM ‘
\
MI_DRAMO’ Instruction MMU Debug RAMO ‘ \ MD_DRAMO ’ Data MMU Debug RAMO ‘
\
MI_DRAMl’ Instruction MMU Debug RAM1 ‘ :MD_DRAMl ’ Data MMU Debug RAM1 ‘
\
\
o \ J

Figure 11-4. Organization of the Memory Management Unit Registers

MOTOROLA MPC823e REFERENCE MANUAL 11-15



@

=
m
=
(@]
2
=<
=
P
=
>
@
m
=
m
=
35

Memory Management Unit

11.6.1 Control Registers

11.6.1.1 MMU INSTRUCTION CONTROL REGISTER. The MMU instruction control
register (MI_CTR) is a special register that is used to control the operation of the instruction
memory management unit.

MI_CTR
BT [ o1 |2 3456|7809 w|u|n|n[u]s
FIELD GPM | PPM | CIDEF | RES | RSV2l | RES | PPCS RESERVED
RESET 0 0 0 0 0 0 0 0
RIW RW | RW | RW | RW | RW | RW | RW RW
ADDR SPR 784
BT |16 |17 |18 |19 |20 |2 |2 |23 |22 |27]8]2n]n]a
FIELD RESERVED ITLB_INDX RESERVED
RESET 0 0 0
RIW RIW RIW RIW
ADDR SPR 784

GPM—Group Protection Mode

0 = PowerPC mode.
1 = Domain manager mode.

PPM—Page Protection Mode

0 = Page resolution protection.
1 = 1K resolution protection for a 4K page.

CIDEF—CI Default

Default value for instruction cache-inhibit attribute when the instruction MMU is disabled
(MSRg =0).

Bits 3 and 5—Reserved

These bits are reserved and must be set to 0. Ignored on write and returns a 0 on read.

RSV4l—Reserve Four Instruction TLB Entries

0 = ITLB_INDX decremented modulo 32.
1= ITLB_INDX decremented modulo 28.

PPCS—Privilege/Problem State Compare Mode

0 = Ignore problem/privilege state during address compare.
1 = Consider problem/privilege state according to MI_RPN[24:27].

Bits 7-18—Reserved
These bits are reserved and must be set to 0. Ignored on write and returns a 0 on read.
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ITLB_INDX—Instruction TLB Index

This field acts as a pointer to the instruction TLB entry to be loaded. It is automatically
decremented at every instruction translation lookaside buffer update.

Bits 24-31—Reserved
These bits are reserved and must be set to 0. Ignored on write and returns a 0 on read.

11.6.1.2 MMU DATA CONTROL REGISTER. The MMU data control register (MD_CTR) is
a special register that is used to control the operation of the data memory management
unit. GPM—Group Protection Mode

MD_CTR
BT [ o1 |2 3456|780 w|ufn|n[u]s
FIELD GPM | PPM | CIDEF | WTDEF | RSV2D | TWAM | PPCS RESERVED
RESET 0 0 0 0 0 0 0 0
RIW RW | RWR | RW | RW | RW | RW | RW RW
ADDR SPR 792
BT |16 |17 |18 |19 |20 |2 |2 |23 |2 |22 |27]8]2n]n]a
FIELD RESERVED DTLB_INDX RESERVED
RESET 0 0 0
RIW RW RW RIW
ADDR SPR 792

0 = PowerPC mode.
1 = Domain manager mode.

PPM—Page Protection Mode

0 = Page resolution protection.
1 = 1K resolution protection for a 4K page.
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CIDEF—CI Default

This bit is the data cache attributes default value when the data MMU is disabled
(MSRpg = 0).

WTDEF—WT Default

This bit is the data cache attributes default value when the data MMU is disabled
(MSRpg = 0).

RSV4D—Reserve Four Data TLB Entries

0 = DTLB_INDX decremented modulo 32.
1= DTLB_INDX decremented modulo 28.
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Memory Management Unit

TWAM—Tablewalk Assist Mode

0 = 1K subpage hardware assist.
1 = 4K page hardware assist.

PPCS—Privilege/Problem State Compare Mode

0 = Ignore problem/privilege state during address compare.
1 = Consider problem/privilege state according to MD_RPN[24:27].

Bits 7-18—Reserved
These bits are reserved and must be set to 0. Ignored on write and returns a 0 on read.

DTLB_INDX—Data TLB Index

This field acts as a pointer to the data TLB entry to be loaded. It is automatically
decremented at every data translation lookaside buffer update.

Bits 24-31—Reserved
These bits are reserved and must be set to 0. Ignored on write and returns a 0 on read.

11.6.1.3 MMU CURRENT ADDRESS SPACE ID REGISTER. The MMU current address
space ID (M_CASID) register is used to compare the current effective address with the ASID
field in the TLB entry when searching for a matching entry.

M_CASID
BT [ o123 a]s|[6| 7|80 w|ufn|n[u|s
FIELD RESERVED
RESET —
RIW R
ADDR SPR 793
BIT 16‘17‘18‘19‘20‘21‘22‘23‘24‘25‘26‘27 28‘29‘30‘31
FIELD RESERVED CASID
RESET - -
RIW R RIW
ADDR SPR 793
NOTE: — = Undefined.

Bits 0—27—Reserved
These bits are reserved and must be set to 0. Ignored on a write.

CASID—Current Address Space ID
This field is compared to the ASID field of a TLB entry to qualify a match.
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11.6.1.4 MMU INSTRUCTION EFFECTIVE PAGE NUMBER REGISTER. The MMU
instruction effective page number (MI_EPN) register contains the effective address to be
loaded into a TLB entry.

MI_EPN
BIT 0‘1‘2‘3‘4‘5‘6‘7‘8‘9‘10‘11‘12‘13‘14‘15
FIELD EPN
RESET 0
RIW RIW
ADDR SPR 787
BIT 16‘17‘18‘19 20\21 2 23\24\25\26\27 28‘29‘30‘31
FIELD EPN RESERVED | EV RESERVED ASID
RESET _ _ 0 0 0
RIW RIW R | RW R RIW
ADDR SPR 787

NOTE: — = Undefined.

EPN—Effective Page Number for the TLB Entry
This field is the effective address default value of the last instruction TLB miss.

Bits 20-21 and 23-27—Reserved
These bits are reserved and must be set to 0. Ignores on write and returns a 0 on read.

EV—TLB Entry Valid Bit
This bit is set to 1 on every instruction TLB miss.

0 = The TLB entry is invalid.
1= The TLB entry is valid.
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ASID—Address Space ID

This field represent the address space ID of the instruction TLB entry to be compared with
the CASID field of the M_CASID register.

®
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11.6.1.5 MMU DATA EFFECTIVE PAGE NUMBER REGISTER. The MMU data effective
page number (MD_EPN) register contains the effective address to be loaded into a TLB
entry.

MD_EPN
BT [ o1 |2 3456|780 |w|ufn|n[u]s
FIELD EPN
RESET —
RIW RIW
ADDR SPR 795
BIT 16‘17‘18‘19 20\21 22 23‘24‘25‘26‘27 28‘29‘30‘31
FIELD EPN RES | EV RESERVED ASID
RESET - - - 0 -
RIW RIW RW | RW RIW RIW
ADDR SPR 795
NOTE: — = Undefined.

EPN—Effective Page Number for Entry
The default value is the effective address of the last data TLB miss.

EV—TLB Entry Valid
This bit is set to 1 on a data TLB miss.

@

0 = The data TLB entry is invalid.
1 = The data TLB entry is valid.

Bits 20-21 and 23-27—Reserved
These bits are reserved and must be set to 0. Ignores on write and returns a 0 on read.

ASID—Address Space ID

This field is the address space IDs of the TLB entry to be compared with the CASID field of
the M_CASID register.
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11.6.1.6 MMU INSTRUCTION REAL PAGE NUMBER REGISTER. The MMU instruction
real page number (MI_RPN) register contains the physical address and the storage
attributes of an entry to be loaded into a translation lookaside buffer. This register must be
written after the MI_EPN and MI_TWC registers are written.

MI_RPN
BIT 0‘1‘2‘3‘4‘5‘6‘7‘8‘9‘10‘11‘12‘13‘14‘15
FIELD RPN
RESET _

RIW RIW

ADDR SPR790
BIT 16‘17‘18‘19 20\21 22\23 24\25 26‘27 28 | 29 | 30 | 31
FIELD RPN PP1 PP2 PP3 PP4 | LPS| SH | Cl | V

RESET — — — — — — | = =] =
RIW RIW RIW RIW RIW RIW RW | RW | RW | RIW
ADDR SPR 790

NOTE: — = Undefined. The default values depend on the state of system memory.

RPN—Real Page Number
These bits are the most-significant bits of the page’s physical address.

PP1—Protection for the First 1K Subpage in a 4K Page

.
This field contains protection code for the first subpage in a 4K page. Depending on Bit 22 g
of the PP2 field, the same protection code has different protection schemes. '§.§
Z
=
&
4K PAGES WITH 1K RESOLUTION PROTECTION S
Ll
PP1 INSTRUCTION PAGES =
SETTING
PRIVILEGED MODE PROBLEM MODE a
00 No access No access
01 Executable No access
10 Executable Executable
11 Executable Executable
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PAGES OVER 4K WITH 4K RESOLUTION PROTECTION
(EXTENDED ENCODING)
PP1 INSTRUCTION PAGES
SETTING
PRIVILEGED MODE PROBLEM MODE
00 No access No access
01 Executable No access
10 Reserved Reserved
11 Reserved Reserved

PAGES OVER 4K WITH 4K RESOLUTION PROTECTION
(POWERPC ENCODING)
PP1 INSTRUCTION PAGES
SETTING
PRIVILEGED MODE PROBLEM MODE
00 Executable Executable
01 Executable No access
10 Executable Executable
11 Executable Executable

)

PP2—Protection for a Second 1K Subpage in a 4K Page
This field contains a protection code for the second subpage in a 4K page. Depending on

=

Y the encoding mode, this field has different meanings.

2

s

% 4K PAGES WITH 1K RESOLUTION PROTECTION

m

& PP2 INSTRUCTION PAGES

5 SETTING

PRIVILEGED MODE PROBLEM MODE

00 No access No access
01 Executable No access
10 Executable Executable
11 Executable Executable
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PP2 SETTING PAGES OVER 4K WITH 4K RESOLUTION PROTECTION
0x PP1 contains PowerPC encoding
1x PP1 contains Extended Encoding
x1 Page is writable
x0 Page is write-protected

PP3—Protection for the Third 1K Subpage in a 4K Page

This field contains protection code for the third subpage in a 4K page. Depending on the
encoding mode, this field has different meanings.

4K PAGES WITH 1K RESOLUTION PROTECTION

PP3 INSTRUCTION PAGES
SETTING
PRIVILEGED MODE PROBLEM MODE

00 No access No access
01 Executable No access
10 Executable Executable
11 Executable Executable

—
PAGES OVER 4K WITH 4K RESOLUTION PROTECTION %
o
PP3 SETTING CASE: MI_CTR (PPCS) =0 :Ztt
0x First subpage not valid ;
1x First subpage valid é
x0 Second subpage not valid
x1 Second subpage valid 9
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PAGES OVER 4K WITH 4K RESOLUTION PROTECTION

PP3 SETTING

CASE: MI_CTR (PPCS) =1

00

No hit for any state

01

Hit only for problem accesses

10

Hit only for privilege accesses

11

Hit for both problem and privilege accesses

PP4—Protection for the Fourth 1K Subpage in a 4K Page

This field contains protection code for the fourth subpage in a 4K page. Depending on the
encoding mode, this field has different meanings.

)

4K PAGES WITH 1K RESOLUTION PROTECTION

PP4 INSTRUCTION PAGES
SETTING
PRIVILEGED MODE PROBLEM MODE
00 No access No access
01 Executable No access
10 Executable Executable
11 Executable Executable

PAGES OVER 4K WITH 4K RESOLUTION PROTECTION

CASE: MI_CTR (PPCS) = 0

Third subpage not valid

Third subpage valid

Fourth subpage not valid

Fourth subpage valid

=

m

=

2

3 PP4 SETTING

s

£ 0x

o)

I 1x

Z

= x0
x1
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PAGES OVER 4K WITH 4K RESOLUTION PROTECTION
PP4 SETTING CASE: MI_CTR (PPCS) =1
00 Must be zero
01 Reserved
10 Reserved
11 Reserved

LPS—Large Page Size
This bit must be set to 0 for 1K resolution protection.

0= 1K or 4K.
1= 16K.

SH—Shared Page

0 = This entry matches only if the ASID filed in the TLB entry matches the value of the
M_CASID register.
1 = ASID comparison is disabled for the entry.

Cl—Cache Inhibit
This bit is the cache-inhibit attribute for the TLB entry.

V—Valid
This bit indicates that a TLB entry is valid.
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11.6.1.7 MMU DATA REAL PAGE NUMBER REGISTER. The MMU data real page
number (MD_RPN) register contains the physical address and the storage attributes of an
entry to be loaded into a translation lookaside buffer. This register must be written after the
MD_EPN and MD_TWC registers.

MD_RPN
BT [ o123 afs |67 |89 w0 u|n|n|uls
FIELD RPN
RESET _
RIW RIW
ADDR SPR 798
BIT 16‘17‘18‘19 20\21 22\23 24\25 26‘27 28 | 20 | 30 | 31
FIELD RPN PPL PP2 PP3 PP4 | LPS| SH | Cl | V
RESET - - — - — N R
RIW RIW RIW RIW RIW RW | RW | RW | RW | RW
ADDR SPR 798

NOTE: — = Undefined. The default values depend on the state of system memory.

RPN—Real Page Number
These bits are the most-significant bits of the page’s physical address.

PP1—Protection for the First 1K Subpage in a 4K Page

This field contains protection code for the first subpage in a 4K page. Depending on Bit 22
of the PP2 field, the same protection code has different protection schemes.

)

=

m

=

2

2 4K PAGES WITH 1K RESOLUTION PROTECTION

>

=

3 PP1 DATA PAGES

I SETTING

% PRIVILEGED MODE PROBLEM MODE
00 No access No access
01 Read/Write No access
10 Read/Write Read-only
11 Read/Write Read/Write
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PAGES OVER 4K WITH 4K RESOLUTION PROTECTION
(EXTENDED ENCODING)
PP1 DATA PAGES
SETTING
PRIVILEGED MODE PROBLEM MODE
00 No access No access
01 Read-only No access
10 Reserved Reserved
11 Reserved Reserved

MPC823e REFERENCE MANUAL
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PAGES OVER 4K WITH 4K RESOLUTION PROTECTION
(POWERPC ENCODING)
PP1 DATA PAGES
SETTING
PRIVILEGED MODE PROBLEM MODE
00 Read/Write No access
01 Read/Write Read-only
10 Read/Write Read/Write
11 Read-only Read-only
=
PP2—Protection for a Second 1K Subpage in a 4K Page g
. . . . . . [
This field contains a protection code for the second subpage in a 4K page. Depending on 2
the encoding mode, this field has different meanings. =
&
o
i
4K PAGES WITH 1K RESOLUTION PROTECTION =
PP2 DATA PAGES
SETTING
PRIVILEGED MODE PROBLEM MODE
00 No access No access
01 Read/Write No access
10 Read/Write Read-only
11 Read/Write Read/Write



Memory Management Unit

PP2 SETTING PAGES OVER 4K WITH 4K RESOLUTION PROTECTION
0x PP1 contains PowerPC encoding
1x PP1 contains Extended Encoding
x1 Page is writable
x0 Page is write-protected

PP3—Protection for the Third 1K Subpage in a 4K Page

This field contains protection code for the third subpage in a 4K page. Depending on the
encoding mode, this field has different meanings.

4K PAGES WITH 1K RESOLUTION PROTECTION

PP3 DATA PAGES
SETTING
PRIVILEGED MODE PROBLEM MODE
00 No access No access
01 Read/Write No access
10 Read/Write Read-only
11 Read/Write Read/Write

@ PAGES OVER 4K WITH 4K RESOLUTION PROTECTION
E PP3 SETTING CASE: MD_CTR (PPCS) =0
% 0x First subpage not valid
% 1x First subpage valid
g x0 Second subpage not valid
% x1 Second subpage valid
11-28 MPC823e REFERENCE MANUAL MOTOROLA
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PAGES OVER 4K WITH 4K RESOLUTION PROTECTION
PP3 SETTING CASE: MD_CTR (PPCS) =1
00 No hit for any state
01 Hit only for problem accesses
10 Hit only for privilege accesses
11 Hit for both problem and privilege accesses

PP4—Protection for the Fourth 1K Subpage in a 4K Page

This field contains protection code for the fourth subpage in a 4K page. Depending on the
encoding mode, this field has different meanings.

4K PAGES WITH 1K RESOLUTION PROTECTION

PP4 DATA PAGES
SETTING
PRIVILEGED MODE PROBLEM MODE
00 No access No access
01 Read/Write No access
10 Read/Write Read-only
11 Read/Write Read/Write

PAGES OVER 4K WITH 4K RESOLUTION PROTECTION
PP4 SETTING CASE: MD_CTR (PPCS) =0
0x Third subpage not valid
1x Third subpage valid
x0 Fourth subpage not valid
x1 Fourth subpage valid

MOTOROLA
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Memory Management Unit

PAGES OVER 4K WITH 4K RESOLUTION PROTECTION
PP4 SETTING CASE: MD_CTR (PPCS) =1
00 Must be zero
01 Reserved
10 Reserved
11 Reserved

LPS—Large Page Size
This bit must be set to 0 for 1K resolution protection.

0= 1K or 4K.
1= 16K.

SH—Shared Page

0 = This entry matches only if the ASID filed in the TLB entry matches the value of the

M_CASID register.
1 = ASID comparison is disabled for a TLB entry.

Cl—Cache Inhibit
This bit is the cache-inhibit attribute for a TLB entry.

V—Valid
This bit indicates that a TLB entry is valid.
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11.6.1.8 MMU INSTRUCTION ACCESS PROTECTION REGISTER. The MMU instruction
access protection (MI_AP) register contains the access protection group for the instruction

memory management unit.

MI_AP

BIT 0\1 2\3

10\11

12\13

14\15

FIELD GPO GP1

GP5

GP6

GP7

RESET — —

RIW RIW RIW

RIW

RIW

RIW

ADDR

BT | 16 \ 17 | 18 \ 19

26‘27

28‘29

30\31

FIELD GP8 GP9

GP13

GP14

GP15

RESET — —

RIW RIW RIW

RIW

RIW

RIW

ADDR

SPR 786

NOTE: — = Undefined.

GPx—Group Protection

In domain manager mode, these bits have the following settings.

00 = No access.

01 = Client-access permission defined by page protection bits.

10 = Reserved.

11 = Manager-free access.

In PowerPC mode, the GPx bits have these settings and are privilege and problem state
(Ks and Kp) in the PowerPC Microprocessor Family: The Programming Environment for

32-Bit Microprocessors manual:

00 = All accesses are considered privileged.

01 = Access permission defined by page protection bits.
10 = Problem and privileged interpretation is swapped.

11 = All accesses are considered problem.

MOTOROLA
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11.6.1.9 MMU DATA ACCESS PROTECTION REGISTER. The MMU data access
protection (MD_AP) register contains the access protection group for the data memory
management unit.

MD_AP
BIT 0\1 2\3 4\5 6‘7 8‘9 10\11 12\13 14\15
FIELD GPO GP1 GP2 GP3 GP4 GP5 GP6 GP7

RESET - - - - - - - -
RIW RIW RIW RIW RIW RIW RIW RIW RIW
ADDR SPR 794
BT | 16 \ 17 | 18 \ 19 | 20 \ 21 | 22 \ 23 | 4 \ 25 | 26 \ 27 | 28 \ 29 | 30 \ 31
FIELD GP8 GP9 GP10 GP11 GP12 GP13 GP14 GP15
RESET _ _ _ _ _ _ — _

RIW RIW RIW RIW RIW RIW RIW RIW RIW
ADDR SPR 794
NOTE: — = Undefined.

GPx—Group Protection
In domain manager mode, these bits have the following settings.

00 = No access.

01 = Client-access permission defined by page protection bits.
10 = Reserved.

11 = Manager-free access.

@

In PowerPC mode, the GPx bits have these settings and are privilege and problem state
(Ks and Kp) in the PowerPC Microprocessor Family: The Programming Environment for
32-Bit Microprocessors manual:

00 = All accesses are considered privileged.

01 = Access permission defined by page protection bits.
10 = Problem and privileged interpretation is swapped.
11 = All accesses are considered problem.
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11.6.1.10 MMU INSTRUCTION TABLEWALK CONTROL REGISTER. The MMU
instruction tablewalk control (MI_TWC) register contains the access protection group and
page size of the entry to be loaded into the translation lookaside buffer.

MI_TWC
BIT 0‘1‘2‘3‘4‘5‘6‘7‘8‘9‘10‘11‘12‘13‘14‘15
FIELD RESERVED
RESET 0
RIW RIW
ADDR SPR 789
BIT 16\17\18\19\20\21\22 23‘24‘25‘26 27 | 28 | 29 | 30 | 31
FIELD RESERVED APG G PS |RES| V
RESET 0 _ _ _ 0| —
RIW RIW RIW rRW|  RW | RW | RW
ADDR SPR 789

NOTE: — = Undefined.

Bits 0-22 and 30—Reserved
These bits are reserved and must be set to 0. Ignores on write and returns a 0 on read.

APG—Access Protection Group

A maximum of 16 protection groups are supported. The default value of instruction TLB miss
is 0.

G—Guarded Storage Attribute for Entry
Default value on instruction TLB miss is 0.
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0 = Unguarded storage.
1 = Guarded storage.

®

PS—Page Size Level One
Default value on instruction TLB miss is 00.

00 = Small (4K or 16K).
01 = 512K.

11 = 8M.

10 = Reserved.
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Memory Management Unit

V—Entry Valid
Default value on instruction TLB miss is 1.

0 = Entry is not valid.
1= Entry is valid.

11.6.1.11 MMU DATA TABLEWALK CONTROL REGISTER. The MMU data tablewalk
control (MD_TWOC) register contains the second level pointer and access protection group
of an entry to be loaded into the translation lookaside buffer.

MD_TWC
BIT 0‘1‘2‘3‘4‘5‘6‘7‘8‘9‘10‘11‘12‘13‘14‘15
FIELD L2TB

RESET —
RIW RIW
ADDR SPR797
BIT 16‘17‘18‘19 20\21\22 23‘24‘25‘26 27 | 28 [ 29 [ 30 | 3
FIELD L2TB RESERVED APG G PS WT | v
RESET - — — — — — | -
RIW RIW RIW RIW RW| RW | RW | RW
ADDR SPR 797

NOTE: — = Undefined.

L2TB—Tablewalk Level 2 Base Value
These bits are the most-significant bits of the level two pointer.

Bits 20-22—Reserved

When written, these bits are reserved and must be set to 0. When read, they return
MD_EPN[10:19] when MD_CTRyau = 1 and MD_EPN[12:21] when MD_CTRqyam = O.

APG—Access Protection Group

When written, this field supports a maximum of 16 protection groups. It is set to 0000 on the
data TLB miss. When read, it returns MD_EPN[10:19] when MD_CTRpyau = 1 and
MD_EPN[12:21] when MD_CTRyyam = 0.

G—Guarded

When written, this bit of the entry has the following settings and is set to 0 on a data TLB
miss:

0 = Unguarded storage.
1 = Guarded storage.
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When read, this bit returns MD_EPN[10:19] when MD_CTRpyam = 1 and MD_EPN[12:21]
when MD_CTRqyam = 0.

PS—Page Size
When written, this field has the following settings and is set to 0 on a data TLB miss. When
this field is read, it returns a zero.

00 = Small (4K or 16K).
01 = 512K.

11 = 8M.

10 = Reserved.

When read, this field returns MD_EPN[10:19] when MD_CTRwau = 1 and MD_EPN[12:21]
when MD_CTRyyam = 0.

WT—Writethrough

When written, this bit has the following settings and is set to 1 on a data TLB miss. When
this bit is read, it returns a zero.

0 = Copyback data cache policy page entry.
1 = Writethrough data cache policy page entry.

V—Valid
When written, this bit has the following settings and is set to 1 on a data TLB miss. When
this bit is read, it returns a zero.

0 = Entry is invalid.
1= Entry is valid.
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11.6.1.12 MMU TABLEWALK BASE REGISTER. The MMU tablewalk base (M_TWB)
register contains a pointer to the level one table to be used in hardware-assisted tablewalk
mode.

M_TWB
BT [ o1 |2 3456|780 |w|ufn|n[u]s
FIELD L1TB
RESET —

RIW RIW

ADDR SPR 796
BIT 16‘17‘18‘19 20‘21‘22‘23‘24‘25‘26‘27‘28‘29 30\31
FIELD L1TB LLINDX RESERVED
RESET - - 0
RIW RIW RIW RIW
ADDR SPR 796
NOTE: — = Undefined.

L1TB—Tablewalk Level 1 Base Value
These bits are the most-significant bits of the level one pointer.

L1INDX—Level 1 Table Index

This field is ignored on write. It returns MD_EPN][0:9] on read when MD_CTRpyay = 1 and
MD_EPN[2:11] when MD_CTRqyam = 0.

@

Bits 30-31—Reserved
These bits are reserved and must be set to 0. Ignores on write and returns a 0 on read.

=
m
=
o
o)
=<
=
P
=
>
@
m
=
m
=
=

11-36 MPC823e REFERENCE MANUAL MOTOROLA



Memory Management Unit

11.6.1.13 MMU TABLEWALK SPECIAL REGISTER. The MMU tablewalk special
(M_TW) register is used as a scratch register in the software tablewalk interrupt handler.

M_TW
BT [ o1 |2 afa]s |6 |7]8]9|w|ufn|n[us
RESET M_TW
RIW RIW
ADDR SPR 799
BIT 16‘17‘18‘19‘20‘21‘22‘23‘24‘25‘26‘27‘28‘29‘30‘31
RESET M_TW
RIW RIW
ADDR SPR 799
NOTE: — = Undefined.

11.6.2 MMU Data Content-Addressable Registers

The MD_CAM, MD_RAMO, and MD_RAM1 registers are interface registers that allow you
to read the data memory management unit CAM and RAM entries. If you try to write to the
MD_CAM register using the mtspr instruction, the CAM and RAM values of the entry
indexed by the DTLB_INDX field to MD_CAM, MD_RAMO, and MD_RAM1 will be loaded.
The source register in the mtspr instruction can be any register, since its value is not used.
The values of the MD_CAM, MD_RAMO, and MD_RAM1 registers can be read using the
mfspr instruction. If you try to write to the MD_RAMO and MD_RAML1 registers using the
mtspr instruction, it will be considered a NOP (no operation) instruction.
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11.6.2.1 MMU DATA CAM ENTRY READ REGISTER. When the content-addressable
memory of the MMU data CAM entry read (MD_CAM) register is read, it contains the
effective address and page sizes of an entry indexed by the DTLB_INDX field of the
MD_CTR. This register is only updated when you write a value to it.

MD_CAM
BT [ o123 afs |67 |89 w0 u|n|n|uls
FIELD EPN
RESET _

RIW R

ADDR SPR 824
BIT 16‘17‘18‘19 20\21\22\23 24‘25‘26 27 28‘29‘30‘31
FIELD EPN SPVF PS SH ASID
RESET - - - — -

RIW R R R R R

ADDR SPR 824

NOTE: — = Undefined.

EPN—Effective Page Number
These bits are the most-significant bits of the page’s effective address.

SPVF—Subpage Validity Flags
For Bit 20:
0 = Subpage 0 (address[20:21] = 00) is not valid.
1 = Subpage 0 (address[20:21] = 00) is valid.

@

For Bit 21:
0 = Subpage 1 (address[20:21] = 01) is not valid.
1= Subpage 1 (address[20:21] = 01) is valid.
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For Bit 22:
0 = Subpage 2 (address[20:21] = 10) is not valid.
1 = Subpage 2 (address[20:21] = 10) is valid.

For Bit 23:
0 = Subpage 3 (address[20:21] = 11) is not valid.
1 = Subpage 3 (address[20:21] = 11) is valid.
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PS—Page Size
000 = 4K.
001 = 16K.
011 = 512K.
111 = 8M.

010 = Reserved.
100 = Reserved.
101 = Reserved.
110 = Reserved.

SH—Shared Page

0 = This entry matches only if the ASID field in the data TLB entry matches the value
of the M_CASID register.
1 = ASID comparison is disabled for the entry.

ASID—Address Space ID

This field is the address space ID of the TLB entry to be compared with the CASID field of
the M_CASID register.

11.6.2.2 MMU DATA RAM ENTRY READ REGISTER 0. The MMU data RAM entry read
register 0 (MD_RAMO) contains the physical page number and page attributes of an entry
indexed by the DTLB_INDX field of the MD_CTR. This register is only updated when you

write a value to it.

MD_RAMO

BIT 0‘1‘2‘3‘4‘5‘6‘7‘8‘9‘10‘11‘12‘13‘14‘15
FIELD RPN

RESET _

RIW R

ADDR SPR 825

BIT 16‘17‘18‘19 20\21\22 23‘24‘25‘26 27 | 28 | 29 | 30 | 31
FIELD RPN PS APGI G | WT | CI | RESERVED
RESET — _ _ B O 0
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RIW R R R R R R R
ADDR SPR 825
NOTE: — = Undefined.

RPN—Real Page Number
These bits are the most-significant bits of the page’s physical address.
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PS—Page Size
000 = 4K.
001 = 16K.
011 = 512K.
111 = 8M.

010 = Reserved.
100 = Reserved.
101 = Reserved.
110 = Reserved.

APGI—Access Protection Group Inverted
This field is an inversion of the access protection group in the MD_TWC register.

G—Guarded

0 = Unguarded storage.
1 = Guarded storage.

WT—Writethrough

0 = Copyback data cache policy page entry.
1 = Writethrough data cache policy page entry.

Cl—Cache-Inhibit
When this bit is 0, it is not cache-inhibited.

Bits 30—31—Reserved
These bits are reserved and must be set to 0.
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11.6.2.3 MMU DATA RAM ENTRY READ REGISTER 1. The MMU data RAM entry read
register 1 (MD_RAMZ1) contains the protection mode information of the entry indexed by the
DTLB_INDX field of the MD_CTR. This register is only updated when you write a value to it.

'\AD_E:TAM1 o |12 ]3]a|s |67 |8]o]w|u|n|n|u|s

FIELD RESERVED
RESET 0
RIW R
ADDR SPR 826
BT |16 |17 |18 |19 |20 |2 |2 |23 |22 ]2 |27]28]2]3]a
FIELD RES ¢ EVF SA SAT | URPO | UWPO | URP1 | UWPL | URP2 | UWP2 | URP3 | UWP3
RESET 0 - - - - - - - - - - - -
RIW R R R R R R R R R R R R R
ADDR SPR 826
NOTE: — = Undefined.

Bits 0-16—Reserved
These bits are reserved and must be set to 0.

C—Change Bit for Data Entry TLB
0 = Unchanged region. Write access to this page results in the implementation-specific
instruction MMU interrupt invocation. Software must take an appropriate action
before setting this bit to 1.
1 = Changed region. Write access is allowed to this page.

EVF—Entry Valid Flag
0 = Entry is invalid.
1 = Entry is valid.
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SA—Privileged (Supervisor) Access
For Bit 19:
0 = Subpage 0 (address[20:21]=00) privileged access is not permitted.
1 = Subpage 0 (address[20:21]=00) privileged access is permitted.

For Bit 20:
0 = Subpage 1 (address[20:21]=01) privileged access is not permitted.
1 = Subpage 1 (address[20:21]=01) privileged access is permitted.

For Bit 21:
0 = Subpage 2 (address[20:21]=10) privileged access is not permitted.
1 = Subpage 2 (address[20:21]=10) privileged access is permitted.

For Bit 22:
0 = Subpage 3 (address[20:21]=11) privileged access is not permitted.
1 = Subpage 3 (address[20:21]=11) privileged access is permitted.

SAT—Privileged (Supervisor) Access Type

0 = Privileged access type is read-only.
1 = Privileged access type is read/write.

URPO—Problem (User) Read Permission Page 0

0 = Subpage 0 (address[20:21]=00) problem read access is not permitted.

1 = Subpage 0 (address[20:21]=00) problem read access is permitted.

UWPO0O—Problem (User) Read Permission Page Zero

0 = Subpage 0 (address[20:21]=00) problem write access is not permitted.

1 = Subpage 0 (address[20:21]=00) problem write access is permitted.

URP1—Problem (User) Read Permission Page 1

0 = Subpage 1 (address[20:21]=01) problem read access is not permitted.

1 = Subpage 1 (address[20:21]=01) problem read access is permitted.

URP2—Problem (User) Read Permission Page Two

0 = Subpage 2 (address[20:21]=10) problem read access is not permitted.

1 = Subpage 2 (address[20:21]=10) problem read access is permitted.

UWP2—Problem (User) Write Permission Page Two

0 = Subpage 2 (address[20:21]=10) problem write access is not permitted.

1 = Subpage 2 (address[20:21]=10) problem write access is permitted.

URP3—Problem (User) Read Permission Page Three

0 = Subpage 3 (address[20:21]=11) problem read access is not permitted.

1 = Subpage 3 (address[20:21]=11) problem read access is permitted.
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UWP3—Problem (User) Write Permission Page Three

0 = Subpage 3 (address[20:21]=11) problem write access is not permitted.
1 = Subpage 3 (address[20:21]=11) problem write access is permitted.

11.6.3 MMU Instruction Content-Addressable Registers

The MI_CAM, MI_RAMO, and MI_RAM1 registers are interface registers that allow you to
read the data memory management unit CAM and RAM entries. If you try to write to the

MI_CAM register using the mtspr instruction, the CAM and RAM values of the entry indexed
by the DTLB_INDX field to MI_CAM, MI_RAMO, and MI_RAM1 will be loaded. The source
register in the mtspr instruction can be any register, since its value is not used. The values
of the MI_CAM, MI_RAMO, and MI_RAM1 registers can be read using the mfspr instruction.
If you try to write to the MI_RAMO and MI_RAML1 registers using the mtspr instruction, it will
be considered a NOP (no operation) instruction.

11.6.3.1 MMU INSTRUCTION CAM ENTRY READ REGISTER. When the
content-addressable memory of the MMU instruction CAM entry read (MI_CAM) register is
read, it contains the effective address and page sizes of an entry indexed by the ITLB_INDX
field of the MI_CTR. This register is only updated when you write a value to it.

MI_CAM

BIT

o | 1] 2

(3| afs|e |78 |o]w|n|ln|[n|u|s

FIELD

EPN

RESET

RIW

R

ADDR

SPR 816

BIT

16 | 17| 18| 19

20\21\22

23 | 24|25 | 2

27

8|20 |30 |3

FIELD

EPN

PS

ASID

SH

SPV

RESET

RIW

R

ADDR

SPR 816

NOTE: — = Undefined.

EPN—Effective Page Number
These bits are the most-significant bits of the page’s effective address.
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Memory Management Unit

PS—Page Size
000 = 4K.
001 = 16K.
011 = 512K.
111 = 8M.

010 = Reserved.
100 = Reserved.
101 = Reserved.
110 = Reserved.

ASID—Address Space ID

This field represents the data TLB entry to be compared with the CASID field in the
M_CASID register.

SH—Shared Page
0 = This entry matches only if the ASID field in the data TLB entry matches the value

of the M_CASID register.
1 = ASID comparison is disabled for the entry.

SPV—Subpage Validity
Bit 28:
0 = Subpage 0 (address[20:21]=00) is not valid.
1 = Subpage 0 (address[20:21]=00) is valid.

Bit 29:
0 = Subpage 1 (address[20:21]=01) is not valid.
1= Subpage 1 (address[20:21]=01) is valid.

@

Bit 30:
0 = Subpage 2 (address[20:21]=10) is not valid.
1 = Subpage 2 (address[20:21]=10) is valid.

Bit 31:
0 = Subpage 3 (address[20:21]=11) is not valid.
1 = Subpage 3 (address[20:21]=11) is valid.
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11.6.3.2 MMU INSTRUCTION RAM ENTRY READ REGISTER 0. The MMU instruction
RAM entry read register 0 (MI_RAMO) contains the physical page number and page
attributes of an entry indexed by the ITLB_INDX field of the MI_CTR. This register is only
updated when you write to the MI_CAM register.

MI_RAMO
BT [ o 1|2 afa]s|[6|7]8]09|w|ufn|n[us
FIELD RPN
RESET —
RIW R
ADDR SPR 817
BIT 16‘17‘18‘19 20\21\22 23 24‘25‘26‘27 28‘29‘30‘31
FIELD RPN PS B cl APG SFP
RESET - - - - -
RIW R R R R R
ADDR SPR 817
NOTE: — = Undefined.

RPN—Real Page Number
These bits are the most-significant bits of the page’s physical address.

PS_B—Page Size

010 = Reserved.
100 = Reserved.
101 = Reserved.
110 = Reserved.

-
000 = 4K. @
001 = 16K. &
011 = 512K. z
111 = 8M. z
S
=
=

o

Cl—Cache-Inhibit
When this bit is 0, it is not cache-inhibited.

APG—Access Protection Group

A maximum of 16 protection groups are supported and represented in one’s compliment
format.
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SFP—Privileged (Supervisor) Fetch Permission

Bit 28:
0 = Subpage 0 (address[20:21]=00) privileged fetch is not permitted.
1 = Subpage 0 (address[20:21]=00) privileged fetch is permitted.

Bit 29:
0 = Subpage 1 (address[20:21]=01) privileged fetch is not permitted.
1 = Subpage 1 (address[20:21]=01) privileged fetch is permitted.

Bit 30:
0 = Subpage 2 (address[20:21]=10) privileged fetch is not permitted.
1 = Subpage 2 (address[20:21]=10) privileged fetch is permitted.

Bit 31:
0 = Subpage 3 (address[20:21]=11) privileged fetch is not permitted.
1 = Subpage 3 (address[20:21]=11) privileged fetch is permitted.

11.6.3.3 MMU INSTRUCTION RAM ENTRY READ REGISTER 1. The MMU instruction
RAM entry read register 1 (MI_RAM1) contains the protection mode information of the entry
indexed by the ITLB_INDX field of the MI_CTR. This register is only updated when you write
to the MI_CAM register.

MI_RAM1
BT [ o1 |23 a]s |6 7|80 w|u|n|n[u]s
FIELD RESERVED
RESET 0
RIW R
ADDR SPR 818
BIT 16‘17‘18‘19‘20‘21‘22‘23‘24‘25 26‘27‘28‘29 30 | 31
FIELD RESERVED UFP PV | G
RESET 0 — —| -
RIW R R R | R
ADDR SPR818
NOTE: — = Undefined.
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Bits 0—-25—Reserved
These bits are reserved and must be set to zero.

11-46 MPC823e REFERENCE MANUAL MOTOROLA



Memory Management Unit

UFP—Problem (User) Fetch Permission
Bit 26:
0 = Subpage 0 (address[20:21]=00) problem fetch is not permitted.
1 = Subpage 0 (address[20:21]=00) problem fetch is permitted.

Bit 27:
0 = Subpage 1 (address[20:21]=01) problem fetch is not permitted.
1 = Subpage 1 (address[20:21]=01) problem fetch is permitted.

Bit 28:
0 = Subpage 2 (address[20:21]=10) problem fetch is not permitted.
1 = Subpage 2 (address[20:21]=10) problem fetch is permitted.

Bit 29:
0 = Subpage 3 (address[20:21]=11) problem fetch is not permitted.
1 = Subpage 3 (address[20:21]=11) problem fetch is permitted.

PV—~Page Validity
0 = Page is invalid.
1= Page is valid.

G—Guarded

0 = Unguarded storage.
1 = Guarded storage.

11.7 INTERRUPTS

11.7.1 Implementation-Specific Instruction TLB Miss

The implementation-specific instruction TLB miss interrupt occurs when MSR|g =1 and there
is an attempt to fetch an instruction from a page whose effective page number cannot be
found in the instruction translation lookaside buffer. The software tablewalk code is
responsible for loading the translation information of the missed page from the translation
table that resides in the memory. Refer to Section 11.8.1.1 Translation Reload Examples
for more information.
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11.7.2 Implementation-Specific Data TLB Miss

The implementation-specific data TLB miss interrupt occurs when MSRpgr =1 and there is
an attempt to access a page whose effective page number cannot be found in the data
translation lookaside buffer. The software tablewalk code is responsible for loading the
translation information of the missed page from the translation table that resides in the
memory. Refer to Section 11.8.1.1 Translation Reload Examples  for more information.
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Memory Management Unit

11.7.3 Implementation-Specific Instruction TLB Error
The implementation-specific instruction TLB error interrupt occurs under 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 cause of an instruction TLB error interrupt can be found in the save/restore register 1
(SRR1). For bit assignments, refer to Section 7.3.7.3.12 Implementation-Specific
Instruction TLB Error Interrupt . It is the software’s responsibility to invoke the instruction
storage interrupt handler.

11.7.4 Implementation-Specific Data TLB Error

The implementation-specific data TLB error interrupt occurs under one of the following
conditions:

» The effective address of a load, store, ichi, dcbz, dcbst, dcbf, or dcbi instruction
cannot 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 is made to write to a page with a negated change bit.
The data storage interrupt status register indicates the cause of the data TLB error interrupt.

For bit assignments refer to Section 7.3.7.3.14 Implementation-Specific Data TLB Error
Interrupt . It is the software’s responsibility to invoke the data storage interrupt handler.
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11.8 MANIPULATING THE TRANSLATION LOOKASIDE BUFFER

11.8.1 Reloading the Translation Lookaside Buffer

The TLB reload (tablewalk) function is performed in the software with optional hardware
assistance in the following ways:

» Automatically stores the missed effective data or instruction address and default
attributes in the MI_EPN or MD_EPN registers, respectively. This value is loaded into
the selected entry on a write to MI_RPN or MD_RPN for the instruction and data
translation lookaside buffer.

« Automatically updates the replacement location counter to point to the entry to be
replaced. This value is placed in the XTLB_INDX field of the MI_CTR and MD_CTR.

* Generates a level one pointer when a mfspr Rx, M_TWB is performed by the
concatenation of the level one table base and level one index. See Figure 11-2 and
Figure 11-3 for details.

« Generates a level two pointer when a mfspr Rx, MD_TW(C is performed by the
concatenation of the level two table base and level two index.

« Performs a write to the TLB entry by loading the tablewalk level two entry value to the
MI_RPN or MD_RPN register.

* A special register (M_TW) is available for the software tablewalk routine, in addition to
the PowerPC architecture’s special registers (SPRG0-SPRG3). Using this register
allows for more efficient interrupt handling.
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11.8.1.1 TRANSLATION RELOAD EXAMPLES. The following are code examples for
generating the real page number using a two-level tree page table structure. The first
example is for a data TLB reload and the second is for an instruction TLB reload. Notice that
the following assumptions are made:

 M_TWB holds the base pointer to the first level table.
» Both instruction and data address translation is turned off (MSR g =0 and MSRpg =0).

dtlb_swtw

itlb_swtw
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mtspr

mfspr
lwz
mtspr

mfspr

lwz
mtspr
mfspr
rfi

mtspr

mfspr

mtspr

mfspr
lwz

mtspr
mtspr
mfspr

wz
mtspr
mfspr
rfi

M_TW, R1

R1, M_TWB
R1, (R1)
MD_TWC,R1

R1, MD_TWC

R1, (R1)

MD_RPN, R1
R1, M_TW

M_TW, R1

R1, SRRO

MD_EPN, R1

R1, M_TWB
R1, (R1)
MI_TWC,R1
MD_TWC,R1
R1, MD_TWC

R1, (R1)
MI_RPN, R1
R1, M_TW

# save R1
# load R1 with level one pointer
# Load level one page entry
# save level two base pointer and
# level one attributes
# load R1 with level two pointer
# while taking into account the
# page size
# Load level two page entry
# Write TLB entry
# restore R1

# save R1
# load R1 with instruction miss
# effective address (the same data
# may be taken from the MI_EPN
# register)
# save instruction miss effective
# address in MD_EPN
# load R1 with level one pointer
# Load level one page entry
# save level one attributes
# save level two base pointer
# load R1 with level two pointer
# while taking into account the
# page size
# Load level two page entry
# Write TLB entry
# restore R1
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11.8.2 Controlling the TLB Replacement Counter

The TLB replacement counter can be programmed to only select among the first six entries
in each translation lookaside buffer by setting the RSV2I bit in the MI_CTR or the RSV2D
bitin the MD_CTR. These control bits also affect the tlbia instruction. Replacement counters
are cleared to zero after execution of the tlbia instruction and the counters decrement after
an appropriate TLB reload.

11.8.3 Invalidating the Translation Lookaside Buffer

The MPC823e implements the tlbie instruction to invalidate the TLB entries. This instruction
invalidates TLB entries in the translation lookaside buffer that hits, including the reserved
entries. Notice that with 4K page size, the 22 most-significant bits of the effective address
are used in the comparison because no segment registers are implemented. Although, for
entries with larger page sizes than 4K, some of the lower bits of the effective page number
are ignored. The ASID value in the entry is ignored for the purpose of matching an
invalidated address, thus multiple entries can be invalidated if they have the same effective
address and different ASID values.

The MPC823e supports the tlbia instruction to invalidate all entries in both translation
lookaside buffers. If the RSV2D or RSV2I bit is set for a translation lookaside buffer, the four
reserved entries will not be invalidated when tlbia is executed. However, the software can
explicitly invalidate one or more of these entries by setting the xTLB_INDX field in the
MD_CTR or MI_CTR, which negates the EV bit in the MD_EPN or MI_EPN register and
performs a write to the appropriate MD_RPN or MI_RPN register. The translation lookaside
buffers are not automatically invalidated on reset, but they are disabled. However, they must
be invalidated under program control.

11.8.4 Loading the Reserved TLB Entries
To load a single reserved entry in the translation lookaside buffer, follow these steps:

1. Disable the translation lookaside buffer by clearing MSR g or MSRpR as needed.
2. Clear the RSV4x bit in the Mx_CTR.

3. Invalidate the effective address of the reserved page by using the tlbia or tlbie
instruction.

4. Setthe xTLB_INDX fields of the Mx_CTR to the appropriate value (6 or 7).

5. Load the Mx_EPN register with the effective page number, the ASID with the reserved
page, and set the EV bit to 1.

6. Run software tablewalk code to load the appropriate entry into the translation
lookaside buffer. Refer to Section 11.8.1.1 Translation Reload Examples  for
examples of this code.

7. If needed, repeat the three previous steps to load other TLB entries.
8. Set the RSV4x bit in the Mx_CTR.
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11.9 REQUIREMENTS FOR ACCESSING THE MEMORY MANAGEMENT
UNIT CONTROL REGISTERS

Allinstruction and data memory management unit control registers must be accessed when
instruction and data address translation is turned off. Prior to an mtspr MD_DBCAM receive
instruction, an eieio instruction must be placed and executed before you write to the
Mx_CAM register.
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SECTION 12
SYSTEM INTERFACE UNIT

The system interface unit controls system startup, initialization, operation, and protection,
as well as the external system bus. The system configuration and protection function
controls the overall system and provides various monitors and timers, including the bus
monitor, software watchdog timer, periodic interrupt timer, PowerPC™ decrementer,
timebase, and real-time clock. The clock synthesizer generates the clock signals for other
modules and external devices that the system interface unit uses. This circuitry generates
the system clock from an inexpensive 32kHz crystal or an oscillator with a maximum
frequency of 5SMHz. The system interface unit supports various low-power modes that
supply different ranges of power consumption, functionality, and wake-up time. The clock
scheme supports low-power modes for applications that use baud rate generators and/or
serial ports in standby mode. The main system clock can be changed dynamically, but the
baud rate generators and serial ports work with a fixed frequency. For more information on
clocks, refer to Section 5 Clocks and Power Control

The external bus interface handles the transfer of information between internal buses and
the memory or peripherals in the external address space. The MPC823e is designed to
allow external bus masters to request and obtain mastership of the system bus. For
additional information on bus operation, see Section 13 External Bus Interface . The
memory controller module provides a glueless interface to many types of memory devices
and peripherals and it supports a maximum of eight memory banks, each with their own
device and timing attributes. Memory control services are provided to both internal and
external masters. The MPC823e supports circuitboard test strategies through a
user-accessible test logic that is fully compliant with information in

Section 21 IEEE 1149.1 Test Access Port

% Note: The MPC823e’s external address bus is 26 bits wide, while the internal address
bus is 32 bits wide. Therefore, external accesses are considered internally as
26-hit accesses (A[6:31]) with A[0:5] equal to 0, while internal accesses are full

32-bit accesses.
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System Interface Unit

The PCMCIA host adapter module provides all control logic for a PCMCIA interface fully
compliant with the PCMCIA Standard, Release 2.1+ (PC Card -16). It can support one
PCMCIA socket with a maximum of eight memory or I/O windows.

% Note: Both the MPC823e and MPC821 have the same PCMCIA module except that
the MPC823e has only one valid slot (Slot B). Programming a window to be
assigned to Slot A may cause an erroneous operation.

12.1 FEATURES

The following is a list of the system interface unit's main features:

» System Configuration and Protection

» System Interrupt Configuration

» System Reset Monitoring and Generation

» Clock Synthesizer

* Power Management

* Real-Time Clock

» PowerPC Decrementer

» Timebase

* Periodic Interrupt Timer

» External Bus Interface Control

» Eight Memory Banks Supported By the Memory Controller
» Debug Support

* PCMCIA Host Adapter Module Supports Eight Memory or I/0O Windows
» |IEEE 1149.1 Test Access Port

12.2 SYSTEM CONFIGURATION AND PROTECTION

The MPC823e incorporates many system functions that normally must be provided in
external circuits. It is designed to provide maximum system safeguards against hardware
and/or software faults. The following features are provided in the system configuration and
protection submodule:

* Interrupt Configuration —Allows you to configure the system according to your own
requirements. The functions include control of parity checking, show cycle operation,
and part and mask number constants.

+ Bus Monitor —Monitors the TA response time for all bus accesses initiated by the
internal masters. A TEA signal is asserted if the TA response limit is exceeded. The bus
monitor measures time between TS and any termination of the bus cycle, including TA,
TEA, and RETRY.
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« Software Watchdog Timer —Asserts a reset or nonmaskable interrupt that is selected
by the system protection control register (SYPCR) if the software fails to service the
software watchdog timer after a certain period of time. After system reset, the software
watchdog timer, if enabled, selects a maximum timeout period and asserts a system
reset if the timeout is reached. The software watchdog timer can be disabled or its
timeout period can be changed in the SYPCR. Once the SYPCR is written, it cannot be
written again until a system reset.

¢ Periodic Interrupt Timer —Generates periodic interrupts to be used with the real-time
operating system or the application software. The periodic interrupt timer is clocked by
the PITRTCLK clock, thus providing a period from 122 microseconds to 8,000
milliseconds assuming a 32.768kHz crystal. The periodic interrupt timer function can be
disabled if it is not needed.

« PowerPC Timebase Counter —Provides a timebase reference for the operating
system or application software. This 64-bit timebase counter is defined by the PowerPC
architecture and has two independent reference registers that generate a maskable
interrupt when the programmed value in one of the registers is reached. The associated
bit in the timebase status register is set for the reference register that generated the
interrupt. The timebase is clocked by the TMBCLK clock.

« PowerPC Decrementer —Provides a decrementer interrupt and is clocked at the same
frequency as the timebase. This 32-bit decrementing counter is defined by the
PowerPC architecture to be clocked by the TMBCLK clock. When it is driven by a 4MHz
oscillator the period for the decrementer is 4,295 seconds, which is approximately 71.6
minutes.
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* Real-Time Clock —Provides a time-of-day information to the operating system or
application software. It is composed of a 45-bit counter and an alarm register. A
maskable interrupt is generated when the counter reaches the value programmed in the
alarm (RTCAL) register. The real-time clock is clocked by the PITRTCLK clock.

* Freeze Support —The system interface unit determines whether the software
watchdog timer, periodic interrupt timer, timebase, decrementer, and real-time clock will
continue to run in freeze mode.

MOTOROLA MPC823e REFERENCE MANUAL 12-3



System Interface Unit

Figure 12-1 illustrates a block diagram of the system configuration and protection logic.

MODULE
CONFIGURATION
BUS —— TEA
MONITOR
PERIODICINTERRUPT | \\rERRUPT
> TIMER
E SOFTWARE I INTERRUPTOR
2 > WATCHDOG TIMER SYSTEM RESET
g
= POWERPC
5 CLOCK | >
7 DECREMENTER INTERRUPT
5
m
s
c POWERPC
= — >
TIMEBASE COUNTER INTERRUPT
REAL-TIME ———®  INTERRUPT
> CcLOCK

Figure 12-1. System Configuration and Protection Logic
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12.3 INTERRUPT CONFIGURATION

Many aspects of MPC823e system configuration are controlled by the SIU module
configuration register (SIUMCR). The SIUMCR primarily controls the external bus arbitration
logic, external master support, and pin multiplexing. See Section 12.12.1.1 SIU Module
Configuration Register for more information.

12.3.1 The Interrupt Structure

The system interface unit receives interrupts from internal sources, such as the periodic
interrupt timer, real-time clock, communication processor module (CPM), and the external
IRQX pins. The MPC823e interrupt structure is illustrated in Figure 12-2.

=
SOFTWARE > =
WATCHDOG o
TIMER NMI 2
[T
BA | o
RQ[0:7] | GEN &
IRQO E
[}
DET ]
« NMI %
2 &
) | [PECREMENTER | DECREMENTER
o LEVEL7
>
TiveaseE —of o L
>
T PERIODIC —
INTERRUPT |—B»fl LEVEL5 POWERPC
TIMER >
= CORE
REAL-TIME LEVEL 4 e
] E
CLOCK > § -
| ©
LEVEL 3 &
PCMCIA  [— > =
LEVEL 2 2
dE
CPM/LCDNVIDEO >
]
INTERRUPT CONTROLLER LEVEL 1 >
_>
LEVEL 0
>
SYSTEM INTERFACE UNIT DEBUG »{ DEBUG

Figure 12-2. MPC823e Interrupt Structure

If it is programmed to generate an interrupt, the software watchdog timer always generates
a nonmaskable interrupt (NMI) to the core. The external IRQO pin will generate a
nonmaskable interrupt as well.
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System Interface Unit

Notice that the core takes the system reset interrupt when a nonmaskable interrupt is
asserted and the external interrupt when any other interrupt is asserted by the interrupt
controller. Each one of the external IRQXx pins has its own dedicated assigned priority level
and there are eight additional interrupt priority levels. Each one of the system interface unit
internal interrupt sources (the interrupt request that is generated by the communication
processor module’s interrupt controller) can be assigned by the software to any one of those
eight interrupt priority levels. Thus, a very flexible interrupt scheme is realized.

% Note: IRQO is a nonmaskable interrupt. It will cause the core to go to the system reset
vector.

12.3.2 Priority of the Interrupt Sources

The system interface unit has 15 interrupt sources that assert just one interrupt request to
the core. There are seven external IRQx pins and eight interrupt levels. The priority between
all interrupt sources is shown in Table 12-1.

Table 12-1. Priority of System Interface Unit Interrupt Sources

NUMBER PRIORITY INTERRUPT SOURCE INTERRUPT CODE
LEVEL DESCRIPTION
0 Highest TRQO 00000000
1 Level O 00000100
2 IRQ1 00001000
3 Level 1 00001100
4 RQ2 00010000
5 Level 2 00010100
6 IRQ3 00011000
7 Level 3 00011100
8 RQ4 00100000
9 Level 4 00100100
10 IRQ5 00101000
11 Level 5 00101100
12 IRQ6 00110000
13 Level 6 00110100
14 IRQ7 00111000
15 Lowest Level 7 00111100
16-31 Reserved —
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12.3.3 Programming the Interrupt Controller

The system interface unit’s interrupt controller consists of the SIPEND, SIMASK, SIEL and
SIVEC registers.

12.3.3.1 SIU INTERRUPT PENDING REGISTER. The 32-bit SIU interrupt pending
(SIPEND) register contains bits that individually correspond to an interrupt request. If they
are set, the bits associated with internal exceptions indicate that an interrupt service is
requested, if they are not masked by the corresponding bit in the SIMASK register. These
bits reflect the status of the internal requesting device and they are cleared when the
appropriate actions are software-initiated in the device itself. The bits associated with the
IRQx pins have a different behavior depending on the sensitivity defined for them in the SIEL
register. When an IRQx signal is defined as a “level” interrupt the corresponding bit behaves
similar to the bits associated with internal interrupt sources. When an IRQXx signal is defined
as an “edge” interrupt and if the corresponding bit is set, it indicates that a falling edge was
detected on the line. These bits are reset by writing a 1 to them.

SIPEND

BIT 0 1 2 3 4 5 6 7 8 9 10 | 11 | 12 13 | 14 | 15
FIELD |IRQO | LVLO | IRQ1| LVL1|IRQ2 | LVL2 | IRQ3 | LVL3 | IRQ4 | LVL4 | IRQ5 | LVL5 | IRQ6 | LVL6 | IRQ7 | LV7
RESET 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

RIW RW | RW | RW | RW | RW | RIW | RIW | RW | RIW | RW | RIW | RIW | RIW | RIW | RIW | RIW
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ADDR (IMMR & OXFFFF0000) + 0x010

BIT 16‘17‘18‘19‘20‘21‘22‘23‘24‘25‘26‘27‘28‘29‘30‘31
FIELD RESERVED

RESET 0

RIW RIW

ADDR (IMMR & OXFFFF0000) + 0x012

IRQ—Interrupt Request 0—7

When set, this field indicates a pending external IRQx interrupt of a corresponding value.
See Figure 12-2 for more information.

0 = The appropriate interrupt is not pending.
1 = The appropriate interrupt is pending.

LVL—Level 0-7

When set, this field indicates a pending internal level interrupt of a corresponding value. See
Figure 12-2 for more information.

0 = The appropriate interrupt is not pending.
1 = The appropriate interrupt is pending.

MOTOROLA MPC823e REFERENCE MANUAL 12-7
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System Interface Unit

Bits 16—31—Reserved
These bits are reserved and must be set to O.

12.3.3.2 SIU INTERRUPT MASK REGISTER. The 32-bit read/write SIU interrupt mask
(SIMASK) register contains bits that individually correspond to the interrupt request bits in
the SIPEND register. When a bit is set, it enables the generation of an interrupt request to
the core. SIMASK is updated by the software and cleared at reset. It is the responsibility of
the software to determine which of the interrupt sources are enabled at a given time.

SIMASK

BIT 0 1 2 3 4 5 6 7 8 9 10 | 11 | 12 | 13 | 14 | 15
FIELD | IRMO | LVMO | IRM1 | LVM1 | IRM2 | LVM2 | IRM3 | LVM3 | IRM4 | LVM4 | IRMS5 | LVM5 | IRM6 | LVM6 | IRM7 | LVM7
RESET 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RIW RW | RW | RW | RW | RW | RIW | RIW | RIW | RIW | RIW | RIW | RIW | RIW | RIW | RIW | RIW

ADDR (IMMR & OXFFFF0000) + 0x014

BIT 16‘17‘18‘19‘20‘21‘22‘23‘24‘25‘26‘27‘28‘29‘30‘31
FIELD RESERVED
RESET 0

RIW RIW

ADDR (IMMR & OXFFFFO000) + 0x016

IRMx—Interrupt Request Mask 0—7

These bits determine whether an IRQx interrupt service request from an external source is
to be automatically generated to the core. Independent of the IRMx setting, the system
interface unit will automatically set the corresponding IRQx bit in the SIPEND register. See
Figure 12-2 for more information.

0 = Disable automatic generation of an interrupt request to the CPU. You can monitor
the corresponding IRQx bit in the SIPEND register to implement interrupt polling.

1 = Enable automatic generation of an interrupt service request to the CPU, which may
then vector to an interrupt service routine. The EDx bits in the SIEL register
determine if the corresponding IRQx interrupt is falling edge-triggered or low logical
level triggered. The WMx field in the SIEL register determines if the corresponding
IRQx interrupt will cause the MPC823e to exit low-power mode.

% Note: IRQO will generate a non-maskable interrupt even if its corresponding IRMO bit
is not set.
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LVM—Level Mask 0-7

When set, these bits enable a LEVELX interrupt request from an internal source to be
generated. The SIPEND register contains the corresponding LVLX bits. See Figure 12-2 for
more information.

0 = Disable the generation of an IRQx bit in the SIPEND register.
1= Enable the generation of an IRQx bit in the SIPEND register.

Bits 16—-31—Reserved
These bits are reserved and must be set to 0.

12.3.3.3 SIU INTERRUPT EDGE/LEVEL REGISTER. The 32-bit read/write SIU interrupt
edge/level (SIEL) register contains pairs of bits that correspond to an external interrupt
request. If set, the EDx bit specifies when a falling edge in the corresponding IRQx signal is
an interrupt request. When the EDx bit is 0, a low logical level in the IRQx signal is an
interrupt request. The WMx bit, if set, indicates that a low level detection in the
corresponding interrupt request line causes the MPC823e to exit low-power mode.

SIEL

BIT 0 1 2 3 4 5 6 7 8 9 10 | 11 | 12 | 13 | 14 | 15
FIELD | EDO | WMO | ED1 | WM1| ED2 | WM2 | ED3 | WM3 | ED4 | WM4 | ED5 | WM5 | ED6 | WM6 | ED7 | WM7
RESET 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

RIW RW | RW | RIW | RIW | RIW | RIW | RIW | RIW | RIW | RIW | RIW | RIW | RIW | RIW | RIW | RIW

ADDR (IMMR & OXFFFF0000) + 0x018

BT |16 |17 |18 |19 |20 |2 |2 |23 |2 |22 |27]8]2n]n]a
FIELD RESERVED

RESET 0

RIW RIW

ADDR (IMMR & OXFFFF0000) + 0x018

ED—Edge Detect 0—7
0 = The bits specify that a low logical level in the IRQx signal is detected as an interrupt
request.
1 = The bits specify that a falling edge in the corresponding IRQx signal is detected as
an interrupt request.

WM—Wake-Up Mask 0-7
0 = Not allowed to exit from low-power mode.
1 = Allows low-level detection in the corresponding IRQXx signal to exit or wake up the
MPC823e from low-power mode.

MOTOROLA MPC823e REFERENCE MANUAL 12-9
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System Interface Unit

Bits 16—31—Reserved
These bits are reserved and must be set to O.

12.3.3.4 SIU INTERRUPT VECTOR REGISTER. The 32-bit read-only SIU interrupt vector
(SIVEC) register contains an 8-bit code that represents the unmasked interrupt source of
the highest priority level. The SIVEC register can be read as either a byte, half, or word.
When read as a byte, a branch table can be used in which each entry contains one
instruction (branch). When read as a half-word, each entry can contain a full routine of 256
instructions (max). The interrupt code is equal to the interrupt number multiplied by four,
which allows indexing into the table. Refer to Figure 12-3 and Table 12-1 for details.

SIVEC
BIT 0‘1‘2‘3‘4‘5‘6‘7 8‘9‘10‘11‘12‘13‘14‘15
FIELD INTC RESERVED
RESET 0 0
RW R R
ADDR (IMMR & 0XFFFF0000) + 0X01C
BT |16 |17 |18 |19 | 20 |21 |22 |23 |28 |25 |26 |27 [ 28|20 |30 |3
FIELD RESERVED
RESET 0
RIW R
ADDR (IMMR & OXFFFF0000) + 0x01E

INTC—Interrupt Code
This field indicates the highest priority pending interrupt.

Bits 8—31—Reserved

These bits are reserved and must be set to 0. The value equals the interrupt number
multiplied by four. See Table 12-1 for details.
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INTR: e o

Save state
R3 <- @ SIVEC
R4 <-- Base of branch table

Ibz RX,R3(0) #load as byte
add RX, RX, R4

mtspr  CTR, RX

betr

BASE +1ooo]

BASE Routinel
BASE +4 Routine2
BASE +8 Routine3
BASE +C Routine4
BASE +10 .
BASE +n .

BASE +n ]

INTR: e oe

Save state
R3 <- @ SIVEC
R4 <-- Base of branch table

lhz RX,R3(0) #load as byte
add RX, RX, R4

mtspr  CTR, RX

betr

] 1st Instruction of Routinel

BASE + 400 ’ 1st Instruction of Routine2

BASE + 800 ’ 1st Instruction of Routine3

BASE + COO’ 1st Instruction of Routine4

12.4 THE BUS MONITOR

The bus monitor ensures that each bus cycle is terminated within a reasonable period of

time. The MPC823e system interface unit provides a bus monitor option that monitors

Figure 12-3. Interrupt Table Handling Example
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internally generated external bus accesses on the external bus. At the start of the transfer
start (TS) signal, the monitor begins counting and stops when the transfer acknowledge (TA)
or transfer error (TEA) signal is asserted. Within the bus cycle, the burst cycle performs
three functions—stops the previous count, resets, and restarts a new count until the next

transfer acknowledge. The last transfer acknowledge of the burst cycle only stops the

counter. When a RETRY signal is asserted, it has the same effect as the TA or TEA signal.
If the monitor times out, a TEA signal is internally asserted by the bus monitor to terminate
the cycle. The programmability of the timeout allows for a variation in system peripheral
response time. The timing mechanism is clocked by the system clock divided by eight. The
maximum value can be 2,040 system clocks. The bus monitor will always be active when
the FRZ signal is asserted or when a debug mode request is pending, regardless of the state

of the BMT bit.

If the bus monitor is disabled, the transfer error conditions will not assert the

% Note: If th
TEA pin.

MPC823e REFERENCE MANUAL
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System Interface Unit

12.5 THE POWERPC DECREMENTER

The 32-bit decrementing counter is defined by the PowerPC architecture to provide a
decrementer interrupt. This binary counter is clocked by the same frequency as the
timebase. In the MPC823e, the decrementer is clocked by the TMBCLK clock, so you must
enable the TBE bit in the TBSCR for the decrementer to start.

) 532
dec = (F

T _c
tmbelk)

The state of the decrementer is not affected by HRESET and SRESET and, therefore, must
be initialized by the software. The decrementer runs continuously after power-up. It
continues counting while HRESET and SRESET are asserted and it is implemented with the
following requirements in mind. The decrementer interrupt is also sent to the power-down
wake-up logic, which allows the CPU to be awaken from power-down mode.

» The operation of the timebase and decrementer are coherent, which means the
counters are driven by the same fundamental timebase.

» The decrementer is unaffected when read.

» When storing to the decrementer, the value in the decrementer is replaced with the
value in the GPR.

» When Bit 0 (MSB) of the decrementer changes from 0 to 1, an interrupt request is
signaled. If multiple decrementer interrupt requests are received before the first one is
reported, only one interrupt is reported.

« If the decrementer is altered by the software and the content of Bit O is changed from
0 to 1, an interrupt request is signaled.

A decrementer exception causes a pending decrementer interrupt request in the core. When
the decrementer interrupt is taken, the request is automatically cleared. The following chart
shows some of the periods available for the decrementer, assuming that a 4MHz oscillator
is used.

COUNT VALUE TIMEOUT COUNT VALUE TIMEOUT
0 1 microsecond 999999 1.0 second
9 10. microseconds 9999999 10.0 seconds
99 100. microseconds 99999999 100.0 seconds
999 1.0 millisecond 999999999 1000. seconds
9999 10.0 milliseconds FFFFFFFF(hex) 4295 seconds
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12.5.1 Decrementer Register

The 32-bit decrementer (DEC) register is a special-purpose register defined by PowerPC
architecture. The decrementer causes an interrupt whenever Bit 0 changes from a logic 0 to
a logic 1. The contents of this register can be read or written to by the mfspr or mtspr
instruction. This register is undefined at reset. The decrementer is powered by standby
power and continues counting when standby power is applied. To enable the decrementer
control bits, use the timebase control and status register. The decrementer and timebase
share the same TMBCLK.

DEC
BIT 0\1\2\3\4\5\6\7\8\9\10\11\12\13\14\15
FIELD DEC
=
RESET — 5
Ll
RIW RIW E‘:
[ae
SPR 2 &
BIT 16‘17‘18‘19‘20‘21‘22‘23‘24‘25‘26‘27‘28‘29‘30‘31 E
FIELD DEC 2
RESET —
= - &
SPR 2
NOTE: — = Undefined.

DEC—Decrementer

This field is used by a down counter to cause decrementer interrupts. A read of this register
always returns the current count value from the down counter.

MOTOROLA MPC823e REFERENCE MANUAL 12-13
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12.6 THE POWERPC TIMEBASE

The timebase is defined by the PowerPC architecture and is a 64-bit free-running binary
counter that is incremented at a frequency determined by each implementation of the
timebase. There is no interrupt or other indication generated when the count rolls over. The
period of the timebase depends on the driving frequency. For the MPC823e, the timebase
is clocked by the TMBCLK clock and the period for the timebase is:

264

Trg =

Fimbelk

The state of the timebase is unaffected by any resets and must be initialized by the software.
Reads and writes of the timebase are restricted to special instructions. For the MPC823e
implementation, it is not possible to read or write the entire timebase in a single instruction.
Therefore, the mttb and mftb instructions are used to move the lower half of the timebase
while the mttbu and mftbu instructions are used to move the upper half of the timebase.
The timebase has two reference registers associated with it. A maskable interrupt is
generated when the timebase count reaches the value programmed in one of the two
reference registers and the two status bits indicate which of the two reference registers
generated the interrupt.

12.6.1 Timebase Register

The special-purpose 64-bit timebase (TB) register contains a 64-bit integer that is
periodically incremented. There is no automatic initialization of this register. The system
software must perform the initialization. The contents of the register can be written by the
mtspr instruction and read by the mftb or mftbu instruction.

TB-UPPER
BT [ o1 |2 afals|[e|7]8]9|w|u|n|n|u|s
FIELD TBU
RESET _
RIW RIW
SPR 269 (READ), 285 (WRITE)
BIT 16‘17‘18‘19‘20‘21‘22‘23‘24‘25‘26‘27‘28‘29‘30‘31
FIELD TBU
RESET —
RIW RIW
SPR 269 (READ), 285 (WRITE)
NOTE: — = Undefined.

TBU—Timebase Upper
The value stored in this field is used as an upper part of the timebase counter.
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TB-LOWER
BT o1 |2 afa]s|[6|7]8]09|w|ufn|n[us
FIELD TBL
RESET —
RIW RIW
SPR 268 (READ), 284 (WRITE)
BIT 16\17\18\19\20\21\22\23\24\25\26\27\28\29\30\31
FIELD TBL
RESET
RIW
SPR 268 (READ), 284 (WRITE)
NOTE: — = Undefined.

TBL—Timebase Lower
The value stored in this field is used as the lower part of the timebase register.
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12.6.2 Timebase Reference Registers

There are two special-purpose 32-bit read/write timebase reference registers—TBREFU
and TBREFL—associated with the upper and lower parts of the timebase. When there is a
match between the contents of the timebase and the reference register, a reference interrupt
is enabled in the timebase control and status register.

®

TBREFU
BIT 0\1\2\3\4\5\6\7\8\9\10\11\12\13\14\15
FIELD TBREFU
RESET —
RIW RIW
ADDR (IMMR & OXFFFF0000) + 0x204
BIT 16‘17‘18‘19‘20‘21‘22‘23‘24‘25‘26‘27‘28‘29‘30‘31
FIELD TBREFU
RESET _
RIW RIW
ADDR (IMMR & OXFFFF0000) + 0x206
NOTE: — = Undefined.

TBREFU—Timebase Reference Upper
These bits represent the 32-bit reference value for the upper part of the timebase.

MOTOROLA MPC823e REFERENCE MANUAL 12-15
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TBREFL
BT [ o123 a]s][6|7]8]0|w|u[n|n[u|s
FIELD TBREFL
RESET —
RIW RIW
ADDR (IMMR & OXFFFFO000) + 0x208
BIT 16‘17‘18‘19‘20‘21‘22‘23‘24‘25‘26‘27‘28‘29‘30‘31
FIELD TBREFL
RESET —
RIW RIW
ADDR (IMMR & OXFFFF0000) + 0x20A
NOTE: — = Undefined.

TBREFL—Timebase Reference Lower
These bits represent the 32-hit reference value for the lower part of the timebase.

12.6.3 Timebase Status and Control Register

The 16-bit read/write timebase status and control register (TBSCR) controls the timebase
count enable and interrupt generation. It is also is used for reporting the source of the
interrupts and can be read at any time. A status bit is cleared by writing a 1 (writing a zero
has no effect) and more than one bit can be cleared at a time.

TBSCR
BT [ o1 |2 3456|7809 w|u[n|n[u|s
FIELD TBIRQ REFA | REFB RESERVED | REFAE | REFBE | TBF | TBE
RESET 0 0 0 0 0 0 0 0
RIW RIW RW | RW RIW RW | RW | RW | RW
ADDR (IMMR & OXFFFF0000) + 0x200

TBIRQ—Timebase Interrupt Request

This field determines the interrupt priority level of the timebase. To specify a certain level,
the appropriate bit must be set.

REFA and REFB—Reference Interrupt Status

If set, these bits indicate that a match has been detected between the corresponding
reference register (TBREFU for REFA and TBREFL for REFB) and the timebase low
register. Each bit must be cleared by writing a 1.
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Bits 10-11—Reserved
These bits are reserved and must be set to 0.

REFAE and REFBE—Reference Interrupt Enable

If one of these bits is asserted, the timebase generates an interrupt on assertion of the REFA
or REFB bit. Otherwise, the interrupt is disabled.

TBF—Timebase Freeze Enable

0 = The timebase and decrementer are unaffected.
1 = The FRZ signal stops the timebase and decrementer.

TBE—Timebase Enable

0 = Disables timebase and decrementer operation.
1 = Enables timebase and decrementer operation.

12.7 THE REAL-TIME CLOCK

The real-time clock is a 45-bit counter that is clocked by the PITRTCLK clock. It is used to
provide time-of-day indication to the operating system and application software. The counter
is not affected by reset and operates in all low-power modes. It is initialized by the software.
The real-time clock can be programmed to generate a maskable interrupt when the time
value matches the value programmed in the alarm register. It can also be programmed to
generate an interrupt once every second. A control and status register is used to enable or
disable the different functions and report the interrupt source. The real-time clock
registers—RTCSC, RTC, RTSEC, and RTCAL—are protected (“locked”) from accidental
writes after PORESET. To unlock the registers, you must write a key word (0OxX55CCAA33)
to the RTCK register. Refer to Section 5.4.2 Keep-Alive Power for more information.

FRZ

RTSEC SEC
—————
_________ INTERRUPT
r 1
PITRTCLK CLOCK ! | owiE ' o
CLOCK DISABLE [A ' | BY8192 > 3|  32-BIT COUNTER
l mux | !
' |
] DIVIDE |- | ALARM
| BY 9,600 | INTERRUPT
| | %
| /K|
b= - 32-BIT REGISTER

Figure 12-4. Real-Time Clock Block Diagram
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12.7.1 Real-Time Clock Status and Control Register

The real-time clock status and control (RTCSC) register is used to enable the different
real-time clock functions and for reporting the source of the interrupts. A status bit is cleared
by writing a 1 (writing a zero has no effect) and more than one status bit can be cleared at
a time. This register can be read at any time.

RTCSC
BIT 0‘1‘2‘3‘4‘5‘6‘78910 TR RN R
FIELD RTCIRQ SEC | ALR | RES | 38K | SIE | ALE | RTF | RTE
RESET 0 ol ool =]o]o]o]=
RIW RIW RW | RW | RW | RW | RW | RW | RW | RW
@ ADDR (IMMR & OxFFFF0000) + 0x220
NOTE: — = Undefined.

RTCIRQ—Real-Time Clock Interrupt Request
This field controls the real-time clock’s interrupt priority level.

SEC—Once Per Second Interrupt
This status bit is set every second and must be cleared by the software.
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ALR—Alarm Interrupt

This status bit is set when the value of the real-time clock is equal to the value programmed
in the RTCAL register.

Bit 10—Reserved
This bit is reserved and must be set to 0.

38K—Real-Time Clock Source Select
The software must set this bit to get the proper timing of a second.

0 = Assumes that it is driven by a 32.768kHz crystal
1 = Assumes that it is driven by a 38.4kHz crystal.

SIE—Seconds Interrupt Enable
This bit allows the real-time clock to generate an interrupt when the SEC bit is set.

0 = Disables seconds interrupt.
1 = The real-time clock generates an interrupt.
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ALE—Alarm Interrupt Enable
This bit allows the real-time clock to generate an interrupt when the ALR bit is set.

0 = Disables the seconds interrupt.
1 = The real-time clock generates an interrupt.

RTF—Real-Time Clock Freeze Enable

0 = The real-time clock is unaffected by the FRZ signal.
1 = The FRZ signal stops the real-time clock.

RTE—Real-Time Clock Enable

0 = The real-time clock timers are disabled.
1 = The real-time clock timers are enabled.

12.7.2 Real-Time Clock Register

The 32-bit real-time clock (RTC) register contains the current value of the real-time clock.
The maximum value is approximately 136 years.

RTC
BIT 0\1\2\3\4\5\6\7\8\9\10\11\12\13\14\15
FIELD RTC
RESET —
RIW RIW
ADDR (IMMR & OXFFFF0000) + 0x224
BIT 16‘17‘18‘19‘20‘21‘22‘23‘24‘25‘26‘27‘28‘29‘30‘31
FIELD RTC
RESET _
RIW RIW
ADDR (IMMR & OXFFFF0000) + 0x226
NOTE: — = Undefined.

RTC—Real-Time Clock
This field represents time measured in seconds. Each unit represents one second.
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System Interface Unit

12.7.3 Real-Time Clock Alarm Seconds Register

The 32-bit real-time clock alarm seconds register (RTSEC) contains the value which divides
the oscillator by 8,192 or 9,600 to generate one clock per second. This register is cleared
when the RTC register is written. Under normal conditions (RTCSC[38K] = 0), PITRTCLK is
assumed to be 8,192 Hz (4.192 MHz/512 or 32.768 KHz/4). RTSEC resets at 8,192 and
increments RTC. Thus, RTC contains the time in seconds and RTSEC functions as a pre-
divider. For a 38.4KHz crystal (instead of 32.768KHz), RTCSC[38K] must be set to make
RTSEC reset at 9,600 instead of 8,192.

RTSEC
BIT 0‘1‘2‘3‘4‘5‘6‘7‘8‘9‘10‘11‘12‘13 14\15
FIELD COUNTER RES
RESET _ _
RIW RIW RIW
ADDR (IMMR & OXFFFF0000) + 0x228
BIT 16‘17‘18‘19‘20‘21‘22‘23‘24‘25‘26‘27‘28‘29‘30‘31
FIELD RESERVED

RESET -
RIW RIW
ADDR (IMMR & OXFFFF0000) + 0x22A

NOTE: — = Undefined.

COUNTER—Clock Seconds

Counter bits (fraction of a second). Bit 13 is always the LSB of the count. 8,192 = the 38K
field of the RTCSC is set to zero. PITRTCLK is assumed to be 8192Hz (4.192MHz/512 or
32.768KHz/4). 9600 = the 38K field of the RTCSC is set to one. PITRTCLK is assumed to
be 9,600Hz (38.4KHz/4).

Bits 14-31—Reserved
These bits are reserved and must be set to 0.
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12.7.4 Real-Time Clock Alarm Register

The 32-bit read/write real-time clock alarm (RTCAL) register is an alarm reference register.
When the RTC register increments to the value stored in this register, an alarm interrupt is
generated.

RTCAL
BIT 0‘1‘2‘3‘4‘5‘6‘7‘8‘9‘10‘11‘12‘13‘14‘15
FIELD ALARM
RESET —
RIW RIW
ADDR (IMMR & OXFFFF0000) + 0x22C
=
BIT 16‘17‘18‘19‘20‘21‘22‘23‘24‘25‘26‘27‘28‘29‘30‘31 Z
w
FIELD ALARM g
[ae
RESET — w
=
RIW RIW =
7
ADDR (IMMR & OXFFEF0000) + 0X22E >
NOTE: — = Undefined.

)

ALARM—AIlarm Reference Counter

This field indicates that an alarm interrupt will be generated as soon as there is a match
between this field and the corresponding bits in the RTC register. The alarm has a 1 second
resolution.
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12.8 THE PERIODIC INTERRUPT TIMER

The periodic interrupt timer consists of a 16-bit counter clocked by a PITRTCLK clock
supplied by the clock module. It decrements to zero when loaded with a value from the
periodic interrupt timer count register (PITC) and after the timer reaches zero, the PS bit is
set and an interrupt is generated if the PIE bit is a logic 1. At the next input clock edge, the
value in the PITC register is loaded into the counter and the process starts all over again.
When a new value is loaded into the PITC register, the periodic interrupt timer is updated,
the divider is reset, and the counter starts counting. If the PS bit is not cleared, it generates
an interrupt at the interrupt controller and the interrupt remains pending until it is cleared. If
the PS bit is set again, prior to being cleared, the interrupt remains pending until the PS bit
is cleared. Any write to the PITC register stops the current countdown and the count
resumes with a new value in the PITC. If the PTE bit is not set, the periodic interrupt timer
is unable to count and retains the old count value. Reads of the periodic interrupt timer have
no effect on it.

PTE PITC
Y
16-BIT
PITRTCLK CLOCK
CLOCK DISABLE > MODULUS PS o
COUNTER >
PIT
? INTERRUPT
'
PIE
FRZ

Figure 12-5. Periodic Interrupt Timer Block Diagram

The timeout period is calculated as:

pIT _PITC+1_ PITC+1
period Fpitrtclk (ExternalClocky . ,
lorl28

Solving this equation using a 32.768kHz external clock gives:

PITC+1
8192

PITperiod =

This gives a range from 122 microseconds with a PITC of 0x0000 to a maximum of 8
seconds with a PITC of OXFFFF.
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12.8.1 Periodic Interrupt Status and Control Register

The read/write periodic interrupt status and control register (PISCR) contains the interrupt
request level and the interrupt status bits. It also controls the 16 bits to be loaded in a
modulus counter.

PISCR
BIT 0‘1‘2‘3‘4‘5‘6‘789‘10‘11‘12 13| 14 | 15
FIELD PIRQ PS RESERVED PIE | PITF | PTE
RESET 0 0 0 o | o |1
RIW RIW RIW RW RW | RW | RW
ADDR (IMMR & 0XFFFF0000) + 0x240

PIRQ—Periodic Interrupt Request Level

This field allows you to configure any interrupt level for periodic interrupts. See Figure 12-2
for interrupt request levels.
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PS—Periodic Interrupt Status
This bit can be negated by writing a 1 to it (zero has no effect).

®

0 = The periodic interrupt timer is unaffected.
1 = The periodic interrupt timer has issued an interrupt.

Bits 9-12—Reserved
These bits are reserved and must be set to 0.

PIE—Periodic Interrupt Enable

0 = Disables the PS bit.
1 = Enables the PS bit to generate an interrupt.

PITF—Periodic Interrupt Timer Freeze Enable

0 = The periodic interrupt timer is unaffected by the FRZ signal.
1 = The FRZ signal stops the periodic interrupt timer.

PTE—Periodic Timer Enable

0 = The periodic interrupt timer is disabled.
1 = The periodic interrupt timer is enabled.
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12.8.2 Periodic Interrupt Timer Count Register

The read/write periodic interrupt timer count (PITC) register contains a 16-bit value that will
be loaded into the periodic interrupt down counter.

PITC
BIT 0‘1‘2‘3‘4‘5‘6‘7‘8‘9‘10‘11‘12‘13‘14‘15
FIELD PITC
RESET —
RIW RIW
ADDR (IMMR & OXFFFF0000) + 0x244
BIT 16\17\18\19\20\21\22\23\24\25\26\27\28\29\30\31
@ FIELD RESERVED
" RESET 0
9
4 RIW RIW
2 ADDR (IMMR & OXFFFFO000) + 0x246
% NOTE: — = Undefined.
[
s
3

PITC—Periodic Interrupt Timer Count

This field contains the count for the periodic timer. If this field is loaded with the value
OxFFFF, the maximum count period will be selected.

Bits 16—-31—Reserved
These bits are reserved and must be set to 0.

12-24 MPC823e REFERENCE MANUAL MOTOROLA




System Interface Unit

12.8.3 Periodic Interrupt Timer Register

The periodic interrupt timer register (PITR) is a read-only register that shows the current
value in the periodic interrupt down counter. Writes to this register do not affect this register
and reads of this register do not have any affect on the counter.

PITR
BIT 0‘1‘2‘3‘4‘5‘6‘7‘8‘9‘10‘11‘12‘13‘14‘15
FIELD PIT
RESET —
RIW R
ADDR (IMMR & OXFFFFO000) + 0x248
=
BIT 16‘17‘18‘19‘20‘21‘22‘23‘24‘25‘26‘27‘28‘29‘30‘31 Z
w
FIELD RESERVED 2
[ae
RESET 0 i
=
RIW R =
7
ADDR (IMMR & OXFFEF0000) + 0x24A >
NOTE: — = Undefined.

)

PIT—Periodic Interrupt Timing Count

This field contains the current count remaining for the periodic timer. Writes have no effect
on this field.

Bits 16—-31—Reserved
These bits are reserved and must be set to 0.
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12.9 THE SOFTWARE WATCHDOG TIMER

The system interface unit provides the software watchdog timer (SWT) option that prevents
system lockout when the software gets trapped in loops without a controlled exit. The
software watchdog timer is enabled after system reset to automatically generate a system
reset if it times out. If you do not need the software watchdog timer, you must clear the SWE
bit in the system protection control register (SYPCR) to disable it. If it is used, the software
watchdog timer requires a special service sequence to be executed on a periodic basis. If
this periodic servicing action does not occur, the software watchdog timer times out and
issues a reset or a nonmaskable interrupt, which is programmed in the SWRI bit of the
SYPCR. Once the SYPCR register is written by the software, the state of the SWE bit cannot
be changed. Refer to Section 12.12.1 System Configuration and Protection Registers

for more information. To service the software watchdog timer, write 0x556C and 0XxAA39 to
the software service register.

This sequence clears the watchdog timer and the timing process begins again. If any value
other than Ox556C or OxAA39 is written to the software service register (SWSR), the entire
sequence must start over. Although the writes must occur in the correct order before a
timeout occurs, any number of instructions may be executed between the writes. This allows
interrupts and exceptions to occur between the two writes when necessary. Refer to
Figure 12-6 for more information.

RESET 0X556C / DON'T_RELOAD

STATE 1
AITING FOR 0XAA34

k 0XAA39 / RELOAD/

NOT 0XAA39 / DON'T_RELOAD

NOT 0X556C / DON'T_RELOAR

Figure 12-6. Software Watchdog Timer Service State Diagram

Although most software disciplines permit or encourage the watchdog concept, some
systems require a selection of timeout periods. For this reason, the software watchdog timer
must provide a selectable range for the timeout period. Figure 12-7 illustrates the present
method for handling this requirement. Figure 12-7 also shows the range that the value in the
SWTC field determines. This value is then loaded into a 16-bit decrementer clocked by the
system clock. When necessary, an additional divide by 2,048 prescaler is used.
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The decrementer begins counting when it is loaded with a value from the SWTC field. After
the timer reaches 0x0, a software watchdog expiration request is issued to the reset or NMI
control logic. At reset, the value in the SWTC register is set to the maximum value and is
loaded into the software watchdog register (SWR) again, thus starting the process over.
When a new value is loaded into the SWTC register, the software watchdog timer will not be
updated until the servicing sequence is written to the SWSR register. If the SWE bit is loaded
with the value 0, the modulus counter will not count.

SERVICE
SWE LOGIC SWTC

v "

—p{ CLOCK DIVIDE BY
CLOCK DISABLE > 2,048 RELOAD
| 16-BIT RESET
SWR/DECREMENTER| ORNMI
ROLLOVER =0

FRZ

=
=
=}
m
Q
<
L
o
i}
[=
=
=
i}
=
1%
>
n

TIMEOUT

SWP

®

Figure 12-7. Software Watchdog Timer Block Diagram

12.9.1 Software Service Register

The software service register (SWSR) is the location that the software watchdog timer
servicing sequence writes to. To prevent a SWT timeout, a write of 0x556C followed by
0xAA39 must be written to this register. The SWSR can be written at any time, but returns
all zeros when read.

SWSR

BT [ o1 |2 afa]s |6 |7]8]09|w|ufn|n[us
FIELD SEQ

RESET 0

RW w

ADDR (IMMR & OXFFFF0000) + 0x00E

SEQ—Sequence
This field is the pattern that is used to control the state of the software watchdog timer.
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12.10 FREEZE OPERATION

When the FRZ signal is asserted, the clocks to the software watchdog, periodic interrupt
timer, real-time clock, timebase counter, and decrementer can be disabled. This is
controlled by the associated bits in the control register of each timer. If they are programmed
to stop counting when FRZ is asserted, the counters maintain their values until FRZ is
negated. The bus monitor, however, will be enabled regardless of this signal’'s state.

12.10.1 Low-Power Stop Operation

When the PowerPC core is set in a low-power mode (doze, sleep, deep sleep), the software
watchdog timer is frozen. It remains frozen and maintains its count value until the core exits
this mode and continues to execute instructions. The periodic interrupt timer, decrementer,
and timebase are not influenced by these low-power modes and they continue to run at their
respective frequencies. These timers can generate an interrupt to bring the MPC823e out
of the low-power modes.
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12.11 MULTIPLEXING THE SYSTEM INTERFACE UNIT PINS

Due to the limited number of pins available in the MPC823e package, some of the
functionalities share pins. The actual MPC823e pinout is illustrated in
Section 2 External Signals . The following table shows how the functionality is controlled

on each pin.
Table 12-2. Multiplexing Control
PIN NAME PIN CONFIGURATION CONTROL

TSIZO/REG Dynamically active depending if the transaction addresses a slave controlled by
the PCMCIA interface.

BDIP/GPL_B5 Programmed in the SIUMCR.

RSV/IRQ2

KR/RETRY/IRQ4/SPKROUT

DP[0:3]/IRQ[3:6]

FRZ/IRQ6

CS6/CE1_B Address matching and bank valid bits.

CS7/CE2_B When there is a transfer such that there is a match_in either memory controller

bank 6 or any PCMCIA bank mapped to slot B, the CS6/CE1_B will be asserted.

When there is a transfer such that there is a match.in either memory controller
bank 7 or any PCMCIA bank mapped to slot B, the CS7/CE2_B will be asserted.
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WEO/BS_ABO/IORD

WEL/BS_ABLIOWR
WE2/BS_AB2/PCOE
WE3/BS_AB3/PCWE

Dynamically active depending on the machine (GPCM, UPMB, or PCMCIA
interface) assigned to control the required slave.

®

GPL_AO/GPL_BO Dynamically active depending on the machine (UPMA or UPMB) assigned to

control the required slave.

OE/GPL_A1/GPL_B1 Dynamically active depending on the machine (GPCM, UPMA, or UPMB)

assigned to control the required slave.

GPL_A[2:3)/GPL_B[2:3)/

5 GPL_A[2:3]/GPL_B[2:3]: Dynamically active depending on the machine

(UPMA or UPMB) assigned to control the required slave.
GPL_A[2:3])/CS[2:3]: Programmed in the SIUMCR.

0

ALE_B/DSCK/AT1
IP_B[0:1)/IWP[0:1)/VFLS[0:1]
IP_B2/I0IS16_B/AT2
IP_B3/IWP2/VF2
IP_B4/LWPO/VFO
IP_B5/LWP1/VF1
IP_B6/DSDI/ATO
IP_B7/PTRIAT3
TDI/DSDI
TCK/DSCK
TDO/DSDO

Programmed in the SIUMCR and hard reset configuration.

UPWAITA/GPL_A4/AS

Programmed in the SIUMCR and MAMR of the memory controller.

OP2/MODCK2/STS At power-on reset, this functions as MODCK[1:2]
OP3/MODCK2/DSDO Otherwise, programmed in the SIUMCR and hard reset configuration.
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System Interface Unit

12.12 PROGRAMMING THE SYSTEM INTERFACE UNIT

12.12.1 System Configuration and Protection Registers

12.12.1.1 SIU MODULE CONFIGURATION REGISTER. The SIU module configuration
register (SIUMCR) contains bits that configure various features in the system interface unit.

SIUMCR

BT [ o1 |2 a4 s ][6| 7|80 w|u[n|n[u]s
FIELD EARB EARP RESERVED DSHW DBGC DBPC RES | FRC | DLK
RESET 0 0 0 0 0 0 0 0 0
RIW RW RW RW RW RW RIW RW | RW | RW
ADDR (IMMR & OXFFFF0000) + 0x000

BIT 16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 ‘ 29 ‘ 30 ‘ 31
FIELD | oPaR | PNCS | DPC | MPRE MLRC AEME | SEME | RES | GBSE | B2DD | B3DD RESERVED
RESET 0 0 0 0 0 0 0 0 0 0 0 0

RIW RW | RW | RW | RW RW RW | RW | RW | RW | RW | RW RW

ADDR (IMMR & OxFFFF0000) + 0x002

EARB—External Arbitration

If the EARB bit is set, then external arbitration is assumed. If it is cleared, internal arbitration
is performed. For more information, see Section 13.4.6 Arbitration Phase-Related
Signals .

EARP—External Arbitration Request Priority

This field defines the priority of the external master’s arbitration request. This field is valid
when EARB is cleared. 000 is the lowest priority level and 111 the highest. For more
information, refer to Figure 13-20 in Section 13 External Bus Interface.

Bits 4-7, 13, 24, and 28—-31—Reserved
These bits are reserved and must be set to O.

DSHW—Data Show Cycles

This bit selects the show cycle mode to be applied to data cycles. Instruction show cycles
are programmed in the ICTRL register. Refer to Section 20.6.2 Development Port
Registers for more information. This bit is locked by the DLK bit.

0 = Disable show cycles for all internal data cycles.
1 = Show address and data of all internal data cycles.
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DBGC—Debug Pin Configuration

This field configures the debug pin functionality. The default value is set by the hard reset
configuration word, as shown in Section 4.3.1.1 Hard Reset Configuration Word

00 = IP_B[0:1)/IWP[0:1)/VFLS[0:1] functions as IP_B[0:1].

01

IP_B3/IWP2/VF2 functions as IP_B3.
IP_B4/LWPO0/VFO functions as IP_B4.
IP_B5/LWP1/VF1 functions as P_B5.
OP2/MODCKZ1/STS functions as OP2.
ALE_B/DSCK/AT1 functions as ALE_B.
IP_B2/AT2 functions as IP_B2.
IP_B6/DSDI/ATO functions as IP_B6.
IP_B7/PTR/AT3 functions as IP_B7.
OP3/MODCK2/DSDO functions as OP3.
IP_B[0:1)/IWP[0:1])/VFLSJ[0:1] functions as IWP[0:1].
IP_B3/IWP2/VF2 functions as IWP2.
IP_B4/LWPO/VFO functions as LWPO.
IP_B5/LWP1/VF1 functions as LWP1.
OP2/MODCK1/STS functions as STS.
ALE_B/DSCK/AT1 functions as ATL1.
IP_B2/AT2 functions as AT2.
IP_B6/DSDI/ATO functions as ATO.
IP_B7/PTR/AT3 functions as AT3.
OP3/MODCK2/DSDO functions as OP3.

= Reserved.
= IP_BJ[0:1)/IWP[0:1])/VFLS[0:1] functions as VFLS[0:1].

IP_B3/IWP2/VF2 functions as VF2.
IP_B4/LWPO/VFO functions as VFO.
IP_B5/LWP1/VF1 functions as VF1.
OP2/MODCKZ1/STS functions as STS.
ALE_B/DSCK/AT1 functions as ATL1.
IP_B2/AT2 functions as AT2.
IP_B6/DSDI/ATO functions as ATO.
IP_B7/PTR/AT3 functions as AT3.
OP3/MODCK2/DSDO functions as OP3.

DBPC—Debug Port Pins Configuration

This field determines the active pins for the development port. The default value is set by
the hard reset configuration word, as shown in Section 4.3.1.1 Hard Reset Configuration

Word.

00 =

ALE_B/DSCK/AT1 functions as defined by DBGC.
IP_B6/DSDI/ATO functions as defined by DBGC.

OP3/MODCK2/DSDO functions as defined by DBGC.

IP_B7/PTR/AT3 functions as defined by DBGC.
TCK/DSCK functions as DSCK.
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System Interface Unit

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

01 = ALE_B/DSCK/ATL1 functions as defined by DBGC.
IP_B6/DSDI/ATO functions as defined by DBGC.
OP3/MODCK2/DSDO functions as defined by DBGC.
IP_B7/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 = ALE_B/DSCK/AT1 functions as DSCK.
IP_B6/DSDI/ATO functions as DSDI.
OP3/MODCK2/DSDO functions as DSDO.
IP_B7/PTR/AT3 functions as PTR.

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

FRC—FRZ Pin Configuration
This bit configures the functionality of the FRZ/IRQ6 pin.

0 = FRZ/IRQ6 functions as FRZ.
1 = FRZ/IRQ6 functions as IRQ6.

DLK—Debug Register Lock

If this bit is set, bits 8—15 are locked and writes to those bits are no longer performed. These
bits are writable in test mode once the internal FRZ signal is asserted, regardless of the state
of DLK. This bit is cleared by reset.

OPAR—Odd Parity

This bit is used to program odd or even parity. It can also be used to generate parity errors
for testing purposes by writing the memory with OPAR = 1 and reading the memory with
OPAR = 0.

PNCS—Parity Enable For Nonmemory Controller Regions

This bit enables parity generation/checking for memory regions not controlled by the
MPC823e memory controller.

DPC—Data Parity Pins Configuration
This bit configures the functionality of the DP[0:3]/IRQ[3:6] pins.

0 = DP[0:3)/IRQ[3:6] functions as IRQ[3:6].
1 = DP[0:3]/IRQI3:6] functions as DP[0:3].
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MPRE—Multiprocessors Reservation Enable

If this bit is set, then the interprocessor reservation protocol is enabled. The RSV pin
functions as defined in Section 13.4.10 Storage Reservation Protocol

0= RSV/IRQZ2 functions as IRQZ2.
1= RSV/IRQ2 functions as RSV.

MLRC—Multi-Level Reservation Control
This field configures the functionality of the KR/RETRY/IRQ4/SPKROUT pins.

00 = KR/RETRY/IRQ4/SPKROUT functions as IRQA4.

01 = KR/RETRY/IRQ4/SPKROUT is three-stated.

10 = KR/RETRY/IRQ4/SPKROUT functions as KR/RETRY.
11 = KR/RETRY/IRQ4/SPKROUT functions as SPKROUT.

AEME—Asynchronous External Master Enable

This bit configures how the memory controller refers to external asynchronous masters
initiating a transaction. If this bit is set, the memory controller interprets any assertion on the
AS pin as an external asynchronous master initiating a transaction. If it is reset, the memory
controller ignores the value of the AS pin. This bit and the GPLA4DIS bit of the machine A
mode register (described in Section 15.3.1.5 Machine A Mode Register ) controls the
direction and functionality of the UPWAITA/GPL_A4/AS pins.

AEME GPLA4DIS PIN USAGE UPWAIT AS VALUE
VALUE
X 0 Functions as GPL_A4 GND VCC
1 Functions as UPWAIT Pin value VvCC
1 1 Functions as AS GND Pin value

SEME—Synchronous External Master Enable

This bit configures how the memory controller refers to external synchronous masters
initiating a transaction. If this bit is set, the memory controller interprets any assertion on the
TS pin the external bus does not own as an external synchronous master initiating a
transaction. If it is reset, the memory controller ignores the value of the TS pin when it does
not own the external bus. When the MPC823e owns the bus, the memory interprets the
assertion of the TS pin as an internal request.

GB5E—GPL_B5 Enable

0 = The BDIP functionality is active.
1= The GPL_B5 of the memory controller functionality is active.

B2DD—Bank 2 Double Drive
If this bit is set, the CS2 signal is reflected on GPL_x2.
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System Interface Unit

B3DD—Bank 3 Double Drive
If this bit is set, the CS3 signal is reflected on GPL_x3.

12.12.1.2 INTERNAL MEMORY MAP REGISTER. The internal memory map register
(IMMR) is located within the PowerPC special register space. It contains the identification of
a specific device, as well as a base for the internal memory map. Based on the value read
from this register, the software can deduce the availability and location of any on-chip
system resource. The contents of this register can be read by the mfspr instruction and the
ISB field can be written by the mtspr instruction. However, the PARTNUM and MASKNUM
fields are mask programmed and cannot be changed for any device.

IMMR
BT [ o1 |23 45|67 8]0 w|u|n|n][u]s
FIELD ISB
RESET 0
RIW RIW
ADDR SPR 638 (DECIMAL)
BIT 16‘17‘18‘19‘20‘21‘22‘23 24‘25‘26‘27‘28‘29‘30‘31
FIELD PARTNUM MASKNUM
RESET | 0 | 0 | 1 | 0| 0 0| 00 *
RIW R R
ADDR SPR 638 (DECIMAL)

NOTE: * The value of this field depends on the mask revision.

ISB—Internal Space Base

This read/write field defines the base address of the internal memory space. The initial value
of this field can be configured at reset to one of four addresses and changed to any value
by the software. The number of programmable bits in this field and the resolution of the
location of internal space depends on the internal memory space of the specific
implementation. In the MPC823e, you can program all 16 bits. For information on the
device’s internal memory map, refer to Section 3 Memory Map and for the available default
initial values refer to Section 4.3.1.1 Hard Reset Configuration Word

PARTNUM—Part Number

This read-only field is mask programmed with a code corresponding to the part number of
the part on which the system interface unit is located. It is intended to help with factory test
and user code that is sensitive to part refinements. This field changes as the part number
changes. For example, it would change if a new module is added or if the size of the memory
module is revised. However, it would not change if the part is revised to fix a bug in an
existing module. The MPC823e has a part number of 0x24. The other byte of information
reflects the revision number. Refer to our website for the corresponding revision number for
your particular version of the silicon.
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MASKNUM—Mask Number

This read-only field is mask-programmed with a code corresponding to the mask number of
the part on which the system interface unit is located. It is intended to help with factory test
and user code that is sensitive to part refinements. As a result, the value of this field depends
on the mask revision.

12.12.1.3 SYSTEM PROTECTION CONTROL REGISTER. The system protection control
register (SYPCR) controls the system monitors, software watchdog period, and bus monitor
timing. This register can be read at any time, but can only be written once after system reset.

SYP;:: o |12 ]3]a|s 6|7 |8]o]w|ufn|n|u|s

FIELD SWTC
RESET 1

R/W RIW

ADDR (IMMR & OXFFFF0000) + 0x004

BIT 16‘17‘18‘19‘20‘21‘22‘23 24 25‘26‘27 28 | 29 | 30 | 31
FIELD BMT BME RESERVED SWF | SWE | SWRI | SWP
RESET 1 0 0 0o | 1| 1|1
RIW RIW RIW RIW RW | RW | RIW | RIW
ADDR (IMMR & OXFFFF0000) + 0x006

SWTC—Software Watchdog Timer Count
This field contains the count value for the software watchdog timer.

BME—Bus Monitor Enable

This bit controls the operation of the bus monitor when an internal to external bus cycle is
executed.

0 = Disable the bus monitor.
1 = Enable the bus monitor.

% Note: @e bus monitor is disabled, the transfer error conditions will not assert the
TEA pin.

BMT—Bus Monitor Timing

This field defines the timeout period, in 8 system clock resolution, for the bus monitor. The
maximum timeout is 2,040 clocks.

Bits 25—-27—Reserved
These bits are reserved and must be set to 0.
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System Interface Unit

SWF—Software Watchdog Freeze
0 = The software watchdog timer continues counting even if the FRZ signal is
asserted.
1 = The software watchdog timer stops counting when the FRZ signal is asserted.

SWE—Software Watchdog Enable

This bit enables the software watchdog timer. To disable the software watchdog timer, it
must be cleared by the software after a system reset.

SWRI—Software Watchdog Reset/Interrupt Select

0 = The software watchdog timer causes a nonmaskable interrupt to the core.
1 = The software watchdog timer causes a system reset (default).

SWP—Software Watchdog Prescale

0 = The software watchdog timer is not prescaled.
1 = The software watchdog timer is prescaled by a factor of 2,048.

12.12.1.4 TRANSFER ERROR STATUS REGISTER. The transfer error status register
(TESR) contains a bit for each exception source generated by a transfer error. A bit set to
logic 1 indicates what type of transfer error exception occurred since the last time the bits
were cleared. The bits are cleared by reset or by writing a 1 to the appropriate bit. Canceled
speculative accesses that do not cause an interrupt may set these bits. The register has two
identical sets of fields—one is associated with instruction transfers and the other with data
transfers.

TESR

BT [ o1 |23 a]s|[6|7]8]09|w|ufn|n[u]s
FIELD RESERVED

RESET 0

RW R

ADDR (IMMR & OXFFFF0000) + 0x020

BIT 16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30 | 31

FIELD RESERVED | IEXT | ITMT | IPBO | IPB1 | IPB2 | IPB3 | RESERVED | DEXT | DTMT | DPBO | DPB1 | DPB2 | DPB3

RESET 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RIW R R R R R R R R R R R R R R
ADDR (IMMR & 0xFFFF0000) + 0x022

Bits 0-17 and 24—-25—Reserved
These bits are reserved and must be set to O.
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IEXT—Instruction External Transfer Error Acknowledge

This bit is set if the cycle is terminated by an externally generated TEA signal when an
instruction fetch is initiated.

ITMT—Instruction Transfer Monitor Timeout

This bit is set if the cycle is terminated by a bus monitor timeout when an instruction fetch is
initiated.

IPBO-IPB3—Instruction Parity Error on Bytes 0—3

There are four parity error status bits for each byte lane. One of these is set for the byte that
had a parity error when an instruction was fetched. Parity check for a memory region that is
not controlled by the memory controller is enabled by the PNCS bit in the SIUMCR, as
shown in Section 12.12.1.1 SIU Module Configuration Register

DEXT—Data External Transfer Error Acknowledge

This bit is set if the cycle is terminated by an externally generated TEA signal when a data
load or store is requested by an internal master.

DTMT—Data Transfer Monitor Timeout

This bit is set if the cycle is terminated by a bus monitor timeout when a data load or store
is requested by an internal master.

DPB0-DPB3—Data Parity Error On Bytes 0—3

There are four parity error status bits for each byte lane. One of these is set for the byte that
had a parity error when a data load was requested by an internal master. Parity check for a
memory region that is not controlled by the memory controller is enabled by the PNCS hit in
the SIUMCR, as shown in Section 12.12.1.1 SIU Module Configuration Register
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SECTION 13
EXTERNAL BUS INTERFACE

The MPC823e bus is synchronous and burstable. Signals driven on this bus are required to
make the setup and hold time relative to the bus clock’s rising edge. This bus has the ability
to support multiple masters. The MPC823e architecture supports byte, half-word, and word
operands allowing access to 8-,16-, and 32-bit data ports through the use of synchronous
cycles controlled by the transfer size output (TSIZx) signals. The slave access to 16- and
8-bit ports is controlled by the memory controller.

13.1 FEATURES

The following is a list of the bus interface’s main features:

» 26-Bit Address Bus with Transfer Size Indication
» 32-Bit Data Bus

e TTL-Compatible Interface

« Compatible with PowerPC™ Architecture

« Interfaces to Slave Devices Easily

» Synchronous Bus Operation

» Data Parity Support

13.2 TRANSFER SIGNALS

The bus transfers information between the MPC823e and the external memory or peripheral
device. External devices can accept or provide 8,16, and 32 bits in parallel and must follow
the handshake protocol. The maximum number of bits accepted or provided during a bus
transfer is defined as the port width.

The MPC823e contains an address bus that specifies the transfer's address and a data bus
that transfers the data. Control signals indicate the beginning and type of the cycle, as well
as the address space and size of the transfer. The selected device then controls the length
of the cycle with the signal used to terminate the cycle. A strobe signal for the address bus
indicates the validity of the address and provides timing information for the data. The
MPC823e bus is synchronous, but the bus and control input signals must be timed to setup
and hold times relative to the rising edge of the clock. In this situation, bus cycles can be
completed in two clock cycles.
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External Bus Interface

Furthermore, for all inputs, the MPC823e latches the level of the input during a sample
window around the rising edge of the clock signal. This window is illustrated in Figure 13-1,
where tsu and tho are the input setup and hold times, respectively. To ensure that an input
signal is recognized on a specific falling edge of the clock, the input must be stable during
the sample window. If an input makes a transition during the window time period, the level
recognized by the MPC823e is not predictable. However, the MPC823e always resolves the
latched level to either a logic high or low before using it. In addition to meeting input setup
and hold times for deterministic operation, all input signals must obey the protocols
described in this section.
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tho ——— | |-————
tSU ——— —
CLOCK
SAVPLE
WINDOW

Figure 13-1. Input Sample Window
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13.2.1 Control Signals

The MPC823e initiates a bus cycle by driving the address, size, address type, cycle type,
and read/write outputs. At the beginning of a bus cycle, the TSIZ0 and TSIZ1 signals are
driven with the AT signals. TSIZx indicates the number of bytes to be transferred during an
operand cycle that consists of one or more bus cycles. These signals are valid at the rising
edge of the clock in which the TS signal is asserted. The RD/WR signal determines the
direction of the transfer during a bus cycle. Driven at the beginning of a bus cycle, RD/WR
is valid at the rising edge of the clock in which the TS signal is asserted. However, RD/WR
only transitions when a write cycle is preceded by a read cycle or vice versa. The signal may
remain low for consecutive write cycles.

Al6:31] —

« RD/WR }

< BURST N
TSIZ[0:1] ADDRESS

AT[0:3] . AND
« > TRANSFER

« PR 5 ATTRIBUTES

RSV

STS

n
(=3}

e L S =

IS TRANSFER
! } START

1 KR/RETRY RESERVATION
PROTOCOL

D[0:31] —
DP[0:3] — DATA

TRANSFER
l € ———> — CYCLE
TEA TERMINATION

1 <BG—> — ARBITRATION

Figure 13-2. MPC823e Bus Signals
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External Bus Interface

13.3 BUS SIGNAL DESCRIPTIONS

The following table decribes each bus interface signal. More detailed descriptions can be
found in subsequent sections of this manual.

Table 13-1. Bus Interface Signals

MNEMONIC PINS ACTIVE I/0 DESCRIPTION
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ADDRESS AND TRANSFER ATTRIBUTES

A[6:31] 26 High O |Address Bus —Driven by the MPC823e when it owns
the external bus. It specifies the physical address of
the bus transaction. These signals can change during
a transaction when controlled by the memory
controller.

| Sampled by the MPC823e when an external device
initiates a transaction and the memory controller was
configured to handle external master accesses.

RD/WR 1 High O [Read/Write —Driven by the MPC823e along with the
address when it owns the external bus. Driven high
indicates that a read access is in progress and driven
low indicates that a write access is in progress.

| Sampled by the MPC823e when an external device
initiates a transaction and the memory controller was
configured to handle external master accesses.

BURST 1 Low O |Burst Transfer —Driven by the MPC823e along with
the address when it “owns” the external bus. Driven
low indicates that a burst transfer is in pro?ress and
grlven high indicates that the current transfer is not a
urst.

| Sampled by the MPC823e when an external device
initiates a transaction and the memory controller was
configured to handle external master accesses.

TSIZ[0:1] 2 High O | Transfer Size —Driven by the MPC823e along with
the address when it owns'the external bus. It specifies
the data transfer size for the transaction.

| Sampled by the MPC823e when an external device
initiates a transaction and the memory controller was
configured to handle external master accesses.

AT[0:3] 3 High O | Address Type —Driven by the MPC823e along with
the address when it owns the external bus. It provides
additional information about the address on the
current transaction.

| Used only for testing purposes.

RSV 1 Low O |Reservation Transfer —Driven by the MPC823e
along with the address when it owns the external bus.
It provides additional information about the address
on the current transaction.

| Used only for testing purposes.

PTR 1 Low (0] Program Trace —Driven by the MPC823e along with
the address when it owns the external bus. It provides
additional information about the address on the
current transaction.

| Used only for testing purposes.
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Table 13-1. Bus Interface Signals (Continued)

MNEMONIC PINS ACTIVE lfe} DESCRIPTION

BDIP 1 Low O | Burst Data In Progress —Driven by the MPC823e
when it owns the external bus. It is part of the burst

rotocol. Asserted indicates that the second beat in
ront of the current one is requested by the master.
This signal is negated prior to the end of a burst to
terminate the burst data phase early.
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| Used only for testing purposes.

TRANSFER START

®

TS 1 Low O | Transfer Start —Driven by the MPC823e when it
owns the external bus.It indicates the start of a
transaction on the external bus.

| _Sa.mf)led by the MPC823e when an external device
initiates a transaction and the memory controller was
configured to handle external master accesses.

STS 1 Low o Sﬁecial Transfer Start —Driven by the MPC823e

when it owns the external bus. It indicates the start of
a transaction on the external bus or an internal
transaction in show cycle mode.

RESERVATION PROTOCOL

KR/RETRY 1 Low Kill Reservation/Retry —When a bus cycle is
initiated by a stwex instruction that was issued by the
core to a nonlocal bus on which the storage
reservation has been lost, this sif?nal is used by the
nonlocal bus interface to back-off the cycle. Refer to
Section 13.4.10 Storage Reservation Protocol

For a regular transaction, this sigmal is driven by the
slave device to indicate that the MPC823e has to
relinquish ownership of the bus and retry the cycle.

DATA
D[0:31] 32 High /0 | Data Bus —The data bus has the following byte lane

assignments:

Data Byte Byte Lane

D[0:7] 0

D[8:15] 1

D[16:23] 2

D[24:31] 3

O | Driven by the MPC823e when it owns the external bus
and has Initiated a write transaction to a slave device.
For single beat transactions, if external A[6:31] and
TSIZ[0:1] do not select the byte lanes for transfer,
they will not supply valid data.

| Driven by the slave in a read transaction. For single
beat transactions, if external A[6:31] and TSIZ[0:1] do
not select the byte lanes for transfer, they will not be
sampled by the'MPC823e. It is also sampled by the
MPCB823e when the external master acquires the bus.
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Table 13-1. Bus Interface Signals (Continued)

@ MNEMONIC PINS ACTIVE 1/0 DESCRIPTION
=m DP[0:3] 4 High 1/10 | Parity Bus —Each parity signal corresponds to each
3 fa one of the data bus lanes:
35 Data Bus Byte  Parity Line
P D[0:7] DPO
me D[8:15] DP1

% D[16:23] DP2

D[24:31] DP3

O | Driven by the MPC823e when it owns the external bus
and has’initiated a write transaction to a slave device.
Each parity signal has the parity value (even or odd)
of the corresponding data bus byte. For single beat
transactions, if external A[6:31] and TSIZFO:l] do not
select the byte lanes for transfer, they will not have a
valid parity line.

| Driven by the slave in a read transaction. Each parity
signal is sampled by the MPC823e and checked (if
enabled) against the expected value parity value
(even or odd) of the corresponding data bus byte. For
single beat transactions, if external A[6:31] and
TSIZ[0:1] do not select the byte lanes for transfer,
they will hot be sampled by the MPC823e and its
parity signals will not be checked.

TRANSFER CYCLE TERMINATION

TA 1 Low Transfer Acknowledge —Driven by the slave device
the current transaction was addressed to. It indicates
that the slave has received the data on the write cycle
or returned the data on the read cycle. If the
transaction is a burst, TA must be asserted for each
one of the transaction beats.

(0] Driven by the MPC823e when the slave device is
controlled by the on-chip memory controller.

TEA 1 Low Transfer Error Acknowledge —Driven by the slave
device the current transaction was addressed to. |t
indicates that an error condition has occurred during
the bus cycle.

O | Driven by the MPC823e when the internal bus monitor
detects an erroneous bus condition.

BI 1 Low Burst Inhibit —Driven by the slave device the current
transaction was addressed to. It indicates that the
current slave does not support burst mode.

O | Driven by the MPC823e when the slave device is
controlled by the on-chip memory controller.
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Table 13-1. Bus Interface Signals (Continued)

MNEMONIC PINS ACTIVE /0 DESCRIPTION
ARBITRATION §
BR 1 Low | Bus Request —When the internal arbiter is asserted, § §
gdr;c.ilcates that an external master is requesting the @E
=

O [Driven by the MPC823e when the internal arbiter is
disabled and the chip is not parked.

@

BG 1 Low O | Bus Grant —When the internal arbiter is enabled, the
MPC823e asserts this signal to indicate that an
external master can assume ownership of the bus and
begin a bus transaction. The BG S|ﬁnal mustbe
qualified by the master requesting the bus to ensure it
is the bus owner:

Qualified BG = BG & BB

| When the internal arbiter is disabled, the BG is

sampled and properly qualified by the MPC823e

\t/;/]henhan external bus transaction’is to be executed by
e chip.

BB 1 Low O |Bus Busy —When the internal arbiter is enabled, the
MPC823e asserts this signal to indicate that it is the
current owner of the bus."When the internal arbiter is
disabled, it will assert this signal after the external .
arbiter grants the chip ownership of the bus and it is
ready to start the transaction.

| When the internal arbiter is enabled, the MPC823e
samples this signal to get an indication of when the
external master ended its bus tenure (BB negated).
When the internal arbiter is disabled, the BB is
sampled to properly qualify the BG line when an
external bus transaction is'to be executed by the chip.

NOTE: O indicates an output from the MPC823e and | indicates an input.

13.4 BUS INTERFACE OPERATION

The MPC823e generates a system clock output (CLKOUT) that sets the frequency of
operation for the bus interface. Internally, the MPC823e uses a phase-lock loop (PLL) circuit
to generate a master clock for all of the core circuitry, which is phase-locked to the CLKOUT
output signal.

All signals for the MPC823e bus interface are specified with respect to the rising-edge of the
external CLKOUT and are guaranteed to be sampled as inputs or changed as outputs with
respect to that edge. Since the same clock edge is referenced for driving or sampling the
bus signals, the possibility of clock skew could exist between various modules in a system
because of routing or using multiple clock lines. It is your responsibility to handle any clock
skew problems that could occur as a result of layout, lead-length, and physical routing.
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External Bus Interface

13.4.1 Basic Transfers

The basic transfer protocol defines the sequence of actions that must occur on the
MPC823e bus to perform a complete bus transaction. The chronological sequence or phase
of a typical bus transfer is as follows:

Arbitration

Address transfer

Data transfer

A w bR

Termination

This protocol provides for an arbitration phase and an address and data transfer phase. The
arbitration phase specifies the master that initiates the next transaction. The address phase
specifies the address for the transaction and the transfer attributes that describe the
transaction. The data phase performs the transfer of data. It can transfer a single beat of
data (4 bytes or less) for nonburst operations, a 4-beat burst of data, an 8-beat burst of data,
or a 16-beat burst of data.

13.4.2 Single Beat Transfers

During the data transfer phase, data is transferred from master to slave on write cycles or
from slave to master on read cycles. On a write cycle, the master drives the data as soon
as it can, but never before the cycle following the address transfer phase. The master has
to take into consideration the “one dead clock cycle” when switching between drivers to
avoid electrical contention. The master can stop driving the data bus as soon as it samples
the TA line asserted on the rising edge of the CLKOUT. On a read cycle the master accepts
the data bus contents as valid at the rising edge of the CLKOUT in which the TA signal is
sampled asserted.
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13.4.2.1 SINGLE BEAT READ FLOW. The basic read cycle begins with a bus arbitration,
followed by the address transfer and the data transfer. The handshakes are illustrated in the
following diagrams as applicable to the fixed transaction protocol.

MASTER SLAVE

REQUEST BUS (BR)

RECEIVES BUS GRANT (BG) FROM ARBITER

ASSERTS BUS BUSY (BB) IF NO OTHER MASTER IS DRIVING
ASSERT TRANSFER START (TS
DRIVES ADDRESS AND ATTRIBUTES

l

RECEIVES ADDRESS

RETURNS DATA

ASSERTS TRANSFER ACKNOWLEDGE (TA)

|

RECEIVES DATA

Figure 13-3. Basic Flow Diagram of a Single Beat Read Cycle
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External Bus Interface

@ CLKOUT \ ‘ ‘ ‘ ‘ ‘
= BR | | | | | |
m @ - I l \ \ \ \
n2 BG | | RECEIVE BUS GRANT AND BUS BUSY|NEGATED |
oz r(
m
g = } & IASSERT BB, DRIVE ADDRESS AND ASSERT TS
| |\ | | |
S
Al6:31] ! ! >< / ‘ ! >< !
\ | | | |
o i
RDWR \ \ \ \ [
f } \ \ }
TSIZO:UAT3] | \ >< \ \ >< \
l 1 1 1 1
BURST ‘ \ \ \ |
\
\

DATAIS VALID

Figure 13-4. Single Beat Read Cycle—Basic Timing—Zero Wait States
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CLKOUT \
S
= \ \ \ \ \ \ 2
\ \ \ \ \ \ =z
T
| \ \ \ \ \ wih
BG \ | 5 RECEIVE BUS GRANT AND BUS BUSY NEGATED \ \ NS
\ ﬁ{r | | | |
=5 f N |ASSERT BB, DRIVE ADDRESS AND ASSERT TS \
| | /; | | |
\ \ < 1 1 1 1
Al6:31] \ \ / \ \ \ >< \
\ \ \ \ \ \
| | / | | | |
. r T T T T T
RDAWR \ \ / \ \ I\ \
} } \ \ \
TSIZ[O:l],AT[O:S]: : >< ( : : : >< :
[ | | | | | |
BURST \ \ / \ \ \ \ \
\ | \ \ \
= f f \ f f \
\ \ \ \ \ \
\ \ \ \
DATA \ \ \ \ \
\ \ \ \ \
f } } } \ }
TA \ \ \ / \
I I AN I

—

I I
WAIT STATE K

DATAIS VALID

Figure 13-5. Single Beat Read Cycle—Basic Timing—One Wait State
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13.4.2.2 SINGLE BEAT WRITE FLOW. The basic write cycle begins with a bus arbitration,
followed by the address transfer and the data transfer. The handshakes are illustrated in
Figure 13-6, Figure 13-7, Figure 13-8, and Figure 13-9 as applicable to the fixed transaction
protocol.
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MASTER SLAVE

.

REQUEST BUS (BR)

v

RECEIVES BUS GRANT (BG) FROM ARBITER

N

ASSERTS BUS BUSY (BB) IF NO OTHER MASTER IS DRIVING

ASSERT TRANSFER START (TS)
DRIVES ADDRESS AND ATTRIBUTES

'

RECEIVES ADDRESS

DRIVES DATA RECEIVES DATA

v i

ASSERTS TRANSFER ACKNOWLEDGE (TA)

|

'y

STOPS DRIVING DATA

Figure 13-6. Basic Flow Diagram of a Single Beat Write Cycle
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CLKOUT l
S
= \ \ \ \ \ \ 2
\ \ \ \ \ \ =z
T
x \ \ \ \ \ i
BG \ | 3RECEIVE BUS GRANT AND BUS BUSY NEGATED \ \ NS
\ ﬁ{r | | | |
=5 f N |ASSERT BB, DRIVE ADDRESS AND ASSERT TS \
| | /; | | |
\ \ < 1 1 1 1
Al6:31] \ \ / \ \ >< \ \
\ \ \ \ \ \
f } \ \ } }
RDWR \ \ \ \ \ / \ \
| | | | | |
I T T T T T
TSIZ[O:l],AT[O:S]: : >< : : >< : :
[ | | | | |
BURST \ \ / \ \ \ \ \
[ | \ \ | |
= f f \ \
\ \ \ \ \
\ \ \
\ \ \ \ \
| | | | |
_ r T T T T
TA \ \ \ \ / \ \
I I I I I

DATA IS SAMPLED

Figure 13-7. Single Beat Write Cycle—Basic Timing—Zero Wait States
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CLKOUT l
&R | | | | |
\ \ \ \ \

\ \ \ \

BG \ | 3RECEIVE BUS GRANT AND BUS BUSY NEGATED \
\ A;(Y | | |
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. S

8 [ U
| | \ /; | |
\ \ N [ [ [

AB:31] \ \ >< / \ \ \ ><
\ \ | | |

o > # \ \ \

RDWR \ \ \ \ \ l/ \
} : ] : : : :

TSIZ[O:l],AT[O:S]: : >< ( : : : >< :
| x l x x x x

BURST \ \ / \ \ I\ \
| | \ \ \

- r T | w T |
\ \ \ \ I\ |/
\ \ \ \

DATA \ \ \ >< \ \ >< \
\ \ \ \ \ \
> # # # \ #

TA \ \ < »! \ \
‘ ‘ ‘ WAIT STATE ‘ ‘

DATA IS SAMPLED

Figure 13-8. Single Beat Write Cycle of One Wait State
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A typical single beat transfer assumes that the external memory has a 32-bit port size. The
MPC823e provides an effective mechanism for interfacing with 16-bit port size memories
and 8-bit port size memories, thus allowing transfers to these devices when they are

controlled by the internal memory controller. The port size (PS) timing shown in the following 9
figures is representative of the PS field, which is described in Section 15.3.1.1 Base ;5
Registers . Zi
CcLKoUT l @
= | | | | | |
\ \ \ \ \ \
\ | | | | |
BG \ / \ \ \ \ \
\ | | | | |
— \ \ \ \
%8 | | | | L |
\ I I I I |
AG:31) | >< s | >< | pser | |
\ | | | | |
- \ \ \ \
RDWR | | | | | |
f f f f f i
TS1Z[0:1] | >< oo | >< Lo | >< |
\ \ \ \ \ \
| | | | | J
BURST \ \ \ \ I\ \
\ \ \ \
. | | | | | |
\ \ \ \ \ \
\ | | | |
STS \ \ \ [\ \
\ \ \
\
\
\
\
\
|

\
\
DATA | |
| | ABCDEFGH
\ \
\ \
\ \
|
PS

Figure 13-9. Single Beat, 32-Bit Data, Write Cycle From a 16-Bit Port Size
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External Bus Interface

13.4.3 Burst Transfers

The MPC823e uses burst transfers to access 16-byte operands. A burst accesses a block
of 16 bytes that must be aligned to a 16-byte memory boundary by supplying a starting
address that points to the critical words and requiring the memory device to sequentially
drive/sample each word on the data bus. The selected slave device must internally
increment the external A[28:29] signal (or A30 for a 16-bit port size slave device) of the
supplied address for each transfer, thus causing the address to wrap around at the end of
the 4-word block. The address and transfer attributes supplied by the MPC823e remain
stable during the transfers and the selected device terminates each transfer by driving/
sampling the word on the data bus and asserting the TA signal.

The MPC823e also supports burst-inhibited transfers for slave devices that are unable to
support bursting. For this type of bus cycle, the selected slave device supplies/samples the
first word the MPC823e points to and asserts the BI signal with TA for the first transfer of the
burst access. The MPC823e responds by terminating the burst and accessing the
remainder of the 16-byte block, thus using three read/write cycle bus (each one for a word)
for a 32-bit port width slave, seven read/write cycle bus for a 16-bit port width slave, or fifteen
read/write cycle bus for an 8-bit port width slave.

Burst transfers assume that the external memory has a 32-bit port size. The MPC823e
provides an effective mechanism for interfacing with 16- and 8-bit port size memories that
allow burst transfers to these devices when they are controlled by the internal memory
controller. The MPC823e attempts to initiate a burst transfer as normal. If the slave device
responds to a cycle prior to the TA signal for the first beat, its port size is 8 or 16 bits and the
MPC823e completes a burst of 8- or 16-bit beats. Effectively, each of the data beats of the
burst transfers only 1 or 2 bytes. This 8- or 16-beat burst is also considered an atomic
transaction, so the MPC823e will not allow other unrelated master accesses or bus
arbitration to intervene between the transfers.

13.4.4 The Burst Mechanism

The MPC823e burst mechanism consists of one signal indicating that the cycle is a burst
cycle, one indicating the duration of the burst data, and another signal indicating whether
the slave is burstable. These signals are in addition to the basic signals of the bus. At the
start of the burst transfer, the master drives the address, address attributes, and BURST
signal to indicate that a burst transfer is being initiated, along with the assertion of the TS
signal. If the slave is burstable, it negates the Bl signal. If the slave cannot burst, it must
assert the Bl signal. During the data phase of a burst write cycle the master drives the data.
It also asserts the BDIP signal if it intends to drive a subsequent data beat after the current
data beat. When the slave has received the data, it asserts the TA signal to let the master
know it is ready for the next data transfer. The master again drives the next data and asserts
or negates the BDIP signal. If the master does not intend to drive another data beat after the
current one, it negates the BDIP signal to let the slave know that the next subsequent data
beat transfer is the last data of the burst write transfer. During the data phase of a burst read
cycle, the master receives data from the addressed slave. If the master needs more than
one data, it asserts the BDIP signal. When the data is received prior to the last data, the
master negates the BDIP signal. Thus, the slave stops driving new data after it receives the
negation of the BDIP signal at the rising edge of the clock. See Figure 13-10 for details.
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MASTER SLAVE

REQUEST BR

v

RECEIVE BG FROM ARBITER

v

ASSERT BB IF NO OTHER MASTER IS DRIVING
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ASSERT TS
ASSERT ADDRESS AND ATTRIBUTES
ASSERT BURST
' RECEIVE ADDRESS
ASSERT BDIP
RETURN DATA
ASSERT TA

RECEIVE DATA BDIP No
DO NOT
BDIP ASSERTED DRIVE DATA
YES
RETURN DATA
ASSERT TA
|
RECEIVE DATA BDIP
DO NOT
BDIP ASSERTED DRIVE DATA
RETURN DATA
ASSERT TA
|
RECEIVE DATA ¢ NO
BDIP ASSERTED oL
DRIVE DATA
NEGATE BDIP
RETURN DATA
ASSERT TA
o
v >
RECEIVE DATA
NEGATE BURST
STOP DRIVING ADDRESS AND ATTRIBUTES
NEGATE BB

Figure 13-10. Basic Flow Diagram Of A Burst Read Cycle
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Figure 13-11. Burst-Read Cycle—32-Bit Port Size—Zero Wait State
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Figure 13-12. Burst-Read Cycle—32-Bit Port Size—One Wait State
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Figure 13-14. Basic Flow Diagram of a Burst Write Cycle
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13.4.5 Transfer Alignment and Packaging

The MPC823e external bus only supports natural address alignment that forces the
following restrictions:

* Byte access can have any address alignment
« Half-word access must have address bit 31 equal to 0
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« Word access must have address bits 30-31 equal to 0
¢ For burst access must have address bits 30-31 equal to 0

®

The MPC823e can perform operand transfers through its 32-bit data port. If the transfer is
controlled by the internal memory controller, the MPC823e can support 8- and 16-bit data
port sizes. The bus requires that the portion of the data bus used for a transfer to or from a
particular port size to be fixed. A 32-bit port must reside on data bus bits 0-31, a 16-bit port
must reside on bits 0-15, and an 8-bit port must reside on bits 0-7. The MPC823e always
tries to transfer the maximum amount of data on all bus cycles and for a word operation it
always assumes that the port is 32 bits wide at the beginning of the bus cycle. In Figure 13-
18 and Figure 13-19 and Table 13-2 and Table 13-3, the following operand conventions
have been adopted:

« OPO is the most-significant byte of a word operand and OP3 is the least-significant byte.

* The two bytes of a half-word operand are OP0 (most-significant) and OP1 or OP2
(least-significant) and OP3, depending on the address of the access.

e The single byte of a byte-length operand is OP0, OP1, OP2, or OP3, depending on the
address of the access.

% Note: Although this is a 32-hit machine, only 26 of the bits are visible outside the chip.

0 31
OPO OP1 0oP2 OP3 WORD
OPO OP1
HALF-WORD
0oP2 OP3
OPO
OP1
BYTE
0oP2
OP3

Figure 13-18. Internal Operand Representation
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Figure 13-19 illustrates the device connections on the data bus.

= INTERFACE
%% - — — - OPO OP1 OP2 OP3 - B OUTPUT
oz REGISTER
=
ITI’_
@ D[0:7] D[8:15] D[16:23] D[24:31]
(2]
0P0 OoPL 0oP2 oP3 32-BIT PORT SIZE
0P0 oP1
16-BIT PORT SIZE
oP2 oP3
0oP0
0oP1
8-BIT PORT SIZE
0oP2
oP3
Figure 13-19. Interface To Different Port Size Devices
Table 13-2 lists the bytes for read cycles required on the data bus.
Table 13-2. Data Bus Requirements For Read Cycles
TRANSFER | TSIZE | INTERNAL 32-BIT PORT SIZE 16-BIT PORT SIZE | 8-BIT
SIZE [0:1] | ADDRESS PORT
SIZE
A30 | A31 | DO-D7 | D8-D15 | D16-D23 | D24-D31 | D0-D7 | D8-D15 | DO-D7
Byte o|l1| 0] 0 OPO — — — OPO — OPO
ol1] o0 1 — OP1 — — — oP1 OP1
o|l1| 1] o0 — — oP2 — oP2 — OP2
o1 1 1 — — — oP3 — oP3 OP3
Halfword [ 1| o | o | o OPO OP1 — — OPO OP1 OPO
1{o] 1| o — — OP2 OP3 OP2 oP3 OP2
Word ojlofl o] o OPO OP1 oP2 OP3 OPO oP1 OPO

NOTE: — Denotes that a byte is not required during that read cycle.
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Table 13-3 lists the patterns of the data transfer for write cycles when accesses are initiated
by the MPC823e.

External Bus Interface

Table 13-3. Data Bus Contents for Write Cycles

TRANSFER | TSIZE | INTERNAL EXTERNAL DATA BUS PATTERN
SIZE ADDRESS
A30 | A31 | DO-D7 D8-D15 D16-D23 D24-D31
Byte 0 1 0 0 OPO — — _
0 1 0 1 OP1 OP1 — —
0 1 1 0 oP2 — oP2 —
0 1 1 1 oP3 oP3 — oP3
Half-Word 1 0 0 0 OPO oP1 — —
1 0 1 0 oP2 oP3 oP2 oP3
word 0 0 0 0 OPO oP1 oP2 oP3

NOTE: — Denotes that a byte is not required during that write cycle.

13.4.6 Arbitration Phase-Related Signals

The external bus design provides for a single bus master, either the MPC823e or an external
device. One or more of the external devices on the bus has the capability of becoming bus
master for the external bus. Bus arbitration may be handled either by an external central bus
arbiter or by the internal on-chip arbiter. In the latter case, the system is optimized for one

external bus master besides the MPC823e. The arbitration configuration (external or
internal) is set at system reset. See Section 15.6 External Master Support

information.

for more
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Each bus master must have BR, BG, and BB signals. The device that needs the bus asserts
the BR signal. The device then waits for the arbiter to assert the BG signal. In addition, the
new master must look at the BB signal to ensure that no other master is driving the bus
before it can assert BB and assume ownership of the bus. If the arbiter has taken the BG

away from the master and the master wants to execute a new cycle, the master must

rearbitrate before a new cycle can be initiated. The MPC823e, however, guarantees data
coherency for burst accesses to a small port size. This means that the MPC823e will not
release the bus until the transactions (atomic) complete.

MOTOROLA
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Figure 13-20 illustrates the basic protocol for bus arbitration. For more information, see
Section 12.12.1.1 SIU Module Configuration Register

®

E m
X
o o
25 REQUESTING DEVICE ARBITER
>
QF
g REQUEST THE BUS
1. ASSERTBR
> GRANT BUS ARBITRATION
1. ASSERTBG
ACKNOWLEDGE BUS MASTERSHIP (<€

1. WAIT FOR BB TO BE NEGATED
2. ASSERT BB TO BECOME NEXT

MASTER
3. NEGATEBR TERMINATE ARBITRATION
1. NEGATE BG (MAY CHOOSE TO
e m—— KEEP IT ASSERTED TO PARK
BUS MASTER)

1. PREFORM DATA TRANSFER

Y
RELEASE BUS MASTERSHIP

1. NEGATEBB

Figure 13-20. Bus Arbitration Flowchart

13.4.6.1 BUS REQUEST SIGNAL. The potential bus master asserts the BR signal to
request bus mastership. BR must be negated once the bus is granted, the bus is not busy,
and the new master can drive the bus. If more requests are pending, the master can keep
asserting its bus request as long as needed. When configured for external central
arbitration, the MPC823e drives this signal when it needs bus mastership. When the internal
on-chip arbiter is used, this signal is an input to the internal arbiter and must be driven by
the external bus master.
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13.4.6.2 BUS GRANT SIGNAL. The BG signal is asserted by the arbiter to indicate that the
bus is granted to the requesting device. The BG signal can be negated after BR is negated.
The current bus master may choose to keep BG asserted to park the bus and maintain
ownership without rearbitrating until another master makes a request. This reduces
arbitration time, which then improves performance. When configured for external central
arbitration, the BG becomes an input signal to the MPC823e from the external arbiter. When
the internal on-chip arbiter is used, this signal is an output from the internal arbiter to the
external bus master.

13.4.6.3 BUS BUSY SIGNAL. The BB signal indicates that the current bus master is using
the bus. New masters must not begin transferring until this signal is negated. The bus owner
must not relinquish or negate this signal until its transfer is complete. To avoid contention on
the BB signal, masters must three-state this signal when it gets a logical 1 value. This
situation implies that the connection of an external pull-up resistor is needed to ensure that
a master acquiring the bus recognizes that the BB signal is negated, regardless of how
many cycles have passed since the previous master relinquished the bus. Refer to

Figure 13-21 for more information.

MASTER

EXTERNAL BUS

A

MPC823e

A

SLAVE 2

Figure 13-21. Basic Bus Busy Connection
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\
ADDR +ATTR |
\
\

!

MASTER 0 MASTER 0 MASTER 1
“TURNS ON’ NEGATES “TURNS ON’
AND ABNBD AND
DRIVES ) , DRIVES
SIGNALS TURNS OFF SIGNALS

Figure 13-22. Bus Arbitration Timing Diagram

At system reset, the MPC823e can be configured to use the internal bus arbiter and it will
be parked on the bus. The priority of the external device relative to the internal MPC823e
bus masters is programmed in the SIUMCR, as described in Section 12.12.1.1 SIU Module
Configuration Register . If the external device requests the bus and the MPC823e does not
need it or the external device has priority over the current internal bus master, the MPC823e
grants the bus to the external device. Figure 13-23 illustrates the internal finite state
machine that implements the arbiter protocol.
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MPC823e INTERNAL MASTER WITH HIGHER
PRIORITY THAN THE EXTERNAL DEVICE
REQUIRES THE BUS

EXT MASTER
REQUESTS BUS

®

EXT MASTER
RELEASE BUS

MPC823e BUS WAIT
BG=1

MPC823e NEEDS
THE BUS

MPC823e NO LONGER
NEEDS THE BUS

MPC823e OWNER
BG=1
BB=0

BR=0

THE EXTERNAL DEVICE THAT
HAS A HIGHER PRIORITY THAN
THE CURRENT INTERNAL BUS MPC823e STILL NEEDS
MASTER REQUESTS THE BUS THE BUS

Figure 13-23. Internal Bus Arbitration State Machine

13.4.7 Address Transfer Phase-Related Signals

13.4.7.1 TRANSFER START SIGNAL. The TS signal indicates the beginning of a cycle
initiated by the bus master. This signal must be asserted by a master only after ownership
of the bus is granted by the arbitration protocol. This signal is only asserted for the first clock
cycle of the transaction and is negated in the successive clock cycles. The master must
three-state this signal when it relinquishes the bus to avoid contention between two or more
masters in this signal. This configuration requires an external pull-up resistor to be
connected to the TS signal. This will prevent a slave from responding to a bogus TS
assertion. Refer back to Figure 13-21 for more information.
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13.4.7.2 ADDRESS BUS. The 26-bit address bus consists of address bits 6—-31 and Bit 6
is most-significant. The bus is byte addressable, so each address can address one or more
bytes. The address and its attributes are driven on the bus with the TS signal and stay valid
until the bus master received a TA signal from the slave. To distinguish the individual byte,
the slave device must observe the TSIZx signals.

% Note: Although this is a 32-bit machine, only 26 of the bits are visible outside the chip.

13.4.7.3 TRANSFER ATTRIBUTES. The transfer attributes consist of the RD/WR,
BURST, TSIZx, ATx, STS, and BDIP signals. These signals, except for the BDIP, are
available at the same time as the address bus.

13.4.7.3.1 Read/Write Signal. When the RD/WR signal is high it indicates a read access
and when it is low it indicates a write access.

13.4.7.3.2 Burst Signal. The BURST signal and the address are driven by the bus master
at the beginning of the bus cycle to indicate that the transfer is a burst transfer. The burst
size is always 16 bytes. With a 32-bit port size, the burst includes 4 beats. When its port size
is 16 bits and controlled by the internal memory controller, the burst includes 8 beats. When
its port size is 8 bits and controlled by the internal memory controller, the burst includes 16
beats. The MPC823e bus supports critical data word first for burst. The order of the
wraparound goes back to the critical word. For example, assuming data 2 is the critical word:

» Case burst of four beats:
data 2 0 data 3 00 data 0 O data 1
» Case burst of eight beats:

data2 0 data3 O data4 O ......... 0 data 7 O data O O data 1
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13.4.7.3.3 Transfer Size Signal. The TSIZx signals indicate the size of the requested data
transfer and they can be used with the BURST and A[30:31] signals to determine the byte
lanes of the data bus that are involved in the transfer. For nonburst transfers, the TSIZx
signals specify the number of bytes starting from the byte location addressed by the A[30:31]
signals. In burst transfers, the value of the TSIZx signal is always 00.

Table 13-4. BURST /TSIZE Encoding

BURST TSIZx TRANSFER SIZE
1 01 Byte
1 10 Half-Word
1 11 X
1 00 Word
0 00 Burst (16 bytes)

13.4.7.3.4 Address Space Attributes. The address space attributes consist of the
address type (AT[0:3]), program trace (PTR), and reservation (RSV) signals, which are all
outputs that indicate one of 16 “address types” to which the address applies. These types
are designated as either a normal/alternate master cycle, problem/privilege (user or
supervisor), and instruction or data types. The address space signals are valid at the rising
edge of the clock in which the STS signal is asserted.

Address space signals reflect the current status of the master originating the access, not
necessarily the status in which the original access to this location has occurred. An example
of this situation is when a copyback of a dirty line in the data cache occurs after the privilege
state of the processor has been changed since the last access to the same line. Functional
usage of the ATx, PTR, and RSV signals is for the reservation protocol described in
Section 13.4.10 Storage Reservation Protocol . Table 13-5 provides the space definition
encoded by the STS, TS, ATx, PTR, and RSV signals.

Show cycles are accesses to the core’s internal bus devices. These accesses are driven
externally for emulation, visibility, and debugging purposes. A show cycle can have one
address phase and one data phase (or just an address phase for the instruction show
cycles). The cycle can be a write or read access and the data for both the read and write
accesses must be driven by the bus master. This is different than the normal bus read and
write accesses. The address of the show cycle must be valid on the bus for one clock and
the data of the show cycle must be valid on the bus for one clock. The data phase must not
require a transfer acknowledge to terminate the bus-show cycle. In a burst show cycle only
the first data beat will be shown externally.

13.4.7.3.5 Special Transfer Start Signal. The STS signal is driven by the MPC823e when
it owns the external bus. It indicates the start of a transaction on the external bus or an
internal transaction in show cycle mode.
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13.4.7.3.6 Burst Data in Progress Signal. The BDIP signal is sent from the master to the
slave to indicate that there is a data beat following the current data beat. The master uses
this signal to give the slave advanced warning of the remaining data in the burst. By negating
the BDIP signal, you can terminate a burst cycle early. Refer to Section 13.4.2 Single Beat
Transfers and Section 13.4.4 The Burst Mechanism  for more information.

13.4.8 Data Transfer Phase-Related Signals

13.4.8.1 DATA SIGNAL. The DJ[0:31] signals are driven by the MPC823e when it owns the
external bus and has initiated a write transaction to a slave device. During a read transaction
the D[0:31] signals are driven by the slave device. See Table 13-2 for byte lane
assignments.

13.4.9 Termination Phase-Related Signals

13.4.9.1 TRANSFER ACKNOWLEDGE SIGNAL. The TA signal indicates the normal
completion of a bus transfer. During burst cycles, the slave asserts this signal with every
data beat returned or accepted. This signal must be pulled up to Vpp with a pull-up resistor.

13.4.9.2 BURST INHIBIT SIGNAL. The Bl signal is sent from the slave to the master to
indicate that the addressed device does not have burst capability. If this signal is asserted
or equal to 0, the master must transfer in multiple cycles and increment the address for the
slave to complete the burst transfer. For a system that does not use the burst mode at all,
this signal can be permanently tied low. This signal must be pulled up to Vpp with a pull-up
resistor.

13.4.9.3 TRANSFER ERROR ACKNOWLEDGE SIGNAL. The TEA signal terminates the
bus cycle under bus error conditions. The current bus cycle must be aborted. This signal
must override any other cycle termination signals, such as the TA signal. This signal must
be pulled up to Vpp with a pull-up resistor.
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13.4.9.4 PROTOCOL FOR TERMINATION SIGNALS. The transfer protocol was defined
to avoid electrical contention on signals that can be driven by various sources. To do that, a
slave must not drive signals associated with the data transfer until the address phase is
completed and it recognizes the address as its own. The slave must disconnect from signals
immediately after it has acknowledged the cycle and no later than the termination of the next
address phase cycle. This indicates that the termination signals must be connected to power
through a pull-up resistor to avoid a situation in which a master samples an undefined value
in any of these signals when no real slave is addressed. See Figure 13-24 and

Figure 13-25 for more information.
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A ACKNOWLEDGE/TERMINATION

SIGNALS (TA, TEA, BI)

SLAVE 2

Figure 13-24. Termination Signals Protocol Basic Connection
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Figure 13-25. Termination Signals Protocol Timing Diagram
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13.4.10 Storage Reservation Protocol

The MPC823e storage reservation protocol supports multilevel bus structure. For each local
bus, storage reservation is handled by the local reservation logic. The protocol tries to
optimize reservation cancellation so that a PowerPC processor is notified of storage
reservation loss on a remote bus only when it has issued a stwcx cycle to that address. In
other words, the reservation loss indication comes as part of the stwcx cycle. This method
avoids the need to have fast storage reservation loss indication signals routed from every
remote bus to every PowerPC master.

The storage reservation protocol makes the following assumptions:

Each processor has, at most, one reservation “flag”
Iwarx sets the reservation “flag”

Ilwarx by the same processor clears the reservation “flag” related to a previous lwarx
instruction and again sets the reservation “flag”

stwex by the same processor clears the reservation “flag”
A store by the same processor does not clear the reservation “flag”

Some other processor (or other mechanism) store to the same address as an existing
reservation clears the reservation “flag”

If the storage reservation is lost it is guaranteed that stwcx will not modify the storage
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The reservation protocol for a single-level (local) bus is illustrated in Figure 13-26. It
assumes that external logic on the bus performs the following functions:

« Snoops accesses to all local bus slaves

* Holds one reservation for each local master capable of storage reservations

» Sets the reservation when that master issues a load and reserve request
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* Clears the reservation when some other master issues a store to the reservation

address @
MPC823e
»|  EXTERNALBUS
INTERFACE E-BUS MASTER
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AT[0:3], RSV,RIW,TS
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Figure 13-26. Reservation On Local Bus
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The local bus interface block implements a reservation “flag” for the local bus master. The
reservation “flag” is set by the local bus interface when a load with reservation is issued by
the local bus master and the reservation address is located on the remote bus. The “flag” is
reset when an alternative master on the remote bus accesses the same location in a write
cycle. If the MPC823e begins a memory cycle to the previously reserved address (located
in the remote bus) as a result of a stwex instruction, one of the following conditions can
occur:
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« Ifthe reservation “flag” is set, the local bus interface acknowledges the cycle in a normal
way.

« If the reservation “flag” is reset, the local bus interface must assert KR. However, the
local bus interface must either not perform the remote bus write access or abort it if the
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remote bus supports aborted cycles. The failure of the stwcx instruction is reported to
the core.
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MPC823e EXTERNAL BUS >

®

AT[0:3], RSV, RW, TS
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Al6:31]
Y EXTERNAL DEVICE

KR LOCAL BUS
INTERFACE

A
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MASTER IN THE REMOTE
BUS WRITES TO THE
RESERVED LOCATION

< REMOTE BUS >

Figure 13-27. Reservation On Multilevel Bus Hierarchy

13.4.11 Exception Control Cycles

The MPC823e bus architecture requires the TA signal to be asserted from an external
device to indicate that the bus cycle is complete. TA is not asserted when one of the
following conditions occur:

« The external device does not respond
¢ Other application-dependent errors occur
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External Bus Interface

The external circuitry can provide TEA when no device responds by asserting TA within an
appropriate period of time after the MPC823e initiates the bus cycle. This allows the cycle
to terminate and the processor to enter exception processing for the error condition.

To properly control termination of a bus cycle for a bus error, TEA must be asserted
simultaneously or before TA is asserted. TEA must be negated before the second rising
edge after it was sample-asserted to avoid detecting an error for the next initiated bus cycle.
TEA is an open-drain pin that allows the wire-OR of any different error generation sources.

13.4.11.1 RETRY SIGNAL. When an external device asserts the RETRY signal during a
bus cycle, the MPCB823e enters a sequence in which it terminates the current transaction,
relinquishes ownership of the bus, and retries the cycle using the same address, address
attributes, and data. Figure 13-28 illustrates the behavior of the MPC823e when the RETRY
signal is detected as a termination of a transfer. The figure illustrates that when the internal
arbiter is enabled, the MPC823e negates the BB signal and asserts the BG signal in the
clock cycle following retry detection. This allows any external master to gain bus ownership.
In the next clock cycle, a normal arbitration procedure may occur. The figure also shows that
the external master did not use the bus, so the MPC823e initiates a new transfer with the
same address and attributes as before. In Figure 13-29 the same situation is illustrated to
show that the MPC823e is working with an external arbiter. In the clock cycle after the CPU
recognizes that the RETRY signal is asserted, the BR and BB signals are negated. One
clock cycle later, the normal arbitration procedure may occur. This input signal requires a
pull-up resistor.
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13-43

MPC823e REFERENCE MANUAL

MOTOROLA



External Bus Interface

I
\
\
|
\
\
I
\
|
\
\
[
\
\
\
\
f
\

—
2
(@]
4
]
o

®

=
>

= -

o fry 7 o S —

S g B 5 B =
o (O] [ea) L, [=) n > %] <<
m m m < x [ om [ a

EXTERNAL BUS
INTERFACE

RETRY

Figure 13-29. RETRY Transfer Timing—External Arbiter

MOTOROLA

MPC823e REFERENCE MANUAL

13-44



External Bus Interface

When a burst access is initiated by the MPC823e, the bus interface only recognizes the
RETRY assertion as a retry termination if it detects it before the first data beat is
acknowledged by the slave device. When the RETRY signal is asserted as a termination
signal on the second or third data beat of the access, the MPC823e recognizes it as a
transfer error acknowledgement. If a “non burst” access to a small port size device is
initiated by the MPC823e, the transfer size of the access is bigger than the slave port size,
and the first transfer of this access is normally acknowledged by the assertion of TA, the
MPCB823e initiates the following “single beat” transfers to complete the access and
recognize the RETRY assertion as a transfer error acknowledge.
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Figure 13-30. Retry On Burst Cycle
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In reference to Figure 13-30, if the Bl signal is asserted at the first beat of a burst, then the
remaining beats of the 16-byte transfer retry are recognized as a transfer error
acknowledge. Table 13-6 summarizes how the MPC823e recognizes the termination
signals provided by the slave device that the initiated transfer addressed.

Table 13-6. Termination Signal Protocol
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TEA TA RETRY/KR ACTION
Asserted X X Transfer Error Termination
Negated Asserted X Normal Transfer Termination
Negated Negated Asserted Retry Trarhs(fgre I\;aartrpoirr]\ation /Kill
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SECTION 14
ENDIAN MODES

This section will discuss how the MPC823e supports three system endian configurations:

« Little-endian system
« Big-endian system
« PowerPC™ little-endian system

A general description of the different endian modes can be found in The PowerPC
Microprocessor Family: The Programming Environments (MPCFPE/AD) manual that is
available from Motorola. Throughout the MPC823e Reference Manual, the term system
refers to the devices that reside on the MPC823e bus. The MPC823e core operates in the
big-endian mode of a big-endian system and in the PowerPC little-endian mode of two other
configurations.
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Table 14-1. Little-Endian Effective Address Modification
For Individual Aligned Scalar

DATA LENGTH (BYTES) ADDRESS MODIFICATION
1 XOR with 0b111
2 XOR with 0b110
4 XOR with 0b100
8 (No Change)

NOTE:  There are no 8-byte scalars in the MPC823e.

Table 14-2 contains possible programming configurations.

Table 14-2. Endian Mode Programming For Core Data Structures

MODE MSR_g (AND MSR) g) DC_CSR|gg
Big-Endian Mode 0 0
Little-Endian Mode 0 1
PowerPC Little-Endian Mode 1 0
Reserved 1 1
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The hardware operations that are used to support the different endian modes are:

» Address munging in the core is controlled by the MSR, ¢ bit. Refer to the PowerPC
Microprocessor Family: The Programming Environments for 32-Bit Microprocessors
manual for more information.

» The MPCB823e internal bus signal is driven by the master that informs the system
interface unit to swap and perform address demunging or leave the current access as
it is. Table 10-1 defines the DC_CSR, ¢ bit for core and cache accesses.

» Address munging and data bytes format in the communication processor module
(CPM) that is controlled by the BO field of the function code register.

@ COMMUNICATION SYSTEM
PROCESSOR
o MODULE MEMORY
=
o
>
= SYSTEM
o CORE U-BUS INTERFACE E-BUS
= UNIT
[%2)
PCI INTERFACE
INTERNAL
MEMORY |/ O DEVICES
MPC823e
PCI DEVICES

Figure 14-1. General MPC823e System Diagram

% Note: Some peripheral component interconnect (PCI) bridge devices cannot be used
in little-endian mode.
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14.1 LITTLE-ENDIAN FEATURES

The following is a list of the little-endian system’s main features:

« System Memory Organization and E-Bus Format are Little-Endian

Endian Modes

« U-Bus Data, Instruction and Data Caches, and Internal Memory Format are Big-Endian
« Data Access Constraints that Follow the PowerPC Little-Endian Rules

« Same Byte Order between the Media and System Memory
« For Core Accesses, Swap and Address Demunging are Performed by the System

Interface Unit on the U-Bus to the System Path

e The Core’s Load/Store Unit Swapper Uses Munged Addresses to Put the Data on the
Right Byte Lanes when Half-Word or Byte Accesses are Performed

¢ The Communication Processor Module Performs Data Swapping According to
Information in the Buffer Descriptors

The following tables describe how to handle the little-endian program or data in the
little-endian system that is built around the MPC823e for various port sizes.

Table 14-3. Little-Endian Program/Data Path Between the
Register and 32-Bit Memory
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FETCH/
LOAD
STORE
TYPE

LITTLE-
ENDIAN
ADDRESS

U-BUS
AND
CACHES
ADDRESS

EXTERNAL
BUS
ADDRESS

DATA IN THE
REGISTER

U-BUS AND

CACHES FORMAT

E-BUS FORMAT

LITTLE-ENDIAN
PROGRAM/DATA

D

1

2

0

1

2

3

3

2

1

0

Word

11

12

13

14

11

12

13

14

14

13

12

11

11

12

13

14

Half-word

21

22

21

22

22

21

21

22

Half-word

31

32

31

32

32

31

31

32

Byte

Byte

Byte

Byte
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Endian Modes

Table 14-4. Little-Endian Program/Data Path Between the
Register and 16-Bit Memory

FETCH/ LITTLE- U-BUS | EXTERNAL DATA IN THE U-BUS AND E-BUS FORMAT LITTLE-ENDIAN
LOAD ENDIAN AND BUS REGISTER CACHES FORMAT PROGRAM/DATA
STORE ADDRESS | CACHES | ADDRESS
TYPE ADDRESS ol1]z2]s|olsl2]3]ofls|l2]3]3|2]1]0
Word 0 0 1 (121314111213 ]| 14 | 14| 13 13 | 14
2 12 [ 11 11 | 12
Half-word 2 0 21 | 22 2122|2221 21 | 22
Half-word 0 2 3132|3132 32 [ 31 31 | 32
Byte 3 0 ‘al a | a ‘al
Byte 2 1 b ‘b b ‘b
Byte 1 2 ‘c’ ‘c’ ‘c’ ‘c’
Byte 0 3 | 8 o
Table 14-5. Little-Endian Program/Data Path Between the
Register and 8-Bit Memory
FETCH/ LITTLE- U-BUS | EXTERNAL DATA IN THE U-BUS AND E-BUS FORMAT LITTLE-ENDIAN
LOAD ENDIAN AND BUS REGISTER CACHES FORMAT PROGRAM/DATA
STORE ADDRESS | CACHES | ADDRESS
TYPE ADDRESS ol1]2|3]|o|l1|2]3fo]af2]s|[3]2]1]o0
Word 0 0 11|12 |13 14|11 ]12|13] 14 14 14
1 13 13
2 12 12
3 11 11
Half-word 2 0 21 | 22 21 | 22 | 22 22
1 21 21
Half-word 0 2 3132|3132 32 32
3 31 31
Byte 3 0 ‘a’ ‘a’ | ‘& ‘a’
Byte 2 1 b ‘b b’ ‘b
Byte 1 2 ‘c’ ‘c’ ‘c’ ‘c’
Byte 0 3 | o '
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14.2 BIG-ENDIAN SYSTEM FEATURES

The following is a list of the big-endian system’s main features:

¢ Caches, U-Bus, E-Bus, System Memory, and 1/0O Organization Format is Big-Endian
« Same Byte Order between the Media and System Memory

« Communication Processor Module Writes and Reads Big-Endian U-Bus Data

« PCI Bridge Operates in Big-Endian Mode as Needed

14.3 POWERPC LITTLE-ENDIAN SYSTEM FEATURES
The following is a list of the PowerPC little-endian system’s main features:

e Caches, U-Bus, E-Bus, System Memory, and E-Bus Attached I/O Organization Format
is Big-Endian

* PCI Bus Format is Little-Endian

« Data Access Constraints that Follow the PowerPC Little-Endian Rules

¢ Address Munging in the Core and Communication Processor Module Follows the
Guidelines in Table 14-1

¢ The PCI Bridge Operates in Little-Endian Mode as Needed. Swap and Address
Demunging is Performed by the PCI Bridge on the PCI I/O to the System Memory Path.

¢ The Stream Hit Mechanisms of the Instruction and Data Caches Operate Less
Efficiently when Address Munging is Performed on Cache Accesses. Some
Performance Degradation is Expected when Working in this Mode.

14.4 SETTING THE ENDIAN MODE OF OPERATION

The endian mode must be set early in the reset routine and remain unchanged for the
duration of system operation. The MPC823e core is in big-endian mode after reset. To
switch between the different endian modes of operation, the core must run in serialized
mode and the caches must be disabled. Itis not recommended that you switch back and
forth between modes. To transfer the system to little-endian mode, the DC_CSR, g5 bit must
be set by writing Ob0101 to the CMD field of the DC_CSR with an mtspr instruction on an
even word boundary (A29=0). Further instructions must be little-endian. However, there are
some idiosyncrasies with little-endian mode itself.

To transfer the system to the PowerPC little-endian mode, the MSR| g and MSR, g bits must
be changed with an mtmsr instruction on an odd word boundary (A29=1). The instruction
that is executed next will be fetched from this address plus 8. If the instruction resides on an
even word boundary (A29=0), then this instruction will be executed twice because of
address munging. The instruction to transfer the system back to the big-endian mode must
reside on an even word boundary (A29=0). The next instruction will be fetched from this
address plus 12. The BO field of the function code registers (FCRs) in the communication
processor module must be set to the required endian format for the buffer descriptor.

MOTOROLA MPC823e REFERENCE MANUAL 14-5
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SECTION 15
MEMORY CONTROLLER

The memory controller is responsible for controlling a maximum of eight memory banks
shared between a general-purpose chip-select machine and a pair of sophisticated
user-programmable machines. It supports a glueless interface to SRAM, EPROM, flash
EPROM, regular DRAM devices, self-refresh DRAMs, extended data output DRAM devices,
synchronous DRAMSs, and other peripherals. This flexible memory controller allows you to
implement memory systems with very specific timing requirements. It supports external
address multiplexing, periodic timers, and timing generation for row address and column
address strobes to allow for a glueless interface to DRAM devices. The periodic timers allow
refresh cycles to be initiated while the address muxing provides row and column addresses.

You can define different timing patterns for the control signals that govern a memory device.
These patterns define how the external control signals behave in read-access, write-access,
burst read-access, or burst write-access requests. You decide how the external control
signals toggle when the periodic timers reach the maximum programmed value for refresh
operation.

15.1 FEATURES

The following is a list of the memory controller's main features:

« Eight Memory Banks

O 32-bit address decode with mask

Various block sizes (32K to 4G)

Byte parity generation/checking

Write-protection capability

“Address types” match qualifying memory bank accesses for internal masters
Timing pattern machine selected according to the type of memory device accessed
Support for external master access to memory banks

Synchronous and asynchronous external masters support
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* General-Purpose Chip-Select Machine

Compatible with SRAM, EPROM, FEPROM, and peripherals
Global (boot) chip-select available at system reset

Boot chip-select support for 8-, 16-, and 32-bit devices

Two clock accesses to external device

Four byte write enable (WE[0:3]) signals

Output enable (OE) signal

I s I
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Memory Controller

» Two User-Programmable Machines
0O RAM-based machine controls the timing of the external signals with a granularity of
one quarter of a system clock period

O User-specified patterns run when a single read access, single write access, burst
read access or burst write access is requested by an internal or external
synchronous master

O User-specified patterns run when a single read access or single write access is
requested by an external asynchronous master

UPM periodic timer initiates an automatic pattern when it expires (refresh)
User-specified patterns run under software control

Each UPM can be defined to support DRAM devices with depths of 64K,128K,
256K, 512K, 1M, 2M, 4M, 8M, 16M, 32M, 64M, 128M, and 256M

Four byte-select lines for each UPM

Six external general-purpose lines controlled by each UPM

Supports 8-, 16-, and 32-bit DRAM port sizes

Glueless interface to one bank of DRAM (only external buffers are required for

additional SIMM banks)

Page mode support for successive transfers within a burst for all on-chip and

external synchronous masters

O Internal address multiplexing for all on-chip bus masters supporting 64K, 128K,
256K, 512K, 1M, 2M, 4M, 8M, 16M, 32M, 64M, 128M, 256M page banks

O Glueless interface to EDO, self refresh, and synchronous DRAM devices

[ |

I o B |

O

A block diagram of the memory controller is illustrated in Figure 15-1.
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Figure 15-1. Memory Controller Block Diagram (Single UPM)
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Memory Controller

15.2 ARCHITECTURE
The memory controller consists of three basic machines:

» General-purpose chip-select machine
» User-programmable machine A
» User-programmable machine B

As illustrated in Figure 15-2, each bank can be assigned to any one of these machines via
the MS field in the base register. When a memory address matches the BA field of the base
register, the corresponding machine takes ownership of the external signals that control
access until the cycle terminates.

USER-PROGRAMMABLE
| BANK 0 MS FIELD
MACHINE A
| BANK 1 MS FIELD

-
T
-
T
T

Figure 15-2. Memory Controller Machine Selection

USER-PROGRAMMABLE
MACHINE B

GENERAL-PURPOSE
| BANK 7 CHIP-SELECT

MACHINE

The general-purpose chip-select machine (GPCM) provides a glueless interface to EPROM,
SRAM, Flash EPROM, and other peripherals. General-purpose chip-select signals are

available on CS[0:7]. CS0 also functions as the boot chip-select signal that allows the CPU
to access the boot EPROM from reset. Each chip-select allows a maximum of 30 wait states.
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Some features are common to all eight memory banks. The full 32-bit decode is available
internally, even if all 32 address bits are not visible outside the MPC823e. For external
master transactions, the memory controller extends the 26-bit external address line to 32
bits and the six most-significant bits are zero. The variable block size of each memory bank
can be between 32K and 64M for a total memory capacity of 512M. Parity can be generated
and checked for any memory bank and each memory bank can be selected for read-only or
read/write operation. For system protection purposes, you can use certain address type
codes to cause the memory controller to restrict access to a memory bank. For additional
flexibility, address type comparisons provide you with a mask option.

The memory controller functionality helps you design MPC823e-based systems with little or
no glue logic required. In Figure 15-3, CSO0 is used as the 16-bit boot EPROM with the MS
field of the base register 0 configured to select the GPCM. CS1 is used as the RAS signall
for 32-bit DRAM with the MS field of base register 1 configured to select UPMA. The BS_A
signals are used as CASx signals on the DRAM.

MPC823e
ADDRESS > ADDRESS
CS0 > CE
GPLL/OE > OF
-~ WE[0:1] > WE
DATA > DATA
A EPROM
> ADDRESS
CS1 > RAS
BS_A0:3] > CAS[0:3]
UPMA RDAWR > W
> DATA
DP[0:3] | > PARITY
DRAM

Figure 15-3. Simple System Configuration
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Memory Controller

The two user-programmable machines (UPMA and UPMB) in the memory controller provide
a flexible interface to many types of memory devices. Each UPM can control the address
multiplexing necessary to access DRAM devices, the timing of the BS signals, and the
timing of the GPLXx signals. Each memory bank can be assigned to either UPM. There are
a total of eight CSx signals that can be split between the two UPMSs.

Each user-programmable machine is a RAM-based machine controlled by software. The
software toggles the memory controller external signals when an external single word
read/write access or an external burst read/write access is initiated by an internal or external
master. The UPM also controls address multiplexing, address increment, and transfer
acknowledge assertion for a specific memory access. The UPM can be programmed to run
a specific signal pattern for a certain duration of clock cycles. At every clock cycle, the logical
value of the external signals specified in the RAM array is output on the corresponding UPM
pins.

When a new access to external memory is requested by any of the internal or external
masters, the address of the transfer and the address type is compared to each one of the
valid banks defined in the memory controller. Notice that all of the A[0:16] and AT[0:2]
signals are maskable. When an address match is found in one of the memory bank
chip-select ranges, the corresponding MS field in the base register defines the machine that
handles the memory access. See Figure 15-4 for details.

The memory controller provides four parity (DP[0:3]) signals, one for each data byte lane on
the MPC823e system bus. The parity on the bus is only checked if the memory bank
accessed in the current transaction has parity enabled. Parity checking/generation can be
enabled for a specific memory bank in the base register. The type of parity is defined in the
system interface unit module configuration register, which is explained in

Section 12.12.1.1 SIU Module Configuration Register . Also, system protection is
provided by defining each memory bank as read-only or read/write.
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INTERNAL/EXTERNAL MEMORY ACCESS REQUEST

ADDRESS,
ADDRESS TYPE >
\
ADDRESS COMPARATOR USER USER GENERAL-PURPOSE
BANK SELECT - - -
SELEC PROGRAMMABLE PROGRAMMABLE CHIP-SELECT
MACHINE A MACHINE B MACHINE
Y
MS Y Y
FIELD SIGNALS SIGNALS
TIMING GENERATOR| | TIMING GENERATOR
\—V \ Y
A -
> MUX
EXTERNAL SIGNALS

Figure 15-4. Basic Memory Controller Operation

15.3 REGISTER MODEL

The status bits for each one of the memory banks are in the memory controller status
(MSTAT) register, which is used by the entire memory controller. Each of the eight memory
banks has a base register (BRx) and an option register (ORx). The MSTAT reports write-
protect violations that occur and parity errors for every bank. The base register contains a VvV
bit that indicates when the information for the chip-select is valid.

Each base register defines the starting address of its memory bank and each option register
defines the attributes for its memory bank. The option registers also define the initial address
multiplexing for a memory cycle controlled by a UPM. The machine A mode register (MAMR)
and machine B mode register (MBMR) define most of the global features for the
user-programmable machines.

The memory command register (MCR) and memory data register (MDR) are used to
initialize the UPM’s RAM array. The MAD field of the memory command register specifies
the location in the RAM array to be executed as defined by the MCR. The memory address
register (MAR) allows a specific address pattern to be output onto the A[6:31] signals. The
memory periodic timer prescaler register (MPTPR) defines the divisor of the BRGCLK used
as the memory periodic timer input clock.
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Memory Controller

The memory controller registers are used by the general-purpose chip-select machine and
the user-programmable machines as specified in Table 15-1. See Section 15.3.1 Register
Descriptions for specific register information.

Table 15-1. Memory Controller Register Usage

REGISTER USED BY THE GPCM USED BY A UPM
Base Register Bank 0-7 Register (BRx) v v
Option Register Bank 0-7 Register (ORXx) v v
Memory Status Register (MSTAT) v v
Memory Command Register (MCR) v
Machine A Mode Register (MAMR) v
Machine B Mode Register (MBMR) v
Memory Data Register (MDR) v
Memory Address Register (MAR) v
Memory Periodic Timer Prescaler Register (MPTPR) v

The memory controller supports multiple port sizes. Predefined 8-bit ports can be accessed
as odd or even bytes, predefined 16-bit ports can be accessed as odd or even bytes and
even half-words on data bus bits 0 through 15. Predefined 32-bit ports can be accessed as
odd bytes, even bytes, odd half-words, even half-words, or words on word boundaries. The
port size is specified by the PS field in the base register.

The WP bit of the base register restricts write accesses to a certain address range. If you try
to write in this area, a write-protect violation occurs and the WPER bit in the memory status
register is set.

Each time an internal or external bus cycle access is requested, the address and its
corresponding address type are compared to each one of the banks. If a match is found on
one of the memory controller banks, the attributes defined for that bank in the base and
option registers are used to control the memory access. However, if multiple matches are
found, the lowest numbered matched bank handles the memory access. It must be noted
that when external masters access memory controller-managed slaves on the bus, the
internal AT signals to the memory controller are forced to ‘100’.

Parity can be configured for any bank. It is generated and checked on a per-byte basis using
the DP[0:3] signals for the bank if the PARE bit is set in the base register. The OPAR bit in
the SIUMCR (described in Section 12.12.1.1 SIU Module Configuration Register )
determines the type of parity. Any parity error causes the associated PER bit in the memory
status register to be set. It also asserts the TEA signal and sets the corresponding DPB bit
in the TESR, which is described in Section 12.12.1.4 Transfer Error Status Register . The
memory controller asserts an internal transfer error signal when a parity error occurs (if
enabled).
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15.3.1 Register Descriptions

15.3.1.1 BASE REGISTERS. The base registers (BR0-7) contain the base address and
address types that are used by the memory controller to compare the address bus with the
current address accessed. It also includes a memory attribute and selects the machine for
memory operation handling. After reset, BRO is referred to as the Boot BRO and it has a
special functionality until the first write to ORO.

BOOT BRO

BT [ o1 |2 afa]s|[6|7]8]09|w|ufn|n][us

FIELD BA

RESET 0

RIW RIW

ADDR (IMMR & OxFFFF0000) + 0x100

BT |16 |17 |18 |19 |20 |2 |2 |23 |25 ][26]27]8]2]3%n]a
FIELD BA AT PS PARE | WP MS RESERVED v
RESET 0 0 * 0 0 0 0 *
RIW RIW RIW RIW RIW | RW RIW RIW RIW
ADDR (IMMR & OxFFFF0000) + 0x102

* This value depends on the value of the hard reset configuration word.

o
=
BRx e

2

BT [ o1 |2]afa]s |6 |7 ]8]09|w|u|n|n[u|s z
o

FIELD BA P
S

RESET 0 &
=

R/W RIW

ADDR (IMMR & OxFFFF0000) + 0x100 (BRO), 0x108 (BRL), 0x110, (BR2), 0x118 (BR3), 0x120 (BR4), 0x128 (BRS), 0x130 (BR6), 0x138 (BR7) @

BT | 16 17\18\19 20\21 2 | 23 24\25 26‘27‘28‘29 30 | 31

FIELD BA AT PS PARE | WP MS RESERVED \

RESET 0 0 0 0 0 0 0 0

R/W RIW RIW RIW RW | RW RIW RIW RIW

ADDR (IMMR & OXFFFF0000) + 0x102 (BRO), Ox10A (BR1), 0x112, (BR2), 0x11A (BR3), 0x122 (BR4), 0x12A (BRS), 0x132 (BR6), 0x13A (BR7)
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Memory Controller

BA—Base Address

This field, the upper 17 bits of each base address register, and the AT field are compared
to the address on the address bus to determine if a memory bank controlled by the memory
controller is being accessed by an internal bus master. These bits are used in conjunction
with the AM field of the option register.

AT—Address Type

This field can be used to limit accesses to the memory bank to a certain address space type.
These bits are used in conjunction with the ATM field of the option register.

PS—Port Size

This field specifies the port size of the memory region. After system reset, the value of this
bit in BRO depends on the BPS field value in the hard reset configuration word, which is
described in Section 4.3.1.1 Hard Reset Configuration Word

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

PARE—Parity Enable
This bit is used to enable parity checking on this bank.

0 = Parity checking is disabled.
1 = Parity checking is enabled.

WP—Write-Protect

This bit may restrict write accesses within the address range of a base register. If you try to
write to the range of addresses specified in a base address register that has this bit set, the
bus monitor logic asserts the TEA signal which then terminates the cycle.

0 = Both read and write accesses are allowed.

1 = Only read accesses are allowed. The CSx and TA signals are not asserted by the
memory controller on write cycles to this memory bank. The WPER bit is set in the
MSTAT register if you try to write to this memory bank.

MS—Machine Select
This field specifies the machine that is selected for memory operations handling.

00 = GPCM.
01 = Reserved.
10 = UPMA.
11 = UPMB.
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Bits 26—-30—Reserved
These bits are reserved and must be set to 0.

V—Valid

This bit indicates that the contents of the base and option registers are valid. The CSx signal
does not assert until this bit is set. An access to a region that does not have this bit set can
cause a bus monitor timeout. After a system reset, the value of this bit in BRO depends on
the BDIS bit value in the hard reset configuration word, which is described in

Section 4.3.1.1 Hard Reset Configuration Word

0 = This bank is invalid.
1 = This bank is valid.

15.3.1.2 OPTION REGISTERS. The option registers (ORO0-7) contain the address mask
and address type mask bit for address bus comparison. It also includes the CS general field
and all the GPCM parameters. After reset, ORO is referred to as the Boot ORO and it has a
special functionality until the first write to ORO.

BOOT ORO

BT [ o1 |2 3456|7809 w|ufn|n[us

FIELD AM

RESET 0

RIW R

ADDR (IMMR & OXFFFF0000) + Ox104

BT |16 |17 |18 |19 | 20 |21 |22 23|24 |25 |26 |27[28 |20 |33

FIELD AM ATM Csm ACSIGSLAGSLS | BIH scY SETA | TRLX | EHTR | RES g

RESET 0 0 1 1 1 1 0 1 0 0 %

RIW R R R R R R R R R R ;

ADDR (IMMR & OXFFFF0000) + 0x106 %
=

2
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Memory Controller

ORXx

BT [ o123 a]s][6|7]8]0|w|u[n|n[u|s

FIELD AM

RESET 0

RIW RW

ADDR (IMMR & OXFFFF0000) + 0x104 (OR0), 0X10C (ORL), Ox114 (OR2), OXLLC (OR3), 0x124 (OR4),0x12C (ORS), 0x134 (OR6), 0x13C (OR7)

BT |16 |17 |18 |19 |20 |2 |2 |23 |22 2% |27]8]2]3n]a
FIELD AM ATM CSSA\‘J/ ACSIG5LAGSLS | BIH scy SETA | TRLX | EHTR | RES
RESET 0 0 0 0 0 0 0 0 0 0
RIW RW RIW RW RIW RIW RIW RW | RW | RW | RW
ADDR (IMMR & OXFFFF0000) + 0X106 (OR0), Ox10E (OR1), 0x116 (OR2), OXLLE (OR3), 0x126 (OR4), OX12E (ORS), 0x136 (OR6), OX13E (OR?)

NOTE: The reset value of ORO has predefined values as shown in the boot ORO register table.

AM—Address Mask

This read/write field provides masking on any corresponding bits in the associated base
register. By masking the address bits independently, external devices of different size
address ranges can be used. Any cleared bit masks the corresponding address bit and any
set bit causes the corresponding address bit to be used in address pin comparison. The AM
field can be set or cleared in any order in the field, thus allowing a resource to reside in more
than one area of the address map.

ATM—Address Type Mask

This field masks certain bits in an address type, thus allowing more than one address space
type to be assigned to a chip-select. Any set bit causes the corresponding address type
code bits to be used as part of the address comparison. Any cleared bit masks the
corresponding address type code bit. The ATM field must be cleared so that address type
codes are ignored as part of the address comparison.

CSNT—Chip-Select Negation Time/SAM—Start Address Multiplex

This bit is used for the GPCM and the SAM bit is used for the UPM. The CSNT bit, in
conjunction with ACS and TRLX, is used to control negation of the CSx and WEX signals
during an external memory write access handled by the general-purpose chip-select
machine. This function provides extended address/data hold time for slower memories and
peripherals. See Table 15-2 (page 15-28) for more information.

The SAM bit determines the address output on the first cycle of an external memory access.

0 = Address pins reflect the address requested by the internal master.

1 = Address pins reflect the address requested by the internal master multiplexed
according to the AMA field (if UPMA is selected to control the memory access) or
the AMB field (if UPMB is selected).
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ACS—Address to Chip-Select Setup/G5LA

This field is used for the GPCM and the G5LA and G5LS fields are used for the UPM. This
field controls CSx signal assertion in relation to address lines valid.

00 = CSx is output at the same time as the address lines.

01 = Reserved.

10 = CSx is output a quarter of a clock later than the address lines.
11 = CSx is output half a clock later than the address lines.

G5LS—General-Purpose Line 5 A

This field determines how the internal timing generator (GPL5) signal is output when the
memory access is handled by the UPMA or UPMB.

G5LA (only valid for UPMB):
0 = Output the internal GPL5 signal on the GPL_B5 pin.
1 = Output the internal GPL5 signal on the GPL_A5 pin.

G5LS (valid for UPMA or UPMB):

0 = The GPL5 signal is driven low on the falling edge of GCLK1 during the first clock
cycle of a read or write memory access.

1 = The GPLS5 signal is driven high on the falling edge of GCLK1 during the first clock
cycle of a read or write memory access.

BIH—Burst Inhibit

This bit determines whether or not this memory bank supports burst accesses. When a burst
does not occur, the memory controller drives the Bl signal active when accessing this
memory region. If the machine selected to handle this access is the GPCM, this bit must be
setto 1.

0= The E signal is negated. The bank supports burst accesses.
1= The Bl signal is asserted. The bank does not support burst accesses.

SCY—Select Cycle Length (GPCM only)

This field determines the number of wait states inserted in the cycle when the
general-purpose chip-select machine handles the external memory access. It is one of the
parameters that control the cycle’s length. The total cycle length is controlled by this
parameter and the TRLX field. Refer to Table 15-2 (page 15-28) for the total number of
cycles.
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Memory Controller

If you want to use an external TA response (SETA bit = 1), then these bits are not used.

0000 = 0 clock cycle wait state.
0001 = 1 clock cycle wait state.
0010 = 2 clock cycle wait states.
0011 = 3 clock cycle wait states.
0100 = 4 clock cycle wait states.
0101 = 5 clock cycle wait states.
0110 = 6 clock cycle wait states.
0111 = 7 clock cycle wait states.
1000 = 8 clock cycle wait states.
1001 = 9 clock cycle wait states.
1010 = 10 clock cycle wait states.
1011 = 11 clock cycle wait states.
1100 = 12 clock cycle wait states.
1101 = 13 clock cycle wait states.
1110 = 14 clock cycle wait states.
1111 = 15 clock cycle wait states.

SETA—Select External Transfer Acknowledge (GPCM only)

This bit indicates when the TA signal is externally generated once the GPCM is selected to
handle the memory access that was initiated to this memory region. Regardless of other
setup parameters for the GPCM, if SETA = 1, then all control signals of the memory
controller are negated after the externally generated TA signal is recognized.

0 = Internal or external transfer acknowledge can acknowledge this memory access,
whichever comes first.
1 = Transfer acknowledge must be provided by external logic.

% Note: Regardless of other GPCM setup parameters, if the SETA bit equals one, then
all memory controller signals are negated after the externally generated TA
signal is recognized.

TRLX—Timing Relaxed (GPCM only)

When this bit is set, it extends the timing of the signals controlling the memaory devices once
the GPCM is selected to handle the memory access that was initiated to this memory region.
Refer to Table 15-2 (page 15-28) for more information.

0 = Timing is defined by the GPCM.
1 = Relaxed timing is defined by the GPCM.
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EHTR—Extended Hold Time on Read

When this bit is set, it adds one clock cycle after a read from the current bank and any CPU
write or read to a different bank.

0 = Timing is defined by the memory controller.
1 = Extended hold time is defined on the current read access.

Bit 31—Reserved
This bit is reserved and must be set to 0.

15.3.1.3 MEMORY STATUS REGISTER. The memory status (MSTAT) register reports
parity and write-protect errors encountered during an external bus access initiated by the
memory controller. To clear a specific bit, write a one to it (writing zero has no effect).

MSTAT
BT [ o |12 a[afs |67 |89 w0 u|n|n|uls
FIELD | PERO | PERL | PER2 | PER3 | PER4 | PER5 | PER6 | PER7 | WPER RESERVED
RESET 0 0 0 0 0 0 0 0 0 0
RIW RW | RW | RW | RW | RW | RW | RW | RW | RW RIW
ADDR (IMMR & OxFFFF0000) + 0x178

PERO—Parity Error Bank 0

When this bit is set it indicates that a parity error was detected during a Bank 0 read cycle
initiated by the memory controller.

PER1—Parity Error Bank 1

When this bit is set it indicates that a parity error was detected during a Bank 1 read cycle
initiated by the memory controller.

PER2—Parity Error Bank 2

When this bit is set it indicates that a parity error was detected during a Bank 2 read cycle
initiated by the memory controller.

PER3—Parity Error Bank 3

When this bit is set it indicates that a parity error was detected during a Bank 3 read cycle
initiated by the memory controller.

PER4—Parity Error Bank 4

When this bit is set it indicates that a parity error was detected during a Bank 4 read cycle
initiated by the memory controller.

PER5—Parity Error Bank 5

When this bit is set it indicates that a parity error was detected during a Bank 5 read cycle
initiated by the memory controller.
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Memory Controller

PER6—Parity Error Bank 6

When this bit is set it indicates that a parity error was detected during a Bank 6 read cycle
initiated by the memory controller.

PER7—Parity Error Bank 7

When this bit is set it indicates that a parity error was detected during a Bank 7 read cycle
initiated by the memory controller.

WPER—Write-Protection Error

This bit is set when a write-protect error has occurred on a write cycle to a write-protected
bank. The write-protect error is also stored in the transfer error status register of the system
interface unit. See Section 12.12.1.4 Transfer Error Status Register  for more information.

If the bus monitor is enabled, then TEA is asserted. The TEA signal will generate a machine
check exception if it occurs between a TS and TA signal. When a TA is asserted before a
write-protection error is detected, the TEA that occurs will not generate a machine check
exception. Refer to Section 12.4 The Bus Monitor for more information.

% Note: If the bus monitor is disabled and the write-protect error occurs, TEA assertion
will not occur. See Section 12.12.1.4 Transfer Error Status Register ~ for more
information.

Bits 9-15—Reserved
These bits are reserved and must be set to 0.
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15.3.1.4 MEMORY COMMAND REGISTER. The memory command register (MCR)
allows you to issue commands to stimulate UPM routine execution. This capability enables
the CPU to perform special memory operations in addition to the standard read/write and
periodic timer service operations.

MCR
BIT 0\1 2‘3‘4‘5‘6‘7 8 9\10‘11\12\13\14‘15
FIELD oP RESERVED UM RESERVED
RESET 0 0 0 0
RIW RIW RIW RIW RIW
ADDR (IMMR & 0XFFFF0000) + 0xL68
BIT 16\17\18 19 20\21\22\23 24\25 26\27\28\29\30\31
FIELD VB RES MCLF RESERVED MAD
RESET 0 0 0 0 0
RIW RIW RIW RIW RIW RIW
ADDR (IMMR & 0XFFFF0000) + OXL6A

OP—Command Opcode

This field defines the operation to be executed by the user-programmable machine that is
specified in the UM field.

00 = Writes the contents of the memory data register into the RAM location indexed by
the MAD field. (WRITE command)

01 = Reads the contents of the RAM location indexed by the MAD field and stores it in
the memory data register. (READ command)

10 = Executes the RAM word in the RAM array that services one of the eight memory
banks specified in the MB field. The executed RAM word is referenced by the
MAD field. If the executed RAM word has the LAST bit set, it will be the last RAM
word executed. (RUN command)

11 = Reserved.
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Bits 2—7—Reserved
These bits are reserved and must be set to 0.

UM—User Machine
This bit selects the user-programmable machine for this command.

0= UPMA.
1= UPMB.

Bits 9-15—Reserved
These bits are reserved and must be set to 0.
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MB—Memory Bank
This field selects the appropriate CSx pin when a RUN command is executed.

000 = CSO is selected.
001 = CS1is selected.
010 = CS2 is selected.
011 = CS3 s selected.
100 = CS4 is selected.
101 = CSb is selected.
110 = CS6 is selected.
111 = CS7 is selected.

Bits 19 and 24—-25—Reserved
These bits are reserved and must be set to 0.

MCLF—Memory Command Loop Field
This field specifies the number of times a loop is executed for a RUN command.

0001 = The loop is executed 1 time.
0010 = The loop is executed 2 times.
0011 = The loop is executed 3 times.
0100 = The loop is executed 4 times.
0101 = The loop is executed 5 times.
0110 = The loop is executed 6 times.
0111 = The loop is executed 7 times.
1000 = The loop is executed 8 times.
1001 = The loop is executed 9 times.
1010 = The loop is executed 10 times.
1011 = The loop is executed 11 times.
1100 = The loop is executed 12 times.
1101 = The loop is executed 13 times.
1110 = The loop is executed 14 times.
1111 = The loop is executed 15 times.
0000 = The loop is executed 16 times.
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MAD—Memory Array Index

This field specifies an index to one of 64 RAM words in the RAM array for command
execution.
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15.3.1.5 MACHINE A MODE REGISTER. The machine A mode register (MAMR) contains
the configuration for the user-programmable machine A. See Figure 15-1 (page 15-3) for
more information.

MAMR

BT [ o1 |2 ]afa]s|[6|7]8]09|w|ufn|n[us
FIELD PTA PTAE AMA RES DSA RES
RESET 0 0 0 0 0 0
RIW RW RIW RIW RIW RIW RIW
ADDR (IMMR & OXFFFF0000) + 0x170

BT |16 |17 |18 |19 |20 |2 |2 |23 |22 ][26|27]8]2n]3%]a
FIELD GOCLA GEILQ“ RLFA WLFA TLFA

RESET 0 1 0 0 0

RIW RW RW RW RIW RIW

ADDR (IMMR & OXFFFF0000) + 0x172

% Note: The UPM refresh is done in a round robin manner. If more than one chip-select
uses the same UPM, the refreshes will progress through each one. For example,
if you have three chip-selects using UPMA, you would need to set the periodic

timer A period to one-third the normal refresh.

PTA—Periodic Timer A Period

This field affects the periodic timer A and determines the timer period service rate using the
following equation:

_ System Clock (MHz) x Service Duration (ps)
27 PFERC » Prescaler (PTP) x NCS

PTA

NCS is an integer between 1 and 8 that represents the number of enabled chip-selects that
select this UPM. The DFBRG field is the division factor for the BRGCLK, which can be
divided by 1 (default), 4, 16, or 64 and is programmed in the SCCR (described in

Section 5.2.1 System Clock and Reset Control Register ).

For example, for DRAM to maintain data integrity an access or refresh must occur every
15.6us. Use the equation above to determine the PTA value for UPMA to perform memory
refresh. Given that you have a 25MHz system clock with the required service rate of 15.6ps,
a periodic timer prescaler equal to 32, and a DFBRG field that is equal to 0, then the PTA
value must be (25 x 15.6) / (220 x 32x 1) = 12. If you want to perform more than one refresh
per service, use the TLFA field.
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Memory Controller

PTAE—Periodic Timer A Enable
This bit allows the periodic timer A to request service.

0 = Periodic timer A is disabled.
1 = Periodic timer A is enabled.

AMA—Address Multiplex Size A

This field specifies the number of address lines to be output on the bus at the first clock of
the memory cycle (see Table 15-7 on page 15-60 for more information). The AMX field of
the RAM array entry controls the output of the address lines, as shown in Table 15-3
(page 15-37). For example, these address lines can be used to connect to the DRAM
devices that require row and columns to be multiplexed on the same pin.

Bits 12 and 15—Reserved
These bits are reserved and must be set to 0.

DSA—Disable Timer Period

This bit guarantees a minimum time between accesses to the same memory bank if it is
controlled by the UPMA. The TODT bit turns on the disable timer in the RAM array and,
when expired, the UPMA allows the machine access to issue a memory pattern to the same
memory region. Accesses to different memory regions using two or more chip-selects can
be handled by this same UPMA, assuming they have the same timing. The maximum
disable period is four clock cycles. When switching to a different bank that requires more
than four clock cycles, you must add more UPM RAM word to meet your time requirement.
Refer to Section 15.5.4.2 RAM Word Operation for more specific DRAM example
information.

00 = 1-cycle disable period.
01 = 2-cycle disable period.
10 = 3-cycle disable period.
11 = 4-cycle disable period.

GOCLA—General Line 0 Control A

This field selects the address line that is output to the internal GPLO signal when the UPMA
is selected to control memory access. It can be used for precharge control on SDRAMs.

000 = A12 is selected.
001 = A1l is selected.
010 = A10 is selected.
011 = A9 is selected.
100 = A8 is selected.
101 = A7 is selected.
110 = A6 is selected.
111 = A5 is selected.
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GPLA4DIS—GPLA4 Output Line Disable

This bit determines whether or not the UPWAITA/GPL_A4 pin will behave as an output line
controlled by the internal GPL4 signal and the UPM RAM word.

0 = UPWAITA/GPL_A4 is defined as GPL_A4.
1 = UPWAITA/GPL_AA4 is defined as UPWAITA.

RLFA—Read Loop Field A

This field specifies the number of times a loop defined in the UPMA RAM word is executed
for a burst read or single beat read cycle.

0001 = The loop is executed 1 time.
0010 = The loop is executed 2 times.
0011 = The loop is executed 3 times.
0100 = The loop is executed 4 times.
0101 = The loop is executed 5 times.
0110 = The loop is executed 6 times.
0111 = The loop is executed 7 times.
1000 = The loop is executed 8 times.
1001 = The loop is executed 9 times.
1010 = The loop is executed 10 times.
1011 = The loop is executed 11 times.
1100 = The loop is executed 12 times.
1101 = The loop is executed 13 times.
1110 = The loop is executed 14 times.
1111 = The loop is executed 15 times.
0000 = The loop is executed 16 times.

WLFA—Write Loop Field A

This field specifies the number of times a loop defined in the UPMA RAM word is executed
for a burst write or a single beat write cycle.
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0001 = The loop is executed 1 time.
0010 = The loop is executed 2 times.
0011 = The loop is executed 3 times.
0100 = The loop is executed 4 times.
0101 = The loop is executed 5 times.
0110 = The loop is executed 6 times.
0111 = The loop is executed 7 times.
1000 = The loop is executed 8 times.
1001 = The loop is executed 9 times.
1010 = The loop is executed 10 times.
1011 = The loop is executed 11 times.
1100 = The loop is executed 12 times.
1101 = The loop is executed 13 times.
1110 = The loop is executed 14 times.
1111 = The loop is executed 15 times.
0000 = The loop is executed 16 times.

(15)
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Memory Controller

TLFA—Timer Loop Field A

This field specifies the number of times a loop defined in the UPMA RAM word is executed
for a periodic timer service.

0001 = The loop is executed 1 time.
0010 = The loop is executed 2 times.
0011 = The loop is executed 3 times.
0100 = The loop is executed 4 times.
0101 = The loop is executed 5 times.
0110 = The loop is executed 6 times.
0111 = The loop is executed 7 times.
1000 = The loop is executed 8 times.
1001 = The loop is executed 9 times.
1010 = The loop is executed 10 times.
1011 = The loop is executed 11 times.
1100 = The loop is executed 12 times.
1101 = The loop is executed 13 times.
1110 = The loop is executed 14 times.
1111 = The loop is executed 15 times.
0000 = The loop is executed 16 times.

15.3.1.6 MACHINE B MODE REGISTER. The machine B mode register (MBMR) contains
the configuration for the user-programmable B machine. See Figure 15-1 (page 15-3) for
more information.

MBMR

BT [ o1 |2 3456|7809 w|ufn|n[u|s
FIELD PTB PTBE AMB RES DSB RES
RESET 0 0 0 0 0 0
RIW RIW RW RW RIW RIW RW
ADDR (IMMR & OXFFFF0000) + 0x174

BT |16 |17 |18 |19 |20 |2 |2 |23 |24 |25 ]2 |27]28]2]|3]a
FIELD GOCLB i RLFB WLFB TLFB

RESET 0 1 0 0 0

RIW RIW RIW RIW RIW RIW

ADDR (IMMR & OXFFFF0000) + 0x176

% Note: The UPM refresh is done in a round robin manner. If more than one chip-select
uses the same UPM, the refreshes will progress through each one. For example,
if you have three chip-selects using UPMA, you would need to set the periodic

timer A period to one-third the normal refresh.
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PTB—Periodic Timer B

This field affects the periodic timer B and determines the timer period using the following
equation:

_ System Clock (MHz) x Service Duration (Us)

PTB
2°*PFERC » Prescaler (PTP) x NCS

NCS is an integer between 1 and 8 that represents the number of enabled chip-selects that
select this UPM. The DFBRG field is the division factor for the BRGCLK, which can be
divided by 1 (default), 4, 16, or 64 and is programmed in the SCCR (described in

Section 5.2.1 System Clock and Reset Control Register ).

For example, for DRAM to maintain data integrity an access or refresh must occur every
15.6pus. Use the equation above to determine the PTB value for UPMB to perform memory
refresh. Given that you have a 25MHz system clock with the required service rate of 15.6ps,
a periodic timer prescaler equal to 32, and a DFBRG field that is equal to 0, then the PTB
value must be (25 x 15.6) / (22*0 x 32x 1) = 12. If you want to perform more than one refresh
per service, use the TLFB field.

PTBE—Periodic Timer B Enable
This bit allows the periodic timer B to request service.

0 = Periodic timer B is disabled.
1 = Periodic timer B is enabled.

AMB—Address Multiplex Size B

This field specifies the number of address lines to be output on the bus at the first clock of
the memory cycle (see Table 15-7 on page 15-60 for more information). The AMX field of
the RAM array entry controls the output of the address lines, as shown in Table 15-3
(page 15-37). For example, these address lines can be used to connect to the DRAM
devices that require row and columns to be multiplexed on the same pin.
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Bits 12 and 15—Reserved
These bits are reserved and must be set to 0.

DSB—Disable Timer Period

This bit guarantees a minimum time between accesses to the same memory bank if it is
controlled by the UPMB. The TODT bit turns on the disable timer in the RAM array and,
when expired, the UPMB allows the machine access to issue a memory pattern to the same
memory region. Accesses to different memory regions using two or more chip-selects can
be handled by this same UPMB, assuming they have the same timing. The maximum
disable period is four clock cycles. When switching to a different bank that requires more
than four clock cycles, you must add more UPM RAM word to meet your time requirement.
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Memory Controller

Refer to Section 15.5.4.2 RAM Word Operation for more specific DRAM example
information.

00 = 1-cycle disable period.
01 = 2-cycle disable period.
10 = 3-cycle disable period.
11 = 4-cycle disable period.

GOCLB—General Line 0 Control B

This field selects the address line that is output to the internal GPLO signal when the UPMB
is selected to control memory access. It can be used for precharge control on SDRAMs.

000 = A12 is selected.
001 = Al1l is selected.
010 = A10 is selected.
011 = A9 is selected.
100 = A8 is selected.
101 = A7 is selected.
110 = A6 is selected.
111 = A5 is selected.

GPLB4DIS—GPLB4 Output Line Disable

This bit determines whether or not the UPWAITB/GPL_B4 pin will behave as an output line
controlled by the internal GPL4 signal and the UPM RAM word.

0 = UPWAITB/GPL_B4 is defined as GPL_B4.
1 = UPWAITB/GPL_B4 is defined as UPWAITB.

RLFB—Read Loop Field B

This field specifies the number of times a loop defined in the UPMB RAM word is executed
for a burst read or single beat read cycle.

0001 = The loop is executed 1 time.
0010 = The loop is executed 2 times.
0011 = The loop is executed 3 times.
0100 = The loop is executed 4 times.
0101 = The loop is executed 5 times.
0110 = The loop is executed 6 times.
0111 = The loop is executed 7 times.
1000 = The loop is executed 8 times.
1001 = The loop is executed 9 times.
1010 = The loop is executed 10 times.
1011 = The loop is executed 11 times.
1100 = The loop is executed 12 times.
1101 = The loop is executed 13 times.
1110 = The loop is executed 14 times.
1111 = The loop is executed 15 times.
0000 = The loop is executed 16 times.
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WLFB—Write Loop Field B

This field specifies the number of times a loop defined in the UPMB RAM word is executed
for a burst write or a single beat write cycle.

0001 = The loop is executed 1 time.
0010 = The loop is executed 2 times.
0011 = The loop is executed 3 times.
0100 = The loop is executed 4 times.
0101 = The loop is executed 5 times.
0110 = The loop is executed 6 times.
0111 = The loop is executed 7 times.
1000 = The loop is executed 8 times.
1001 = The loop is executed 9 times.
1010 = The loop is executed 10 times.
1011 = The loop is executed 11 times.
1100 = The loop is executed 12 times.
1101 = The loop is executed 13 times.
1110 = The loop is executed 14 times.
1111 = The loop is executed 15 times.
0000 = The loop is executed 16 times.

TLFB—Timer Loop Field B

This field specifies the number of times a loop defined in the UPMB RAM word is executed
for a periodic timer service cycle.

0001 = The loop is executed 1 time.
0010 = The loop is executed 2 times.
0011 = The loop is executed 3 times.
0100 = The loop is executed 4 times.
0101 = The loop is executed 5 times.
0110 = The loop is executed 6 times.
0111 = The loop is executed 7 times.
1000 = The loop is executed 8 times.
1001 = The loop is executed 9 times.
1010 = The loop is executed 10 times.
1011 = The loop is executed 11 times.
1100 = The loop is executed 12 times.
1101 = The loop is executed 13 times.
1110 = The loop is executed 14 times.
1111 = The loop is executed 15 times.
0000 = The loop is executed 16 times.
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Memory Controller

15.3.1.7 MEMORY DATA REGISTER. The memory data register (MDR) contains the data
to be written to or read from the RAM array for UPM command operations. This register must
be set up before you issue a write command to the memory command register.

MDR

BT [ o123 a]s][6|7]8]0|w|u[n|n[u]s
FIELD MD

RESET 0

RIW RIW

ADDR (IMMR & OXFFFF0000) + 0x17C

BIT 16‘17‘18‘19‘20‘21‘22‘23‘24‘25‘26‘27‘28‘29‘30‘31
FIELD MD

RESET 0

RIW RIW

ADDR (IMMR & OxFFFF0000) + OXL7E

MD—Memory Data
This field contains the RAM array word.

15.3.1.8 MEMORY ADDRESS REGISTER. The memory address register (MAR) contains
an address to be output on the address lines that are controlled by the AMX field in the RAM
word of the RAM array.

MAR

BIT 0‘1‘2‘3‘4‘5‘6‘7‘8‘9‘10‘11‘12‘13‘14‘15
FIELD MA

RESET 0

RIW RIW

ADDR (IMMR & OXFFFF0000) + 0x164

BIT 16‘17‘18‘19‘20‘21‘22‘23‘24‘25‘26‘27‘28‘29‘30‘31
FIELD MA

RESET 0

RIW RIW

ADDR (IMMR & OXFFFF0000) + 0x166

MA—Memory Address

This field contains a 32-bit address to be output on the address bus if the AMX field is equal
to 11. Refer to Section 15.5.4 The RAM Array for more information.
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15.3.1.9 MEMORY PERIODIC TIMER PRESCALER REGISTER. The memory periodic
timer prescaler register (MPTPR) defines the divisor of the BRGCLK used as the memory
periodic timer input clock. Refer to Section 5.3.4 Internal Clock Signals  for details.

MPTPR
BIT 0‘1‘2‘3‘4‘5‘6‘7 8‘9‘10‘11‘12‘13‘14‘15
FIELD PTP RESERVED
RESET 00000001 00000000
RIW RIW RIW
ADDR (IMMR & OXFFFF0000) + OXL7A

PTP—Periodic Timers Prescaler
This field determines the division factor that is shown below.

001x xxxx = Divide by 2.

0001 xxxx = Divide by 4.
0000 1xxx = Divide by 8.
0000 01xx = Divide by 16.
0000 001x = Divide by 32.
0000 0001 = Divide by 64.
Ixxx xxxx = Reserved.
01xx xxxx = Reserved.

Bits 8—15—Reserved
These bits are reserved and must be set to 0.

15.4 THE GENERAL-PURPOSE CHIP-SELECT MACHINE

The general-purpose chip-select machine (GPCM) allows a glueless and flexible interface
between the MPC823e, SRAM, EPROM, FEPROM, ROM devices, and external
peripherals. The GPCM contains three basic register groups that you can use to configure
it—base registers 0—7, option registers 0-7, and the memory status register.

15.4.1 Configuration

If the MS field in the BRx of the selected bank selects the general-purpose chip-select
machine, the attributes for the memory cycle initiated are taken from the ORX. These
attributes include the CSNT, ACS, SCY, TRLX, EHTR, and SETA fields. See Table 15-2 for
signal behavior and system response.
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Memory Controller

Anywhere from 0 to 30 wait states can be programmed for TA generation. The WEX signals
are available for each byte that is written to memory. Also, an OE signal is provided to
eliminate external glue logic. On system reset, a global chip-select (CSO0) is asserted to
provide a boot ROM chip-select before the system is fully configured.

Table 15-2. GPCM Strobe Signal Behavior

OPTION REGISTER SIGNAL BEHAVIOR
ATTRIBUTES
ADDRESS | ADDRESS | ADDRESS DATA [e5 WEX TOTAL
TRLX | ACCESS | EBDF [ CSNT | ACS TO CSx TO OF TO WEX TO WEX NEGATED NEGATED | NUMBER
TYPE ASSERTED | ASSERTED | ASSERTED | ASSERTED TO TO OF
ADD/DATA | ADD/IDATA | cYCLES
INVALID INVALID
00 0
Read — 10 1/4*Clock 3/4*Clock —
11 1/2*Clock
00 0 1/4* Clock
0 10 1/4*Clock 1/4*Clock
11 1/2*Clock 2+SCY
0
00 0
Write 00 10 1/4*Clock - 3/4*Clock | -1/4*Clock 1/2*Clock
1/2*Clock
11 1/2*Clock
1
00 0 1/4*Clock
10 1/4*Clock 3/8*Clock
o1 3/8*Clock
11 1/2*Clock
00 0 3/4*Clock 2+2*SCY
Read — 10 | (1+1/4)*Clock | 1+3/4*Clock - - -
3+2*SCY
11 | (1+1/2)*Clock | 1+3/4*Clock
- 00 0 3/4*Clock -1/4*Clock 1/4*Clock 2+2*SCY
0 10 | (1+1/4)*Clock 1+3/4*Clock | 3/4*Clock 1/4*Clock
11 | (1+1/2)*Clock 1+3/4*Clock | 3/4*Clock 3+2*SCY
1
00 0 3/4*Clock | -1/4*Clock
Write 00 10 | (1+1/4)*Clock — 1+3/4*Clock | 3/4*Clock 1+1/2*Clock
1+1/2*Clock 442*SCY
11 | (1+1/2)*Clock 1+3/4*Clock | 3/4*Clock
1
00 0 3/4*Clock | -1/4*Clock 1/4*Clock 3+2+SCY
10 | (1+1/4)*Clock 1+3/4*Clock | 3/4*Clock 1+3/8*Clock
o1 1+3/8*Clock 4+2*SCY
11 | (1+1/2)*Clock 1+3/4*Clock | 3/4*Clock

NOTE: SCY is the number of wait cycles from the option register.
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Next, the banks selected by the general-purpose chip-select machine support an option to
output the CSx signal at different timings with respect to the external address bus. CSx can
be output in any of the following configurations:

¢ Simultaneous with the external address
« One quarter of a clock later
* One half of a clock later

This all depends, of course, on the value in the ACS field of the ORX register, plus an
additional cycle if the TRLX bit is set. The general-purpose chip-select machine allows you
to connect to devices that have long disconnect times on data by delaying new bus
transactions addressing other memory banks for additional clock cycles. Finally, the banks
selected to operate with the general-purpose chip-select machine support termination of an
external cycle by sensing the TA signal asserted by the addressed external slave. Refer
back to Table 15-2 for more information.

MPC823e MEMORY
ADDRESS » ADDRESS
CSx » CE
OE > OF
WEX > W
DATA = » DATA

Figure 15-5. GPCM Memory Device Interface

Figure 15-5 illustrates a basic connection between the MPC823e and a “static” memory
device. In this case, the CSx signal is connected directly to the CE signal of the memory
device. The WEX signals are connected to the respective W signal of the memory device in
which each WEX signal corresponds to a different data byte.

MOTOROLA MPC823e REFERENCE MANUAL 15-29

o
w
|
|
o
o
=
=
o
o
>
o
o
=
w
=

(15)




Memory Controller

As illustrated in Figure 15-6, the timing of the CSx signal is the same as the timing of the
address lines. The strobes for the transaction are supplied by the OE or WEX signals,
depending on the transaction direction (read or write). The negation of the WEX signal is
controlled by the CSNT bit of the ORX register. The CSx signal is generated when the ACS
field in the corresponding ORX register is set to ‘00’.

CLOCK
ADDRESS ; >< ; ; ><
|

\
\
TA : : \ / CSNT=1

WEX

. Y

DATA

@

Figure 15-6. GPCM Memory Device Basic Timing
(ACS =00, CSNT =1, and TRLX = 0)
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Figure 15-7 illustrates the basic connection between the MPC823e and an external
peripheral device. In this case, CSx is connected directly to the CE signal of the memory
device and the R/W signal is connected to the respective R/W signal in the peripheral
device. The CSx signal is the strobe output for the memory access.

MEMORY PERIPHERAL
ADDRESS » ADDRESS
X » CE
RIW > RIW
DATA =€ » DATA

Figure 15-7. GPCM Peripheral Device Interface

Figure 15-8 illustrates the CSx signal as defined by the setup time required between the
address lines and the CE signal. The MPC823e memory controller allows you to specify the
CSx signal to meet this requirement using the ACS field of the option register.

CLOCK 1
ADDRESS : >< : : ><

‘ ACS =10
- Lﬁ
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CSx \
\
_ \ \ \
RW | | |
\ \
DATA \ \
| |

Figure 15-8. GPCM Peripheral Device Basic Timing (ACS = 10 or 11 and TRLX = 0)

MOTOROLA MPC823e REFERENCE MANUAL 15-31



@

=
m
<
o
o)
=
Q
(@]
=
s
Y
(@]
=
=
m
o)

Memory Controller

The general-purpose chip-select machine also provides a CSNT attribute in the option
register that controls the timing for the appropriate strobe negation in write cycles. When this
attribute is asserted, the strobe is negated one quarter of a clock before the normal case.
For example, when the ACS field equals 00 and CSNT is set, WEX is negated one quarter
of a clock earlier and when ACS does not equal 00 and CSNT is set, WEx and CSx are
negated one quarter of a clock earlier. For more information, see Figure 15-6, Figure 15-8,
and Table 15-2.

The TRLX field in the option register is provided for memory systems that require more
relaxed timing between signals. When TRLX is set and the ACS field is not equal to 00, an
additional cycle between the address and strobes is inserted by the MPC823e memory
controller, as shown in Figure 15-9.

When TRLX and CSNT are set in a write-memory access, the strobe lines (WEx and CSx,
if ACS is not equal to 00) are negated one clock earlier than in the normal case, as shown
in Figure 15-11. When a bank is selected to operate with external transfer acknowledge
(SETA and TRLX are set), the memory controller does not support external devices that
provide the TA signal to complete the transfer with zero wait states. The minimum access
duration in this case is three clock cycles.

|
\
f

|
ADDRESS |
1
\ ACS=10
\
\
\
1

CLOCK |
\
\
\
\
\

/|

A‘ES =11

|
\
[
\
\
[
\
\
\
T
\
\
\
\
\
\
I
DATA \ \
|

\
I
\
\
\
\
\
\
I
\
|

Figure 15-9. MPC823e GPCM-Relaxed Timing—Read Access
(ACS=100r11,SCY =1, and TRLX =1)
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\
ADDRESS ‘ ><

wox [ ] [
f
\
\

DATA

Figure 15-10. MPC823e GPCM-Relaxed Timing—Write Access
(ACS=100r11, SCY =0, CSNT =0, and TRLX = 1)
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DATA

Figure 15-11. MPC823e GPCM-Relaxed Timing—Write Access
(ACS=100r11,SCY =0,CSNT =1, and TRLX = 1)
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CLOCK l
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ADDRESS : >< ‘ :
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__ |
\
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1

Figure 15-12. MPC823e GPCM-Relaxed Timing—Write Access
(ACS =00, SCY =0,CSNT =1, and TRLX =1)

15.4.1.1 PROGRAMMABLE WAIT STATE CONFIGURATION. The general-purpose
chip-select machine supports internal TA signal generation. It allows “fast” accesses to
external memory through an internal bus master or it allows a maximum 17-clock access.
This can be done by programming the SCY field in the option register. The internal TA
generation mode is enabled if the SETA field in the option register is cleared. If the TA pin
is externally asserted at least two clock cycles before the wait state counter has expired, the
current memory cycle is terminated. When the TRLX bit is set, the number of wait states
inserted by the memory controller is defined by 2 x SCY or a maximum of 30 wait states.
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15.4.1.2 EXTENDED HOLD TIME ON READ ACCESSES. Slow memory devices that
require a long delay on data read accesses must set the EHTR field in the corresponding
option register. Any GPCM access to the external bus following a read access to the slower
memory bank is delayed by one clock cycle, unless it is a read access to the same bank.
Refer to Figure 15-13 through Figure 15-16 for details.
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Figure 15-13. GPCM Read Followed By Write (EHTR
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Figure 15-16. GPCM Read Followed By Read From Same Bank (EHTR =1)
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15.4.1.3 BOOT CHIP-SELECT OPERATION. Boot chip-select operation allows address
decoding for a boot ROM before system initialization occurs. The CSO0 signal is the boot
chip-select output and its operation differs from the other external chip-select outputs on
system reset. When the MPC823e internal core begins accessing memory at system reset,
CSO0 is asserted for every address, unless an internal register is accessed.

The boot chip-select provides a programmable port size during system reset by using the
BPS field of the hard reset configuration word, as shown in Section 4.3.1.1 Hard Reset
Configuration Word . Setting these appropriately allows a boot ROM to be located
anywhere in the address space. The boot chip-select does not provide write protection and
responds to all address types. CSO0 operates this way until the first write to the option register
0 and it can be used as any other chip-select register once the preferred address range is
loaded into base register 0. After the first write to option register 0, the boot chip-select can
only be restarted on system reset. The initial values of the “boot bank” in the memory
controller are described in Table 15-3.

Table 15-3. Boot Bank Field Values After Reset

FIELD VALUE
Base Register 0 PS From Hard Reset Configuration Word
PARE 0
WP 0
MS 00
\Y From Hard Reset Configuration Word
Option Register 0 AM 00000000000000000
ATM 000
CSNT 1
ACS 11
BI 1
SCY 1111
SETA 0
TRLX 1
EHTR 0
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Memory Controller

15.4.1.4 SRAM INTERFACE. Figure 15-17 illustrates a simple connection between an
SRAM device and the MPC823e.

MEMORY 32-BIT WIDE SRAM
__ _ 128K
CSx » CE
WEX » WExX
GPL x1/OE »| OF
A[15:29] > ADDRESS
D[0:31] | > DATA

Figure 15-17. GPCM to SRAM Configuration

15.4.1.5 EXTERNAL ASYNCHRONOUS MASTER SUPPORT. Figure 15-18 illustrates
the basic interface between an asynchronous external master and the GPCM to allow
connection to “static RAM” memory.

ASYNCHRONOUS EXTERNAL MASTER

TA AS ADDRESS DATA

MPC823e A A MEMORY

TA =

AS =

ADDRESS Y > ADDRESS

TS > CE

OF > oF

WEX W

DATA = y »| DATA

Figure 15-18. Asynchronous External Master Configuration For
GPCM-Handled Memory Devices
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Figure 15-19 illustrates the timing for TRLX = 0 when an external asynchronous master
accesses SRAM. The TA signal remains asserted with the WEx and OE signals until the AS
signal is negated by the external master.

DATA

cLock l o
= - )
=y F
A i 2
o WA
« \ b

[ —

Figure 15-19. Asynchronous External Master, GPCM-Handled
Memory Access Timing (TRLX = 0)
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When an external asynchronous master performs an access to a memory device via the
general-purpose chip-select machine in the memory controller, the CSNT bit in the option
register is configured as “don’t care”.

(15)
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Memory Controller

15.5 USER-PROGRAMMABLE MACHINES

Each of the two user-programmable machines (UPMs) is a flexible interface that connects
to a wide range of memory devices. At the heart of each UPM is an internal memory RAM
array that specifies the logical value driven on the external memory controller pins for a
given clock cycle. Each word in the RAM array provides bits that allow a memory access to
be controlled with a resolution of one quarter of the system clock period on the byte-select
and chip-select lines. Figure 15-20 illustrates the basic operation of each UPM. A UPM cycle
is initiated when:

» Any internal or external master requests an external memory access
» A memory periodic timer expires and requests a transaction

A transfer error or reset generates an exception request
» The memory command register receives a RUN command (software) from the CPU

INTERNAL/EXTERNAL MEMORY
ACCESS REQUEST ————————>|
MEMORY PERIODIC TIMER
REQUEST —_— ARRAY
INDEX INDEX __| RAM
SOFTWARE REQUEST GENERATOR ARRAY
EXCEPTION REQUEST
A A
INCREMENT Y Y
HOLD
INDEX INTERNAL
(LAST =0) SIGNALS SIGNALS
TIMING GENERATOR
LATCH
WAIT
UPWAIT —— | REQUEST | IVET:
——>
LOGIC GPLX, BSX, CSx
INTERNAL CONTROLS

Figure 15-20. User-Programmable Machine Block Diagram

The RAM array contains 32-bit entries referred to as RAM words. If the UPM reads a RAM
word with the WAEN bit set, the external UPWAITX signal is sampled and synchronized by
the memory controller and the current request is frozen. The signal timing generator will load
the RAM word from the RAM array to drive the general-purpose lines, byte-selects, and
chip-selects.
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15.5.1 Requests

The user-programmable machine has four basic requests that can initiate a UPM cycle.
There is a special start address in the RAM array that is associated with each of the following
cycle types:

Read single beat start address (RSS)
Read burst cycle start address (RBS)
Write single beat start address (WSS)
Write burst cycle start address (WBS)
Periodic timer start address (PTS)
Exception condition start address (EXS)

Figure 15-21 illustrates the first locations addressed by the UPM, according to the different
cycle types. Software requests, however, can point to any of the 64 UPM RAM entries.

READ SINGLE BEAT REQUEST N S | A
BURST READ REQUEST | | =res =
ARRAY
INDEX
GENERATOR
WRITE SINGLE BEAT REQUEST | wss o
o
RAM ARRAY 64 =
RAM e}
BURST WRITE REQUEST | WBS - WORDS &
- - — - - %
o
>
[a s
o
=
w
=
PERIODIC TIMER REQUEST N o @
EXCEPTION CONDITION | | Exs o v

Figure 15-21. RAM Array Indexing
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Memory Controller

15.5.1.1 INTERNAL/EXTERNAL MEMORY ACCESS REQUESTS. When any of the
internal masters request a new access to external memory, the address and type of the
transfer are compared to each one of the valid banks defined in the base register. The value
of the MS field in the base register selects the UPM that will handle the memory access. You
must ensure that the appropriate UPM entries are created prior to your request.

The external memory access requests consist of read single beat, read burst, write single
beat, and write burst. A single beat cycle is generated by the master to a cache-inhibited
memory bank. A typical burst cycle is generated to the memory that allows multiple
accesses. It only occurs when your memory is burstable. A single beat cycle starts out with
one transfer start and ends with one transfer acknowledge. For a 32-bit access, the burst
cycle starts out with one transfer start but ends with four transfer acknowledges. For a 16-bit
bus, there are eight transfer acknowledges. For an 8-bit bus, there are 16 transfer
acknowledges.

15.5.1.2 MEMORY PERIODIC TIMER REQUESTS. Each UPM contains a periodic timer
that can be programmed to generate periodic service requests that will be indexed into the
RAM array. Figure 15-22 illustrates the hardware associated with memory periodic timer
request generation. In general, the periodic timer is used for refresh cycle operation.

SYSTEM _5,.|BRG PRESCALER

\

»|  PERIODIC [——> UPMA PERIODIC

CLOCK (IN THE SCCR) TIMER A TIMER REQUEST
MEMORY (PTA)
PERIODIC
TIMER
PRESCALER
(IN THE MPTPR)
PERIODIC | 3»jpMB PERIODIC
T'(“QEE)B TIMER REQUEST

Figure 15-22. Memory Periodic Timer Request Block Diagram

% Note: The UPM refresh is done in a round robin manner. If more than one chip-select
uses the same UPM, the refreshes will progress through each one. For example,
if you have three chip-selects using UPMA, you would need to set the periodic

timer A period to one-third the normal refresh.
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15.5.1.3 SOFTWARE REQUESTS. The software can initiate a request to the
user-programmable machine by issuing one of three commands—read, write, or execute a
RAM word—to the memory command register. Every memory device has its own signal
handshaking protocol to put it into self-refresh mode or any special protocol mode. In the
user-programmable machine there are unused areas that enable you to write a special RAM
word for this protocol. Any unused area in the UPM RAM can be used to store these RAM
words. Typically, software requests are used to put the memory in self-refresh mode. You
can use this method to maintain memory integrity before entering low-power modes. A new
command must be issued to exit self-refresh mode or any special protocol mode after
returning to normal operation.

15.5.1.4 EXCEPTION REQUESTS. When an access to a memory device is initiated by the
MPCB823e under UPM control, the external device may asserta TEA, SRESET, or HRESET
signal. The UPM provides a mechanism that allows you to handle the memory control
signals to meet the timing requirements of the device without losing data.

15.5.2 Programming the User-Programmable Machine

The user-programmable machine is a micro-sequencer that requires micro-instructions or
RAM words to generate signal timings for different memory cycles. You must program the
user-programmable machine in the following order:

Write a program into the RAM array.

Set up the base and option registers.

Program the memory periodic timer prescaler register.

A w bR

Program the machine mode register.

Each user-programmable machine has a machine mode register (MxMR) that defines the
general attributes for operation. The PTA field of the MAMR and the PTB field of the MBMR
defines the period for the timers associated with UPMA and UPMB. If the PTAE bit is set,
the periodic timer of UPMA requests a transaction when the timer period expires. If the
PTBE bit is set, the periodic timer of UPMB requests a transaction when the timer period
expires.
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To initiate a software request, issue the appropriate command to the memory command
register with the MAD field indexing the first entry of the UPM entry word. Command
execution is accomplished by accessing consecutive RAM words (one per clock) until the
word with the LAST bit set is encountered. The words read from the RAM provide
information about the value and timing of the external signals controlled by the UPM and
about specific strobes that control internal memory controller resources.

®

There is a disable timer mechanism associated with each user-programmable machine that
is only active between memory accesses. This timer is used to provide a delay between
successive memory cycles to the same bank.
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Memory Controller

Each of the UPMs can control how the address of the current access is output to the external
pins. Address multiplexing configurations for a specific memory or device can be selected
in the machine mode register. There is also a multiplexing field in the RAM word that is used
to control cycle-by-cycle accesses. Specific user-programmable machine register
information is located in Section 15.3.1 Register Descriptions

15.5.3 Clock Timing

The RAM word includes fields that specify the value of the various external signals at each
clock edge. The signal timing generator causes the external signals to behave according to
the timing specified in the current RAM word. Figure 15-23 and Figure 15-24 illustrate the
clock schemes of the user-programmable machines in the memory controller. The clock
phases shown in these figures reflect timing windows that specify when generated signals
can change state. Figure 15-23 represents the clock scheme selected when the EBDF field
of the system clock and reset control register is equal to 00. As indicated in the figure,
CLKOUT is the same as system clock. In Figure 15-24, if the EBDF field of the system clock
and reset control register is equal to 01, then CLKOUT is equal to the system clock divided
by 2. Notice that in this scheme GCLK1 does not have a 50% duty cycle. The state of the
external signals may change (if specified in the RAM array) at any edge of GCLK1 and
GCLK2, plus a propagation delay.

SYSTEM CLOCK

CLKOUT

|
\
\ \
\ , \

GCLK1

GCLK2

CLOCK PHASE | 1

B

Figure 15-23. UPM Clock Scheme One (Division Factor = 1)
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SYSTEM CLOCK
| I \ ‘
CLKOUT \ \ | |
1
- | ‘ | \ \ %
GCLK1 \ ‘ \ \ \ |
I | | |
w T , , \
| T \ [
GCLK2 | | |
\
\ \ | \ \
CLOCK PHASE T A T B T S R
| | |

\
2 ‘ 3 | 4
|

Figure 15-24. UPM Clock Scheme Two (Division Factor = 2)

The CSx signals are handled in a similar way, except that only the CSx signal corresponding
to the currently accessed bank is modified. The BS signal assertion and negation timing is
also specified for each cycle in the RAM word, but the final value of each one of these
signals depends on the port size of the specified bank, the external address accessed, and
the value of the TSIZx pins.

Figure 15-25 and Figure 15-26 provide examples of how to control the timing of the CSx,
GPL1, and GPL2 signals. A RAM word is read on the rising edge of every GCLK2 cycle or
in phase 3 of the previous clock cycle. It determines the value of the CST1-4, G1T3, G1T4,
G2T3, and G2T4 bits, which specifies the timing of chip-selects, byte-selects, and GPLx
signals based on any edge of GCLK1 or GCLK2.
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The clock phases shown in these figures refer to the timing windows when the signals
controlled by these bits in the RAM word are driven.

SYSTEM CLOCK

CLKOUT

GCLKL \ \ \ | \
\ | | I I

GCLK2

CLOCK PHASE

-

RAM WORD 1 RAM WORD 2

Figure 15-25. UPM Signals Timing Example One
(Division Factor = 1, EBDF = 00)
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SYSTEM CLOCK ‘
CLKOUT
1
| ‘ |
GCLKL | | |
| \ |
\ * \
GCLK2 \ \ ‘
% | %
— \ \ \ \
CSx >< CST4 CSTZ CST3 | CST4 | CST2 X CST3 ‘
[ | | | |
GPLL >< Giral ><(31T3 >< bml ><(31T3 \
| 1 | |
_ 1 — 1
GPL2 | p2r4 I\ G2T3 | G2T4| G2T3 |
[ | | L I
\ [ \ \ I \
CLOCK PHASE | 1 | 2 ‘ 3 | 4 1 |2 3 ‘
| | | | I ! | |
RAM WORD 1 RAM WORD 2

Figure 15-26. UPM Signals Timing Example Two
(Division Factor = 2, EBDF = 01)
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15.5.4 The RAM Array

The RAM array size for each UPM is 64 locations deep and 32 bits wide as illustrated in
Figure 15-27. The selected bank is one of eight banks that matches the current address.
The signal generation shown at the bottom part of the figure are outputs of the UPM and not
direct signal outputs of the MPC823e.

32 BITS WIDE
RAM ARRAY 64
RAM
WORDS
DEEP
Y
GCLK1
@ GCLK2 SIGNALS TIMING GENERATOR
GCkz ]
=
m
z ~Cyu —
% CSx BSx
z
O
o
=2
=
pel
o
2 SELECTEDBANK | =5 sionaL BSSIGNAL | _ TSIZx, PS, A3031]
SELECTOR SELECTOR [
Y Y Y Y Y Y
CSx GPLO GPLI GPLZ GPL3 GPL4 GPL5 BSX

Figure 15-27. RAM Array and Signal Generation
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15.5.4.1 THE RAM WORD. The RAM word is a 32-bit wide micro-instruction that is stored
in one of 64 locations in the RAM array.

15.5.4.1.1 RAM Word Format. The RAM word format selects and specifies the timing of all
external signals controlled by the user-programmable machine.

RAM WORD

BT [ o1 |2 ]afa]s|[6|7]8]09|w|ufn|n[us
FIELD | cst4 | cSTL | CST2 | CST3 | BST4 | BSTL | BST2 | BST3 GoL GOH GLT4 | GIT3 | G2T4 | G213
RESET - - - - - - - - - - — — - —

RIW RW | RW | RW | RW | RW | RW | RW | RW RW RW RW | RW | RW | RW
ADDR (MCRyp) INDIRECT ADDRESSING OF 1 OF 64 ENTRIES

BIT 16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30 | 31
FIELD G3T4 | G3T3 %‘g‘;’ \?\/‘A‘\Er\/l G5T4 | GS5T3 RESERVED | LOOP | EXEN AMX NA | UTA | TODT | LAST
RESET | — | — | — | — | = | = - S - S I

RIW RW | RW | RW | RW | RW | RW RIW RW | RW RW RW | RW | RW | RW
ADDR *

NOTE: * All 32 bits of the RAM word are addressed as shown in the address row above.
— = Undefined.

CST4—Chip-Select Timing 4
This bit defines the state of the CSx signal during clock phase 1.

0 = The CSx signal is asserted at the trailing edge of GCLK2.
1= The CSx signal is negated at the trailing edge of GCLK2.
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% Note: The state of the selected CSx signal depends on the value of each CSTx bit and
the corresponding bank.

®

CST1—Chip-Select Timing 1
This bit defines the state of the CSx signal during clock phase 2.

0 = The CSx signal is asserted at the rising edge of GCLK1.
1= The CSx signal is negated at the rising edge of GCLK1.

CST2—Chip-Select Timing 2
This bit defines the state of the CSx signal during clock phase 3.

0 = The CSx signal is asserted at the rising edge of GCLK2.
1= The CSx signal is negated at the rising edge of GCLK2.
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CST3—Chip-Select Timing 3
This bit defines the state of the CSx signal during clock phase 4.

0 = The CSx signal is asserted at the trailing edge of GCLKL1.
1= The CSx signal is negated at the trailing edge of GCLK1.

BST4—Byte-Select Timing 4
This bit defines the state of the BSx signal during clock phase 1.

0 = The BSx signal is asserted at the trailing edge of GCLK2.
1 = The BSx signal is negated at the trailing edge of GCLK2.

% Note: The state of each BSx signal depends on the value of each BSTx bit and three
other parameter values—the PS field in the selected base register and the TSIZx
and A[30:31] signals in the currently accessed cycle.

BST1—Byte-Select Timing 1
This bit defines the state of the BSx signal during clock phase 2.

0 = The BSx signal is asserted at the rising edge of GCLK1.
1 = The BSx signal is negated at the rising edge of GCLK1.

BST2—Byte-Select Timing 2
This bit defines the state of the BSx signal during clock phase 3.

0 = The BSx signal is asserted at the rising edge of GCLK2.
1= The BSx signal is negated at the rising edge of GCLK2

@

BST3—Byte-Select Timing 3
This bit defines the state of the BSx signal during clock phase 4.

0 = The BSx signal is asserted at the trailing edge of GCLK1.
1 = The BSx signal is negated at the trailing edge of GCLK1.
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GOL—General-Purpose Line 0 Lower
This field defines the state of the GPLO signal during clock phases 1 through 3.

10 = The GPLO signal is asserted at the trailing edge of GCLK2.

11 = The GPLO signal is negated at the trailing edge of GCLK2.

00 = The GPLO signal is driven at the trailing edge of GCLK2 as defined in the GOCLXx
field of the MxMR.
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GOH—General-Purpose Line 0 Higher
This field defines the state of the GPLO signal during clock phase 4.

10 = The GPLO signal is asserted at the trailing edge of GCLK1.
11 = The GPLO signal is negated at the trailing edge of GCLK1.

00 = The GPLO signal is driven at the trailing edge of GCLK1 as defined in the GOCLx

field of the MxMR.

G1T4—General-Purpose Line 1 Timing 4

This bit defines the state of the GPL1 signal during clock phases 1 through 3.

0 = The GPL1 signal is asserted at the trailing edge of GCLK2.
1= The GPL1 signal is negated at the trailing edge of GCLK2.

G1T3—General-Purpose Line 1 Timing 3
This bit defines the state of the GPL1 signal during clock phase 4.

0 = The GPL1 signal is asserted at the trailing edge of GCLK1.
1 = The GPL1 signal is negated at the trailing edge of GCLK1.

G2T4— General-Purpose Line 2 Timing 4

This bit defines the state of the GPL2 signal during clock phases 1 through 3.

0 = The GPL2 signal is asserted at the trailing edge of GCLK2.
1= The GPL2 signal is negated at the trailing edge of GCLK2.

G2T3—General-Purpose Line 2 Timing 3
This bit defines the state of the GPL2 signal during clock phase 4

0 = The GPL2 signal is asserted at the trailing edge of GCLK1.
1= The GPL2 signal is negated at the trailing edge of GCLK1.

G3T4—General-Purpose Line 3 Timing 4

This bit defines the state of the GPL3 signal during clock phases 1 through 3.

0 = The GPL3 signal is asserted at the trailing edge of GCLK2.
1= The GPL3 signal is negated at the trailing edge of GCLK2.

G3T3—General-Purpose Line 3 Timing 3
This bit defines the state of the GPL3 signal during clock phase 4.

0 = The GPL3 signal is asserted at the trailing edge of GCLK1.
1= The GPL3 signal is negated at the trailing edge of GCLK1.
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GAT4/DLT3—General-Purpose Line 4 Timing 4/Delay Time 3

This bit performs two functions depending on the value of the GPLx4DIS bit in the machine
mode register. If the MXMR defines the UPWAITx/GPL_x4 pin as an output (GPL_x4), then
this bit functions as G4T4. If it is defined as an input (UPWAITX), then this bit functions as
DLTS3.

If you have configured GPLx4DIS = 0 in the MxMR, then you have selected G4T4:

0 = The value of the GPL4 signal at the trailing edge of GCLK2 will be 0.
1 = The value of the GPL4 signal at the trailing edge of GCLK2 will be 1.

If you have configured GPLx4DIS = 1 in the MxMR, then you have selected UPWAITx
and DLT3 is the controlling function:

0 = The data bus must be sampled at the rising edge of GCLK2 for all reads.
1 = The data bus must be sampled at the falling edge of GCLK2 for all reads.

GAT3/WAEN—General-Purpose Line 4 Timing 3/Wait Enable

This bit performs two functions depending on the value of the GPLx4DIS bit in the machine
mode register. If the MxMR defines the UPWAITX/GPL_x4 pin as an output (GPL_x4), then
this bit functions as G4T3. If itis defined as an input (UPWAITX), this bit functions as WAEN.

If you have configured GPLx4DIS = 0 in the MXMR, then you have selected G4T3:

0 = The value of the GPL4 signal at the trailing edge of GCLK1 will be 0.
1 = The value of the GPL4 signal at the trailing edge of GCLK1 will be 1.

If you have configured GPLx4DIS = 1 in the MxMR, then you have selected UPWAITX
and WAEN is the controlling function:

0 = The UPWAITX function is disabled.

1= A*freeze” in the logical value of the UPM-controlled external signals will occur
when the UPWAITX pin is asserted. The UPWAITX signal is sampled on the trailing
edge of GCLK2. See Figure 15-33 for more information.

G5T4—General-Purpose Line 5 Timing 4
This bit defines the state of the GPL5 signal during clock phases 1 through 3.

0 = The value of the GPL5 signal at the trailing edge of GCLK2 will be 0.
1 = The value of the GPLS5 signal at the trailing edge of GCLK2 will be 1.

G5T3—General-Purpose Line 5 Timing 3
This bit defines the state of the GPL5 signal during clock phase 4.

0 = The value of the GPLS5 signal at the trailing edge of GCLK1 will be 0.
1 = The value of the GPL5 signal at the trailing edge of GCLK1 will be 1.

Bits 22 and 23—Reserved
These bits are reserved and must be set to 0.
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LOOP—Loop

The first RAM word in the RAM array where LOOP is 1 is recognized as the Loop Start Word.
The next RAM word where LOOP is 1 is recognized as the Loop End Word. The RAM words
between the beginning and end are defined as the loop. The UPM executes this loop as
many times as it is defined in the corresponding LOOP field of the MxMR.

0 = The current RAM word is not the start or end of a loop construct.
1 = The current RAM word is the start or end of a loop construct.

EXEN—Exception Enable

When an external device asserts the TEA or RESET signals, this bit allows you to branch to
the exception start address (EXS) where you would store your exception handler. The
exception start address is found at a fixed address in the RAM array.

0 = The UPM continues executing the remaining RAM words.

1 = The current RAM word allows a branch to an exception handler after the current
cycle if an exception condition is detected. The exception condition can be an
external device asserting TEA, HRESET, or SRESET.

AMX—Address Multiplexing
This bit determines the source of the A[6:31] signals.

00 = The value of the A[6:31] signals at the trailing edge of GCLK1 is the address that
is requested by the internal master. For example, column address.

01 = Reserved.

10 = The value of the A[6:31] signals at the trailing edge of GCLK1 is the address that
is requested by the internal master multiplexed according to the AMA/AMB field
of the MXMR. For example, row address.

11 = The value of the A[6:31] signals at the trailing edge of GCLK1 is the contents of
the memory address register (MAR). For example, SDRAM mode initialization.

NA—Next Address
This bit determines how much the current address is incremented.
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0 = The address increment is disabled.
1= In conjunction with the PS field in the base register, the increment value of the
A[28:31] signals at the trailing edge of GCLK1 is as follows:
— If the accessed bank has a 32-bit port size, the value of the A[28:31] signals are
incremented by 4.
— If the accessed bank has a 16-bit port size, the value of the A[28:31] signals are
incremented by 2.
— Ifthe accessed bank has an 8-bit port size, the value of the A[28:31] signals are
incremented by 1.

®

% Note: The value of the NA bit is only relevant when the UPM serves a burst-read or
burst-write request. Under other patterns this bit is reserved.
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UTA—UPM Transfer Acknowledge

This bit controls the state of the TA signal sampled by the external bus interface in the
current memory cycle. The TA signal is output at the rising edge of GCLK2.

0= The E signal is driven low on the next rising edge of GCLK2.
1 = The TA signal is driven high on the next rising edge of GCLK2.

TODT—Turn On Disable Timer
This bit controls the disable timer mechanism.

0 = The disable timer is turned off.

1 = The disable timer for the currently accessed bank is activated. This prevents a new
access to the same bank (when controlled by the UPMs) until the disable timer
expires. For example, precharge time.

LAST—Last
If this bit is set, it is the last RAM word in the program.

0 = The UPM continues executing RAM words.
1 = The service to the UPM request is completed.

15.5.4.2 RAM WORD OPERATION. This section describes how the RAM word affects the
behavior of the chip-select, byte-select, general-purpose, transfer acknowledgment signals,
as well as address multiplexing and the wait mechanism.

15.5.4.2.1 Start Addresses. Each UPM request has a special address, except for software
requests, which can start at any RAM word. Table 15-4 provides the start addresses of the
UPM RAM words for each request type.

Table 15-4. Start Address Locations

REQUEST TO BE SERVICED UPM START ADDRESS
Read Single Beat Cycle (RSS) 0x'00
Read Burst Cycle (RBS) 0x’08
Write Single Beat Cycle (WSS) 0x'18
Write Burst Cycle (WBS) 0x'20
Periodic Timer Request (PTS) 0x'30
Exception (EXS) 0x’3C
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15.5.4.2.2 Chip-Select Signals. The MS field in the base register of the accessed memory
bank selects a user-programmable machine on the currently requested cycle. The selected
UPM only affects the assertion and negation of the appropriate CSx signal and its timing is
specified in the UPM RAM word. Figure 15-28 illustrates how the CSx signals are controlled
by the UPMs.

BANK SELECTED
UPMA
Y
MS[0:1] IN BRx
Y
Y 14» CSo
_ S ——> TSl
Ll Ve
e
UPMB |z »Cs
MUX I
- D el o5
NG I
\H CS7
MS[0:1] MACHINE
00 GPCM
GPCM
01 —
10 UPMA
1 UPMB

Figure 15-28. CSx Signal Selection
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Note: The UPM refresh is done in a round robin manner. If more than one chip-select
% uses the same UPM, the refreshes will progress through each one. For example,
if you have three chip-selects using UPMA, you would need to set the periodic

timer A period to one-third the normal refresh.

®
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15.5.4.2.3 Byte-Select Signals. The MS field in the base register of the accessed memory
bank selects a user-programmable machine on the currently requested cycle. The selected
UPM only affects the assertion and negation of the appropriate BSx signal and its timing as
specified in the RAM word. The BSx signals are also controlled by the port size of the
accessed bank, the transfer size of the transaction, and the address accessed.

Figure 15-29 illustrates how the BSx signals are controlled by the user-programmable

machines.
BANK SELECTED
A[30:31]
Y
MS IN BRx PS IN BRx TSIZX
UPMA l
Y
> ———> BS0
BYTE-
——» BS1
MUX > SELECT
LOGIC > BS2
> > B53
UPMB

@

Figure 15-29. BSx Signal Selection
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The uppermost byte select (BS0) signal indicates that the most-significant eight bits of the
data bus (D0-7) contain valid data during a cycle and the upper-middle byte-select (BS1)
indicates that the upper-middle eight bits of the data bus (D[8-15]) signal contain valid data
during a cycle. The lower-middle byte-select (BS2) indicates that the lower-middle eight bits
of the data bus (D[16-23]) contain valid data during a cycle and the lowest byte-select (BS3)
indicates that the least-significant eight bits of the data bus (D[24-31]) contain valid data
during a cycle. The manner in which the BSx signals affect 32-, 16-, and 8-bit accesses is
shown in Table 15-5. It must be noted that for a periodic timer request and a memory
command request, the BSx signals are only determined by the port size of the bank.

Table 15-5. Enabling Byte-Selects

TRANSFER | TSIZx | ADDRESS 32-BIT PORT SIZE 16-BIT PORT SIZE 8-BIT PORT SIZE
SIZE A30 [ A31 |BSO |BS1 [BS2 [BS3 |BSO |BS1 [BS2 BS3 BSO BS1 BS2 BS3
Byte 0Ol1 0 0 X X X
0Of1 0 1 X X X
0Ol1 1 0 X X X
0Of1 1 1 X X X
Half-Word 110 0 0 X X X X
110 1 0 X X
Word 0]0 0 0 X X X X
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15.5.4.2.4 General-Purpose Signals. The general-purpose (GPL[1:5]) signals have two
bits in the RAM word that define the logical value of the signal to be changed at the falling
edge of GCLK1 or GCLK2. GPLO has two 2-bit fields that perform the same function with
additional phase control. GPL5 and GPLO offer the following enhancements beyond the
other GPLXx signals:

* GPL5 can be controlled during phase 4 of the previous clock cycle according to the
value of G5LS.

CLKOUT/GCLK2
%
| \ \
GCLK1 \ | |
1
j . | | [
T
GPL5 >< >< | >< >< | :
|
_ | T f f
TS ‘ \ ‘
| |
T \
\ \ ‘

1
‘ VALUé CONTROLLED
BY G5T4 AND G5+3 ON UPM

VALUE CONTROLLED ;
BY G5LS

\ \
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\
\
\
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\ \ \ \
\ \ \ \
\ \ \ \
1 2 3 o4 1 1 \
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\ \ \ \
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Figure 15-30. Early GPL5 Control
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» GPLO can be controlled by an address line that is specified in the GOCLXx field of the
MxMR. To use this feature, you must set the GOH and GOL fields in the RAM word. For
example, if you have a SIMM with multiple banks, this address line can be used to
switch between banks.
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15.5.4.2.5 Loop Control. The LOOP bit in the RAM word allows you to run a repetitive
program fragment a specific number of times. The first time the LOOP bit is asserted in a
RAM word, the memory controller recognizes it as a Loop Start Word. At this time, the
memory loop counter is loaded with the corresponding contents of the Loop field shown in
Table 15-6. See the appropriate machine mode register (MXMR) for more information. The
next RAM word encountered with the LOOP bit set is recognized as a Loop End Word. At
this time, the memory loop counter is decremented by one.

Continued loop execution depends on the memory loop counter. If the loop counter is not

zero, the next RAM word executed is the Loop Start Word. Otherwise, the next RAM word
executed is the word following the Loop End Word. Loops can be sequentially executed, but
not nested.

Table 15-6. MxMR Loop Field Usage

REQUEST SERVICED MxMR Loop Field
Read Single Beat Cycle RLFx
Read Burst Cycle RLFx
Write Single Beat Cycle WLFx
Write Burst Cycle WLFx
Periodic Timer Expired TLFx

15.5.4.2.6 Exception Handling. When an access to a memory device is initiated by the
MPC823e under UPM control, the external device may assert the TEA, SRESET, or
HRESET signal. An exception occurs when one of these signals is asserted by an external
device and the MPC823e begins closing the memory cycle transfer. When an exception is
recognized and the EXEN bit is set in the RAM word, the next RAM word will branch to the
special exception start address (EXS). See Table 15-4 for more information. You must
provide an exception handler to handle output signals controlled by the UPM. For DRAM
control, you would provide a handler that would negate RAS and CASx to prevent data
corruption. The EXEN bit is similar to an exception mask in that if it is 0, then it defers the
exception and continues executing. If a RAM word is encountered with the EXEN bit set, the
UPM performs a branch to the exception start address. When the branch to the exception
start address is performed, the UPM continues reading until the LAST bit is set in the RAM
word.
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15.5.4.2.7 Address Multiplexing. You can control the address signals that go to the
external bus. The AMA and AMB fields of the MXMR control how the address signals are
multiplexed. The SAM bit in the option register determines the address multiplexing for the
first clock cycle. The AMX field in the RAM word determines the multiplexing for subsequent
clock cycles. The lower address pins can be multiplexed between the internal upper or lower
address signals. The SAM bit outputs the upper address signals and the AMX field outputs
the lower address signals. Using the AMX field, you can output the contents of the memory
address register (MAR) on the address pins. See Table 15-6 for general configuration.
Table 15-7 shows how the AMA and AMB fields can be defined to interface with a wide
range of DRAM modules. Figure 15-31 illustrates address multiplex timing.
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m Table 15-7. Address Multiplexing
PINS
AMA/AMB | A16 | A17 |A18 |A19 |A20 |A21 |A22 |A23 |A24 |[A25 [A26 |A27 A28 A29 N30 A31
SIGNALS 000 RES | RES | A10 | A1l | A12 | A13 | Al4 | A15 | Al6 | Al7 | A18 | A19 | A20 | A21 | A22 | A23
001 RES A8 A9 A10 | A11 | A12 | A13 | Al14 | Al15 | Al6 Al7 | A18 | A19 | A20 | A21 | A22
010 A6 A7 A8 A9 A10 | A1l | Al2 | A13 | Al4 | A15 | A16 | A17 | A18 | A19 | A20 | A21
011 RES A6 A7 A8 A9 A10 | A1l | A12 | A13 | Al4 | A15 | Al6 | A17 | A18 | A19 | A20
100 A4 A5 A6 A7 A8 A9 Al10 | A1l | Al2 | A13 | Al4 | Al5 | Al6 | A17 A18 | A19
101 RES A4 A5 A6 A7 A8 A9 A10 | A1l | Al2 | A13 | Al4 | A15 | Al6 | Al17 | Al18
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Table 15-8. AMA/AMB Definition For DRAM Interface

DATA BUS MEMORY NUMBER OF NUMBER OF MPC823e AMA/AMB
WIDTH SIZE DRAM ROW DRAM COLUMN ADDRESS PIN IN MXMR
ADDRESS PINS ADDRESS PINS CONNECTION

8 Bits 64K 8 8 A24 - A31 000
128K 9 A23 - A31
256K 10 A22 - A31
512K 11 A21 - A31
M 12 A20 - A31
2M 13 Al19 - A31
aM 14 A18 - A31

256K 9 9 A23 - A31 001
512K 10 A22 - A31
M 11 A21 - A31
2M 12 A20 - A31
4aM 13 Al19 - A31
8M 14 A18 - A31
16M 15 Al7 - A31

M 10 10 A22 - A31 010
2M 11 A21 - A31
4aM 12 A20 - A31
8M 13 Al19 - A31
16M 14 A18 - A31
32M 15 Al7 - A31
64M 16 Al16 - A31

4aM 11 11 A21 - A31 011
8M 12 A20 - A31
16M 13 Al19 - A31
32M 14 A18 - A31
64M 15 Al7 - A31

16M 12 12 A20 - A31 100
32M 13 Al19 - A31
64M 14 A18 - A31
128M 15 Al7 - A31
256M 16 Al16 - A31
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Memory Controller

Table 15-8. AMA/AMB Definition For DRAM Interface (Continued)

DATA BUS MEMORY NUMBER OF NUMBER OF MPC823e AMA/AMB
WIDTH SIZE DRAM ROW DRAM COLUMN ADDRESS PIN IN MxMR
ADDRESS PINS ADDRESS PINS CONNECTION

8 Bits 64M 13 13 Al19 - A31 101
128M 14 Al18 - A31
256M 15 Al7 - A31

16 Bits 128K 8 8 A23 - A30 000
256K 9 A22 - A30
512K 10 A21 - A30
1M 11 A20 - A30
2M 12 A19 - A30
4M 13 A18 - A30

512K 9 9 A22 - A30 001
1M 10 A21 - A30
2M 11 A20 - A30
4M 12 A19 - A30
8M 13 A18 - A30
16M 14 Al7 - A30

2M 10 10 A21 - A30 010
4M 11 A20 - A30
8M 12 A19 - A30
16M 13 A18 - A30
32M 14 Al7 - A30
64M 15 Al16 - A30

8M 11 11 A20 - A30 011
16M 12 A19 - A30
32M 13 A18 - A30
64M 14 Al7 - A30

32M 12 12 Al19 - A30 100
64M 13 A18 - A30
128M 14 Al7 - A30
256M 15 A16 - A30

128M 13 13 Al18 - A30 101
256M 13 Al7 - A30
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Table 15-8. AMA/AMB Definition For DRAM Interface (Continued)

DATA BUS MEMORY NUMBER OF NUMBER OF MPC823e AMA/AMB
WIDTH SIZE DRAM ROW DRAM COLUMN ADDRESS PIN IN MXMR
ADDRESS PINS ADDRESS PINS CONNECTION
32 Bits 256K 8 8 A22 - A29 000
512K 9 A21 - A29
M 10 A20 - A29
2M 11 Al19 - A29
4aM 12 A18 - A29
M 9 9 A21 - A29 001
2M 10 A20 - A29
4aM 11 Al19 - A29
8M 12 A18 - A29
16M 13 Al7 - A29
4aM 10 10 A20 - A29 010
8M 11 Al19 - A29
16M 12 A18 - A29
32M 13 Al7 - A29
64M 14 A16 - A29
16M 11 11 Al19 - A29 011
32M 12 A18 - A29
64M 13 Al7 - A29 x
64M 12 12 A18 - A29 100 g
128M 13 Al7 - A29 %
256M 14 A16 - A29 ;
256M 13 13 Al7 - A29 101 %
=

2
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Memory Controller

15.5.4.2.8 Transfer Acknowledge and Data Sample Control.  During a memory access,
the UTA bit of the RAM word controls the state of the TA signal sampled by the bus master.
The TA signal is driven on the rising edge of GCLK2. When a read access is handled by the
UPM and the UTA bit is 0, the value of the DLT3 bit in the same RAM word indicates when
the data input is sampled by the bus master, assuming that the GPLx4DIS bit is set in the
MxMR. Figure 15-32 illustrates the data sampling that is controlled by the UPM.

TO INTERNAL
DATA BUS

G

f DATABUS

LATCH

LATCH
MULTIPLEXER

GCLK2

DLT3 AND GPLx4DIS

Figure 15-32. UPM Read Access Data Sampling

15.5.4.2.9 Disable Timer Mechanism. The disable timer associated with each UPM
allows you to guarantee a minimum time between two successive accesses to the same
memory bank. This feature is critical when DRAM requires a RAS precharge time. The
TODT bit in the RAM word turns the timer on to prevent another UPM access to the same
bank until the timer expires.

The disable timer does not affect memory accesses to different banks. If the timing specified
by the UPM RAM word is less than the disable timer period, the access to the next bank will
conflict with the current bank access. To avoid conflicts between different banks using the
same UPM, the number of words in the RAM array must be equal to or greater than the
period defined in the DSx field of the MxMR.

15.5.4.2.10 Last Word. When the LAST bit is read in the RAM word, the highest priority
pending request (if any) is serviced immediately in the external memory transactions. If the
disable timer is activated, the bus will be idle for a number of clock cycles, as specified in
the DSx field of the MxMR.
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15.5.5 The Wait Mechanism

If the UPM reads a RAM word with the WAEN bit set, the external UPWAITXx signal is
sampled and synchronized by the memory controller and the current request is frozen. If the
WAEN bit is asserted, the logical value of the external signals are frozen to the value defined
in the last RAM word accessed and the RAM address increment is disabled until the
UPWAITx signal is negated. This allows wait states to be inserted as required by an external
device through an external signal. A memory disable timer is associated with each UPM.
This timer counts down to zero starting at the value programmed in the DSx field in the
MxMR.

15.5.5.1 INTERNAL AND EXTERNAL SYNCHRONOUS MASTER. Figure 15-33
illustrates how the WAEN bit in the word read by the UPM and the UPWAITXx signal is used
to hold the UPM in a particular state until the UPWAITX signal is negated. As illustrated in
Figure 15-33, the CSx and GPL1 states (C12 and F) and the WAEN value (CC) are frozen
until the UPWAITX signal is recognized as deasserted.
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RAM WORD N WAIT | WAIT RAM WORD N+3

Figure 15-33. Wait Mechanism Timing For Internal and External
Synchronous Masters
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The UPWAITX signal is sampled at the falling edge of the CLKOUT. If the signal is asserted
and the WAEN bit is set in the current RAM word, the UPM is frozen until the UPWAITx
signal is recognized as negated. The value of the external pins driven by the UPM remains
as indicated in the word previously read by the UPM. When the UPWAITX signal is negated,
the UPM continues with its normal functions. Notice that during the wait cycles, the TA signal
is negated by the UPM.

15.5.5.2 EXTERNAL ASYNCHRONOUS MASTER. The UPM supports asynchronous
external masters using the AS signal. When you use an external asynchronous master, the
AS signal behaves like the UPWAITX signal. The UPM enters a wait state if the AS signal is
asserted and the WAEN bit is set in the current RAM word. As illustrated in Figure 15-34,
the CSx and GPL1 states (C12 and F) and the WAEN value (CC) are frozen until the AS
signal is recognized as deasserted. The TA signal that is driven by the UPM remains in its
previous value until the AS signal is negated. The state of the external pins driven by the
UPM remains as indicated in the word previously read by the UPM.

To exit a wait state, the AS signal must be negated. When AS is negated, all external signals
controlled by the UPM are driven high. The external signals are driven in this state until the
LAST bit is setin a RAM word. The TODT bit of the RAM word is only relevant in the words
read by the UPM after the AS signal is negated. Refer to Section 15.6 External Master
Support for more information.
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Figure 15-34. Wait Mechanism Timing For An External Asynchronous Master
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15.5.5.3 HANDLING VARIABLE ACCESS TIME AND SLOW DEVICES. The memory
controller provides two different mechanisms to interface with slave devices that are either
very slow or cannot guarantee a predefined access time—the wait state and the external TA
signal. These devices can be divided into two main types:

¢ Variable access time devices (FIFO, hierarchical bus interface, dual-port memory
devices)

« Slow devices (access time is greater than the maximum allowed by the UPM)

The wait mechanism is used only in accesses that are controlled by the UPM. The
GPLx4DIS bit of the MxMR enables this mechanism. The external TA mechanism is used
only in accesses that are controlled by the GPCM. The SETA bit in the option register
specifies whether TA is generated internally or externally.

15.5.5.3.1 Hierarchical Bus Interface Example.  On the local bus, the CPU initiates a
read cycle that addresses the main storage connected to the system bus. The hierarchical
bus interface accepts the local bus request and generates a read cycle on the system bus.
You cannot foresee when the data will be valid to be latched by the CPU, since the system
bus may be occupied by the DMA.

¢ The Wait Solution—The external module signals to the memory controller that the data
is not ready by asserting the UPWAITX signal. The memory controller synchronized this
signal because it is an asynchronous signal. As a result of the UPWAITx signal being
asserted, the UPM will enter a freeze mode at the falling edge of the CLKOUT upon
encountering the WAEN bit being set in the UPM word. The UPM will remain in that
state until the UPWAITX signal is asserted. After the negation of UPWAITX, the UPM
will continue executing from the next entry to the end of the pattern (LAST bit is set).

+ The External TA Solution—The bus interface module signals to the memory controller
when it can sample the data by asserting the synchronous TA signal.

15.5.5.3.2 Slow Device Interface Example. The CPU initiates a read cycle from slow
devices whose access time is greater than the maximum allowed by your programming
model.
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* The Wait Solution—The CPU generates a read access from the slow device. The
device will react by asserting the UPWAITx signal as long as the data is not ready. The
CPU will sample the data only after the negation of the UPWAITx signal.

®

« The External TA Solution—The CPU generates a read access from the slow device.
When it is ready, the device is responsible for generating the synchronous TA signal.
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15.6 EXTERNAL MASTER SUPPORT

The memory controller supports internal and external bus masters. Accesses that originate
from the core, CPM, and LCD controller are considered internal and those initiated by an
external bus master are external. External bus master support can be enabled in the SIU
module configuration register (SIUMCR), as indicated in Section 12.12.1.1 SIU Module
Configuration Register . There are two types of external bus masters:

» Synchronous bus masters, which synchronize with CLKOUT and may use the
MPC823e memory controller to access a slave device or bypass the memory controller
to perform the slave access.

+ Asynchronous bus masters, which use an address strobe (AS) signal that handshakes
with the MPC823e memory controller to access a slave device or bypass the memory
controller to perform the slave access.

Synchronous masters initiate a transfer by asserting the TS signal. The A[6:31], RD/WR,
and TSIZx signals must be stable prior to the rising edge of CLKOUT after TS assertion and
until the last TA signal is negated. Since the external master operates synchronously with
the MPC823e, proper setup and hold times for all inputs associated with the rising edge of
CLKOUT are significant. To support synchronous mode using the memory controller, the
SEME bit in the SIUMCR must be set. When the TS signal is asserted, the memory
controller compares the address with each one of its defined valid banks and if a match is
found, control signals to the slave device are generated and the TA signal is supplied to the
external master. If the SEME bit is cleared, the memory controller is bypassed and the
external synchronous master must provide control signals to the slave device. See

Figure 15-35 for details.

Asynchronous masters initiate a transfer by driving the address bus and asserting the AS
pin. The A[6:31] signals, together with RD/WR and TSIZx, must have a proper setup time
prior to AS pin assertion. To support asynchronous mode using the memory controller, the
AEME bit in the SIUMCR must be set. The memory controller synchronizes AS assertion to
its internal clock and generates the control signals to the slave device. When the AS pin is
synchronized, the memory controller compares the address with each one of its defined
valid banks and if a match is found, control signals to the slave device are generated and
the TA signal is supplied to the external master. All the control signals to the memory device
and the TA signal are negated with AS pin negation. If the AEME bit is cleared, the memory
controller is bypassed and the external asynchronous master must provide control signals
to the slave device. In this mode, the AS pin of the MPC823e is not available as an input.
See Figure 15-36 for details.

% Note: When external masters access slaves on the bus, the internal AT[0:2] signals
reaching the memory controller will be forced to ‘100". You must make sure this
access matches the AT field in the base register after it is masked by the ATM

field in the option register.
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The A[28:20] pins must be used to generate addresses to memory devices during burst
accesses. They duplicate the value of the A[28:20] signals when an internal master initiates
a transaction on the external bus. When an external master initiates a transaction on the
external bus, the A[28:20] pins reflect the value of the A[28:20] pins on the first clock cycle
of the memory access. On subsequent clock cycles, the behavior of the A[28:20] pins

depends on the configuration of the UPM.
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Figure 15-35. Synchronous External Master Access
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Figure 15-36. Asynchronous External Master Access

To connect to external memory devices that require address multiplexing, use the GPL_x5
pin. The state of the GPL_x5 signal logic value depends on the configuration defined in
Table 15-9. The GPL_x5 pin reflects the value of the G5LS bit of the corresponding option
register in the first clock cycle of the slave device access. In subsequent clock cycles, the
state of GPL_x5 is determined by the G5T4 and G5T3 bits in the RAM word. If the UPMB
controls the slave access, you can use the G5LA bit of the option register to select the active

GPL_x5 signal. G5LS only applies to memory requests and not RAM words executed by

internal/external software, exception, or memory periodic timer requests.
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Table 15-9. GPL_x5 Signal (Pin) Behavior

MACHINE
CONTROLLING
THE
MEMORY
ACCESS

MACHINE
CONTROLLING
THE SLAVE
ACCESS
CLOCK CYCLE

G5LA
(ORx)

G5LS
(ORx)

G5T4
(RAM
WORD)

G5T3
(RAM
WORD)

GPL_x5 BEHAVIOR
AT THE CONTROLLING
CLOCK EDGE

GPCM

X

N/A

N/A

GPL_A5 and GPL_B5 do not change their
value:

UPMA

First

GPL_A5 is driven low at the falling edge of
GCLK1.

GPL_AG5 is driven high at the falling edge
of GCLK1.

Second, Third...

GPL_A5 is driven low at the falling edge of
GCLK2 in the current UPM cycle.

GPL_AG5 is driven high at the falling edge
of GCLK2 in the current UPM cycle.

GPL_A5 is driven low at the falling edge of
GCLK1 in the current UPM cycle.

GPL_A5 is driven high at the falling edge
of GCLK1 in the current UPM cycle.

UPMB

First

GPL_B5 is driven low at the falling edge of
GCLK1.

GPL_BS5 is driven high at the falling edge
of GCLK1.

GPL_A5 is driven low at the falling edge of
GCLK1.

GPL_AG5 is driven high at the falling edge
of GCLK1.

Second, Third...

GPL_B5 is driven low at the falling edge of
GCLR?2 in the current UPM cycle.

GPL_B5 is driven high at the falling edge
of GCLK2 in the current UPM cycle.

GPL_B5 is driven low at the falling edge of
GCLK1 in the current UPM cycle.

GPL_BS5 is driven high at the falling edge
of GCLK1 in the current UPM cycle.

UPMB

Second, Third...

GPL_A5 is driven low at the falling edge of
GCLK2 in the current UPM cycle.

GPL_AG5 is driven high at the falling edge
of GCLK2 in the current UPM cycle.

GPL_A5 is driven low at the falling edge of
GCLK1 in the current UPM cycle.

GPL_AG5 is driven high at the falling edge

of GCLK1 in the current UPM cycle.
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15.6.1 External Master Examples

A synchronous example interconnection in which an external master and the MPC823e can
both share access to a DRAM bank is illustrated in Figure 15-37. Notice that CS1, UPMA,
and GPL_A5 were chosen to assist in the control of DRAM bank accesses. To perform burst
accesses initiated by the external master or MPC823e using this configuration, the A[28:30]
signals are connected to the multiplexer controlled by GPL_AS5. Figure 15-38 illustrates the
timing behavior of control signals when an external master to a DRAM bank initiates a burst
read access. The state of the GPL_ADS pin in the first clock cycle of the memory device
access is determined by the value of the G5LS bit in the corresponding option register. In
this example, the accessed critical word is addressed at A[28:29] = 10, which then
increments and wraps around to the word before the critical word (01) for subsequent beats
of this burst access.
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Figure 15-37. Synchronous External Master Interconnect Example
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Figure 15-38. Synchronous External Master—Burst Read Access To Page Mode DRAM
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An asynchronous example interconnection in which an external master and the MPC823e
can both share access to a DRAM bank is illustrated in Figure 15-39. Notice that CS1,
UPMA, and GPL_A5 were chosen to assist in the control of DRAM bank accesses.

Figure 15-40 illustrates the timing behavior of the GPL_A5 and other control signals when
an external master to a DRAM bank initiates a single beat read access. The state of the
GPL_AD5 pin in the first clock cycle of the memory device access is determined by the value
of the G5LS bit in the corresponding option register.
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Figure 15-39. Asynchronous External Master Interconnect Example
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. T T T T \ \ \
B \ \ \ \ \ \ \ \
CASI[0:3]) | | l l l
GPL x5 \ \ \ \ \ \ \
\ \ \ \ \ \
cst4 Bit 0 0 0 0 0 0
cstl Bit1l 0 0 0
cst2 Bit 2 0 0 1 o
cst3 Bit 3 0 0 1 w
bstd Bit 4 T T 0 0 0 e
bstl Bit 5 T 0 0 2
bst2 Bit 6 1 0 1 Pt
bst3 Bit 7 1 0 1 o
>
= [a s
o
=
g4t4 Bit 18 <
g4t3 Bit 19

[l (o] (=]
o O
oy Fox
Wl H

EEE

A0 D

N N N

N | O
O
=

=
=
=

- Bit 23

Toop Bit 24 0 0 0 0 0
exen Bit 25 0 0 0 0 0
amx0 Bit 26 0 0 0 0 1
amx1 Bit 27 0 0 0 0 0
na Bit 28 0 0 0 0 0
uta Bit 29 1 0 0 0 1
todt Bit 30 0 0 0 0 1
fast Bit 31 0 0 0 1

RSS |RSS+1| WAIT | WAIT |RSS+2

Figure 15-40. Asynchronous External Master Timing Example
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Memory Controller

15.7 MEMORY SYSTEM INTERFACE EXAMPLES

The following examples illustrate how to connect and set up the UPM RAM array for two
types of DRAM—page mode DRAM and page mode extended data out DRAM. The values
used in these examples apply to either UPMA or UPMB. UPMA is used in the page mode
example and UPMB is used in the extended data out example.

15.7.1 Page Mode DRAM Interface Example

The configuration for a 1M, 32-bit wide memory system using four 256K x 8-bit DRAMs is
illustrated in Figure 15-41. Also shown is the physical connection between UPMA and the
page mode DRAM. The CS1 signal is connected to all the RAS signals and controlled by
the base register. The BS_A[0:3] signals are mapped one-to-one to each of the four DRAMs
and are controlled by the UPM RAM word. The refresh rate is calculated based on a 25MHz
baud rate generator clock and the DRAM that requires a 512-cycle refresh every 8ms.

MPC823e
BS_A[0:3]
Cs1 RAS RAS
BS_AO BS_AL
CASX  >56k x8 CASX 256k x 8
RV W MCM84256 W MCM84256
A21:29] A0S o A0S o
D[0:7] D[8:15]
8 8
D[0:31]
8 8
D[16:23] D[24:31]
RAS D[0:7] RAS D[0:7]
BS_AZ BS_A3
CASX McM84256 CASX McM84256
W 256K x 8 - 256K x 8
Al0:8] Al0:8]

Figure 15-41. Page Mode DRAM Interface Connection

Follow these steps to configure a system for page mode DRAM:

1. Determine the system architecture, which includes the MPC823e and the memory
system as shown in the example in Figure 15-41.

2. Use the blank worksheet (Figure 15-58) to draw the timing diagrams for all the memory
cycles associated with your architecture. You can also use, as a reference, the various
timing diagrams in Figure 15-42 through Figure 15-50.
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3. Translate the timing diagrams into RAM words for each type of memory access. The
bottom half of the figures represent the RAM array contents that handle each of the
possible cycles and each column represents a different word in the RAM array. A
blank cell in each figure indicates a “don’t care” bit, which is typically programmed to
logic 1 to conserve power.

4. Define the UPMA (or UPMB) parameters that control the memory system in the
following sequence. For additional details, see Table 15-10.

— Program the RAM array using the memory command register (MCR) and
memory data register (MDR). The RAM word must be written into the MDR
before you issue the WRITE command to the MCR. Repeat this step for all RAM
word entries.

— Initialize the option and base registers of the specific bank according to the
address mapping of the DRAM device you have chosen.

— Use the MS field of the option register to select the machine you have chosen
to control the cycles. Notice that the SAM bit in the option register determines
address multiplexing for the first clock cycle and subsequent cycles are
controlled by the UPM RAM words. Also notice that the AMX field in the UPM
RAM word controls the address multiplexing for the next clock cycle rather than
the current cycle.

— Program the MAMR to select the number of columns and refresh timer
parameters.

Table 15-10. UPMA Register Settings

FIELD REGISTER VALUE COMMENTS
MS BR1 10 Selects UPMA
PS BR1 00 Selects 32-Bit Bus Width %
WP BR1 0 Allows Read and Write Accesses E
PTP MPTPR 00000010 Prescaler Divided by Two §
PTA MAMR 00001100 15.6pus at a 25MHz Clock é

PTAE MAMR 1 Enables Periodic Timer A =
AMA MAMR 001 Selects Nine Column Address Pins @
DSA MAMR 01 Selects Two Disable Timer Clock Cycles

GPLA4DIS MAMR 0 Disables the UPWAITA Signal

RLFA MAMR 0011 Selects Three Loop Iterations for Read

WLFA MAMR 0011 Selects Three Loop Iterations for Write

SAM OR1 1 Selects Column Address on First Cycle
Bl OR1 0 Supports Burst Accesses
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CLKOUT/GCLK2

GCLKL ‘ \ \ \ \ \ \ \ \ \ \
| | | | | | | | | |
f f f \ \ \ \ \ \
AlB:31] XROW X coLyMN X \ \ \ \ \ \
} } f \ \ \ \ \ \
S \ \ \ \ \ \ \ \ \
\ \ \ \ \ \ \ \ \
f } } { \ \ \ \ \ \
RDWR /] \ \ \ \ \ \ \ \ \
\ \ \ \ \ \ \ \ \ \
D[0:31] \ \ \ \ \ \ \ \
\ \ \ \ \ \ \ \
- } } \ \ \ \ \ \ \
TA \ \ \ \ \ \ \ \ \ \
\ \ \ \ \ \ \ \ \
oSt \ \ \ \ \ \ \ \ \
(RAS) \ \ \ \ \ \ \ \ \ \
\ \ \ \ \ \ \
BS_A[0:3] \ '\ /) \ \ \ \ \ \
(CAS[0:3]) | | | | | | | | |
cst4 Bit0 0 0 0
cstl Bit 1 0 0 0
cst2 Bit 2 0 0 1
cst3 Bit 3 0 0 1
bstd Bit 4 T T 0
bst1 Bit 5 1 0 0
bst2 Bit 6 1 0 1
bst3 Bit 7 1 0 1
goIl0 Bit 8
gol1 Bit 9
goho Bit 10
goh1 Bit 11
glt4 Bit 12
glt3 Bit 13
g2t4 Bit 14
g2t3 Bit 15
9314 Bit 16
g3t3 Bit 17
oata Bit 18
gat3 Bit 19
g5t4 Bit 20
g5t3 Bit 21
- Bit 22
- Bit 23
Toop Bit 24 0 0 0
exen Bit 25 0 0 0
amx0 Bit 26 0 0 1
amx1 Bit 27 0 0 0
na Bit 28 0 0 0
uta Bit 29 1 0 1
todt Bit 30 0 0 1
last Bit 31 0 0 1
RSS | RSS+1 | RSS+2
Figure 15-42. Single Beat Read Access To Page Mode DRAM
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CLKOUT/GCLK2

GCLK1 \ \ \
| | |
1 1 ‘
T T

Al6:31] ><\ ROW ><\ COLUMN ><\
f f f \

BS_A(0:3] \ '\ )
(CAS[0:3)) I I I

cst4 Bit0 0 0 0
cstl Bit 1 0 0 0
cst2 Bit 2 0 0 1
cst3 Bit 3 0 0 1
bst4 Bit4 1 1 0
bstl Bit 5 1 0 0 o
bst2 Bit 6 1 0 1 w
bst3 Bit 7 1 0 1 a
goIo Bit 8 x
gol1 Bit 9 3
g0oho Bit 10 O
g0Oh1 Bit 11 %
glt4 Bit 12 g
git3 Bit 13 ]
g2ta Bit 14 =

« Qo
@ W N
RUR
[RRNER]
jeoes Rook
EgEt
e
~N oo

g4t4 Bit 18
gat3 Bit 19
g5td Bit 20
g5t3 Bit 21
- Bit 22
- Bit 23
Toop Bit 24 0 0 0
exen Bit 25 0 0 0
amx0 Bit 26 0 0 0
amx1 Bit 27 0 0 0
na Bit 28 0 0 0
uta Bit 29 1 0 1
todt Bit 30 0 0 1
last Bit 31 0 0 1

WSS | WSS+1 | WSS+2

Figure 15-43. Single Beat Write Access To Page Mode DRAM
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CLKOUT/GCLK2

GCLK1 \ \ \ \ \ \ \ \ \ \
\ \ \ \ \ \ \ \ \ \
! ! ! ! ! ! ! ! ! |
Al6:31] X ROW X COLUMN 1 X COLUMN 2 X COLUMN 3 X COLUMN 4 ><\
; ; f ; f ; f ; f \
s \ \ \ \ \ \ \ \ \
\ \ \ \ \ \ \ \ \
: } } } } } } } } 4
RDWR /! | | | | | | | | |
\ \ \ \ \ \ \ \ \ \
D[0:3Y) \ \ \ \ \ \
\ \ \ \ \ \
o } } \ \ \ \
TA \ \ \ \ \ \ \ \ \ \
\ \ \ \ \ \
cst | | | | | | | | |
RAS \ \ \ \ \ \ \ \ \ \
- \ \ \ \
BS_A[0:3] \ \ \ \ \ \ \ \ \ \
(CAS[0:3]) I I I ! I I I I I
csta BitO [0 0 0 0 0 0 0 0 0
cstl Bit1 |0 0 0 0 0 0 0 0 0
cst2 Bit2 |0 0 0 0 0 0 0 0 1
cst3 Bit3 |0 0 0 0 0 0 0 0 1
bst4 Bitd |1 T 0 1 0 T 0 T 0
bst1 Bit5 |1 0 0 0 0 0 0 0 0
bst2 Bit6 |1 0 1 0 1 0 1 0 1
bst3 Bit7 |1 0 1 0 1 0 1 0 1
goIo Bit 8
gol1 Bit 9
goh0 Bit 10
goh1 Bit 11
glt4 Bit 12
glt3 Bit 13
g2t4 Bit 14
g2t3 Bit 15
g3td Bit 16
g3t3 Bit 17
g4t4 Bit 18
gat3 Bit 19
o5t Bit 20
g5t3 Bit 21
- Bit 22
- Bit 23
Toop Bit24 |0 0 9] 0 0 0 0 0 0
exen Bit25 |0 0 1 0 1 0 1 0 0
amx0 Bit26 |0 0 0 0 0 0 0 0 T
amx1 Bit27 |0 0 0 0 0 0 0 0 0
na Bit28 |0 0 1 0 1 0 1 0 0
uta Bit29 |1 0 1 0 1 0 1 0 1
todt Bit30 |0 0 0 0 0 0 0 0 1
last Bit31 |0 0 0 0 0 0 0 0 1
RBS | RBS+l |RBS+2 |RBS+3 |RBS+4 |RBS+5 RBS+6 [RBS+7 |[RBS+8

15-80

Figure 15-44. Burst Read Access To Page Mode DRAM (No LOOP)
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GCLK1
A[6:31]
TS
RD/WR
D[0:31]
TA
Cs1
RAS
BS_A[0:3]
(CAS[03)
cst4 Bit 0 0
cstl Bit 1 0
cst2 Bit 2 0
cst3 Bit 3 0
bst4 Bit4 1
bstl Bit 5 1
bst2 Bit 6 1
bst3 Bit 7 1
goIo Bit 8
gol1 Bit 9
goho Bit 10
gohl Bit 11
gltd Bit 12
glt3 Bit 13
924 Bit 14
g2t3 Bit 15
g3t4 Bit 16
g3t3 Bit 17
g4td Bit 18
g4t3 Bit 19
g5t Bit 20
g5t3 Bit 21
- Bit 22
- Bit 23
Toop Bit24 [0
exen Bit25 |0
amx0 Bit26 [0
amx1 Bit27 |0
na Bit28 |0
uta Bit29 |1
todt Bit30 |0
last Bit31 |0
RBS

MOTOROLA

Figure 15-45. Burst Read Access To Page Mode DRAM (LOOP)
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CLKOUT/GCLK2
GCLK1 \ \ \ \ \ \ \
| | | | | | |
1

\ \ \
\ \ \
i L L L
T T T T
Al6:31] X ROW X COLUMNI X| COLUMN2 COLUWMN 3 COLUMN 4 ><
I

RD/WR

D[0:31]

> =

| |
% %

f
\
\
\
\
,
T
\
\
\
\

\

\!

T

\

\

!

\

\
st \ \ \
RAS \ \ \ \

e ————| — \ — \ — \ ——
BS_A[0:3] \ \ \ \ \ \ \ \ \ \
(CAS[0:3]) I I I | I | I | I

cst4 Bit 0 0 0 0 0 0 0 0 0 0
cstl Bit 1 0 0 0 0 0 0 0 0 0
cst2 Bit 2 0 0 0 0 0 0 0 0 1
cst3 Bit 3 0 0 0 0 0 0 0 0 1
bst4 Bit 4 1 1 0 1 0 1 0 1 0
bstl Bit 5 1 0 0 0 0 0 0 0 0
bst2 Bit 6 1 0 1 0 1 0 1 0 1
bst3 Bit 7 1 0 1 0 1 0 1 0 1

= goIo Bit 8

& gol1 Bit 9

5 g0ho Bit 10

3 goh1 Bit 11

o glt4 Bit 12

e git3 Bit 13

= g2t4 Bit 14

o g2t3 Bit 15

o g3t Bit 16

X g3t3 Bit 17
g4t4 Bit 18
g4t3 Bit 19
g5t4 Bit 20
g5t3 Bit 21
- Bit 22
- Bit 23
Toop Bit24 |0 0 0 0 0 0 0 0 0
exen Bit25 |0 0 1 0 1 0 1 0 0
amx0 Bit26 [0 [9] 0 0 0 0 0 0 1
amx1 Bit27 |0 0 0 0 0 0 0 0 0
na Bit28 |0 0 1 0 1 0 1 0 0
uta Bit29 |1 0 1 0 1 0 1 0 1
todt Bit30 |0 0 0 0 0 0 0 0 1
last Bit31 |0 0 0 0 0 0 0 0 1

WBS | WBS+1 | WBS+2 | WBS+3 | WBS+4 | WBS+5 |WBS+6 |WBS+7 |WBS+8

Figure 15-46. Burst Write Access To Page Mode DRAM (No LOOP)
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CLKOUT/GCLK2

GCLK1 |
| |
A[6:31] COLUMN 4
Ts | |
| |
| |
RDWR | |
|
|
A | |
|
csT | |
RAS | |
|
BS_A[0:3] | |
(cAs03) .
cst4 Bit0 0 0 0
cstl Bit 1 0 0 0
cst2 Bit 2 0 0 1
cst3 Bit 3 0 0 1
bst4 Bit 4 1 1 0
bst1 Bit5 |1 0 0 o
bst2 Bit 6 1 0 1 w
bst3 Bit 7 1 0 1 5
'g0I0 Bit 8 £
goil Bit 9 Z
goho Bit 10 o
goh1 Bit 11 z
gltd Bit 12 g
glt3 Bit 13 =
o2t4 Bit 14 =
g2t3 Bit 15
o3t Bit 16
g3t3 Bit 17
o4td Bit 18
g4t3 Bit 19
o5t Bit 20
g5t3 Bit 21
- Bit 22
- Bit 23
Toop Bit24 [0 0 0
exen Bit25 |0 0 0
amx0 Bit26 [0 0 T
amx1 Bit27 |0 0 0
na Bit28 |0 0 0
uta Bit29 |1 0 1
todt Bit30 |0 0 1
last Bit31 |0 0 1
WBS WBS+3 | WBS+4

Figure 15-47. Burst Write Access To Page Mode DRAM (Loop)
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CLKOUT/GCLK2
GCLK1 \
\

Al6:31]

\

\

\

\

\

\

RDWR ‘
\

D[0:31] !
\

\

\

\

\

Cs1
RAS \ \ /|
\
BS_A[0:3] o\ [ A
(CAS[0:3) | |

cst4 Bit 0 1 0 0
cstl Bit 1 1 0 0
cst2 Bit 2 1 0 1
cst3 Bit 3 1 0 1
bst4 Bit 4 1 0 0
bstl Bit 5 0 0 0
bst2 Bit 6 0 0 1
bst3 Bit 7 0 0 1

= goIo Bit 8

& gol1 Bit 9

5 g0ho Bit 10

3 goh1 Bit 11

o glt4 Bit 12

e git3 Bit 13

= g2t4 Bit 14

o g2t3 Bit 15

o g3t Bit 16

X g3t3 Bit 17
g4t4 Bit 18
g4t3 Bit 19
g5t4 Bit 20
g5t3 Bit 21
- Bit 22
- Bit 23
Toop Bit24 |0 0 0
exen Bit25 |0 0 0
amx0 Bit26 |0 0 1
amx1 Bit27 |0 0 0
na Bit28 |0 0 0
uta Bit29 |1 1 1
todt Bit30 |0 0 1
last Bit31 |0 0 1

PTS | PTS+1 | PTS+2

Figure 15-48. Refresh Cycle (CAS Before RAS) To Page Mode DRAM
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CLKOUT/GCLK?2
GCLK1 \
\

Al6:31]

RDWR

D[0:31]

\
cs1 |/ \ \
(RAS) \ \

BS_A[0:3] ‘ ‘
(CASI[0:3))

cst4 Bit 0 1

cstl Bit 1 1

cst2 Bit 2 1

cst3 Bit 3 1

bst4 Bit 4 1

bstl Bit 5 1 o
bst2 Bit 6 1 u
bst3 Bit 7 1 a
goIo Bit 8 &
gol1 Bit 9 =
goho Bit 10 8
goh1 Bit 11 =
gli4 Bit 12 o
glt3 Bit 13 z
g2t4 Bit 14 =
g2t3 Bit 15

g3t4 Bit 16

g3t3 Bit 17

g4t4 Bit 18

g4t3 Bit 19

g5t4 Bit 20

g5t3 Bit 21

- Bit 22

- Bit 23

Toop Bit24 |0

exen Bit25 |0

amx0 Bit26 |0

amx1 Bit27 |0

na Bit28 |0

uta Bit29 |1

todt Bit30 |1

last Bit31 |1

EXS

Figure 15-49. Exception Cycle
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You can significantly increase the performance of a page read access when you set
GPLA4DIS to 1 in the MAMR and ignore the GPL_A4 pin. The processor samples the data
bus at the falling edge of GCLK1 when the TA signal is asserted. Figure 15-50 illustrates
how to modify the burst read access to page mode DRAM (no loop) using this feature.
During the four consecutive data beats, the TA signal in the figure is asserted to ensure a
data transfer on every data clock. The figure also illustrates how the nine cycles of the burst
read access shown in Figure 15-43 can be reduced to 6 clock cycles (for 32-bit port size
memory). You can reduce the cycles by using faster DRAM or a slower system clock that
meets the DRAM access time. When a 16-bit port size memory is connected, the reduction
is from 17 to 10 cycles and when an 8-bit port size memory is connected, the reduction is
from 33 to 18 cycles.
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Al6:31] >< ow XCOLlXCOL ZXCOL3><COL4><
| [
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1 1 1

cst4 Bit 0 0 0 0 0 0 1

cstl Bit 1 0 0 0 0 0 1

cst2 Bit 2 0 0 0 0 0 1

cst3 Bit 3 0 0 0 0 0 1

bst4 Bit 4 1 1 1 1 1 1

bstl Bit5 1 0 0 0 0 1

bst2 Bit 6 1 0 0 0 0 1

bst3 Bit 7 1 0 0 0 0 1 o
goIo Bit 8 =
gol1 Bit 9 o)
goho Bit 10 =
gohl Bit 11 o}
gltd Bit 12 N
git3 Bit 13 &
g2t4 Bit 14 =
g2t3 Bit 15 =
g3td Bit 16

g3t3 Bit 17

dit3 Bit 18 1 1 1 1 1 1

g4t3 Bit 19 0 0 0 0 0 0

g5t4 Bit 20

g5t3 Bit 21

- Bit 22

- Bit 23

oop Bit 24 0 0 0 0 0 0

exen Bit 25 0 0 0 0 0 0

amx0 Bit 26 0 0 0 0 1 1

amx1 Bit 27 0 0 0 0 0 0

na Bit 28 0 1 1 1 0 0

uta Bit 29 1 0 1 0 0 1

todt Bit 30 0 0 0 0 0 1

last Bit 31 0 0 0 0 0 1

RBS | RBS+1 | RBS+2 |RBS+3 |RBS+4 |RBS+5

Figure 15-50. Optimized DRAM Burst Read Access
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15.7.2 Page Mode Extended Data-Out DRAM Interface Example

The configuration for a 1M, 32-bit wide memory system using two 256K x 16-bit page mode
extended data-out (EDO) DRAMs is illustrated in Figure 15-51. Also shown is the physical
connection between UPMB and the EDO DRAMs. The CS2 signal that is controlled by the
base register is connected to both of the RAS signals. The BS_B[0:1] signals are mapped
to the lower DRAM (D[0:15]) and the BS_BJ[2:3] signals are mapped to the upper DRAM
(D[16:31]). For this connection, GPL_B1 is connected to the memory device OE pins. The
refresh rate is calculated based on a 25MHz baud rate generator clock and the DRAM that
requires a 512-cycle refresh every 8ms.

MPC823E
BS_B[0:3]
2 _ 2 _
t RAS RAS
BS B0 | cast BBSS—BB§ CASL
BS BI | o B8 | cas
RW WE WE
MT4C16270 MT4C16270
~ 256KX16  256KX16
GPL_BL OE OE
: AJ0:8 AJ0:8
Al2L:29) [0 D[0:15] [0 D[0:15]
D[0:15] D[16:31]
16 16
@ D[0:31]

Figure 15-51. EDO DRAM Interface Connection

Follow these steps to configure a system for EDO DRAM:
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1. Determine the system architecture, which includes the MPC823e and the memory
system as shown in the example in Figure 15-52.

2. Usethe blank worksheet (Figure 15-58) to draw the timing diagrams for all the memory
cycles associated with your architecture. You can also use, as a reference, the various
timing diagrams in Figure 15-52 through Figure 15-57.

3. Translate the timing diagrams into RAM words for each type of memory access. The
bottom half of the figures represent the RAM array contents that handle each of the
possible cycles and each column represents a different word in the RAM array. A
blank cell in each figure indicates a “don’t care” bit, which is typically programmed to
logic 1 to conserve power.
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4. Define the UPMB (or UPMA) parameters that control the memory system in the
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following sequence. For additional details, see Table 15-11.

Program the RAM array using the memory command register (MCR) and

memory data register (MDR). The RAM word must be written into the MDR

before you issue the WRITE command to the MCR. Repeat this step for all RAM
word entries.
Initialize the option and base registers of the specific bank according to the
address mapping of the DRAM device you have chosen.
Use the MS field of the option register to select the machine you have chosen
to control the cycles. Notice that the SAM bit in the option register determines

address multiplexing for the first clock cycle and subsequent cycles are

controlled by the UPM RAM words. Also notice that the AMX field in the UPM
RAM word controls the address multiplexing for the next clock cycle rather than
the current cycle.

Program the MBMR to select the number of columns and refresh timer
parameters.

Table 15-11. UPMB Register Settings

FIELD REGISTER VALUE COMMENTS
MS BR2 10 Selects UPMB
PS BR2 00 Selects 32-Bit Bus Width
WP BR2 0 Allows Read and Write Accesses
PTP MPTPR 00000010 Prescaler Divided by 32
PTB MBMR 00001100 15.6ps at a 25MHz Clock
PTBE MBMR 1 Enables Periodic Timer B
AMB MBMR 001 Selects Nine Column Address Pins
DSB MBMR 01 Selects Two Disable Timer Clock Cycles
GPLB4DIS MBMR 0 Disables the UPWAITB Signal
RLFB MBMR 0011 Selects Three Loop Iterations for Read
WLFB MBMR 0011 Selects Three Loop lterations for Write
SAM OR2 1 Selects Column Address on First Cycle
BI OR2 0 Supports Burst Accesses

MOTOROLA

MPC823e REFERENCE MANUAL

o
w
|
|
o
o
=
=
o
o
>
o
o
=
w
=

®

15-89



Memory Controller
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GCLK1 \ \ \ \ \ \ \ \ \ \
) T T \ \ \ \
A3l | ROW A | COLUMNL | \ \ \ \ \
J } } } } J \ \ \ \
RDIWR /i \ \ \ \ \ \ \ \ \
\ \ \ \ \ \ \ \ \ \
\ \ \ \ \ \ \ \
= f f f f \ \ \ \ \
\ \ \ \ U \ \ \ \
\ \ \ [ \ \ \ \
cs2 \ \ \ \ \ \ \ \ \ \
RAS \ | | | | \ \ \ \ \
BS B[0:3] ! | | ‘ ‘ \ \ \ | \
(CAS[0:3]) \ \ \ \ \ \ \ \ \ \
\ \ \ \ \ \ \ \
GPL_B1 \ \ \ \ \ \ \ \ \ \
(OF) ‘ ‘ ‘ ‘ ‘ | | | | |
csta Bit O 0 0 0 0 0
cstl Bit 1 0 0 0 0 0
cst2 Bit 2 0 0 0 0 1
cst3 Bit 3 0 0 0 0 1
bst4 Bit 4 1 1 0 0 0
bstl Bit 5 1 0 0 0 0
bst2 Bit 6 1 0 0 0 1
bst3 Bit 7 1 0 0 0 1
goIo Bit 8
- gol1 Bit 9
5 goh0 Bit 10
5 gohl Bit 11
3 olta Bit1z |0 0 0 0 0
) glt3 Bit13 |0 0 0 0 1
2 92ta Bt 14
3 g2t3 Bit 15
= g3t4 Bit 16
m g3t3 Bit 17
RE Bit 18
g4t3 Bit 19
g5t4 Bt 20
g5t3 Bit 21
- Bit 22
- Bit 23
Toop Bit24 |0 0 0 0 0
exen Bit25 |0 0 0 0 0
amx0 Bit 26 0 0 0 0 1
amxl Bit 27 0 0 0 0 0
na Bit28 |0 0 0 0 0
uta Bit29 |1 1 1 0 1
todt Bit30 |0 0 0 0 1
last Bit31 |0 0 0 0 1
RSS | RSS+1 | RSS+2 | RSS+3 | RSS+4

Figure 15-52. EDO DRAM Single Beat Read Access
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GCLK1 \ \ \ \ \ \ \ \

, I
Al6:31] >< ROW X COLUMN 1
\
RD/WR \|
I
\
\
#
\

\ \ \ \ \
| \ \ \ \ \
\ \ \ \ \ \
\ \ \ \ \ \
f \ \ \ \ \
D[0:31] >< \ \ \ \ \ \
\ \ \ \ \ \
= f \ \ \ \ \
\ \ \ \ \ \
\ \ \ \ \ \
cs2 \ \ \ \ \ \ \
RAS \ \ \ \ \ \
B5B[03] \ \ \ \ \ \ \
(CAS[0:3)) \ \ \ \ \ \ \ \ \ \
. . . . | \ \ \ \ \
GPL Bl \ \ \ \ \ \ \ \ \ \
ﬁ) | | | | | | | | | |
cst4 Bit 0 0 0 0 1
cstl Bit 1 0 0 0 1
cst2 Bit 2 0 0 1 1
cst3 Bit 3 0 0 1 1
bst4 Bit 4 1 1 0 0
bstl Bit 5 1 0 0 0
bst2 Bit 6 1 0 0 0 o
bst3 Bit 7 1 0 0 1 u
goIo Bit 8 a
gol1 Bit 9 &
goho Bit 10 P2
goh1 Bit 11 g
gltd Bit 12 1 1 1 1 o
glt3 Bit 13 1 1 1 1 g
g2t4 Bit 14 %
g2t3 Bit 15
g3ta Bit 16
g3t3 Bit 17
gat4 Bit 18
g4t3 Bit 19
g5t4 Bit 20
g5t3 Bit 21
- Bit 22
- Bit 23
loop Bit 24 0 0 0 0
exen Bit 25 0 0 0 0
amx0 Bit 26 0 0 0 1
amx1 Bit 27 0 0 0 0
na Bit 28 0 0 0 0
uta Bit 29 1 1 0 1
todt Bit 30 0 0 0 1
last Bit 31 0 0 0 1
WSS | WSS+1 | WSS+2 | WSS+3

Figure 15-53. EDO DRAM Single Beat Write Access
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< LU UL L LT
Al6:31] >< ROW >< COLUIYIN 1 >< C‘OLUMN 2‘ X COLUMN 3 X ?OLUMM ><\

|
RD/WR /‘
\

|
\
\

|
\ \ \ \
\ \ \ \
D[0:31] \ \ \ \ >< >< >< \ \ \
\ \ \ \ | |
= f f f f \ /—\ /7
\ \ \ \ \ \ \ \ \
\ \ \ \ \ [ \ \
cs2 \ \ \ \ \ \ \ \ \ \ /1
| | | | | | | | | | \

BS_B[0:3] ! ! !
(CAS[0:3)) \ \ \ |
— \ \ \
GPL_B1 \ \ \ \
(ﬁ) | 1 il 1

cst4  [BitO [0 0 0 0 0 0 0 0 0 0 0

estl  |Bit1 |0 0 0 0 0 0 0 0 0 0 0

cst2  |Bit2 |0 0 0 0 0 0 0 0 0 0 1

cst3  |Bit3 |0 0 0 0 0 0 0 0 0 0 1

bstd |Bitd |1 1 0 1 1 0 1 0 1 0 1

bstl |Bit5 |1 0 0 1 1 0 1 0 1 0 1

bst2 |Bit6 |1 0 0 1 0 1 0 1 0 1 1

@ bst3 |Bit7 |1 0 0 1 0 1 0 1 0 1 1
g0l0  |Bit8
- goll  |Bit9
i goh0  |Bit 10
5 gohl |Bit 11

3 glt4 |Bit1Zz |0 0 0 0 0 0 0 0 0 0 0

) glt3 |Bit13 |0 0 0 0 0 0 0 0 0 0 1
2 g2t |Bit14
= g2t3  |Bit15
= 934 |Bit16
m g3t3  |Bit17
g4t |Bit18
g4t3  |Bit 19
o5t4  |Bit 20
g5t3  |Bit 21
- Bit 22
- Bit 23

loop |Bit24 |0 0 0 0 0 0 0 0 0 0 0

exen |Bit25 |0 0 0 1 0 1 0 1 0 0 0

amx0 |Bit26 |0 0 0 0 0 0 0 0 0 0 1

amx1l |Bit27 |0 0 0 0 0 0 0 0 0 0 0

na Bit28 |0 0 1 0 0 1 0 1 0 0 0

uta  |Bit29 |1 1 1 0 1 0 1 0 1 0 1

todt |Bit30 |0 0 0 0 0 0 0 0 0 0 1

last |Bit31 |0 0 0 0 0 0 0 0 0 0 1

RBS |RBS+l |RBS+2 |RBS+3 |[RBS+4 |RBS+5 |[RBS+6 [RBS+7 RBS+8 RBS+9 RBS+10

Figure 15-54. EDO DRAM Burst Read Access
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\ \ \ \ \ | \
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\ \ \ \ \ \ /I \ \ \ \ \

\ \ \ \ w | ( | \

cs2 \ \ \ \ \ \ \ \ \ L/ \
RAS \ | | | | | | x | x \ \
BS_B[O:B] ‘ ‘ ‘ ‘ ‘ ‘
(CAS[0:3) \ \ \ \ \ \ \ | | | \ \

, , i i i 1 1 1 i i | \
GPL_BI \ \ \ \ \ \ \ \ \ \
(ﬁ) | | | | | | | | | | | |
cstd Bit0 0 0 0 0 0 0 0 0 0 0
cstl Bit1 0 0 0 0 0 0 0 0 0 0
cst2 Bit 2 0 0 0 0 0 0 0 0 0 1
cst3 Bit 3 0 0 0 0 0 0 0 0 0 1
bst4 Bit4 1 1 0 0 0 0 0 1 0 1
bstl Bit5 1 0 0 0 0 1 0 1 0 1
bst2 Bit 6 1 0 0 1 0 1 0 1 0 1 o
bst3 Bit 7 1 0 0 1 0 1 0 1 0 1 w
golo Bit 8 B
gol1 Bit 9 2
goho  |Bit 10 Z
gohl |Bit11 o
glt4 Bit12 |1 1 1 1 1 1 1 1 1 1 x
g1t3 Bit13 |1 1 1 1 1 1 1 1 1 1 g
g2t4 Bt 14 m
g2t3  |Bit15
934 |Bit 16
g3t3 Bit 17 @
gat4 Bit 18
g4t3 Bit 19
g5t4  |Bit20
g5t3 Bit 21
- Bit 22
- Bit 23
loop Bit24 [0 0 0 0 0 0 0 0 0 0
exen Bit25 |0 0 0 1 0 1 0 1 0 0
amx0 Bit26 |0 0 0 0 0 0 0 0 0 1
amxl Bit27 |0 0 0 0 0 0 0 0 0 0
na Bit28 |0 0 0 1 0 1 0 1 0 0
uta Bit29 |1 0 1 1 0 1 0 1 0 1
todt Bit30 |0 0 0 0 0 0 0 0 0 1
last Bit31 |0 0 0 0 0 0 0 0 0 1

WBS |WBS+1 [WBS+2 [WBS+3 |WBS+4 |WBS+5 \WBS+6 WBS+7 \WBS+8 WBS+9
Figure 15-55. EDO DRAM Burst Write Access
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CLKOUT/GCLK2

GCLK1 \ \ \ \ \ \ \ \ \ \

Al6:31]
RD/WR

D[0:31]

cs2 L\
(RAS) \
BS_B[0:3]

(CAS[0:3) I\ /

GPL_B1 \ \ \ \ \ \

(ﬁ) | | | | | |
cst4 Bit O 1 0 0 0 1
cstl Bit 1 1 0 0 0 1
cst2 Bit 2 0 0 0 0 1
cst3 Bit 3 0 0 0 0 1
bst4 Bit 4 0 0 1 1 1
bstl Bit 5 0 1 1 1 1
bst2 Bit 6 0 1 1 1 1
@ bst3 Bit 7 0 1 1 1 1
goIo Bit 8
= gol1 Bit 9
T goho Bit 10
3 gohl Bit 11
A gltd Bit12 |1 1 1 1 1
8 g1t3 Bit13 |1 1 1 1 1
= g2ta Bit 14
= g2t3 Bit 15
= 93t Bit 16
m g3t3 Bit 17
gdtd Bit 18
gat3 Bit 19
g5t4 Bit 20
g5t3 Bit 21
- Bit 22
- Bit 23
loop Bit24 [0 0 0 0 0
exen Bit25 |0 0 0 0 0
amx0 Bit26 |0 0 0 0 1
amx1 Bit27 |0 0 0 0 0
na Bit28 |0 0 0 0 0
uta Bit29 |1 1 1 1 1
todt Bit30 |0 0 0 0 1
last Bit31 |0 0 0 0 1
PTS | PTS+1 | PTS+2 | PTS+3 | PTS+4

Figure 15-56. EDO DRAM Refresh Cycle (CAS Before RAS)

15-94 MPC823e REFERENCE MANUAL MOTOROLA



Memory Controller

CLKOUT/GCLK2
GCLK1 \ \ \ \ \ \ \ \ \ \
AB31] \ \ \ \ \ \ \ \ \ \
\ \ \ \ \ \ \ \ \ \
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[ \ \ \ \ \ \ \ \
GPL_B1 \ \ \ \ \ \ \ \ \ \
ﬁ) | | | | | | | | | |
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cstl Bit 1 1
cst2 Bit 2 1
cst3 Bit 3 1
bst4 Bit4 |1
bstl Bit5 |1
bst2 Bit6 |1
bst3 Bit7 |1
golo Bit 8
gol1 Bit 9
g0ho Bit 10
gOhl Bit 11
gltd Bit12 |1
glt3 Bit13 |1
g2ta Bit 14
g2t3 Bit 15
g3t4 Bit 16
g3t3 Bit 17
gat4 Bit 18
gat3 Bit 19
o5t Bit 20
g5t3 Bit 21
- Bit 22
- Bit 23
loop Bit24 |0
exen Bit25 |0
amx0 Bit26 |0
amxl Bit27 |0
na Bit28 |0
uta Bit29 |1
todt Bit30 |1
last Bit31 |1
EXS
Figure 15-57. EDO DRAM Exception Cycle
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cstl Bit 1
cst2 Bit 2
cst3 Bit 3
bst4 Bit 4
bstl Bit 5
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o goho Bit 10
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2 oltd Bit 12
3 glt3 Bit 13
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z g2t3 Bit 15
= 93t Bit 16
m g3t3 Bit 17
odtd Bit 18
g4t3 Bit 19
g5t Bit 20
g5t3 Bit 21
- Bit 22
- Bit 23
loop Bit 24
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amx0 Bit 26
amx1 Bit 27
na Bit 28
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XXS XXS+1 [ XxS+2 [XXS+3  xxS+4  xx+5  XXS+6 XXS+7  xxS+8

Figure 15-58. Blank Worksheet for a UPM
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SECTION 16
COMMUNICATION PROCESSOR MODULE

The MPC823e communication processor module (CPM) provides a flexible and integrated
approach to communication-intensive environments. To reduce system frequency and save
power, the communication processor module has its own independent RISC microcontroller
that is optimized and tuned to handle serial communications. The communication processor
module offloads the core in the following ways:

» By reducing the interrupt rate. The core is interrupted only upon frame reception or
transmission, instead of on a per-character basis.

« By implementing some of the Layer-2 multiply-and-accumulate processing, which
provides more CPU bandwidth for higher layer processing.

« By supporting multibuffer memory data structures that are convenient for software
handling.

16.1 FEATURES

The following is a list of the communication processor module’s main features. For quick
reference purposes, the superscripted number following each item below is the page
number where the feature is described.

» 32-Bit RISC Microcontroller*

« Flexibility of Four General-Purpose 16-Bit Timers or Two 32-Bit Timers’

« A Serial Interface with a Time-Slot Assigner 112

» Four Independent Baud Rate Generators'®?

« Two Full-Duplex Serial Communication Controllers (SCC2 and SCC3)'63

A Universal Serial Bus Controller3*°

» Two Full-Duplex Serial Management Controllers (SMCs)382

« Serial Peripheral Interface (SPI) Support for Master or Slave*33

* I2C Bus Controller Support for Master or Slave*°®

» General-Purpose Parallel Interface Ports with Open-Drain Capability*’’

» Communication Processor Module Interrupt Controller with Flexible Priorities*®®
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Communication Processor Module

The following blocks and protocols contain primary programming functionalities that use
parameter RAM tables as their communication interface.

* RISC microcontroller

O Dual port RAM

O RISC timer table
0 DSP functions

O Independent DMA

» Serial communication controllers

0 UART protocol

HDLC protocol
Appletalk/LocalTalk protocol
Asynchronous HDLC protocol
Infra-red protocols (SCC2 only)
Transparent protocol

Ethernet protocol

Oooooodg

» Universal serial bus controller
» Serial management controllers

O UART protocol
O Transparent protocol
O GCI protocol

 Serial peripheral interface
I2C bus controller

» General-purpose parallel interface ports
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Communication Processor Module

The block diagram of the communication processor module is illustrated in Figure 16-1.

U-BUS
A A A
Y Y Y
INTERRUPT
CONTROLLER BUS INTERFACE SDMA
A A A A
Y Y  INTERNALBUS Y
A A A A A
Y Y Y Y
TIMERS <> MICROCRC;%'ROLLER
v | |SEQUENCER| | ROM |
PARALLEL I/O PORTS DUAL-PORT
+
BAUD RATE GENERATORS | ALU | CRC |MAC |
A
PERIPHERAL BUS Y
A ¢ Y Y Y Y Y
usB sce2 sce3 smct smc2 SPI 2c
¢ A A A A ¢ A
Y Y Y Y
SERIAL INTERFACE AND TIME-SLOT ASSIGNER

Figure 16-1. CPM Block Diagram
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Communication Processor Module

The MPCB823e offers an extremely flexible set of communication capabilities. The remainder
of this section discusses all the possible ways you can configure the communication
processor module. Figure 16-2 illustrates a sample configuration for a personal digital
assistant (PDA) application that supports various communication links and protocols.

MPC823e
USB UsB
uss [<€ g BV I 8 PORT
Scc2 |- >
INFRA-RED INFRA-RED
XCVR — LINK
SCC3 |- >
B - RADIO
SMC1 [ > INTERFACE
S
. o | Rs232 @'I UART
SMC2 [ 1 yoorR [ S PORT
SPIBUS SCREEN
S > W DIGITIZER
5 . 12C BUS - VOICE
c [ > SYNTHESIZER

Figure 16-2. Example of a PDA Application

16.2 THE RISC MICROCONTROLLER

The 32-bit RISC microcontroller for the communication processor module resides on a
separate bus from the core and, therefore, does not impact the core’s performance. The
microcontroller operates in conjunction with the serial channels and parallel port to
implement the user-programmable protocols and manage the serial DMA (SDMA) channels
that transfer data between the 1/0 channels and memory. The RISC microcontroller
architecture and instruction set are optimized for data communication and data processing
functions that are required by many wire-line and wireless communication standards. The
microcontroller also contains a multiply and accumulate (MAC) unit composed of a 16x16-bit
multiplier with two 40-bit accumulators that enable you to implement many DSP
applications.

Basically, the microcontroller handles low-level arithmetic tasks and DMA control activities,
which leaves the core free to handle the high-level activities. You could say it is the controller
of the communication processor module. It manages IDMA channel operation and contains
an internal timer that you can use to implement a maximum of 16 additional software timers.
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Communication Processor Module

16.2.1 RISC Microcontroller Features

The following is a list of the RISC microcontroller’'s main features.

¢ One System Clock Cycle Per Instruction

¢ Fixed-Length Instruction Object Code

¢ Code is Executed from Internal ROM or Dual-Port RAM
e Automatically Switches to Low-Power Mode when Idle
e 32-Bit Data Path

* Optimized for Communication Processing

« Digital Signal Processing Capability Using MAC Arithmetic and Special
Addressing Modes

« DMA Bursts Serial Data to External Memory

INSTRUCTION PROCESSING
STORAGE UNITS
RAM 7‘\*‘
._»
_ | DECODER Y MULTIPLY
ROM - AND
— ACCUMULATE
A REGISTER cycLic
FILE REDUNDANCY DMA PERIPHERAL
CHECK INTERFACE
DEVELOPMENT
SEQUENCER ARITHMETIC

Q SUPPORT LOGIC

UNIT
A ¢

SCHEDULER
Y
PERIPHERAL
BUS
DUAL-PORT RAM
SERVICE REQUESTS

Figure 16-3. RISC Microcontroller Block Diagram
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Communication Processor Module

16.2.2 Communication Between the Microcontroller and Core
The RISC microcontroller communicates with the core in the following ways:

» By exchanging parameters using the 8K dual-port RAM. With simultaneous accesses,
the microcontroller experiences a one-clock delay when accessing the dual-port RAM,
but the host is never delayed.

» By executing special commands that are issued by the host via the CPM command
register (CPCR). These commands must only be issued in special situations like
exceptions or error recovery.

» By generating interrupts using the CPM interrupt controller.
By allowing the core to configure the CPM via the RISC controller configuration register
By allowing the core to read the CPM status and event registers at any time.

The core communicates with the CPM by configuring the RCCR.

16.2.3 Communication Between the Microcontroller and Peripherals

The RISC microcontroller uses the peripheral bus to communicate with all of its peripherals.
The serial communication controllers (SCCs) and universal serial bus (USB) have separate
receive and transmit FIFOs. The SCC2 FIFOs are 32 bytes and the SCC3 and USB FIFOs
are 16 bytes each. However, the serial management controller, serial peripheral interface,
and I°C FIFO sizes are all double-buffered. The following prioritized list contains the
processing order of the microcontroller from highest to lowest priority.

Reset in CPM command register or at reset
SDMA bus error

Commands issued to the command register, including DSP-related commands
IDMA DREQ1 (default setting)

IDMA DREQ?2 (default setting)

USB Reception (RX)

USB Transmission (TX)

SCC2 RX

SCC2 TX

10.SCC3 RX

11.SCC3 TX

12.IDMA DREQ1 (option 2)

13.IDMA DREQ?2 (option 2)

© ©o N o bk wDNPR

6

23

82 14.SMC1 RX
C

§§ 15.SMC1 TX

el

=3 16.SMC2 RX

S=

= 17.SMC2 TX
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Communication Processor Module

18.SPI RX

19.SPI TX

20.1°C RX

21.1°C TX

22.RISC timer tables
23.IDMA DREQ1 (option 3)
24.1DMA DREQ2 (option 3)

16.2.4 Executing Microcode From RAM or ROM

The microcontroller can execute microcode from a portion of 8K dual-port RAM. Depending
on the size of your microcode, you can program the ERAM field in the RCCR to protect the
first 512 bytes, 1,024 bytes, or 2,048 bytes of on-chip RAM to allow the microcontroller

exclusive access. You can execute microcode from the dual-port RAM or on-chip ROM. This
flexibility not only allows Motorola to add more protocols or enhancements to the MPC823e,
but it also allows you to obtain binary microcode. Refer to Table 16-1 for more information.

16.2.5 RISC Configuration and Control Registers

The 32-bit RISC controller configuration register (RCCR) and RISC microcode development
support control (RMDS) register are used to configure and control the RISC microcontroller.
The RCCR configures the microcontroller to run microcode from ROM or RAM and controls
the RISC internal timer. The RMDS determines the regions of the dual-port RAM that can
contain executable microcode. It is recommended that you write to these two registers as if
they were a single 32-bit register.

The ERAMA4K bit is cleared in the RMDS if the RCCR’s location is accessed as either part
of a half-word or byte access. RMDS is used in conjunction with the ERAM field of the RCCR
to determine the valid address space for executable microcode. If the ERAM4K bit is to be
set, the RMDS register must be accessed as part of a word starting at IMMR+0x9C4 to
IMMR+0x9C?7.

RCCR-RMDS
BT | 0 | 1 2‘3‘4‘5‘6‘7 8 | 9o || unlwls 14\15
FIELD TIME | RES TIMEP DR2M | DR1M DRQP EIE | SCD ERAM
RESET 0 0 0 0 0 0 0 0 0
RIW R/W | RIW RIW RIW RIW RIW RW | RIW RIW
ADDR (IMMR & 0xFFFF0000) + 0x9c4

BT |16 | 17 |18 |19 |20 |21 22|23 | 2 |25 |2 | 27|28 |2 |33

FIELD RESERVED ERAM4K RESERVED
RESET 0 0 0

RIW RIW RIW RIW
ADDR (IMMR & OxFFFF0000) + 0x9c6

MOTOROLA MPC823e REFERENCE MANUAL 16-7
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Communication Processor Module

TIME—Timer Enable

This bit controls whether the microcontroller’s internal timer can send a tick to the
microcontroller based on the value programmed into the TIMEP field.

0 = Stop RISC timer table scanning.
1 = Start RISC timer table scanning.

Bits 1, 16—-23 and 25-31—Reserved
These bits are reserved and must be set to 0.

TIMEP—Timer Period

This field controls the microcontroller’s timer tick. The RISC timer tables are scanned on
each timer tick and the input to the timer tick generator is the general system clock divided
by 1,024. The formulais (TIMEP + 1) x 1,024 = (general system clock period). Thus, a value
of 0 stored in these bits gives a timer tick of 1 x (1,024) = 1,024 general system clocks and
a value of 63 (decimal) gives a timer tick of 64 x (1,024) = 65,536 general system clocks.

DR2M—IDMA Request 2 Mode
This bit controls the IDMA request 1 (DREQ2) sensitivity mode.

0 = DREQ?2 is edge-sensitive.
1 = DREQ?2 is level-sensitive.

DR1M—IDMA Request 1 Mode
This bit controls the IDMA request 0 (DREQ1) sensitivity mode.

0 = DREQ1 is edge-sensitive.
1 = DREQLI is level-sensitive.

DRQP—IDMA Emulation Request Priority

This field controls the priority of the external request signals that relate to the serial
channels. Refer to Section 16.2.3 Communication Between the Microcontroller and
Peripherals for more information.

00 = IDMA requests have priority over the serial communication controllers and USB
(default).

01 = IDMA requests have priority immediatley following the serial communication
controllers (option 2).

10 = IDMA requests have the lowest priority (option 3).

11 = Reserved.

EIE—External Interrupt Enable

Configure this bit as instructed in the download process of a Motorola-supplied RAM
microcode package. This bit is also used by IDMA channel 1 to enable single-buffer mode,
as described in Section 16.6.3.11.4 Single-Buffer Burst Fly-By Mode

0 = DREQZ1 pin cannot interrupt the microcontroller.
1 = DREQ1 pin can interrupt the microcontroller.
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SCD—Scheduler Configuration

Configure this bit as instructed in the download process of a Motorola-supplied RAM
microcode package.

0 = Normal operation.
1 = Alternate configuration of the scheduler.

ERAM—Enable RAM Microcode

Configure this field as instructed in the download process of a Motorola-supplied RAM
microcode package. This field is used in conjunction with the ERAM 4K bit to configure the
RAM microcode space.

Table 16-1. RAM Microcode Configurations

ERAM (RCCR) BITOIN MICROCODE ADDRESSES
RMDS
01 0 2000-21ff and 2f00-2fff
10 0 2000-23ff and 2f00-2fff
11 0 2000-27ff and 2e00-2fff
01 1 2000-21ff, 2f00-2fff, 3000-37ff,
and 3a00-3bff
10 1 2000-23ff, 2f00-2fff, 3000-37ff,
and 3a00-3bff
11 1 2000-27ff, 2e00-2fff,
3000-37ff, and 3a00-3bff

ERAM4K—Enable RAM Microcode (4K)

0 = Microcode is only executed from the first 2,048 bytes of the dual-port RAM.
1= Microcode is executed from the 2,048 bytes of the second half of the dual-port
RAM with a 512-byte extension.

16.2.6 RISC Microcontroller Commands

To initialize the serial channel or DMA, you can issue a command to the CPM command
register. The command you issue will ask the communication processor module to perform
further device-specific functions based on the information in the device’'s parameter RAM.

16.2.6.1 CPM COMMAND REGISTER. The core sets the FLG bit in the 16-bit,
memory-mapped, read/write CPM command register (CPCR) when it issues a command
and the communication processor module clears the FLG bit when the command is
completed. The core is now ready for the next command. Subsequent commands to the
CPCR can only be given when the FLG bit is clear. When issuing the software reset
command, the core must also set the FLG bit.
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Communication Processor Module

CPCR
BT | o 1‘2\3 4‘5‘6‘7 8‘9‘10‘11 12‘13\14 15
FELD | RST| RESERVED OPCODE CH_NUM RESERVED | FLG
RESET | o 0 0 0 0 0
RW | RW RIW RIW RIW RIW RIW
ADDR (IMMR & OXFFFF0000) + 0x9C0

RST—Software Reset Command

This bit is set by the core and cleared by the communication processor module and when
this command is executed, the RST and FLG bits are cleared within two general system
clocks. The RISC reset routine is approximately 60 clocks long, but you can start initializing
the communication processor module immediately after this command is issued. RST is
useful when the core wants to reset the registers and parameters for all the channels as well
as the RISC microprocessor and timer tables. However, this bit does not affect the serial
interface or parallel I/O registers.

0 = No reset is issued.
1 = Resetis issued.

Bits 1-3—Reserved
These bits are reserved and must be set to 0.

OPCODE—Operation Code

This field is used in conjunction with the CH_NUM field to define a command sent to the
CPM. It issues a variety of commands, which are described in Table 16-2. For the same
operation code, the results may be different, depending on the channel number you select.
For example, if your operation code is 0101 (GRACEFUL STOP TX) and your channel
number is set to 0100 (SCC2), then the operation will gracefully stop the transmit on SCC2.
If your channel number is set to 0001 (IDMAL1), then the operation will gracefully stop the
transmit on IDMAL.

CH_NUM—Channel Number

This field is set by the core to define the peripheral /0O channel that the command is applied
to. Some peripherals share channel number encodings if their commands are mutually
exclusive. See Table 16-2 for more information.

@

Bits 12—-14—Reserved
These bits are reserved and must be set to 0.
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Communication Processor Module

FLG—Command Semaphore Flag
The bit is set by the core and cleared by the communication processor module.

0 = The communication processor module is ready to receive a new command.

1= The CPCR contains a command that the communication processor module is
currently processing. The communication processor module clears this bit when
the command finishes executing or after reset.

16.2.6.2 COMMAND DEFINITIONS. The RISC microcontroller requires an opcode and a
channel number to determine the command to issue. These opcodes and their definitions
are described below. The opcodes and channel numbers that appear in Table 16-2 are
actually the commands to be issued in the CPCR.

Table 16-2. RISC Microcontroller Commands

CHANNEL NUMBER

opcope | | SC€c2 UsB SMC1 sMC1 SPI 12c IDMAL | IDMA2 | DSP1 | DsP2 | TIMER
(0100) OR (0000) (1001) OR | (1001) OR (0101) (0001) (0001) | (0101) RX ™ (0101)
sccs SMC2 SMC2 (1001) | (a101)
(1000) (1101) (1101)
(UART/ (GCly
TRANS)
0000 INIT INIT INIT INIT INIT — — — — —
RX AND TX RX AND TX | RX AND TX | RX AND TX | RX AND TX
PARAMS PARAMS | PARAMS | PARAMS | PARAMS
0001 INIT RX INIT RX — INIT RX INIT RX — — — — —
PARAMS PARAMS PARAMS | PARAMS
0010 INIT TX INIT TX — INIT TX INIT TX — — — — —
PARAMS PARAMS PARAMS | PARAMS
0011 ENTER ENTER — — — — — — — —
HUNT HUNT
MODE MODE

0100 STOP TX STOP TX STOP TX — — — — — — — —
ENDPOINT

0101 GRACEFUL - - - - INIT INIT - - -
STOP TX IDMA IDMA

0110 RESTART | RESTART | RESTART — — — — - — — —
X TX X

ENDPOINT
0111 CLOSE CLOSE — CLOSE CLOSE — — — — —
RX BD RX BD RX BD RX BD
1000 SET — — — — — — — — — SET
GROUP TIMER
ADDRESS
1001 — — — GCl — — — — — — —
TIMEOUT
1010 — GCI ABORT — — — — — — —
REQUEST
1011 — — — — — — sToP | sToP — — —
IDMA | TDMA w
=
1100 — — — — — — — - START | START — e
DSP DSP o) %
=
1101 — — — — — — ARM ARM INIT INIT — e
IDMA | IDMA DSP DSP =q
=it
1110 — — — — — — — — — — — =13}
g o
1111 — UsB — — — — - - - — — &
Command
NOTE: — = Reserved. @
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The RISC microcontroller commands consist of the following:

* INIT TX AND RX PARAMS —The initialize transmit and receive parameter command
initializes the transmit and receive parameters in the parameter RAM to the values that
they had when the communication processor module was last reset. This command is
especially useful when switching protocols on a serial channel.

* INIT RX PARAMETERS —The initialize receive parameters command initializes the
receive parameters of the serial channel.

* INIT TX PARAMETERS—The initialize transmit parameters command initializes the
transmit parameters of the serial channel.

« ENTER HUNT MODE—The enter hunt mode command causes the receiver to stop
receiving and start looking for a new frame. The exact operation of this command
depends on the protocol that is used.

» STOP TX—The stop transmission command stops transmitting from this channel as
soon as the transmit FIFO has been emptied. It must only be used when transmissions
need to be stopped immediately. Transmission continues when the RESTART TX
command is issued.

 GRACEFUL STOP TX—The graceful stop transmission command stops transmitting
from this channel as soon as the current frame has been fully transmitted from the
transmit FIFO. Transmission continues when the RESTART TX command is issued
and the R bit is set in the next transmit buffer descriptor.

* RESTART TX—Once the STOP TX command has been issued, the restart
transmission command is used to start transmitting again at the current buffer
descriptor.

» CLOSE RX BD—The close receive buffer descriptor command causes the receiver to
close the current receive buffer descriptor, which makes the receive buffer available for
you to manipulate. The next available buffer descriptor is used to continue reception.
You can use this command to access the data buffer and you won'’t have to wait until a
serial communication controller fills it.

* INIT IDMA—The initialize IDMA command initializes the IDMA internal state to the
value it had at system reset. It is only required when the IDMA autobuffer or buffer
chaining modes are used.

 ARM IDMA—The arm IDMA command causes the IDMA to open the next buffer
descriptor in the table. It can be used to reduce the latency of servicing the first IDMA
request. Single buffer burst fly-by mode is only available for IDMA1.

» SET TIMER—The set timer command is used to activate, deactivate, or reconfigure the
16 timers of the RISC timer table.

SET GROUP ADDRESS—The set group address command sets a hash table bit for
the Ethernet logical group address recognition function.

* GCI ABORT REQUEST—The GCI abort request command causes the MPC823e
receiver to send an abort request on the A bit of the GCI bus.

@
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Communication Processor Module

¢ GCI TIMEOUT—The GCI timeout command causes the MPC823e transmitter to send
an abort request on the E bit of the GCI bus.

« USB—The USB commands have the same opcode. See Section 16.10 Universal
Serial Bus Controller for a more detailed description.

16.2.6.2.1 CPM Command Register Example. To perform a complete reset of the
communication processor module, you must write 0x8001 to the CPCR, which also sets the
RST and FLG bits. After you issue this command, the CPCR returns a value of 0x0000 after
two clocks. To execute an ENTER HUNT MODE command to the SCC2, write 0x0341 to
the CPCR. While this command is executing, the CPCR returns a 0x0341 value and once it
is finished it returns a 0x0340 value, which clears the FLG bit.

% Note: The worst-case command execution latency is 120 clocks and the typical
command execution latency is approximately 40 clocks.

16.2.6.3 DUAL-PORT RAM. The communication processor module has 8,192 bytes of
static RAM that is configured as dual-port memory. A block diagram of the dual-port RAM is
illustrated in Figure 16-4.

DUAL-PORT RAM

\ \

‘ LO24BYTES | |

N \

| LOMBYTES | |

T Fm =1 | RISC INSTRUCTION
UBUS ADDRESS _ ‘ soevies | |
——————— U-BUS DATA
RISC INSTRUCTION ADDRESS \ || DATA
»| ADDRESS ‘ 1024BYTES [~ | SELECTORS >
SELECTORS

RISC DATA ADDRESS | | RISCDATA
> | LOABYTES | | >

= = = \

| S12BYTES | |

\ \

| _PARAMETERRAM |

U BUS ADDRESS} | 2,048 BYTES \

ADDRESS | | b — — — — | | Dara
SELECTORS | | 7> SELECTORS

RISC DATA ADDRESS || L024BYTES | |

\ \

L - — .|

NOTE: The shaded area is implemented on the silicon.

Figure 16-4. Dual-Port RAM Block Diagram
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Communication Processor Module

The dual-port RAM can either be accessed by the RISC microcontroller or one of two bus
masters—the core or the serial DMA channel. When the dual-port RAM is accessed by one
of these, it is accessed in two clocks. However, when it is accessed by the microcontroller,
it is accessed in one clock. When simultaneous accesses occur with at least one write
operation, the microcontroller is delayed by one clock.

- = 0K DPRAM_BASE = (IMMR & 0xFFFF0000) + 0x2000
° 4 { BD / DATA /uCODE
i
v % — DPRAM_BASE = (IMMR & 0XFFFF0000) + 0x2200
<
3 & BD / DATA/ CODE
s — 1K DPRAM_BASE = (IMMR & 0XFFFF0000) + 0x2400
o
BD / DATA / yCODE
— 2K DPRAM_BASE = (IMMR & 0xFFFF0000) + 0x2800
L BD / DATA
DPRAM_BASE = (IMMR & 0XFFFF0000) + 0x2E00
BD / DATA / iCODE
4K DPRAM_BASE = (IMMR & 0XFFFF0000) + 0x3000
BD / DATA / iCODE
5K DPRAM_BASE = (IMMR & 0XFFFF0000) + 0x3400
BD / DATA / {CODE
6K DPRAM_BASE = (IMMR & 0xFFFF0000) + 0x3800
BD / DATA
DPRAM_BASE = (IMMR & OXFFFF0000) + 0X3A00
BD / DATA / fCODE
7K — DPRAM_BASE = (IMMR & OxFFFF0000) + 0x3C00
@ PARAMETER RAM
8K

Figure 16-5. Dual-Port RAM Memory Map
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When the dual-port RAM is accessed by the core or SDMA channel, the data and address
are passed to and from the U-bus. The microcontroller has access to the entire dual-port
RAM for data fetches and portions of the system RAM for microcode instruction fetches.

The dual-port RAM is used to complete the following tasks. Any two tasks can occur
simultaneously.

» To store the parameters associated with the USB, SCCs, SMCs, SPI, I2C, and IDMAs
in the 1,024-byte parameter RAM.

« To store the buffer descriptors that describe where data is to be received and
transmitted.

« To store the data from the serial channels. This is optional because data can also be
stored in external memory.

* To store the RAM microcode for the RISC microcontroller. This feature allows Motorola
to add protocols in the future.

« To use as an additional scratchpad RAM space for your program.

Only the content of the parameter and microcode RAM options require the use of fixed
addresses. The buffer descriptors, buffer data, and scratchpad RAM can be located in the
internal system RAM or in any unused parameter RAM. For instance, the area that is
available when a serial channel or sub-block is not being used. When a microcode from
RAM is executed, certain portions of the system RAM are no longer available. There are
three possible configurations for microcode area sizes— first 512-byte block with a 256-byte
extension (RCCR ERAM=01), first 1,024-byte block with 256-byte extension (RCCR
ERAM=10), or first 2,048-byte block with 512-byte extension (RCCR ERAM=11). The
remainder of the first 4,096 bytes are available as system RAM. See Table 16-1 for details.

16.2.6.3.1 Buffer Descriptors. The universal serial bus, serial communication controllers,
serial management controllers, serial peripheral interface, and I°C always use buffer
descriptors to control data buffers. The table below shows that their buffer descriptor formats
are all the same. If the IDMA channel is used in buffer chaining or autobuffer mode, it also
uses buffer descriptors. A data length of zero will set the buffer length to 65536 bytes.

0 15
OFFSET + 0 STATUS AND CONTROL
OFFSET + 2 DATA LENGTH
OFFSET + 4 HIGH-ORDER DATA BUFFER POINTER
OFFSET + 6 LOW-ORDER DATA BUFFER POINTER

16.2.6.3.2 Parameter RAM. The communication processor module maintains a section of
dual-port RAM called the parameter RAM. It contains many parameters for a universal serial
bus, serial communication controller, serial management controller, serial peripheral
interface, 1°C controller, and IDMA channel operation. The parameter RAM structure is
summarized in Table 16-3.

MOTOROLA MPC823e REFERENCE MANUAL 16-15
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Communication Processor Module

A definition of the parameter RAM is contained in each protocol subsection that describes
the device using a parameter RAM. For example, in some locations the Ethernet parameter
RAM memory map is defined in the same way that the HDLC-specific parameter RAM is

defined.
Table 16-3. Parameter RAM Memory Map
PAGE ADDRESSES PERIPHERAL
IMMR + 0x3C00 1 DPRAM_Base+ 0x1c00 usB

DPRAM_Base+ 0x1c7f

DPRAM_Base+ 0x1¢c80 12c

DPRAM_Base+ Ox1caf

DPRAM_Base+ 0x1cb0 MISC

DPRAM_Base+ 0x1cbf

DPRAM_Base+ 0x1ccO IDMA1

DPRAM_Base+ Ox1cff

IMMR + 0x3D00 2 DPRAM_Base+ 0x1d00 SCC2

DPRAM_Base+ 0x1d7f*

DPRAM_Base+ 0x1d80 SPI

DPRAM_Base+ Ox1daf

DPRAM_Base+ 0x1db0 Timers

DPRAM_Base+ 0x1dbf

DPRAM_Base+ 0x1dc0 IDMA2

DPRAM_Base+ 0x1dff

IMMR + Ox3EO0 3 DPRAM_Base+ 0x1e00 SCC3

DPRAM_Base+ Oxle7f’

DPRAM_Base+ 0x1e80 SMC1

DPRAM_Base+ 0x1ebf

DPRAM_Base+ 0x1ecO DSP1

DPRAM_Base+ Ox1leff

IMMR + 0x3F00 4 DPRAM_Base+ 0x1f00 Reserved

DPRAM_Base+ 0x1f7f

DPRAM_Base+ 0x1f80 SMC2

@

DPRAM_Base+ 0x1fbf

DPRAM_Base+ 0x1fc0 DSP2

DPRAM_Base+ Ox1fff

NOTE: DPRAM_Base = (IMMR & OxFFFF0000) + 0x2000.
* Ox1da3 for Ethernet.
Tox1ea3 for SCC3 Ethernet.
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16.2.6.4 THE RISC TIMER TABLES. The RISC microcontroller can have a maximum of 16
timers that are separate and distinct from the four general-purpose timers and baud rate
generators of the communication processor module. These timers are ideal for protocols
that do not require extreme precision, but do need to free the host CPU from scanning the
software’s timer tables. These timers are clocked from an internal timer that only the
microcontroller can access. Each pair of timers can be configured as pulse width modulation
(PWM) channels. The output of the channel is driven on one of the port B pins and a
maximum of six PWM channels are supported. The following list summarizes the main
features of the RISC timer tables.

e Supports a maximum of 16 timers

¢ Supports a maximum of six PWM channels

e Three timer modes—one-shot, restart, and PWM

« Maskable interrupt on timer expiration

* Programmable timer resolution as low as 41ms at 25MHz
« Maximum timeout period of 172sec at 25MHz

¢ Continuously updated reference counter

RISC timer table operations are based on a “tick” in the RISC internal timer that is
programmed in the RISC controller configuration register (RCCR). The tick is a multiple of
1,024 general system clocks. The RISC timer tables have the lowest priority of all RISC
microcontroller operations, so if it is busy with other tasks and unable to service the timer
during a tick interval, one or more of the timers might not be updated. This behavior can be
used to estimate the worst-case loading of the microcontroller. The timer tables are
configured in the RCCR, the timer table parameter RAM, the SET TIMER command that is
issued to the CPCR, the timer event register, and the timer mask register.
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16.2.6.4.1 RISC Timer Table Parameter RAM Memory Map. Two areas of internal RAM
are used for the RISC timer tables—RISC timer table parameter RAM and the RISC timer
table entries—which are illustrated in Figure 16-6. The RISC timer table parameter RAM
area begins at the RISC timer base address and is used for the general timer parameters.
See Table 16-4 for details.

% Note: All references to registers in the parameter RAM table are actually implemented
in the dual-port RAM area as a memory-based register.

DUAL-PORT RAM

A

16 RISC
TIMER TABLE
ENTRIES
(UP TO 64 BYTES)

INDEX POINTER

TIMER PARAMETER RAM
IMMR + 3DB0 '
TIMERBASE ——3»{ TM_BASE —

TIMER TABLE
PARAMETER RAM
(14 BYTES)

Figure 16-6. RISC Timer Table RAM Usage
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Table 16-4. RISC Timer Table Parameter RAM Memory Map

ADDRESS NAME WIDTH DESCRIPTION
Timer Base + 00 TM_BASE Half-word RISC Timer Table Base Address Index Pointer
Timer Base + 02 TM_PTR Half-word RISC Timer Table Pointer
Timer Base + 04 R_TMR Half-word RISC Timer Mode Register
Timer Base + 06 R_TMV Half-word RISC Timer Valid Register
Timer Base + 08 TM_CMD Word RISC Timer Command Register
Timer Base + 0C TM_CNT Word RISC Timer Internal Counter

NOTE: You are only responsible for initializing the items in bold.
Timer Base = (IMMR & OxFFFF0000) + Ox3DBO.

¢ TM_BASE—This index pointer contains a 16-bit offset from the beginning of the
dual-port RAM to the location of your timer table entry. For the timer table entry area,
you must allocate four bytes for each timer used. If you use all 16 timers, you must
allocate 64 bytes in the timer table entry area. If you do not use all the timers, the timers
must always be allocated in ascending order to save space. For example, if you only
need two timers, then 8 bytes are required for the timer table entry area as long as you
only enable RISC timers 0 and 1.

% Note: The timer table entry area pointed to by the TM_BASE must always be aligned
to a word boundary that is evenly divisible by four.

« TM_PTR—This index pointer is used exclusively by the RISC microcontroller to point
to the next entry to be executed in the timer table. You must not modify this pointer.
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 R_TMR—Only the RISC microcontroller uses this register to store the mode of the
timer—one-shot (0) or restart (1). You must not modify this register. Instead, you must
use the SET TIMER command in the CPCR to control the timer mode.

R_TMR

BIT 0 1 2 3 4 S 6 7 8 9 10 | 11 | 12 | 13 | 14 | 15

FIELD TMR15 | TMR14 | TMR13 | TMR12 | TMR11 | TMR10 | TMR9 | TMR8 | TMR7 | TMR6 | TMRS | TMR4 | TMR3 | TMR2 | TMR1 | TMRO

RESET 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RIW RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW
ADDR (IMMR & OXFFFF0000) + 0x3DB4

TMRO-15—Timer 0-15
0 = No effect.
1 = Clears a bit in this register.

* R_TMV—Only the RISC microcontroller uses this register to determine whether or not
a timer is currently enabled. If the corresponding timer is enabled, a bit is 1. You must
not modify this register. You must use the SET TIMER command to enable a timer.

R_TMV

BIT 0 1 2 3 4 5) 6 7 8 9 10 | 11 | 12 | 13 | 14 | 15

FIELD TMR15 | TMR14 | TMR13 | TMR12 | TMR11 | TMR10 | TMR9 | TMR8 | TMR7 | TMR6 | TMR5 | TMR4 | TMR3 | TMR2 | TMR1 | TMRO

RESET 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RIW RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW
ADDR (IMMR & OXFFFF0000) + 0X3DB6

TMRO-15—Timer 0-15

0 = No effect.
1 = Clears a bit in this register.

@
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« TM_CMD—This register is used as a parameter location when the SET TIMER
command is issued. You must write this location prior to issuing the SET TIMER
command. The bits of this register are defined as follows.

TM_CMD

BT | o | 1| 2 3‘4‘5‘6‘7‘8‘9‘10‘11 12\13\14‘15
FELD | vV | R |PWM RESERVED TIMER NUMBER
RESET | o | 0 | o 0 0

RW | RW | RW | RW RIW RIW
ADDR (IMMR & OXFFFF0000) + 0x3DB8

BIT 16\17\18\19\20\21\22\23\24\25\26\27\28\29\30\31
FIELD TIMER PERIOD
RESET 0

RIW RIW
ADDR (IMMR & OXFFFF0000) + 0x3DBA

V—Valid

0 = Disables the timer.
1 = Enables the timer.

R—Restart

0 = One-shot timer operation.

1 = Automatic timer restart.
PWM—Pulse-Width Modulation Mode

0 = Normal mode.
1 = Pulse-width modulation.

Bits 3—11—Reserved
These bits are reserved and must be set to 0.

TIMER NUMBER
This bit is the value from zero to 15 that signifies timer configuration.

TIMER PERIOD

This bit is the 16-bit timeout value of the timer. The maximum value is 65,536 and is
encoded as 0x0000.

*« TM_CNT—This register is a tick counter that the microcontroller updates after each tick
or after the timer table is scanned. It is updated if the microcontroller’s internal timer is
enabled, regardless of whether any of the 16 timers are enabled, and it can be used to
track the number of ticks the microcontroller receives and responds to.
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Communication Processor Module

16.2.6.4.2 RISC Timer Table Entries. The 16 timers are located in the block of memory

that TM_BASE points to and each timer occupies 4 bytes. The first half-word forms the initial
value of the timer written when the SET TIMER command is executed. The next half-word
is the current value of the timer that gets decremented until it reaches zero. You must not

modify these locations because they must only be used for debugging purposes.

16.2.6.4.3 The SET TIMER Command. This command is issued to the CPCR and is used
to enable, disable, and configure the 16 timers in the RISC timer table. The 0x0851 value
must be written to the CPCR, but, first, you must set up the TM_CMD value.

16.2.6.4.4 PWM Mode. Each pair of timers can be used to generate a pulse-width
modulation waveform on one of the port B pins. A maximum of six channels are supported.
The first timer (which is even-numbered) is used to control the duty-cycle time of the
waveform. In the register above, the TIMER PERIOD entry must be set to the high period of
the waveform and the PWM and V bits must be set to 1. The second timer (which is odd-
numbered) is used to control the cycle time. The TIMER PERIOD entry must be set to the
preferred cycle time, the PWM bit must be set to zero, and the R and V bits must be set to
1. Table 16-5 shows the port B pin assignments for the PWM mode. The respective port B
pins must be configured as general-purpose outputs in the PBDIR, which is described in
Section 16.14.6.3 Port B Data Direction Register.  Because the CPM has to read the data
register, modify it and then write it back, you cannot use open drain output with the PWMs
if the output can be forced to O by external devices.

Table 16-5. PWM Channel Pin Assignments

TIMER PAIRS PORT B PIN
Oand 1 PB23
2and 3 PB22
4and 5 Not Available
6 and 7 Not Available
8and 9 PB19

10 and 11 PB18
12 and 13 PB17
14 and 15 PB16
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16.2.6.5 RISC TIMER EVENT REGISTER. The 16-bit RISC timer event register (RTER) is
used to report events recognized by the 16 timers and to generate interrupts. However, an
interrupt is only generated if the RISC timer table bit is set in the CPM interrupt mask
register. More than one bit can be cleared once.

RTER

BIT 0 1 2 3 4 5 6 7 8 9 10 | 11 | 12 | 13 | 14 | 15

FIELD TMR15 | TMR14 | TMR13 | TMR12 | TMR11 | TMR10 | TMR9 | TMR8 | TMR7 | TMR6 | TMRS | TMR4 | TMR3 | TMR2 | TMR1 | TMRO

RESET 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RIW RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW
ADDR (IMMR & OXFFFF0000) + 0x9D6

TMRO-15—Timer 0-15

0 = No effect.
1 = Clears a bit in the register.

16.2.6.6 RISC TIMER MASK REGISTER. This 16-bit read/write RISC timer mask register
(RTMR) is used to enable interrupts that can be generated in the RTER. If a bit is set, it
enables the corresponding interrupt in the RTER. If a bit is cleared, this register masks the
corresponding interrupt in the RTER. However, an interrupt is only generated if the R-TT bit
is set in the CPM interrupt mask register (CIMR), which is described in

Section 16.15.5.3 CPM Interrupt Mask Register

RTMR

BIT 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

FIELD TMR15 | TMR14 | TMR13 | TMR12 | TMR11 | TMR10 | TMR9 | TMR8 | TMR7 | TMR6 | TMR5 | TMR4 | TMR3 | TMR2 | TMR1 | TMRO

RESET 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW
ADDR (IMMR & OXFFFF0000) + 0x9DA

TMRO-15—Timer 0-15

0 = Masks the corresponding interrupt in the RTER.
1 = Enables the corresponding interrupt in the RTER.
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Communication Processor Module

16.2.6.7 RISC TIMER INITIALIZATION SEQUENCE EXAMPLE. Follow these steps to
initialize the RISC timers:

1.

Configure the RCCR to determine the preferred tick interval that will be used for the
entire timer table. Normally, you can set the TIME bit at this time. However, it can be
set later if all RISC timers must be synchronized.

Determine the maximum number of timers to be located in the timer table. Configure
the TM_BASE pointer of the RISC timer table parameter RAM to point to a location in
the dual-port RAM with 4 x N bytes available, where N is the number of timers. If N is
less than 16, use timer O through timer N-1 to save space.

Clear the TM_CNT counter of the RISC timer table parameter RAM to show how many
ticks have elapsed since the RISC internal timer was enabled (optional).

4. Clear the RTER, if it is not already cleared. A one clears this register.

Configure the RTMR to enable the timers that need to generate interrupts.

Setthe R-TT bit in the CIMR to generate interrupts to the system. Make sure the CPM
interrupt controller is properly initialized.

Configure the TM_CMD register of the RISC timer table parameter RAM. At this point,
determine whether a timer is to be enabled or disabled, one-shot or restart, and what
its timeout period must be. If the timer is being disabled, all parameters besides the
timer number are ignored.

Issue the SET TIMER command by writing 0x0851 to the CPCR.

9. Repeat steps 7 and 8 for each timer to be enabled or disabled.

As an example, the following sequence demonstrates how the RISC timer 0 is initialized to
generate an interrupt approximately every second using a 25MHz general system clock:

1.

Write 111111 to the TIMEP field of the RCCR to generate the slowest clock. This value
generates a tick every 65,536 clocks, which is every 2.6 milliseconds at 25MHz.

Configure the TM_BASE pointer of the RISC timer table parameter RAM to point to a
location in the dual-port RAM with 4 bytes available. Assuming that the beginning of
dual-port RAM is available, write 0x0000 to TM_BASE.

Write 0x0000 to the TM_CNT counter of the RISC timer table parameter RAM to see
how many ticks have elapsed since the RISC internal timer was enabled (optional).

4. Write OxFFFF to the RTER to clear any previous events.

Write 0x0001 to the RTMR to enable RISC timer 0 to generate an interrupt.

6. Write 0x00020000 to the CPM interrupt mask register so the RISC timers will generate

16-24

a system interrupt. Initialize the CPM interrupt configuration register.

Write 0OXCOOOOEESG to the TM_CMD register of the RISC timer table parameter RAM.
This enables RISC timer 0 to timeout after 3,814 (decimal) ticks. The timer
automatically restarts after it times out.

Write 0x0851 to the CPCR to issue the SET TIMER command.
Set the TIME bit in the RCCR to operate the RISC timer.
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16.2.6.8 RISC TIMER INTERRUPT HANDLING EXAMPLE. An interrupt handler for the
RISC timer tables is normally written in the following sequence:

1. Once an interrupt occurs, the RTER is read to determine which of the timers have
caused interrupts. The RISC timer event bits are usually cleared by this time.

2. Any additional SET TIMER commands are issued. You do not have to do anything if
the timer is automatically being restarted for a repetitive interrupt.

3. The R-TT bit is cleared in the CPM interrupt status register.
4. Execute the rfi instruction.

16.2.6.9 RISC TIMER TABLE ALGORITHM. The RISC microcontroller scans the timer
table once every tick. For each valid timer in the table, the microcontroller decrements the
count and checks for a timeout and if no timeout occurs, it moves to the next timer. If a
timeout does occur, the microcontroller sets the corresponding event bit in the RISC timer
event register. Then it checks to see if the timer needs to be restarted and if it does, it leaves
the R_TMV register and resets the current count to the initial count. Otherwise, it clears the
R_TMV register. Once the timer table is scanned, the microcontroller updates the TM_CNT
value in the RISC timer table parameter RAM and stops working on the timer tables until the
next tick. If a SET TIMER command is issued, the microcontroller makes the appropriate
modifications to the timer table and parameter RAM, but does not scan the timer table until
the next tick of the internal timer. If you modify the RISC timer table, execute the SET TIMER
command to synchronize the timers so that the microcontroller will operate properly.

16.2.6.10 USING THE TIMERS TO TRACK MICROCONTROLLER LOADING. The
following sequence of steps is a method for using the 16 timers to determine if the
microcontroller ever exceeds the 96% utilization level during a tick interval. Removing the
timers adds a 4% margin to the microcontroller’s utilization level, but an aggressive user can
use this technique to push the microcontroller performance to its limit. You must use the
standard initialization sequence, but incorporate the following steps:

1. Program the tick of the RISC microcontroller timers to be 1,024 x 16 = 16,384.
Disable microcontroller timer interrupts, as required.

3. Using the SET TIMER command, initialize all 16 RISC microcontroller timers to have
a timer period of 0x0000, which equals 65,536.

4. Program one of the four general-purpose timers to increment once every tick. The
general-purpose timer must be free-running and have a timeout of 65,536.

5. After afew hours of operation, compare the general-purpose timer to the current count
of RISC microcontroller timer 15 and if the difference between them exceeds two ticks,
the microcontroller has, during some tick interval, exceeded the 96% utilization level.

% Note: The general-purpose timers are up-counters, but the RISC microcontroller timers
are down-counters. You must take this under consideration when comparing
timer counts.
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Communication Processor Module

16.3 DIGITAL SIGNAL PROCESSING

Many embedded control applications require DSP-style algorithm implementations, such as
finite impulse response (FIR) filters with or without adaptive equalization, data compression,
and scrambling. These are written in software on the MPC823e and do not require your
system to have a separate DSP processor, which would cost you more and consume more
power. The communication processor module provides the additional power you need for
those applications.

The RISC microcontroller’s instruction set supports high-performance multiply and
accumulate (MAC) operation as well as special addressing modes that are essential to
efficient DSP algorithm implementation. The RISC microcontroller runs concurrently with the
core and increases the core’s bandwidth left for other system tasks. The system can take
advantage of this increased core bandwidth by lowering the system clock frequency and
voltage, which decreases the amount of power that is consumed.

16.3.1 Features

The following list summarizes the features of MPC823e DSP:

* 16 x 16-bit multiply and accumulate
» Load/store with automatic post increment/decrement

» DSP routine library provides 11 basic building blocks for implementation of V.34bis
and 56K

16.3.2 DSP Operation

There are three layers to DSP functionality—hardware, firmware, and software. You only
need to construct the software layer to generate an application.

FUNCTION DESCRIPTOR CHAIN IN EXTERNAL

CPU SOETWARE MEMORY DEFINES THE SEQUENCE AND DATA
FLOW OF THE DSP FUNCTIONS
CPM EIRMWARE GENERIC DSP MICROCODE ROUTINE LIBRARY

STORED IN THE INTERNAL ROM

MAC AND ADDRESS GENERATOR MODULES
CPMHARDWARE IN CPM RISC MICROCONTROLLER ARCHITECTURE

Figure 16-7. DSP Functionality Implementation
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16.3.2.1 HARDWARE. The RISC microcontroller's hardware contains special DSP
processing units, such as a multiplier and accumulator that is capable of handling real or
complex numbers, and an address generator that can access cyclic buffer structures in
dual-port RAM.

16.3.2.2 SOFTWARE. Your software interfaces to the DSP via the function descriptor that
is described in system memory. The function descriptor defines the sequence and data flow
of your DSP task.

16.3.2.3 FIRMWARE. The RISC microcontroller’s firmware is a set of DSP functions that
have been compiled to form a library of basic building blocks and each function within the
library is implemented by a microcode routine stored in the internal ROM. In addition, a
software interface is defined that enables parameters to be passed between the core and
communication processor module. Several functions can be chained together to reduce
software intervention and interrupt rates, assuming that all data structures reside in the
dual-port RAM. Table 16-6 lists the DSP functions that are included in the library.

Table 16-6. DSP Functions

FUNCTION | OPCODE INPUT COEFFICIENT OUTPUT APPLICATION
FIR1 00001 Real Real Real Decimation, RX Interpolation
FIR2 00010 Complex Real Complex TX Filter, RX Filter
FIR3 00011 Complex Complex Real/Complex EC Computation, Equalizer
FIR5 00011 Complex Complex Real/Complex Fractionally Spaced Equalizer
FIR6 00110 Real Complex Complex —
IR 00111 Real Real Real Biquad Filter
MOD 01000 Complex Complex Real/Complex TX Modulation
DEMOD 01001 Real Complex Complex RX Demodulation
LMS1 01010 — — — EC Update, Equalizer Update (T/2, T/3)
LMS2 01011 — — — Equalizer Update (2T/3)
WADD 01100 Real — Real Interpolation

16.3.3 Programming the DSP Functions

Similar to the serial communication controller buffer descriptor, a function descriptor (FD) is
used to specify the DSP function and pass the parameters. A table of such descriptors forms
a circular queue with a programmable length. The descriptors are stored in external
memory. There are two function descriptor tables (also referred to as chains)—one for the
transmitter and one for the receiver. The core prepares a chain of function descriptors in the
system memory and a special host command notifies the RISC microcontroller when to
execute the chain. A maskable interrupt is generated once the chain is completed. As
illustrated in Figure 16-8, the pointer to the transmit (TX) chain must be written into the
FDBASE field of the DSP2 parameter RAM and the pointer to the receive (RX) chain must
be written into DSP1.
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Communication Processor Module

DUAL-PORT MEMORY SYSTEM MEMORY

RECEIVE FD CHAIN

DSP1 RX CHAIN BASE
DSP2 TX CHAIN BASE

INPUT, OUTPUT, AND COEFFICIENT

BUFFERS TRANSMIT FD CHAIN

Y

Figure 16-8. DSP Function Descriptor Operation

16.3.3.1 DATA REPRESENTATION. The inputs, coefficients, and outputs are represented
by 16-bit, fixed-point, 2's complement numbers. A real number is represented by a single
16-bit half-word, as illustrated in Figure 16-8. Its value is between -1 (0x8000) to +1
(Ox7FFF) and you must scale your data to fit this range. A complex number is represented
by a pair of 16-bit half-words—one word for the imaginary component and one for the real
component as shown in Figure 16-8. They must be scaled to fit in the -1 and +1 range.

BT | o 1\2\3\4\5\6\7\8\9\10\11\12\13\14\15
FELD | S REAL FRACTION
BT | o 1‘2‘3‘4‘5‘6‘7‘8‘9‘10‘11‘12‘13‘14‘15
FELD | S IMAGINARY FRACTION
BT | 16 17‘18‘19‘20‘21‘22‘23‘24‘25‘26‘27‘28‘29‘30‘31
FELD | S REAL FRACTION
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16.3.3.2 MODULO ADDRESSING. The input and output buffers are circular within a
certain programmable size that must be a multiple of 2%. The base address of the circular
buffer must be aligned on its natural size boundary. For example, if your input buffer size is
128 bytes, your base address must be aligned on a 128-byte boundary. In other words, the
lower boundary (base address) of a circular buffer containing modulus (M) bytes must have
zeros in the k LSBs of the base address, where 2K > M, and therefore must be a multiple of
2K The upper boundary is the lower boundary, plus the size minus one (base address +
M-1). Once M is chosen, a sequential series of memory blocks (each of length 2") is created
where these circular buffer can be located. If M < 2K, there is a 2K-M space between the
sequential M-sized circular buffers and M must be a multiple of four. See Figure 16-9 for
details.

UPPER BOUNDARY

ADDRESS CIRCULAR M = MODULUS
POINTER BUFFER

LOWER BOUNDARY

Figure 16-9. Circular Buffer

16.3.3.2.1 DSP Function Descriptors. Each function descriptor is composed of eight
16-bit half-words. The first half-word contains the function opcode as well as status and
control bits and the other half-words contain the function’s parameter packet. Each function
has its own parameter packet.

0ol 1] 2] 3 4‘5‘6‘7‘8‘9‘10 11‘12‘13\14\15
OFFSET +0 S RES w | RESERVED OPCODE
OFFSET +2 PARAMETER 1
OFFSET +E PARAMETER 7
S—STOP

0 = Do not stop after executing this function descriptor.
1 = Stop after executing this function descriptor.

Bits 1 and 4-10—Reserved
These bits are reserved and must be set to 0.
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Communication Processor Module

W—Wrap (Final Function Descriptor in Table)

0 = This is not the last function descriptor in the function descriptor table.

1 = This is the last function descriptor in the function descriptor table. After this buffer
has been used, the communication processor module processes the first function
descriptor that the FDBASE index pointer points to in the table. The number of
function descriptors in this table is programmable and determined only by the W bit
and the overall space constraints of the memory.

[—Interrupt

0 = No interrupt is generated after this function is processed.
1 = A maskable interrupt is generated after this function is processed.

OPCODE—Function Operation Code

This field specifies the function that must be executed. Some of these bits are reserved so
they can be expanded by tapping into RAM and executing a routine. See Table 16-6 for
more information.

16.3.3.2.2 DSP Parameter RAM Memory Map. Each section in the dual-port RAM is
associated with each DSP chain and can be used for parameter storage or as a scratchpad.
The FDBASE index pointer defines the place in system memory for the function descriptor
chain to start. It must be 16-byte aligned. Also, the FDBASE index pointer must be initialized
before the INIT_DSP command is issued. See Table 16-7 for DSP parameter RAM memory
map details.
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Table 16-7. DSP Parameter RAM Memory Map

ADDRESS NAME WIDTH DESCRIPTION

DSP Base + 0x00 FDBASE Word Function Descriptor Table Base Address
DSP Base + 0x04 FD_PTR Word Function Descriptor Pointer
DSP Base + 0x08 DSTATE Word DSP State

DSP Base + 0x0C to OxOF RES Word Reserved
DSP Base + 0x10 DSTATUS Half-word Current Function Descriptor Status
DSP Base + 0x12 | Half-word Current Function Descriptor Number of Iterations
DSP Base + 0x14 TAP Half-word Current Function Descriptor Number of TAPs
DSP Base + 0x16 CBASE Half-word Current Function Descriptor Cbase Pointer
DSP Base + 0x18 — Half-word Current Function Descriptor Sample Buffer Size-1
DSP Base + 0x1A XPTR Half-word Current Function Descriptor Pointer to Sample Pointer
DSP Base + 0x1C — Half-word Current Function Descriptor Output Buffer Size-1
DSP Base + Ox1E YPTR Half-word | Current Function Descriptor Pointer to Output Buffer Pointer
DSP Base + 0x20 M Half-word Current Function Descriptor Sample Buffer Size-1
DSP Base + 0x22 — Half-word Current Function Descriptor Sample Buffer Pointer
DSP Base + 0x24 N Half-word Current Function Descriptor Output Buffer Size-1
DSP Base + 0x26 — Half-word Current Function Descriptor Output Buffer Pointer
DSP Base + 0x28 K Half-word Current Function Descriptor Coefficient Buffer Size-1

DSP Base + 2A — Half-word Current Function Descriptor Coefficient Buffer Pointer

NOTE: You are only responsible for initializing the items in bold.
DSP Base = (IMMR & OxFFFF0000) + 0x3ECO (DSP1) and 0x3FCO (DSP2).

FDBASE—Function Descriptor Table Base Address

This index pointer defines the location in system memory where the function descriptor
starts. However, you must initialize it.

FD_PTR—Function Descriptor Pointer

This pointer points to the current function descriptor address. It is only used by the RISC
microcontroller, so you do not need to modify it in any way.

DSTATE—Current State

This bit defines the internal state of the RISC microcontroller. It is only used by the RISC
microcontroller, so you do not need to modify it in any way.

DSTATUS—Current Function Descriptor Status

This bit defines the current status of the current function descriptor. It is only used by the
RISC microcontroller, so you do not need to modify it in any way.
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Communication Processor Module

[—Current Function Descriptor Number of Iterations
This bit is only used by the RISC microcontroller, so you do not need to modify it in any way.

TAP—Current Function Descriptor Number of Taps
The bit is only used by the RISC microcontroller, so you do not need to modify it in any way.

CBASE—Current Function Descriptor Cbase

The bit defines the current function descriptor base address of the coefficients. It is only
used by the RISC microcontroller, so you do not need to modify it in any way.

XPTR—Current Function Descriptor Pointer to Sample Pointer
The bit is only used by the RISC microcontroller, so you do not need to modify it in any way.

YPTR—Current Function Descriptor Pointer to Output Buffer Pointer
The bit is only used by the RISC microcontroller, so you do not need to modify it in any way.

M—Current Function Descriptor Sample Buffer Size-1
The bit is only used by the RISC microcontroller, so you do not need to modify it in any way.

N—Current Function Descriptor Output Buffer Size-1
The bit is only used by the RISC microcontroller, so you do not need to modify it in any way.

K—Current Function Descriptor Coefficient Buffer Size-1
The bit is only used by the RISC microcontroller, so you do not need to modify it in any way.

16.3.3.2.3 DSP Commands. The following commands are issued to the CPM command
register (CPCR) and their functionality is described in Table 16-6.

» INIT DSP CHAIN—Deactivates the corresponding chain. The function descriptor
pointer is initialized to the starting address provided in the function descriptor table.

» START DSP CHAIN—Activates the corresponding chain.
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16.3.3.3 DSP EVENT REGISTER. For DSP interrupts, the memory-mapped SDMA status
register (SDSR) is used to generate maskable interrupts to the core. An interrupt is set when
the function finishes executing if the | bit is set in the function descriptor. There are two
interrupt events—DSP1 and DSP2—that are each associated with a corresponding chain.
A bit is reset by writing a 1 (writing a zero has no effect) and more than one bit can be reset
at a time.

SDSR
BIT 0 1 \ 2 \ 3 \ 4 \ 5 6 7
FELD | SBER RESERVED DSP2 DSP1
RIW RIW RIW RIW RIW
RESET 0 0 0 0
ADDR (IMMR & 0XFFFF0000) + 0x908

SBER—SDMA Channel Bus Error (SDMA function)

When set, this bit indicates that an error caused the SDMA channel to terminate during a
read or write cycle. The SDMA bus error address can be read from the SDMA address
register, as described in Section 16.5.2.4 SDMA Address Register

Bits 1-5—Reserved
These bits are reserved and must be set to 0.

DSP2—DSP Chain 2 Transmitter Interrupt (DSP function)

This bit is set when the chain 2 function finishes executing. However, the | bit must be set in
the function descriptor.

DSP1—DSP Chain 1 Receiver Interrupt (DSP function)

This bit is set when the chain 1 function finishes executing. However, the | bit must be set in
the function descriptor.
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Communication Processor Module

16.3.3.4 DSP MASK REGISTER. The 8-bit read/write SDMA mask register (SDMR) is
used to mask the DSP interrupts and has the same bit format as the SDSR. If a bit in the
SDMR is a 1, the corresponding interrupt in the SDSR is enabled and if it is zero, the
corresponding interrupt is masked. This register is cleared by reset.

SDMR
BIT 0 1 \ 2 \ 3 \ 4 \ 5 6 7
FELD | SBER RESERVED DSP2 DSP1
RIW RIW RIW RIW RIW
RESET 0 0 0 0
ADDR (IMMR & 0XFFFF0000) + 0x30C

SBER—SDMA Channel Bus Error (SDMA function)

0 = Disable the interrupt.
1 = Enable the interrupt.

Bits 1-5—Reserved
These bits are reserved and must be set to 0.

DSP1—DSP Chain 1 Receiver Interrupt (DSP function)

0 = Disable the DSP chain 1 interrupt.
1 = Enable the DSP chain 1 interrupt.

DSP2—DSP Chain 2 Transmitter Interrupt (DSP function)

0 = Disable the DSP chain 2 interrupt.
1 = Enable the DSP chain 2 interrupt.
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16.3.3.5 DSP IMPLEMENTATION. There are basically two ways to implement a DSP
task—run C code on the core or use the communication processor module functions.
Figure 16-10 illustrates an example section of a V.32 modem’s transmit (TX) data pump
flow. The TX filter is composed of three FIR2 subfilters.

1INPUT / BAUD 3 OUTPUTS / BAUD 3 OUTPUTS / BAUD

MODULATION

—> TXFILTER H@—»

T

COS WT, SINWT

Figure 16-10. DSP Implementation Example

To implement this DSP task with C code on the core, it takes 476 core instructions (371 for
the filter and 105 for the modulation) to execute the code. Repeating that 2,400 times a
second consumes 1.14MIPS (476 x 2,400) of the core. To implement a task using the CPM
functions, the software builds a static function descriptor structure composed of two chained
functions—a FIR2 and a MOD. The core activates the RISC microcontroller to execute those
functions by sending a single write to the CPM command register. Using an interrupt, the
communication processor module then signals that the process has completed. The
communication processor module executes the functions twice as efficiently as the core,
which results in 0.55 CPM MIPS and very few core cycles.

The TX filter is implemented by executing three subfilters each time a new sample is
received. This is accomplished by invoking FIR2 with a three-iteration count and
autoincrement of the input sample pointer when the function is completed. FIR2 writes the
three results into the output buffer, which is also the modulation input buffer. Modulation is
accomplished by invoking MOD with a three-iteration count. The input pointer is
autoincremented with each iteration.
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16.3.3.5.1 DSP Programming Example (Core Only)

void tx_filter ()
{
S16 *coefr
S16 *samplr, *sampli
S16 *coefend;
S32 filtoutr, filtouti;
U8 subcount, sampleindex;
extern S16 mult(S16 pl, S16 p2); /*in-line invocation */

coefr=txfiltcoef_str;
coefend=txfiltcoef_end;
samplr=&txfiltdly[REAL][txfiltptr];
sampli=&txfiltdly[IMAG][txfiltptr];
sampleindex=0;
while (coefr<coefend) {
filtoutr=filtouti=0;
subcount=0;
while (subcount<TXSUBFILTLEN) {
filtoutr+=mult(*coefr, *samplr--);
filtouti+=mult(*coefr++, *sampli--);

}
samplr=&txfiltdly[REAL][txfiltptr];
sampli=&txfiltdly[IMAG][txfiltptr];
modbuff[REAL][sampleindex]= filtoutr ;
modbuff[IMAG][sampleindex++]= filtouti;
}
}

void modulator ()

{
usi;
S32 termrnd,;
extern S16 mult(S16 pl, S16 p2); /*in-line invocation */
i=0;
while (i<SAMPLE_PER_T) {

o]
< sigout[i]= mult(sn1800[REAL][cosindx], modbuf[REAL]]i]) -
mult(sn1800[IMAG][cosindx], modbuf[IMAGI[i]);
cosindx++;
if (cosindx==SIN1800TBL_LEN)cosindx=0;
i++;
}
@ void main ()
{
tx_filter();

modulator();
*
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16.3.3.5.2 DSP Programming Example (Core and CPM). Figure 16-11 illustrates the
organization of the data buffer and function descriptor data in system memory and dual-port
RAM. The function descriptor resides in system memory and all input, ouput, and coefficient
data must reside in dual-port RAM. The transmit and modulation function descriptor chain
can reside in either system memory or dual-port RAM.

DUAL-PORT RAM SYSTEM MEMORY
TX FILTER FD
OPCODE = FIR2
| OUTPUT COEFF | _ # OF ITTERATIONS
BUFFER INPUT TABLE #OFE TAPS
BUFFER COEFF BASE
IN BUFFER SIZE
XYPTR
INPUT POINTER |
OUTPUT POINTER | OUT BUFFER SIZE
MODULATION FD
MOD TABLE PTR |
OPCODE = MOD
# OF ITTERATIONS
> CBJLJ'IEILEJ; MOD MOD TABLE SIZE
TABLE MPTR
IN BUFFER SIZE
XYPTR
INPUT POINTER |
OUTPUT POINTER | OUT BUFFER SIZE

Figure 16-11. Core and CPM Implementation
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[* Buffer Descriptors */
typedef struct dsp_fd {
unsigned short status;
unsigned short parameter[7];
} DSP_FD;

#define WRAP  0x2000 [* wrap bit */
#define INTR  0x1000 /* interrupt on completion */

* define for function opcodes */
#define FIR_2 0x0102 /* FIR2 filter */
#define MOD  0x0008 /* Modulation function opcode */

/* Initialize a static fd table for 2 functions */
DSP_FD filters[2]={

{FIR_2,P11,P12,, P17}

A(WRAP | INTR | MOD),P21,P22, , P27}

h
void main()
[* Setup FD chain pointer */
DSP2_Base. Fdbase = filters;
*
/* issue command to CPM to start processing the fd chain */
issue_command( START_FD );
*
*
*
}

16.3.4 DSP On-Chip Library Functions

The DSP library is an easy way to implement DSP functions. It consists of the following
functions:

» FIR1—Finite impulse response 1
* FIR2—Finite impulse response 2

* FIR3—Finite impulse response 3
* FIR5—Finite impulse response 5
* FIR6—Finite impulse response 6
* |IR—Infinite impulse response
MOD—Modulation

+ DEMOD—Demodulation

* LMS1—Least mean squared 1

@

* LMS2—Least mean squared 2
» WADD—Weighted vector addition
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16.3.4.1 FIR1-REAL C, REAL X, AND REAL Y. The FIR1 function implements a basic
FIR filter with k real coefficients, real input samples, and real output. The input data is in a
circular buffer with size M+1 and the output data is in a circular buffer with size N+1.

C(0)
X(N) {R®_>Q_>EAL} Y(N)
{REAL} ” § i {REAL}
T c) k-1
+—>®—> Y(n) = 3 C(e)X(n-p)
p=0
T cQ)

Figure 16-12. FIR1 Implementation Example

16.3.4.1.1 Coefficients and Sample Data Buffers.  The coefficients vector occupies k
16-bit half-words in memory and C(0) is stored in the first location. The sample input buffer
is a cyclic buffer containing M+1 bytes. Each sample is a 16-bit word and the new sample is
stored in the address that follows the previous sample. The output buffer is a cyclic buffer
that contains N+1 bytes. Each output is a 16-bit half-word and the new output is stored in
the address that follows the previous output.

COEFFICIENTS INPUT SAMPLES OUTPUT
C(O) * *
C(l) * *
c() X(N-k+1) *
* *
* Y(N-k+1)
C(k-1) x(N-2) *
L
X(N-1) * =
z3
x(N) Y(N-2) o=
< X
Y(N-1) =2
2w
Y(N) =3
O
2K bytes M + 1 bytes N + 1 bytes co
Figure 16-13. FIR1 Coefficients and Sample Data Buffers @
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Communication Processor Module

16.3.4.1.2 FIR1 Function Descriptor. The FIR1 function descriptor bit table is described
below.

o |12 ]3]a|s |67 |8]o]w|u|n|n|u|s
OFFSET+0 | S |RES| W | RES | IALL INDEX PC RES OPCODE
OFFSET +2 |
OFFSET +4 K
OFFSET + 6 CBASE
OFFSET +8 M
OFFSET +A XYPTR
OFFSET +C N
OFFSET +E RESERVED

The first half-word is composed of the following bits:

S—STOP

0 = Do not stop after executing this function descriptor.
1 = Stop after executing this function descriptor.

Bits 1, 4, and 9—10—Reserved
These bits are reserved and must be set to 0.

W—Wrap (Final Function Descriptor in Table)

0 = This is not the last function descriptor in the function descriptor table.

1 = This is the last function descriptor in the function descriptor table. After this buffer
has been used, the CPM processes the first function descriptor that the FDBASE
index pointer points to in the table. The number of function descriptors in this table
are programmable and determined only by the W bit and overall space constraints
of the memory.

[—Interrupt

0 = No interrupt is generated after this function is processed.
1 = A maskable interrupt is generated after this function is processed.

IALL— Auto-Increment X For All Iterations

0 = The X (input) data pointer is incremented (Modulo M+1) by the number of samples
specified in the INDEX field after the last iteration.

1 = The X data pointer is incremented (Modulo M+1) by the number of samples
specified in the INDEX field after each iteration.
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INDEX— Auto-Increment Index

00 = The X (input) pointer is not incremented.

01 = The X (input) pointer is incremented by one sample.
10 = The X (input) pointer is incremented by two samples.
11 = The X (input) pointer is incremented by three samples.

PC— Preset Coefficients Pointer

0 = The coefficients pointer is not preset after each iteration.
1 = The coefficients pointer is preset after each iteration to the CBASE pointer.

OPCODE—Function Operation Code
This field specifies the function to be executed. Table 16-6 contains the value for this field.

16.3.4.1.3 FIR1 Parameter Packet. The FIR1 parameter packet is composed of seven
16-bit half-words and described in the following table.

Table 16-8. FIR1 Parameter Packet

ADDRESS NAME DESCRIPTION

Half-word 1 | Number of Iterations

Half-word 2 K Number of TAPs-1. The number of taps must be a multiple of four

Half-word 3 CBASE Filter Coefficients Vector Base Address Pointer

Half-word 4 M Samples Buffer Size-1. The minimum sample buffer size is 8 (4 samples)

Half-word 5 XYPTR Pointer to a structure composed of the input sample data pointer and the output
buffer pointer

Half-word 6 N Output Buffer Size-1. The minimum output buffer size is 4 (2 outputs)

Half-word 7 RES Reserved

16.3.4.1.4 Application Example. The FIR1 is used in decimation and RX interpolation. For
example, the following function descriptor structure can be used to implementa 2 to 1
decimation.

o l1]2]3a]s e 7]8]09]10 11‘12‘13\14\15
‘ OFFSET+0| S | 0 | W | 1 | 0 | 1 10 10| 0 00001
‘ OFFSET+2 |=3 (THREE ITERATIONS)

L
—
a
go
==
<
o9
=
=X
%o
o
O
Ooa
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Communication Processor Module

16.3.4.2 FIR2-REAL C, COMPLEX X, AND COMPLEX Y. The FIR2 function implements
a basic FIR filter with k real coefficients, complex input samples, and complex output. The
input data is in a circular buffer with size M+1 and the output data is in a circular buffer with
size N+1.

c(0)
N {REAL} Yoy
X(N > <§§) > ( ) >
{COMPLEX} v i {COMPLEX}
T c) 1
= —
,,—’®—’ Y(n) ZOC(p)X(n p)
p =

T cQ)

C(K-1)

Figure 16-14. FIR2 Implementation Example

16.3.4.2.1 Coefficients and Sample Data Buffers.  The coefficients vector occupies k
16-bit half-words in memory and C(0) is stored in the first location. The sample input buffer
is a cyclic buffer that contains M+1 bytes and each input sample is two 16-bit half-words (real
and imaginary components). The new sample is stored in the address that follows the
previous sample. The output buffer is a cyclic buffer containing N+1 bytes. Each output is
two 16-bit half-words (real and imaginary components). The new output is stored in the
address that follows the previous output.

16-42 MPC823e REFERENCE MANUAL MOTOROLA



16.3.4.2.2 FIR2 Function Descriptor.

Communication Processor Module

COEFFICIENTS INPUT SAMPLES OUTPUT
c(0) * *
c) * *
C(2) imag {x(n-k+1)} *
real {x(n-k+1)} imag{Y(n-k+1)}
