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Safety Summary

The following general safety precautions must be observed during all phases of operation, service, and repair of this
equipment. Failure to comply with these precautions or with specific warnings elsewhere in this manual could result
in personal injury or damage to the equipment.

The safety precautions listed below represent warnings of certain dangers of which Motorolaisaware. You, asthe user
of the product, should follow these warnings and all other safety precautions necessary for the safe operation of the
equipment in your operating environment.

Ground the Instrument.

To minimize shock hazard, the equipment chassis and enclosure must be connected to an electrical ground. If the
equipment is supplied with a three-conductor AC power cable, the power cable must be plugged into an approved
three-contact electrica outlet, with the grounding wire (green/yellow) reliably connected to an electrica ground
(safety ground) at the power outlet. The power jack and mating plug of the power cable meet International
Electrotechnical Commission (IEC) safety standards and local electrical regulatory codes.

Do Not Operate in an Explosive Atmosphere.

Do not operate the equipment in any explosive atmosphere such as in the presence of flammable gases or fumes.
Operation of any electrical equipment in such an environment could result in an explosion and cause injury or damage.

Keep Away From Live Circuits Inside the Equipment.

Operating personnel must not remove equipment covers. Only Factory Authorized Service Personnel or other
qualified service personnel may remove equipment coversfor internal subassembly or component replacement or any
internal adjustment. Service personnel should not replace components with power cable connected. Under certain
conditions, dangerous voltages may exist even with the power cable removed. To avoid injuries, such personnel should
always disconnect power and discharge circuits before touching components.

Use Caution When Exposing or Handling a CRT.

Breakage of a Cathode-Ray Tube (CRT) causes a high-velocity scattering of glass fragments (implosion). To prevent
CRT implosion, do not handle the CRT and avoid rough handling or jarring of the equipment. Handling of a CRT
should be done only by qualified service personnel using approved safety mask and gloves.

Do Not Substitute Parts or Modify Equipment.
Do not install substitute parts or perform any unauthorized modification of the equipment. Contact your local
M otorola representative for service and repair to ensure that all safety features are maintained.

Observe Warnings in Manual.

Warnings, such as the example bel ow, precede potentially dangerous procedures throughout this manual. Instructions
contained in the warnings must be followed. You should also employ all other safety precautions which you deem
necessary for the operation of the equipment in your operating environment.

To prevent serious injury or death from dangerous voltages, use extreme
caution when handling, testing, and adjusting this equipment and its
Warnin g components.




Flammability

All Motorola PWBSs (printed wiring boards) are manufactured with a flammability rating
of 94V-0 by UL-recognized manufacturers.

EMI Caution

may cause or be susceptible to el ectromagnetic interference (EMI) if not

/\ This equipment generates, uses and can radiate el ectromagnetic energy. It
Caution installed and used with adegquate EMI protection.

Lithium Battery Caution

This product contains a lithium battery to power the clock and calendar circuitry.

with the same or equivalent type recommended by the equipment
Caution manufacturer. Dispose of used batteries according to the manufacturer’s
instructions.

/\ Danger of explosionif battery isreplaced incorrectly. Replace battery only

Il'y a danger d’explosion s’il y a remplacement incorrect de la batterie.
A Remplacer uniquement avec une batterie du méme type ou d’'un type
Attention €quivalent recommandé par le constructeur. Mettre au rebut les batteries
usagées conformément aux instructions du fabricant.

Explosionsgefahr bei unsachgemafliem Austausch der Batterie. Ersatz nur
durch denselben oder einen vom Hersteller empfohlenen Typ. Entsorgung
Vorsicht gebrauchter Batterien nach Angaben des Herstellers.



CE Notice (European Community)

Motorola Computer Group products with the CE marking comply with the EMC Directive
(89/336/EEC). Compliance with this directive implies conformity to the following
European Norms:

EN55022 “Limits and Methods of Measurement of Radio Interference Characteristics
of Information Technology Equipment”; this product tested to Equipment Class B

EN50082-1:1997 “Electromagnetic Compatibility—Generic Immunity Standard, Part
1. Residential, Commercial and Light Industry”

System products also fulfill EN60950 (product safety) which is essentially the requirement
for the Low Voltage Directive (73/23/EEC).

Board products are tested in a representative system to show compliance with the above
mentioned requirements. A proper installation in a CE-marked system will maintain the
required EMC/safety performance.

In accordance with European Community directives, a “Declaration of Conformity” has
been made and is on file within the European Union. The “Declaration of Conformity” is
available on request. Please contact your sales representative.

Notice

While reasonable efforts have been made to assure the accuracy of this document,
Motorola, Inc. assumes no liability resulting from any omissions in this document, or from
the use of the information obtained therein. Motorola reserves the right to revise this
document and to make changes from time to time in the content hereof without obligation
of Motorola to notify any person of such revision or changes.

Electronic versions of this material may be read online, downloaded for personal use, or

referenced in another document as a URL to the Motorola Computer Group website. The
text itself may not be published commercially in print or electronic form, edited, translated,

or otherwise altered without the permission of Motorola, Inc.

It is possible that this publication may contain reference to or information about Motorola
products (machines and programs), programming, or services that are not available in your
country. Such references or information must not be construed to mean that Motorola
intends to announce such Motorola products, programming, or services in your country.



Limited and Restricted Rights Legend

If the documentation contained herein is supplied, directly or indirectly, tothe U.S.
Government, the following notice shall apply unless otherwise agreed to in writing by
Motorola, Inc.

Use, duplication, or disclosure by the Government is subject to restrictions as set forthin
subparagraph (b)(3) of the Rightsin Technical Dataclause at DFARS 252.227-7013 (Nov.
1995) and of the Rightsin Noncommercial Computer Software and Documentation clause
at DFARS 252.227-7014 (Jun. 1995).
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About This Manual

This manual provides programming information for the MTX
motherboard, equipped with a PowerPC Series microprocessor. Extensive
programming information is provided for several Application-Specific
Integrated Circuit (ASIC) devices used on the boards. Reference
information isincluded in Appendix A for the Large Scale Integration
(LSI) devices used on the boards and sources for additional information
are listed.

The following table lists model numbers associated with this manual.

M odel Number Description

MTX603-001a 133 603, STANDARD I/O, 2 PMC

MTX603-002a 200603, STD & OPT 1/0, 2PMC

MTX603-003a 200 603, STD & OPT 1/0, 3 PCI

MTX604-001a 300 MHz, 604, STANDARD 1/O, 2PMC

MTX604-002a 300 MHz, 604, STD & OPT 1/0, 2 PMC

MTX604-003a 300 MHz, 604, STD & OFPT 1/0O, 3 PCI

MTX604-010a TWN 300, 604 STD & OPT 1/O, 3PCI\

Summary of Changes

The following table shows any changes made to this manual sinceits last
release.

Date

Changes

January 2001

Warning added to ensure user is aware of need for boot-up software to take
steps to guarantee the DRAM memory component power-up refresh
requirements are met. The Warnings can be found on pages 3-35 and 3-59.

XiX



Overview of Contents

Chapter 1, Board Description and Memory Maps, briefly describes the
board level hardware features of the MTX series motherboard.

Chapter 2, Raven PCI Host Bridge & Multi-Processor Interrupt
Controller, describes the architecture and usage of the Raven, a PowerPC
to PCI Local Bus Bridge ASIC.

Chapter 3, Falcon ECC Memory Controller Chip Set, providesafunctional
description and programming model for the Falcon. Most of the
information for using the device in asystem, programming it in a system,
and testing it is contained here.

Chapter 4, Programming Details, contains details of several programming
functions that are not tied to any specific ASIC chip.

Appendix A, Related Documentation, contains al documentation related
to this product.

Comments and Suggestions

M otorolawel comes and appreciates your comments on its documentation.
Wewant to know what you think about our manuals and how we can make
them better. Mail comments to:

Motorola Computer Group
Reader Comments DW164
2900 S. Diablo Way
Tempe, Arizona 85282

Y ou can aso submit comments to the following e-mail address:
reader-comments@mcg.mot.com

In al your correspondence, please list your name, position, and company.
Besuretoincludethetitle and part number of the manual and tell how you
used it. Thentell us your feelings about its strengths and weaknesses and
any recommendations for improvements.

XX


mailto:reader-comments@mcg.mot.com

Manual Terminology

Throughout this manual, a convention is used which precedes data and
address parameters by a character identifying the numeric format as

follows:

$ dollar specifies a hexadecimal character
%  percent specifies a binary number

&  ampersand specifies a decimal number

For example, “12" is the decimal number twelve, and “$12” is the decimal
number eighteen.

Unless otherwise specified, all address references are in hexadecimal.

An asterisk (*) following the signal name for signals whichlavel
significant denotes that the signaltisie or valid when the signal is low.

An asterisk (*) following the signal name for signals which esige
significant denotes that the actions initiated by that signal occur on high to
low transition.

Note In some places in this document, an underscore (_) following the
signal name is used to indicate an active low signal.

In this manualassertion andnegation are used to specify forcing a signal

to a particular state. In particular, assertion and assert refer to a signal that
is active or true; negation and negate indicate a signal that is inactive or
false. These terms are used independently of the voltage level (high or low)
that they represent.

Data and address sizes for MP@8ips are defined as follows:

0 A byteis eight bits, numbered 0 through 7, with bit O being the least
significant.

o A half-word is 16 bits, numbered 0 through 15, with bit 0 being the
least significant.
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o A wordor singleword is 32 bits, numbered 0 through 31, with bit O
being the least significant.

0 A doubleword is 64 bits, numbered O through 63, with bit O being
the least significant.

Refer to Endian Issues on page 4-11, which coverswhich parts of the MTX
series use big-endian byte ordering, and which use little-endian byte
ordering.

Theterms control bit and status bit are used extensively in this document.
Theterm control bit isused to describe abit in aregister that can be set and
cleared under software control. The term true is used to indicate that a bit
isinthe state that enablesthe function it controls. Theterm falseis used to
indicate that the bit isin the state that disables the function it controls. In
al tables, theterms 0 and 1 are used to describethe actual valuethat should
be written to the bit, or the value that it yields when read. The term status
bit is used to describe a bit in aregister that reflects a specific condition.
The status bit can be read by software to determine operationa or
exception conditions.

Conventions Used in This Manual

The following typographical conventions are used in this document:
bold

isused for user input that you typejust asit appears; it isalso used for
commands, options and arguments to commands, and names of
programs, directories and files.

italic
isused for names of variablesto which you assign values. Italicisalso

used for comments in screen displays and examples, and to introduce
new terms.

courier

isused for system output (for example, screen displays, reports),
examples, and system prompts.
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<Enter>, <Return> or <CR>
<CR> represents the carriage return or Enter key.
CTRL

represents the Control key. Execute control characters by pressing the
Ctrl key and the letter simultaneously, for example, Ctrl-d.
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Board Description and 1
Memory Maps

Introduction

This chapter briefly describes the board level hardware features of the
MTX series motherboard. The chapter beginswith aboard level overview
and features list. Memory maps are next, and are the major feature of this
chapter.

Programmable registersin the MTX series that residein ASICs are
covered in the chapters on those ASICs. Chapter 2, Raven PCI Host Bridge
& Multi-Processor Interrupt Controller, coversthe Raven chip. Chapter 3,
Falcon ECC Memory Controller Chip Set, coversthe Falcon chip set, and
Chapter 4, Programming Details, covers certain programming features,
such as interrupts and exceptions. Appendix A, Related Documentation,
lists all related documentation.

Feature Summary

There are many models based on the MTX series architecture. The
following table summarizes the major features of the MTX series:

Table 1-1. MTX Series Features Summary

Feature Description
Processors Single/Dual Processor (604ev)
Supports BGA processors only: MPC603, MPC604.
Bus Clock Frequencies up to 66 MHz
L2 Cache Build-option for 256K B Look-aside L2 Cache (Glance)
Flash 4AMB (16-bit wide) plus sockets for IMB (16-bit)
DRAM 256MB to 2GB on board (DIMMs)
Two-way Interleaved, ECC protected
NVRAM 8KB (MK48T59)
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Board Description and Memory Maps

Table 1-1. MTX Series Features Summary (Continued)

Feature Description
RTC and MK48T59 Device
Watchdog Timer
Memory Falcon Chipset
Controller
PCI Host Bridge | Raven ASIC
Interrupt RavenMPIC (Raven ASIC)
Controller
PCI Interface 32/64-bit Data, up to 33 MHz operation
Form Factor ATX
Peripheral Two 16550-compatible async serial ports
Support Two sync/async serial ports
One Host-mode Paralldl Port
One Peripheral-mode Parallel Port
8-hit or 16-bit single-ended SCSI interface
AUI or 10BaseT/100BaseT X Ethernet interface
One PS/2 Keyboard and one PS/2 Mouse
One PS/2 Floppy Port
Two EIDE ports
PCI/PMC Build option for two 32/64-bit PMC slots with back-panel 1/0
Expansion Build option for one 32/64-bit PCI Connector for horizontal PCI card via

special riser

Build option for three 32-bit vertical PCI card slots with back panel 1/0

Miscellaneous

RESET/ABORT Switch
Status LEDs

System Block Diagram

The MTX series provides the 256K B look-aside external cache option.
The Falcon chip set controls the boot Flash and the ECC DRAM. The
Raven ASIC functions as the 64-bit PCI host bridge and the MPIC
interrupt controller. PCI devices include: SCSI, Ethernet, and one PMC

1-2
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Functional Description

dlot. Standard I/O functions are provided by the Super 1/O device which
resides on the ISA bus. The NVRAM/RTC and the optional synchronous
seria ports aso reside on the |SA bus. The general system block diagram
for MTX seriesis shown below:

Functional Description

Overview

The MTX isamotherboard. It consists of the MPC603e/604e processor,
the Raven PCI Bridge and Interrupt Controller, the ECC Memory
Controller Falcon chipset, 5M of Boot FLASH, ECC-protected DRAM,
and alarge set of 1/O peripherals. The MTX will support single 603ev,
single 604e processors, and dual 604e processors. In the dual processor
configuration, the internal operating frequencies of the 604e’s are
independently configurable.

I/O peripheral devices on the PCI bus are: SCSI interface, Ethernet
interface, two 64-bit PMC and one 64-bit PCI slot, or three 32-bit PCI
slots. Functions provided from the ISA bus are: two EIDE ports, a host
mode P1284 parallel port, a peripheral mode P1284 parallel port, two
async serial ports, two sync/async serial ports, a real time clock, and
counters/timers.

Rear panel connectors on the MTX motherboard include: a 6-pin circular
DIN connector for the keyboard interface, a 6-pin circular DIN connector
for the mouse interface, a 25-pin host mode parallel port connector, an
RJ45 connector for 10/100BaseT connections, and a 15 pin connector for
the AUI interface.

http://www.motorola.com/computer/literature 1-3



Board Description and Memory Maps
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Figure 1-1. MTX Series System Block Diagram
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Programming Model

The MTX series can be populated with two IEEE1386.1 PCI Mezzanine

Card (PMC) slots plus a 64-bit PCI slot, or with three 32-bit PCI dots. The
32-bit PCI dotssupport ATX standard 1/0 spacing. All slotsuse rear panel
1/0. The 64-hit PCI dlot supports a horizontal PCI card via a custom riser
card.

DRAM memory isadded viaDIMM sockets, and the serial presence detect
(SPD) feature of the DIMM DRAMSs s supported viathe 1°C bus
controller.

Programming Model

Memory Maps

The following sections describe the memory maps for the MTX series.

Processor Memory Maps

The Processor memory map is controlled by the Raven ASIC and the
Falcon chipset. The Raven ASIC and the Falcon chipset have flexible
programming Map Decoder registers to customize the system to fit many
different applications.

Default Processor Memory M ap

After areset, the Raven ASIC and the Falcon chipset provide the default
processor memory map as shown in the following table.

Table 1-2. Default Processor Memory Map

Processor Address Size Definition

z
Q

Start End 3

0000 0000 7FFF FFFF 2G Not mapped

8000 0000 8001 FFFF 128K PCI/ISA 1/O Space 1

8002 0000 FEF7 FFFF 2G-16M - | Not mapped

640K
FEF8 0000 FEF8 FFFF 64K Falcon Registers

http://www.motorola.com/computer/literature 1-5



Board Description and Memory Maps

Table 1-2. Default Processor Memory Map (Continued)

1. Thisdefault map for PCI/ISA 1/0O space allows software to

Processor Address Size Definition =
Start End %
FEF9 0000 FEFE FFFF 384K Not mapped
FEFF 0000 FEFF FFFF 64K Raven Registers
FF00 0000 FFEF FFFF 15M Not mapped
FFFO 0000 FFFF FFFF M ROM/FLASH Bank A or Bank B 2

Notes

determineif the system is MPC105-based or Falcon/Raven-based
by examining either the PHB Device ID or the CPU Type Register.

2. Thefirst IMB of ROM/FLASH Bank A appears at this range after
areset if therom_b_rv control bit is cleared. If therom_b_rv
control bit isset then this address range mapsto ROM/FLA SH Bank

B.

Processor CHRP Memory Map

The following table shows a recommended CHRP memory map from the
point of view of the processor.

Table 1-3. CHRP Memory Map Example

Processor Address

Size

Definition

pd
Start End 593’
0000 0000 top_dram dram_size | System Memory (onboard DRAM) 1,2
4000 0000 FCFFFFFF | 3G-48M | PCI Memory Space: 3.4
4000 0000 to FCFF FFFF
FDOO 0000 FDFF FFFF | 16M Zero-Based PCI/ISA Memory Space 3
(mapped to 00000000 to OOFFFFFF)
FEOO0 0000 FE7FFFFF | 8M Zero-Based PCI/ISA 1/0O Space 35

(mapped to 00000000 to 007FFFFF)

1-6
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Programming Model

Table 1-3. CHRP Memory Map Example (Continued)

Processor Address Size Definition

z

Start End %
FE80 0000 FEF7 FFFF | 7.5M Reserved
FEF8 0000 FEF8 FFFF | 64K Falcon Registers
FEF9 0000 FEFE FFFF | 384K Reserved
FEFF 0000 FEFF FFFF | 64K Raven Registers 7
FFO0 0000 FF7F FFFF | 4M ROM/FLASH Bank A 16
FF80 0000 FF8F FFFF M ROM/FLASH Bank B 1,6
FF50 0000 FFEF FFFF | 6M Reserved
FFFO 0000 FFFF FFFF | 1M ROM/FLASH Bank A or Bank B 6

Notes
1. Programmable via Fal con chipset.

2.

To enable the Processor-hole area, program the Falcon chipset to
ignore 0x0O00A 0000 - 0xO00BFFFF address range and program the
Raven to map this address range to PClI memory space.

. Programmable via Raven ASIC.
. CHRP requiresthe starting address for the PCI memory space to be

256MB-aligned.

. Programmable via Raven ASIC for either contiguous or spread-1/0

mode.

. Thefirst IMB of ROM/FLASH Bank A appears at this range after

aresetif therom_b_rv control bit iscleared. If therom_b _rv
control bit isset then thisaddressrange mapsto ROM/FLASH Bank
B.

. The only method to generate a PCI Interrupt Acknowledge cycle

(8259 IACK) is to perform a read access to the Raven’s PIACK
register at OXFEFF0030.
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Board Description and Memory Maps

The following table shows the programmed val ues for the associated
Raven MPC registers for the processor CHRP memory map.

Table 1-4. Raven MPC Register Values for CHRP Memory Map

Address Register Name Register Value
FEFF 0040 MSADDO 4000 FCFF
FEFF 0044 MSOFFO & MSATTO | 0000 00C2
FEFF 0048 MSADD1 FDOO FDFF
FEFF004C | MSOFF1 & MSATT1 0300 00C2
FEFF 0050 MSADD2 0000 0000
FEFF 0054 MSOFF2 & MSATT?2 0000 0002
FEFF 0058 MSADD3 FEOO FE7F
FEFF005C | MSOFF3 & MSATT3 | 0200 00CO

Processor PREP Memory Map

The Raven/Falcon chipset can be programmed for PREP-compatible
memory map. The following table shows the PREP memory map of the
MTX series from the point of view of the processor.

Table 1-5. PREP Memory Map Example

Processor Address Size Definition Notes
Start End
0000 0000 top_dram dram_size System Memory (onboard DRAM)
8000 0000 BFFF FFFF | 1G Zero-Based PCI /O Space:
0000 0000 - 3FFFF FFFF
C000 0000 FCFF FFFF | 1G - 48M Zero-Based PCI/ISA Memory Space: 2
0000 0000 - 3CFFFFFF
FDO0 0000 | FEF7 FFFF | 40.5M Reserved
FEF80000 | FEF8 FFFF | 64K Falcon Registers
FEF9 0000 FEFE FFFF | 384K Reserved
FEFF 0000 | FEFFFFFF | 64K Raven Registers 5

1-8
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Programming Model

Table 1-5. PREP Memory Map Example (Continued)

Processor Address Size Definition Notes
Start End
FFO0 0000 FF7F FFFF | 4M ROM/FLASH Bank A 13
FF80 0000 FF8F FFFF | 1M ROM/FLASH Bank B 13
FF90 0000 FFEF FFFF | 6M Reserved
FFFO 0000 FFFFFFFF | 1M ROM/FLASH Bank A or Bank B 4
Notes

1. Programmable via Fal con chipset.

. Programmable viaRaven ASIC.

2
3. The actual size of each ROM/FLASH bank may vary.
4

. Thefirst IMB of ROM/FLASH Bank A appears at this range after
areset if therom_b_rv control bit iscleared. If therom_b _rv
control bit isset then thisaddressrange mapsto ROM/FLASH Bank

B.

5. The only method to generate a PCI Interrupt Acknowledge cycle
(8259 IACK) is to perform a read access to the Raven’'s PIACK
register at OXFEFF0030.

The following table shows the programmed values for the associated
Raven MPC registers for the processor PREP memory map.

Table 1-6. Raven MPC Register Values for PREP Memory Map

Address Register Name Register Value
FEFF 0040 MSADDO CO000 FCFF
FEFF 0044 MSOFFO & MSATTO 4000 00C2
FEFF 0048 MSADD1 0000 0000
FEFF 004C | MSOFF1 & MSATT1 0000 0002

http://www.motorola.com/computer/literature
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Board Description and Memory Maps

Table 1-6. Raven MPC Register Values for PREP Memory Map (Continued)

Address Register Name Register Value
FEFF 0050 MSADD2 0000 0000
FEFF 0054 MSOFF2 & MSATT2 0000 0002
FEFF 0058 MSADD3 8000 BFFF
FEFF005C | MSOFF3 & MSATT3 | 8000 00CO

PCI Configuration Access

PCI Configuration accesses are accomplished viathe CONADD and
CONDAT registers. These two registers are implemented by the Raven
ASIC. Inthe CHRP memory map example, the CONADD and CONDAT
registersarelocated at OXFEOOOCF8 and OXFEOOOCFC, respectively. With
the PREP memory map, the CONADD register and the CONDAT register
are located at 0x80000CF8 and 0x80000CFC, respectively.

PCI Memory Maps

The PCI memory map is controlled by the Raven ASIC. The Raven ASIC
has flexible programming Map Decoder registersto customize the system
to fit many different applications.

Default PClI Memory Map

After areset, the Raven ASIC turns all the PCI slave map decoders off.
Software must program the appropriate map decoders for a specific
environment.

PCI CHRP Memory Map

The following table shows a PCI memory map of the MTX that is CHRP-
compatible from the point of view of the PCI Local Bus.

1-10 Computer Group Literature Center Web Site



Programming Model

Table 1-7. PCI CHRP Memory Map Example

Processor Address Size Definition Notes
Start End
0000 0000 top_dram dram_size Onboard ECC DRAM
4000 0000 FBFF FFFF | 3G - 64M PCI Memory Space
FCO0 0000 | FCO3 FFFF | 256K RavenMPIC
FC04 0000 | FCFFFFFF | 16M - 256K | PClI Memory Space
FDOO 0000 | FDFF FFFF | 16M PCl Memory Space or System Memory 1
Alias Space (mapped to 00000000 to
OOFFFFFF)
FEO0 0000 | FFFFFFFF | 32M Reserved
Notes

1. Programmable via the Raven’s PCI Configuration Registers.

The following table shows the programmed values for the associated
Raven PCI registers for the PCI CHRP memory map.

Table 1-8. Raven PCI Register Values for CHRP Memory Map

Configuration Configuration Register Value Register Value
Address Offset | Register Name (Aliasing OFF) (Aliasing ON)
$14 RavenMPIC MBASE FCO00 0000 FC00 0000
$80 PSADDO 0000 3FFF 0100 3FFF
$84 PSOFFO & PSATTO 0000 00FX 0000 00FX
$88 PSADD1 0000 0000 FDOO FDFF
$3C PSOFF1 & PSATT1 0000 0000 0000 00FX
$90 PSADD2 0000 0000 0000 0000
$94 PSOFF2 & PSATT2 0000 0000 0000 0000
$98 PSADD3 0000 0000 0000 0000
$oC PSOFF3 & PSATT3 0000 0000 0000 0000

http://www.motorola.com/computer/literature
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Board Description and Memory Maps

PCI PREP Memory Map

The following table shows a PCl memory map of the MTX seriesthat is
PREP-compatible from the point of view of the PCI local bus.

Table 1-9. PCI PREP Memory Map

PCIl Address Size Definition Notes
Start End
0000 0000 OOFF FFFF 16M PCI/ISA Memory Space
0200 0000 7FFF FFFF 2G -16M PCl Memory Space
8000 0000 FBFF FFFF | 2G - 64M Onboard ECC DRAM
FC00 0000 FCO3 FFFF | 256K RavenMPIC
FCO04 0000 FFFF FFFF 64M - 256K | PCI Memory Space

Notes

1. Programmable via the Raven’s PCI Configuration registers.

The following table shows the programmed values for the associated
Raven PCI registers for the PREP-compatible memory map.

Table 1-10. Raven PCI Register Values for PREP Memory Map

Configuration Configuration Register Value
Address Offset | Register Name

$14 RavenMPIC MBASE FC00 0000
$80 PSADDO 8000 FBFF
$34 PSOFFO & PSATTO 8000 00FX
$38 PSADD1 0000 0000
$3C PSOFF1 & PSATT1 0000 0000
$90 PSADD2 0000 0000
$94 PSOFF2 & PSATT2 0000 0000
$98 PSADD3 0000 0000
$9C PSOFF3 & PSATT3 0000 0000
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MPC System Bus

Memory maps for the MTX are described in the following sections.

Processors

The processors supported are: 603e, 603ev, 604, and 604e. Parity checking
is not supported for the system address and data buses (that is, the Raven
and Falcon ASICsdo not generate parity and do not check for parity onthe
system address and data busses).

Processor Type Identification

The type of the processor can be determined by reading the Processor
Version Register (PVR). Thefollowing table showsthe PVR valuesfor the
supported processors:

Table 1-11. PVR Values

Processor PVR Value

603e (Stretch) 0006 XXX Xh
603ev (Valiant) 0007 XXXXh
604 0004 XXXXh
604e (Sirocco) 0009 XXX Xh
604e (Machb) 000A XXXXh

Processor PLL Configuration

The processor internal clock frequency (Core Frequency) ismultiple of the
system bus frequency. Each processor has four configuration pins,
PLL_CFG, for hardware strapping of the processor core frequency.

Look-Aside Cache

The look-aside external cache, when present, isimplemented with the
Glance devices. Two Glance devices operate together to provide 256K B of
look-aside cache. The Glance devices are controlled via the System
External Cache Control Register (SXCCR).
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Falcon FLASH Memory

The Falcon chipset supports up to two banks of FLASH memory. For the
MTX each bank is 8-bits wide. Bank A FLASH size can be determined
from the Memory Configuration Register. The maximum ROM/FLASH
sizeis 64M per bank.

The FLASH typeinformation for each bank is available viathe Memory
Configurator Register (MEMCR). The FLASH typeinformationis helpful
in determining the correct programming agorithm for the actual FLASH
devices.

The reset vectors may be sourced by either Bank A or Bank B depending
on the state of rom_b_rv control bit. Whenrom_b_rv bit iscleared,
address range FFFO0000-FFFFFFFF maps Bank A. Whenrom_b_rv bit
is set, it maps to Bank B.

System Memory

The system memory is ECC-protected and is controlled by the Falcon
chipset. Up to two blocks of system memory are supported. Each block of
system memory can be up to 1GB in size. The design supports DRAM
speed as dow as 70ns. Both fast-page mode and hyper-page (EDO) mode
are supported. The best memory performance is achieved with 50ns EDO
devices.

Software needs to obtain the DRAM configuration information for each
block of memory by reading the DRAM seria presence detect (SPD)
information viathe two wire serial bus. The SPD provides the size, speed
and type information for each DRAM DIMM device. The speed and

refresh mode information are required to initialize the ram_spdO0,
ram_spdl, and ram_fref control bits in the Falcon’s Revision ID/General
Control Register.
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The maximum size of each DRAM block is 1GB.

Table 1-12. Typical DIMM SPD Information

Byte# | Value Entry Description
(hex) Value
Ohxx X Number of SPD bytes
0ho8 256 Total # bytesin SPD EEPROM
0h01 Fast Page Memory type
0h02 EDO
3 oh0C 12 # of row addresses
4 0hOB 11 # of column addresses
5 0h01 1 # of bankgDIMM
6 0h40 x64 Module data width
0h48 X72
7 0h00 0 Module data width (cont.)
8 0h01 LVTTL Moduleinterface levels
9 0h3C 60ns RAS accesstime
0h46 70ns
10 OhOF 15ns CAS accesstime
0Oh14 20ns
11 0h0O0 None Error detect/correction
0h02 ECC configuration
12 0h00 15.6 usNormal | Refresh rate/type
13 0h08 x8 Primary DRAM organization
14 0h0O0 Undefined Secondary DRAM organization

Falcon Chipset

The Falcon chipset consists of two identical Falcon ASIC devices; The

upper Falcon and the lower Falcon. The upper Falcon connects to the

upper half of the system data bus, DHOO through DH31, while the lower
Falcon connectsto lower half of the system data bus, DL0O through DL 31.
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Falcon Registers

The base address of the Falcon chipset’'s Registers is hard coded to the
address $FEF80000. Accesses to these registers are mapped differently
depending on whether they are read or write operations. For reads, the data
read on the upper half of the data bus comes from the upper Falcon, while
the data read on the lower half of the data bus comes from the lower
Falcon. For writes, internal register or test SRAM data written on the
upperhalf of the data bus goes to the upper Falcon and is automatically
copied by hardware to the lower Falcon. Internal register or test SRAM
data written on the lower half of the data bus does not go to either Falcon
in the pair, however the access is terminated normally with TA#.

Falcon-Controlled System Registers

The Falcon chipset latches the states of the DRAM data lines onto the
PR_STAT1 and PR_STAT2 registers. The MTX series uses these status
registers to provide the system configuration information. In addition, the
Falcon chipset performs the decode and control for an external register
port. This function is used by the MTX series to provide the system control
registers.

Table 1-13. System Register Summary

BIT #-->

o

FNWEAROONOO R EERE DN NN NN NN NN

03]
153

N
OFRPNWrOONOOORNMWROUIIO NI

FEF80400

System Configuration Register (Upper Falcon's PR_STAT1)

FEF80404

Memory Configuration Register (Lower Falcon’s PR_STAT1)

FEF88000

System External
Cache Control
Register

FEF88100

Processor 0
External Cache
Control Register

FEF88200

Processor 1
External Cache
Control Register

FEF88300

CPU Control

Register

1-16

Computer Group Literature Center Web Site




Programming Model

The following sub-sections describe these system registersin detail.

System Configuration Register (SYSCR)

The states of the RD[0:31] DRAM data pins, which have weak internal
pull-ups, arelatched by the upper Falcon chip at arising edge of the power-
up reset and stored in this System Configuration Register to provide some
information about the system. Configuration isaccomplished with external
pull-down resistors. This 32-bit read-only register is defined as follows:

Register System Configuration Register - $FEF80400

Bit erPEErPN e BEREREENREBRRNEREENERE SR
Field SYSID SYSCLK | SYSXC | POSTAT | P1STAT

Operation READ ONLY

Reset $FB‘X|X‘X‘X‘$F‘$F

SYSID System Identification. Thisfield specifies the type of the overall
system configuration so that the software may appropriately handle any
software visible differences. For the MTX series, thisfield returnsavalue
of $FB.

SYSCLK System Clock Speed. Thisfield relays the system clock speed
and the PCI clock speed information as follows:

SYSCLK Value System Clock Speed PCI Clock Speed
0b0000 to 0b1100 Reserved Reserved

0b1101 50 MHz 25 MHz

0b1110 60 MHz 30 MHz

Ob1111 66.66 MHz 33.33 MHz

SYSXC System External Cache Size. Thisfield reflects size of the |ook-
aside cache on the system bus.
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SYSXC Value External Look-aside Cache Size
0b0000 to 0b1011 Reserved

0b1100 1IMB

0b1101 512KB

0b1110 256KB

Ob1111 None

PO/ASTAT Processor 0/1 Status. Thisfield is encoded as follows:

PO/1STAT Value Processor 0/1 Present External In-line Cache Size
0b0000 to 0b0011 Reserved Reserved

0b0100 YES 1IMB

0b0101 YES 512KB

0b0110 YES 256K B

0b0111 YES None

0b1000 to 0b1111 NO N/A

Memory Configuration Register (MEMCR)

The states of the RD[00:31] DRAM data pins, which have weak internal
pull-ups, arelatched by the lower Falcon chip at arising edge of the power-
up reset and stored in this Memory Configuration Register. Inthe MTX,
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all RAM configuration information is contained in the SPD data; fields
M_FREF and M_SPD [0:1} inthe memory configuration register are not
used. This 32-bit read-only Register is defined as follows:

Register Memory Configuration Register - $FEF80404
N (W [A]|OT1O N0 (OO N|W 1O N0 OIO|F N W G110 N0 OO N W
Field = 2| Po®D| oo ufudu!
3 el P EPE PR
By
m | 88| 2RR| RRR 323
SR8 SRR
Operation
Reset R XEFPRFPXXEFIXXXEFXXXRFRRFRRFRRFRRRFPRFRRFRRFRXXXEFRFRF
M_FREF Not used
M_SPD[0:1] Not used
R_A/B_TYP[0:1] ROM/Flash Type. Thisfield is encoded as follows:
ROM_A/B_TYP[0:2] | ROM/FLASH Type
0b000 to Ob101 Reserved
0Ob110 Intel
Ob111 Unknown type (that is, ROM/FLASH Sockets)

Note Thedevicewidthisdifferent from thewidth of the FL ASH bank.
If the bank width is 64-bit and the device width is 16-bit then the
FLASH bank consists of four FLASH devices.

FLSHP[0:2] Bank A Flash memory size. Thisfield isencoded asfollows:
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Flash Size FLSHPO_ FLSHP1_ FLSHPZ2_

1MB

2MB

4MB

8MB

16MB

32MB

64MB

| P PP OOl O O

Rl P O Ol | kL O O

| Ol k| O] k| Ol k| O

No Flash

System External Cache Control Register (SXCCR)

The System Cache Control Register is accessed viathe RD[32:39] data
lines of the upper Falcon device. This 8-bit register is defined as follows:

Register System External Cache Control Register - $FEF88000
Bit 0 1 2 3 4 5 6 7
Field 9 (>/<) " (>/<)
0 O 5 0
I [ I T
o (2 Z "
Operation R/W
Reset 1 \ 1 ‘ 1 ‘ 1 X X X X
SXC_DIS_ System External Cache Enable. When this bit is cleared, it
disables this cache from responding to any bus cycles.
SXC_FLSH_ System External Cache Flush. When thisbit is pulsed true
for at least 8 clock periods, it causes the system external cache to write
back dirty cache lines out to system memory and clears al the tag valid
bits.
1-20 Computer Group Literature Center Web Site




Programming Model

A

Warning

Note  Thisoperation causes the Glance pair to request and hold the
MPC bus until it has completed the flush operation
(approximately 4100 clock cycles). This may be anissueif other
devices cannot wait that long to acquire MPC bus mastership.

SXC_RST_ System External Cache Reset. When thisbit is cleared, it
invalidates all tags and holds the cache in areset condition.

Note  Current Glancedevicesdo not hold the cachein areset condition;
however, the tag invalidate function still operates.

SXC_MI_ System External Cache Miss Inhibit. When thisbit is cleared,
it prevents line fills on cache misses.

Software should never clear more than one of these bits at the same time.
If more than oneis cleared at the same time, the Glance pair behaves
indeterminately.

Processor 0 External Cache Control Register (POXCCR)

The Processor 0 External Cache Control Register is accessed viathe
RD[32:39] datalines of the upper Falcon device. This register is not
implemented for systems without In-line Cache. This 8-bit register is
defined as follows:

Register Processor 0 External Cache Control Register - FEF88100h
[ 0 1 2 3 4 5 6 7
g g
I(') IO
Q o
» |w
Operation R/W R/W R/W R/W R/W R/W R/W R/W
0 0 0 0 X X X X
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POXC_CFG Processor 0 External Cache Configuration Access Mode.
When this bit is set, it maps the Processor 0's external cache in
Configuration Access Mode. Refer to the IBM15-C700A SLC User’s
Manual for details.

POXC_DIS_Processor 0 External Cache Disable. When this bit is
cleared, it disables this cache from responding to any bus cycles.

Processor 1 External Cache Control Register (P1CCR)

The Processor 1 External Cache Control Register is accessed via the
RD[32:39] data lines of the upper Falcon device. This register is not
implemented for systems without In-line Cache. This 8-bit register is
defined as follows:

Register Processor 1External Cache Control Register - FEF88200h
Bit 0 1 2 3 4 5 6 7
Field
| g K
IO IO
Q )
» |U)
Operation R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 X X X X

P1XC_CFG Processor 1External Cache Configuration Access Mode.
When this bit is set, it maps the Processor 1's external cache in
Configuration Access Mode. Refer to the IBM15-C700A SLC User’s
Manual for details.

P1XC_DIS Processor 1External Cache Disable. When this bit is cleared,
it disables this cache from responding to any bus cycles.

1-22 Computer Group Literature Center Web Site



ISA Loca Resource Bus

CPU Control Register

The CPU Control Register is accessed viathe RD[32:39] data lines of the
upper Falcon device. This 8-bit register is defined as follows:

Register CPU Control Register - $FEF88300
Bit 0 1 2 3 4 5 6 7
Field o I"I_'I IE Ig

3 5| 2| &

S o m M

- m Z Z
Operation R R R/W R/W R R R R
Reset 0 0 1 1 X X X X

GETPCI Get PCI Bus. This bit is logically ORed with Raven’s PCI bus
request signal. It can be used to obtain the PCI bus for the Processor.

LEMODE Little-endian Mode. This bit must be set in conjunction with
the LEND bit in the Raven for little-endian mode.

PO/1 TBEN Processor 0/1 Time Base Enable. When this bit is cleared,
the TBEN pin of Processor 0/1 will be driven low.

ISA Local Resource Bus

W83C553 PIB Registers
The PIB contains ISA Bridge /O registers for various functions. These
registers are accessible from the PCI bus. Refer to the W83C553 Data
Book for details.

Primary and Secondary EIDE Ports

The PIB also contains the EIDE controller. Refer to the 83C553 Data Book
for details.
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PC87308VUL Super I/O Strapping

ThePC87308V UL Super I/O providesthefollowing functionsto theMTX
series: akeyboard interface, a PS/2 mouse interface, a PS/2 floppy port,
two async serial portsand aparallel port. Refer to the PC87308VUL Data
Sheet for additional details and programming information.

The following table shows the hardware strapping for the Super 1/0
device:

Table 1-14. Strap Pins Configuration for the PC87308VUL

Pins Reset Configuration

CFGO 0- FDC, KBC and RTC wake up inactive.
CFG1 1 - Xbus Data Buffer (XDB) enabled.
CFG3, CFG2 00 - Clock sourceis 24MHz fed via X1 pin.

BADDR1, BADDR2 | 11 - PnP Motherboard, Wake in Config State. Index $002Eh.

SELCS

1 - CS0# on CSO# pin.

NVRAM/RTC & Watchdog Timer Registers

The MK48T59/559 provides the MTX serieswith 8KB of non-volatile
SRAM, atime-of-day clock, and a watchdog timer. Accesses to the
MK48T59/559 are accomplished viathree registers: The NVRAM/RTC
Address Strobe 0 Register, the NVRAM/RTC Address Strobe 1 Register,
and the NVRAM/RTC Data Port Register. The NVRAM/RTC Address
Strobe 0 Register latches the lower 8 bits of the address and the
NVRAM/RTC Address Strobe 1 Register latches the upper 5 bits of the
address.

Table 1-15. MK48T59/559 Access Registers

PCI 1/0 Address Function
0000 0074 NVRAM/RTC Address Strobe 0 (A7 - AO)
0000 0075 NVRAM/RTC Address Strobe 1 (A15 - A8)
0000 0077 NVRAM/RTC Data Register
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The NVRAM and RTC is accessed through the above three registers.
When accessing a NVRAM/RTC location, follow the following
procedure;

1. Write the low address (A7-AQ) of the NVRAM to the
NVRAM/RTC STBO register,

2. Write the high address (A15-A8) of the NVRAM to the
NVRAM/RTC STB1 register, and

3. Then read or writethe NVRAM/RTC Data Port.

Refer to the MK48T59 Data Sheet, listed in Appendix A, Related
Documentation, for additional details and programming information.

Module Configuration and Status Registers

Three registers provide the configuration and status information about the
board. These registers are listed in the following table:

Table 1-16. Module Configuration and Status Registers

PCI 1/O Address Function

0000 0800 CPU Configuration Register
0000 0802 Base Module Feature Register
0000 0803 Base Module Status Register

0000 08CO0 - 0000 08C1 Seven-Segment Display Register

The following sub-sections describe these registersin detail.

CPU Configuration Register

The CPU Configuration Register is an 8-bit register located at |SA 1/0
address x0800. Thisregister is defined for the MTX to provide
compatibility with existing firmwareand Al X revisions. The Base Module
Status Register should be used to identify the base module type and the
System Configuration Register should be used to obtain i nformation about
the overall system for future rel eases.
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Register Old CPU Configuration Register - FEO00800h

Bit SD7 ‘ SD6 ‘ SD5 \ SD4 SD3 ‘ SD2 ‘ SD1 ‘ SDO
Field CPUTYPE

Operation R R

Reset Eh Fh

CPUTYPE CPU Type. Thisfield will alwaysread as Eh for the MTX.
The System Configuration Register should be used for additional
information.

Base Module Feature Register

The Base Module Feature Register is an 8-bit register providing the
configuration information about the MTX motherboard. This read-only
register is located at 1SA /O address x0802.

Register

Base Module Feature Register - Offset $0802

Bit

SD7 SD6 SD5 SD4 SD3 SD2 SD1 SDO

Field

dT10d
d€1od
dXd9

Operation

Reset

3ai3
x| | d20Ss
X| D delod

X| | dNV1
x| | dISOs

X|
X|
X|
X|

EIDE_ EIDE ports present. If set, there are no on-board EIDE ports. If
cleared, there are on-board EIDE ports.

SCCP_ 785230 ESCC Present. If set, there is no on-board sync serial
support. If cleared, there is on-board support for sync seria interface.

PCI1P_ PMC or 32-bit PCI Slot 1 Present. If set, thereis no PMC/PCI
deviceinstalled in the PMC/PCI Slot 1. If cleared, the PMC/PCI Slot 1
contains aPMC or aPCI device.

PCI2P_ PMC or 32-bit Slot 2Present. If set, there is no PMC/PCI device
installed in the PMC/PCI Slot 2. If cleared, the PM C/PCI Slot 2contains a
PMC or PCI device.
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PCI3P_ 64-hit or 32-bit PCI Slot 3 Present. If set, thereisno PCI device
instal in PCI Slot 3. If cleared, the PCI Slot 3 contains a PCl device.

GFXP_ Graphics Present. If set, there is no on-board Graphics interface

(default).

LANP_ Ethernet Present. If set, thereis no Ethernet transceiver interface.
If cleared, there is on-board Ethernet support.

SCSIP_ SCSI Present. If set, there is no on-board SCSI interface. If
cleared, on-board SCSI is supported.

Base Module Status Register (BMSR)

The Base Module Status Register is an 8-bit read-only register located at
ISA 1/0 address x0803.

Register Base Module Status Register - Offset $0803

Bit SD7 ‘ SD6 ‘ SD5 \ SD4 ‘ SD3 ‘ SD2 \ SD1 \ SDO
Field BASE TYPE

Operation

Reset N/A

BASE_TYPEBaseModule Type. Thiseight bit fieldisused to providethe
category of the base module and is defined as follows:

BASE_TYPE Value

Base M odule Type

$0to $F7 Reserved

$F7 MTX without Peripheral Parallel Port
$F8 MTX with Peripheral Parallel Port
$F9 to FF Reserved

Extended Status Register

The Extended Status Register is an 8-bit read-only register located at |SA
1/0O address x0951.
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Register Extended Status Register - Offset $0951
Bit SD7 SD6 SD5 SD4 SD3 SD2 SD1 SDO
Field
3 8
= 2]
o o
Operation R R R R R R R R
Resat X X X X X X X X

SCSITS On board SCSI terminator status. If set, the on board terminator
is enabled. If cleared, the on board terminator is disabled.

SCSITP SCSI terminator power status. If set, SCSI terminator power is
available. If cleared, there is no SCSI terminator power.

SCSI Terminator Select

The SCSI terminator select register isaone-bit (SD15) write only register
located at 1SA 1/O address x0950. If aone iswritten to this register, the
SCSl terminator isdisabled. If azero iswritten to this register, the
terminator is enabled (assuming the on-board jumper described below is
not installed). This register is cleared by a hard reset (terminators are
enabled). This register may be overriden by installation of an on-board
jumper at J36. The jJumper disables the on-board SCSI terminator,
regardless of the state of the terminator select register.
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Seven-Segment Display Register

This 16-bit register allows data to be sent to the 4-digit hexadecimal
diagnostic display. The register also allows the data to be read back.

Register 7-Segment Display Register - Offset $08C0
Bit 0l nl nl vl wul u
O O ) O O
- T - T
Field DIG3[3:0] DIG2[3:0] DIG1[3:0] DIGO[3:0]
Operation R/W
Reset x‘x\x‘x‘x‘x‘x‘x‘x‘x‘x‘x‘x‘x‘x‘x

DIG3[3:0] Hexadecimal value of the most significant digit.
DIG2[3:0] Hexadecimal value of the third significant digit.
DIG1[3:0] Hexadecimal value of the second significant digit.
DIGO[3:0] Hexadecimal value of the least significant digit.

Z85230 ESCC and Z8536 CIO Registers and Port Pins

The 285230 ESCC is used to provide the two sync/async serial ports on

some MTX series models. The PCLK which can be used to derived the

baud rates, is 5 MHz. Refer to the SCC User’'s Manual for programming
information on the 285230 ESCC device.

The Z8536 CIO is used to provide the modem control lines not provided
by the 285230 ESCC. Refer to the Z8536 Data Sheet, lisipdandix
A, Related Documentation, for programming information.

Z8536/785230 Registers

Accesses to the 28536 CIO and the 285230 ESCC are accomplished via
Port Control and Port Data Registers. The PCLK to the Z8536 is 5 MHz.
Also, a Pseudo IACK Register is also defined to retrieve interrupt vectors
from these devices. The 28536 CIO has higher priority than the Z85230
ESCC in the interrupt daisy chain. The following list the registers
associated with accessing these two devices:
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Table 1-17. Z8536/285230 Access Registers

PCI /0O Address Function

0000 0840 Z85230: Port B (Serial Port 4) Control

0000 0841 Z85230: Port B (Serial Port 4) Data

0000 0842 Z785230: Port A (Seria Port 3) Control

0000 0843 Z85230: Port A (Serid Port 3) Data

0000 0844 Z8536 CIlO: Port C's Data Register

0000 0845 78536 CIO: Port B's Data Register

0000 0846 28536 CIO: Port A's Data Register

0000 0847 Z8536 CIO: Control Register

0000 084F Z85230/28536 Pseudo IACK

Z8536 CIO Port Pins
The assignment for the Port pins of the 28536 CIO is asfollows:
Table 1-18. Z8536 CIO Port Pins Assignment

Port Pin | Signal Name | Direction | Descriptions

PAO TM3_ Input Port 3 Test Mode.

PA1 DSR3_ Input Port 3 Data Set Ready

PA2 RI3_ Input Port 3 Ring Indicator

PA3 LLB3_ Output Port 3 Local Loopback

PA4 RLB3_ Output Port 3 Remote Loopback

PA5 DTR3_ Output Port 3 Data Terminal Ready

PAG6 BRDFAIL Output Board Fail: When set will cause FAIL LED to be
PA7 Reserved I/O Reserved

PBO T™M4_ Input Port 4 Test Mode

PB1 DSR4 _ Input Port 4 Data Set Ready

PB2 RI4_ Input Port 4 Ring Indicator

PB3 LLB4_ Output Port 4 Local Loopback
PB4 RLB4_ Output Port 4 Remote Loopback
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Table 1-18. Z8536 CIO Port Pins Assignment (Continued)

Port Pin | Signal Name | Direction | Descriptions

PB5 DTR4 Output Port 4 Data Terminal Ready
PB6 Reserved 110 Reserved

PB7 ABORT _ Input Status of ABORT# signal
PCO Reserved /0 Reserved

PC1 Reserved /O Reserved

PC2 Reserved 110 Reserved

PC3 Reserved 110

Note The direction and the polarity of the Z8536’s port pins are
software programmable.

Two Wire Serial (I°C) Bus Controller

The FC bus controller controls communication with the DRAM DIMM
on-module EEPROM devices. The EEPROM devices contain the Serial
Presence Detect information (see section on System Memory for more
information). Refer to the PCF8584 data sheet for additional programming
information. The DIMM EEPROM addresses on the two wire serial bus
are shown imable 1-20

Table 1-19. 1°C Controller Access Registers

PCI 1/0 Address Function
0000 0980 Operation Registers
0000 0981 Control/Status Register
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Table 1-20. Two Wire Serial (1°C) Bus Addresses

I°C Bus Address Function

1010000 Bank A lower DIMM
1010001 Bank A upper DIMM
1010010 Bank B lower DIMM
1010011 Bank B upper DIMM

ISA DMA Channels

There are seven |SA DMA channelsin the PIB. Channels 0 through 3
support only 8-bit DMA devices while Channels 5 through 7 support only
16-bit DMA devices. These DMA channels are assigned as follows:

Table 1-21. PIB DMA Channel Assignments

PIB Priority | PIBLabel | Controller | DMA Assignment

Highest Channel 0 | DMA1 Serial Port 3 Receiver (285230 Port A Rx)
Channel 1 Serial Port 3 Transmitter (285230 Port A Tx)
Channel 2 Floppy Drive Controller
Channel 3 Host Parallel Port
Channel 4 | DMA2 Not available - Cascaded from DMA1
Channel 5 Seria Port 4 Receiver (285230 Port B Rx)
Channel 6 Serial Port 4 Transmitter (285230 Port B Tx)

Lowest Channel 7 Periphera Parallel Port

Note Because the 285230 is an 8-hit device and Channels5 and 6 are
16-bit DMA Channels, only every other byte (the even bytes)
from memory isvalid.
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Processor Interrupt Controller

Introduction

Overview

This chapter describes the architecture and usage of the Raven, a PowerPC
to PCI Loca BusBridge ASIC. The Raven isintended to provide
PowerPC microprocessor compliant devices accessto devicesresiding on
the PCI Local Busin avery efficient manner. In the remainder of this
chapter, the PowerPC buswill be referred to as the PPC bus and the PCI
Local BusasPClI.

No manufacturer currently has plans to support the PPC bus directly.
Therefore, some aternative 1/0 buswill be necessary in any PowerPC
product. This1/O bus must be robust and efficient enough to handle the
high bandwidth, burst oriented traffic required for Ethernet, SCSI,
graphics, and VMEbus interfaces.

PCI is ahigh performance 32-bit or 64-bit, burst mode, synchronous bus
capable of transfer rates of 132 MB/sec in 32-bit mode or 264 MB/secin
64-bit mode using a 33 MHz clock.

Requirements

The Raven must provide a high throughput interface between multiple
PPC processors and 32/64-bit PCI local bus. It must be capable of
supporting up to two PPC processors and contain a multiprocessing
interrupt structure to efficiently distribute interrupts dynamically between
these processors.

Features

0 PPC Bus Interface
— Direct interface to PowerPC processors.
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64-bit data bus, 32-bit address bus.

Optional bus arbitration logic supporting up to three bus masters.
Four independent software programmable slave map decoders.
Multi-level write post FIFO for writes to PCI.

Support for PPC bus clock speeds up to 66 MHz.

Selectable big or little-endian operation.

o PCI Interface

Fully PCI Rev. 2.0 compliant.

32-bit or 64-bit address/data bus.

Support for accesses to all four PCI address spaces.
Single-level write posting buffers for writes to the PPC bus.
Read-ahead buffer for reads from the PPC bus.

Four independent software programmable slave map decoders.

o Interrupt Controller

MPIC compliant.
Support for 16 external interrupt sources and two processors.

Multiprocessor interrupt control allowing any interrupt source to
be directed to either processor.

Multilevel cross processor interrupt control for multiprocessor
synchronization.

Four 31 bit tick timers.

0 Two 64-bit general purpose registers for cross-processor
messaging.
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Figure 2-1. Raven Block Diagram
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Functional Description

PPC Bus Interface

The PPC Bus Interfaceis designed to be coupled directly to up to two PPC
microprocessors as well as amemory/cache subsystem. It uses a subset of
the capabilities of the PPC bus protocal.

PPC Map Decoders

The Raven address decoders have been designed to be as flexible as
possibleto provide awide range of addressing possibilities. There arefive
address map decodersin the Raven which determine the PPC bus
addressestowhich the Ravenwill respond: the PPC Register File Decoder,
and four programmable decoders. Table 2-1 shows atypical CHRP
compliant memory map. (Another similar map is shown in Table 1-3.)

Table 2-1. CHRP Compliant Memory Map

PPC Address Function
$00000000-$7FFFFFFF System Memory (2G)
$80000000-$FCFFFFFF PCl Memory (2G - 48M)
$FD000000-$FDFFFFFFF | ISA Memory (16M)
$FEO00000-$FE7FFFFF | Discontiguous PCI 10 (8M)
$FEB00000-$FEBFFFFF | Contiguous PCI 10 (4M)
$FECO0000-$FEF7FFFF | reserved (3.5M)
$FEF80000-$FEF8FFFF | Falcon O Registers (64K)
$FEF90000-$FEFOFFFF | Falcon 1 Registers (64K)
$FEFAOO000-$FEFAFFFF | Falcon 2 Registers (64K)
$FEFB0000-$FEFBFFFF | Falcon 3 Registers (64K)
$FEFCO000-$FEFEFFFF | reserved (192K)
$FEFFO000-$FEFFFFFF | Raven Registers (64K) (EXT00 => 0)
$FFO00000-$FFFFFFFF | System ROM/Flash (16MB)
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Functional Description

The PPC Register File decoder determines the address location of the

Raven’'s PPC registers from the PPC bus. These registers may be accesse%
using only 1-, 2-, 3-, 4-, or 8-byte operations. The location of the PPC
register file is fixed beginning at PPC address SFEFE0000 or SFEFF0000,
depending on the state of the EXTO1 bit at the time RST* is released. If the
EXTO1 pin is sampled in the low state, the PPC register file will start at
address $FEFE0000. If the EXTO1 pin is sampled in the high state, the
PPC register file will start at address $FEFF0000. All references to the
PPC register file within this specification will assume a base address of
FEFF0000. All Raven registers are described in detail later in this chapter.

The Raven includes four programmable decoders which control accesses
from the PPC bus to the PCI bus. These decoders provide a window into
the PCI bus from the PPC bus. The most significant 16 bits of the PPC
address are compared with the address range of each map decoder, and if
the address falls within the specified range, the access is passed on to PCI.
For each map, there is an associated set of attributes. These attributes are
used to enable read accesses, enable write accesses, enable write posting,
and define the PCI transfer characteristics. Each map decoder also includes
a programmable 16-bit address offset. The offset is added to the 16 most
significant bits of the PPC address, and the result is used as the PCI
address. This offset allows PCI devices to reside at any PCI address,
independent of the PPC address map.

Care should be taken to assure that all programmable decoders decode
unique address ranges. Overlapping address ranges will lead to undefined
operation.

PPC Write Posting

The PPC write FIFO stores up to eight data beats in any combination of
single- and burst transactions. If write posting is enabled, Raven stores the
data necessary to complete an PPC write transfer to the PCI bus and
immediately acknowledges the transaction on the PPC bus. This frees the
PPC bus from waiting for the potentially long PCI arbitration and transfer.
The PPC bus may be used for more useful work while the Raven manages
the completion of the write posted transaction on PCI.
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PPC Master

If the write post FIFO is full, any other accesses to the Raven are delayed
(AACK* will not be asserted) until there isroom in the FIFO to store the
complete transaction.

All write posted transferswill be compl eted before anon-write posted read
or write is begun to assure that all transfers are completed in the order
issued. All write posted transfers will also be completed before any access
to the Raven'’s registers is begun.

Wherever possible, the PPC master will attempt to consolidate data
movement into a pair of burst transfers called couplets. If there is not
enough data movement to perform a couplet, the PPC master will attempt
singular burst transfers. The PPC master will perform single beat transfers
as required during all non-cache aligned writes and some non-cache
aligned reads. A 64-bit by 16 entry FIFO is used to hold data between the
PCI slave and the PPC master to ensure that optimum data throughput is
maintained. While the PCI slave is filling the FIFO with one cache line
worth of data, the PPC master can be moving another cache line worth onto
the PPC bus. This will allow the PCI slave to receive long block transfers
without stalling.

The PPC master has an optional read ahead mode controlled by the RAEN
bit in the PCISATTX registers that allows the PPC master to prefetch data
in bursts and store it in the FIFO. The contents of the FIFO will then be
used to satisfy the data requirements for the remainder of the PCI read
transaction. A second control bit within the PCISATTx registers called
TDIS (Threshold Disable) determines how the PPC master will continue
to fill the FIFO during prefetched reads. The following table shows the
read ahead options.
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Functional Description

2
TDIS | RAEN | PCI Command Initial Read Size | Continuation Subsequent
Read Size
X 0 Read 1 cacheline PCI received data | 1 cacheline
Read Line and
FRAME*
asserted
0 1 Read 4 cachelines FIFO <= 1cache | 2cachelines
Read Line line
Read Multiple
1 Read 4 cachelines PCl received data | 2 cachelines
Read Line and
- FRAME*
X Read Multiple ted

Upon completion of a prefetched read transaction, any residual read data

left within the FIFO will be invalidated (discarded). The Raven does not

have a mechanism for snooping the PPC bus for transactions associated

with the prefetched read data within it's FIFO, therefore caution should be
exercised when using the prefetch option within coherent memory space.

The user should select a PCI command type, a transaction size and a TDIS
bit setting that minimizes wasted PPC bus bandwidth due to unnecessary
prefetching. For example, there will be no unnecessary prefetching if the
user always performs a burst read of 4 cache lines and the TDIS option is
enabled. If the user wishes to perform very long burst transactions, then the
TDIS option should be disabled since the benefits of a long uninterrupted
transaction far exceed the penalty of a few unused prefetch cycles.

The PPC master will never perform prefetch reads beyond the address
range mapped within the PCI slave map decoders. As an example, assume
Raven has been programmed to respond to PCI address range $10000000
through $1001FFFF with an offset of $2000. The PPC master will perform
its last read on the PPC bus at cache line address $3001FFFC or word
address $3001FFF8.
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The PPC bus transfer types generated by the PPC master depend on the
PCI command code and the INV/GBL bitsinthe PCISATTx registers. The
GBL bit determines whether or not the GBL* signal is asserted for all
portions of atransaction and is fully independent of the PCI command
codeand INV bit. Thefollowing table shows the relationship between PCI
command codes and the INV hit.

Table 2-2. PPC Transfer Types

PCl Command Code | INV | PPC Transfer Type | PPC Transfer Size | TTO-TT4

Memory Read, 0 Read Burst/Single Beat 01010

Memory Read
Multiple,

Memory Read Line
Memory Read, 1 Read With Intent to | Burst/Single Beat 01110
Memory Read Modify
Multiple,

Memory Read Line
Memory Write, X Write with Kill Burst 00110
Memory Write and
Invalidate
Memory Write, X Write with Flush Single Beat 00010

Memory Write and
Invalidate

The PPC master incorporates an optional operating mode called Bus Hog.

When Bus Hog is enabled, the PPC master will continually request the

PPC busfor the entire duration of each PCI transfer. When Bus Hog is not
enabled, the PPC master will structure its bus request actions around its

desire to perform couplets. This means the bus request will be deasserted
between couplets. Caution should be exercised when using thismode since

the over-generosity of bus ownership to the PPC master can be detrimental

to the host CPU’s performance. The Bus Hog mode can be controlled by
the BHOG bit within the GCSR. The default state for BHOG is disabled.
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Functional Description

PPC Bus Timer

The PPC bus timer alows the current bus master to recover from alock-
up condition caused when no slave responds to the transfer request.

Thetime-out length of the bustimer isdetermined by the MBT fieldin the
Global Control/Status Register.

The bus timer startsticking at the beginning of an address transfer (TS*
asserted), and if the address transfer is not terminated (AACK* asserted)
before the time-out period has passed, the Raven will assert the MATO bit
in the PPC Error Status Register, latch the PPC addressin the PPC Error
Address Register, and then immediately assert AACK*.

The MATO bit may be configured to generate an interrupt or a machine
check through the MEREN register.

The timer isdisabled if the transfer isintended for PCI. PCI bound
transfers will be timed by the PCI master.

PCI Interface

The Raven PCI Interfaceis designed to connect directly to aPCl Local Bus
compliant 1/0 bus.

The PCI interface may operate at any clock speed up to 33 MHz. The
PCLK input must be externally synchronized with the MCLK input, and
the frequency of the PCLK input must be exactly half the frequency of the
MCLK input.

PCI Map Decoders

The Raven contains four programmable decoders which provide windows
into the PPC busfrom the PCI bus. The most significant 16 bits of the PCI
addressis compared with the address range of each map decoder, and if the
address fallswithin the specified range, the accessis passed on to the PPC
bus. For each map, there is an independent set of attributes. These
attributes are used to enable read accesses, enable write accesses, enable
write posting, and define the PPC bus transfer characteristics. Each map
decoder also includes a programmable 16-bit address offset. The offset is
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added to the 16 most significant bits of the PCI address, and the result is
used as the PPC address. This offset allows devices to reside at any PPC
address, independent of the PCI address map.

All Raven address decoders are prioritized so that programming multiple
decodersto respond to the same address will not be a problem. When the
PCI addressfallsinto the range of more than one decoder, only the highest
priority one will respond. The decoders are prioritized as shown below.

Decoder Priority
PCl Slave 0 | highest
PCl Slave 1

PCI Slave 2

PCI Slave 3 | lowest

PCI Configuration Space

The Raven does not have an IDSEL pin. An internal connection is made
within the Raven that logically associates the assertion of IDSEL with the
assertion of either AD30 or AD3L1. The exact association depends on the
state of the EXTO2 pin when the RST* pinisreleased. If EXTO02 s
sampled low, the Raven will associate AD30 with IDSEL. If EXT02 s
sampled high, the Raven will associate AD31 with IDSEL.

PCI Write Posting

If write posting is enabled, the Raven stores the target address, attributes,
and up to 128 bytes of data from one PCI write transaction and
immediately acknowledges the transaction on the PCI bus. Thisalowsthe
slower PCI to continue to transfer data at its maximum bandwidth, and the
faster PPC bus to accept datain high performance cache-line burst
transfers.

Only one PCI transaction may be write posted at any given time. If the

Raven is busy processing a previous write posted transaction when anew
PCI transaction begins, the next PCI transaction will be delayed (TRDY*
will not be asserted) until the previous transaction has compl eted. If during
atransaction the write post buffer gets full, subsequent PCI data transfers
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PCI Master

will bedelayed (TRDY* will not be asserted) until the Raven hasremoved
some data from the FIFO. Under normal conditions, the Raven should be
able to empty the FIFO faster than the PCI bus can fill it.

PCI Configuration cyclesintended for internal Raven registerswill also be
delayed if Ravenisbusy so that control bitswhich may affect write posting
do not change until all write posted transactions have compl eted.

The PCI master, in conjunction with the capabilities of the PPC dave, will
attempt to move datain either single beat or burst transactions. All single
beat transactionswill be subdivided into one or two 32-bit transfers,
depending on the alignment and size of the transaction. The PCI master
will attempt to transfer all burst transactionsin 64-bit mode. If at any time
during the transaction the PCI target indicates it can not support 64-bit
mode, the PCI master will continueto transfer the remaining datain 32-bit
mode.

The PCI Command Codes generated by the PCI master depend on the PPC
transfer type, TBST*, and the MEM field in the MSATTX registers.

Table 2-3. PCI Command Codes

PPC Transfer Type | TBST | ME | PCI Command

* M
Write w/ Flush X 1 0111
Write w/ Flush (Memory Write)
Atomic X 0 0011
Writew/ Kill (1/0 Write)
Graphics Write

0 1 1110
Read (Memory Read Line)
Read w/ ITM 1 1 0110
Read w/ ITM Atomic (Memory Read)
Graphics Read X 0 0010

(1/0 Read)
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Generating PClI Memory and 1/O Cycles

Each programmable slave may be configured to generate PCI 1/O or
memory accessesthroughtheMEM and IOM fieldsinits Attribute register

as shown below.

MEM

IOM

PCI Cycle Type

1

X

Memory

0

Contiguous I/0

0

1

Spread I/O

The IBM CHRP specification describes two approaches for handling PCI
I/0O addressing: contiguous or spread address modes. When the MEM bhit
iscleared, the |OM bit isused to select between thesetwo modes whenever
aPCl 1/0O cycleisto be performed.

When MEM isclear or IOM isclear, the Raven will take the PPC address,
apply the offset specified in the M SOFFx register, and map the result

directly to PCI.

When MEM is clear and IOM is set, the Raven will take the PPC address,
apply the offset specified in the M SOFFx register, and map the result to
PCI as shown in the following figure.
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PPC Address + Offset

31 12 11 54 0
. J

31 25 24 54 0

0 00O0OTOODO

PCI Address

1915 9610

Figure 2-2. PCI Spread 1/O Cycle Mapping

This CHRP compliant spread I/O mode allows each PCI device’s I/O
registers to reside on a different PPC memory page, so device drivers can
be protected from each other using memory page protection.

All I/O accesses must be performed within natural word boundaries. Any
I/O access that is not contained within a natural word boundary will result
in unpredictable operation. For example, an I/O transfer of 4 bytes starting
at address $80000010 is considered a valid transfer. An 1/O transfer of 4
bytes starting at address $80000011 is considered an invalid transfer since
it crosses the natural word boundary at address $80000013/$80000014.

Generating PCI Configuration Cycles

Mechanism one (as just described above) is utilized to generate
configuration cycles. Two 32 bit PCI 1/O ports at $CF8 and $CFC are used
to access PCI configuration space. One of the four PPC Slave Address
Registers is used to gain access to $CF8 and $CFC.

Note MSADD3 is initialized at reset to access PCI I/O space with an
PPC address of $80000000.
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The resource at $CF8 isa 32 bit configuration address port and is referred
to asthe CONFIG_ADDRESS register. The resource at $CFC isa 32 bit
configuration data port and is referred to asthe CONFIG_DATA register.

Accessing a PCI functions’s configuration port is a two step process;

o Write the bus number, physical device number, function number
and register number to the CONFIG_ADDRESS register.

o Perform an I/O read from or a write to the CONFIG_DATA register.

Generating PCI Special Cycles

To prime Raven to generate a special cycle, the host processor must write
a 32-bit value to the CONFIG_ADDRESS register. The contents of the
write are defined later in this chapter under the CONFIG_ADDRESS
register definition. After the write to $CF8 has been accomplished, the
next write to the CONFIG_DATA register causes the Raven to generate a
special cycle on the PCI bus. The write data is driven onto AD[31:0]
during the special cycle’s data phase.

Generating PCI Interrupt Acknowledge Cycles

Performing a read from the PIACK register will initiate a single PCI
Interrupt Acknowledge cycle. Any single byte or combination of bytes

may be read from, and the actual byte enable pattern used during the read
will be passed on to the PCI bus. Upon completion of the PCI interrupt
acknowledge cycle, the Raven will present the resulting vector information
obtained from the PCI bus as read data.

Endian Conversion

The Raven supports both big- and little-endian data formats. Since PCl is
inherently little-endian, conversion is necessary if all PPC devices are
configured for big-endian operation. The Raven may be programmed to
perform the Endian conversion described below.
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When PPC Devices are Big-Endian 2

When all PPC devices are operating in big-endian mode, all datato/from
PCI must be swapped such that PCI looks big-endian from the PPC bus’s
perspective. This is shown in the following figure.
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Figure 2-3. Big- to Little-Endian Data Swap
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When PPC Devices are Little-Endian

When all PPC devicesare operating in little-endian mode, the PPC address
must be modified to remove the exclusive-ORing applied by PPC60x
processors before being passed on to PCI. The three low order processor
bus address bits are exclusive-ORed with athree-bit value that depends on
the length of the operand, as shown in Table 2-4.

Table 2-4. Address Modification for Little-Endian Transfers

Data Length (bytes) | Address M odification
1 XOR with 111

2 XOR with 110

4 XOR with 100

8 no change

Note Theonly legal datalengths supportedinlittle-endian mode are 1,
2, 4, or 8-byte aligned transfers.

Cycles Originating From PCI

For bus cyclesinitiated by PCl masters, the PCI address will be modified
the same way the M CP60x processor doesin little-endian mode. The
modification will be the same asthat described in the section above. Since
this method has some difficulties dealing with unaligned transfers, the
Raven will break up all unaligned PCI transfers into multiple aligned
transfers on the PPC bus.

Error Handling

The Raven will be capable of detecting and reporting the following errors
to one or more PPC masters:

0 PPC address bus time-out
0 PCI master signalled master abort
0 PCI master received target abort
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o PCI parity error
o PCI system error

Each of these error conditions will cause an error status bit to be setin the
PPC Error Status Register. If a second error is detected while any of the
error bitsis set, the OVFL bit is asserted, but none of the error bits are
changed. Each bit in the PPC Error Status Register may be cleared by
writing a1toit; writing a0 to it has no effect. New error bits may be set
only when all previous error bits have been cleared.

When any bitinthe PPC Error Statusregister is set, the Raven will attempt
to latch as much information as possible about the error in the PPC Error
Address and Attribute Registers. Information is saved as follows:

Error Status | Error Addressand Attributes
MATO From PPC bus

SMA From PCI bus

RTA From PCI bus

PERR Invalid

SERR Invalid

Each MERST error bit may be programmed to generate a machine check
and/or astandard interrupt. The error response is programmed through the
PPC Error Enable Register on a source by source basis. When a machine
check is enabled, either the MID field in the PPC Error Attribute Register
or theDFLT bit inthe MEREN Register determine the master to which the
machine check is directed. For errorsin which the master who originated
thetransaction can be determined, the MID field isused, provided theMID
is %00 (processor 0), %01 (processor 1), or %10 (processor 2). For errors
not associated with a particular PPC master, or associated with masters
other than processor 0, 1, or 2, the DFLT bit isused. One example of an
error condition which cannot be associated with a particular PPC master
would be a PCI system error.
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PCI/PPC Contention Handling

The Raven has a stall detection mechanism that detects when thereisa
possible resource contention problem (that is, deadlock) as aresult of

overlapping PPC and PCI initiated transactions. The PPC Slave and the
PCI Slave functions contain the logic needed to implement this feature.

The PCI Slave function contributes to the stall detection mechanism by
issuing a stall signal to the PPC Slave function whenever it is currently
processing atransaction that must have control of the PPC bus before the
transaction can be completed. The events that activate this signal are:

o PCI read cycle

o PCI non-posted write cycle

0 PCI posted write cycle with flush-before-read (FLBRD) enabled
0 PCI posted write cycle and internal FIFO full

The PPC Slave function determines its future actions based on the stall
signal and the current PPC bus activity. If the PPC Slave function
determines there will be contention between a cycle completing on the
PPC bus and an incoming PCI cycle, the PPC Slave will issue aretry for
the current PPC transaction. Thisretry will free up the PPC bus and alow
the PCl initiated transaction to complete. An idle PPC bus obviously gives
immediate access to the pending PCI initiated transaction.

If the PPC busis currently supporting aread cycle of any type, the cycle
will be terminated with aretry.

Note If theread cycleisacrossamod-4 addressboundary (thatis, from
address 0x...02, 3 bytes), it is possible that a portion of the read
could have been completed before the stall condition was
detected. The previoudy read datawill be discarded and the
current transaction will be retried.

If the PPC busis currently supporting a posted write transaction, the
transaction will be allowed to complete since this type of transactionis
guaranteed completion. If the PPC busis currently supporting a non-
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posted write transaction, the transaction will be terminated with aretry.
Note that a mod-4 non-posted write transaction could be interrupted
between write cycles, and thereby result in apartially completed write
cycle. It isrecommended that write cycles to write-sensitive non-posted
locations be performed on mod-4 address boundaries.

The Raven has a programmabl e option to guarantee all PCI write posted
transactions are compl eted before an PPC initiated read transaction may be
alowed to complete. Thisoption is controlled by the FLBRD bit in the
GSCR register. If this bit is set, all PPC read transactions will be retried
until all posted PCI write transactions have completed. It is recommended
that this option be disabled, and the FLBRD hit be left in the default
(disabled) state.

Transaction Ordering

The PCI Local Bus Specification 2.0, listed in Appendix A, Related
Documentation, statesthat posted write buffersin both directions must be
flushed before completing aread in either direction. Raven supports this
by providing two optional FIFO flushing options. The PPCFBR (PPC
Flush Before Read) bit within the GCSR register controls the flushing of
PCI write posted datawhen performing PPC originated read transactions.
The PCIFBR bit within the GCSR register controls the flushing of PPC
write posted data when performing PCI originated read transactions. The
PCIFBR and PPCFBR functions are completely independent of each
other, however both functions must be enabled to guarantee full
compliance with PCI Local Bus Specification 2.0, Appendix A, Related
Documentation.

When the PPCFBR hit is set, Raven will handle read transactions
originating from the PPC bus in the following manner:

0 Write posted transactions originating from the processor bus are
flushed by the nature of the FIFO architecture. The Raven will hold
the processor with wait states until the PCI bound FIFO is empty.

0 Write posted transactions originated from the PCI busareflushedin
the following manner. The PCI dlave sets asignal called
‘pcis_fbrabt’ anytime it has committed to performing a posted write
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Registers

transaction. This signal will remain asserted until the PPC bound
FIFO count has reached zero.

The PPC dave address decode logic settles out several clocks after
the assertion of TS*, at which time the PPC dave can determinethe
transaction type. If itisaread and PPCFBR is enabled, the PPC
davewill look at the pcis fbrabt signal. If thissignal isactive, the
PPC dlave will retry the processor.

When the PCIFBR bhit is set, Raven will handle read transactions
originating from the PCI bus in the following manner:

0 Write posted transactions originating from the PCI bus are flushed

by the nature of the FIFO architecture. The Raven will hold the PCI
master with wait states until the PPC bound FIFO is empty.

Write posted transactions originated from the PPC bus are flushed
in the following manner. The PPC slave will set asignal called
ppcs_fbrabt anytimeit has committed to performing aposted write
transaction. This signal will remain asserted until the PCI bound
FIFO count has reached zero.

The PCI dave decode logic settles out several clocks after the
assertion of FRAME*, at which time the PCI slave can determine
the transaction type. If it isaread and PCIFBR is enabled, the PCI
davewill look at theppcs fbrabt signal. If thissignal isactive, the
PCI slave will retry the PCI master.

This chapter provides a detailed description of all Raven registers. The
Raven ASIC functions as the PPC to PCI Host Bridge. It also contains an
interrupt controller, the Raven MPIC. The Raven ASIC has three sets of
registers: The PPC Register set, the PCI Configuration Register set, and
the Raven MPIC Register set. The PPC Registers are described first; the
PCI Configuration Registers next, and the MPIC Register set last.

The following conventions are used in the Raven register charts:

0 R Read Only field.
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0 R/W Read/Writefield.
0 S Writing a ONE to thisfield sets thisfield.
0 C Writing a ONE to thisfield clears thisfield.

PPC Registers
The Raven PPC register map is shown in the following table.

Table 2-5. Raven PPC Register Map

Bit ---> 101111111112 222 22
O] 1) 2 3] 4/ 5/ 6|78 9 0] 1 2 3 4 5| 6| 78 90 1 2| 34 5/ 6|7 8 9 0 1

N
N
N
N
w
w

$FEFF0000 VENID DEVID

$FEFF0004 REVID

$FEFF0008 GCSR FEAT

$FEFFO00C

$FEFF0010 PADJ

$FEFF0014

$FEFF0018

$FEFFO01C

$FEFF0020 ERRTST ERREN

$FEFF0024 \ ERRST

$FEFF0028 ERRAD

$FEFF002C \ ERRAT

$FEFF0030 PIACK

$FEFF0034

$FEFF0038

$FEFF003C

$FEFF0040 PPCSADDO

$FEFF0044 PPCSOFFO ‘ ‘ PPCSATTO

$FEFF0048 PPCSADD1

$FEFF004C PPCSOFF1 ‘ ‘ PPCSATT1
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Table 2-5. Raven PPC Register Map (Continued)

Bit ---> 11/ 1) 1)1/ 2) 22121222 2 22 2222233
1/ 2| 3/ 4/ 5/ 6] 7/ 890 1 2 345 6 7890 12 3 45 6 78 90 1

$FEFFO0050 PPCSADD2

$FEFF0054 PPCSOFF2 \ ‘ PPCSATT2

$FEFF0058 PPCSADD3

$FEFF005C PPCSOFF3 ‘ ‘ PPCSATT3

$FEFF0060 WDTICNTL

$FEFF0064 ‘ \ ‘ WDTI1STAT

$FFEF0068 WDT2CNTL

$FEFF006C ‘ ‘ ‘ WDT2STAT

$FEFF0070 GPREGO(Upper)

$FEFF0074 GPREGO(L ower)

$FEFF0078 GPREG1(Upper)

$FEFF007C GPREG1(Lower)

Vendor ID/Device ID Registers

Address $FEFF0000

Bit 1111111211222 222222233
1203 45 6/ 7890 1234156 7890 12 3456 789 0 1

Name VENID DEVID

Operation R R

Reset $1057 $4801
VENID Vendor ID. Thisregister identifies the manufacturer of the
device. Thisidentifier is allocated by the PCI SIG to ensure uniqueness.
$1057 has been assigned to Motorola. Thisregister isduplicated in the PCI
Configuration Registers.
DEVID DevicelD. Thisregister identifiesthis particular device. The
Raven will always return $4801. This register is duplicated in the PCI
Configuration Registers.
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Revision ID Register

Address $FEFF0004

Bit U101 11011222222222233
012345 6 7890 123456 7890 123456/ 78901

Name REVID

Operation R R R R

Reset $00 $03 $00 $00

REVID Revision ID. Thisregister identifies the Raven revision level.
Thisregister is duplicated in the PCI Configuration Registers.

General Control-Status/Feature Registers

Address $FEFF0008

Bit 1111111111222 2 2 2 2 3
01 2345 6 7890 123456 78090 1234586 78901

Name GCSR FEAT

Operation |— Rmﬂﬂﬂ e} << ulululiviviviviviviviviviviviuiy
m _Igw § T == XXX X XXX X XXX [ XX [
prd alel®fwl=! ) OgHHHHHHH-HHHEHHEHEEH A
o %o% PePRRBRIREERBRRBRRBSRS

Reset pojesdeslvslislbslvelvelpelpeleiipedpelpslplpaipedpeleelpelbelpelvelpolpolbulped el ol ol pelvs)
s S

Address |olololololololololololololololololololololololololoclolololelelo

[ N N [N =) NN N N EE

LEND Endian Select. If set, the PPC busisoperating in little-endian
mode. The PPC address will be modified as described in the section When
PPC Devices are Little-Endian on page 2-16. When LEND is clear, the
PPC bus is operating in big-endian mode, and all datato/from PCl is
swapped asdescribed in the section When PPC Devicesare Big-Endian on
page 2-15.
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PCIFBR PCI Flush Before Read. If set, the Raven will guarantee that
all PPC initiated read transactions will be completed before any PPC
initiated read transactions will be alowed to complete. When PCIFBR is
clear, therewill be no correlation between these transaction types and their
order of completion. Please refer to the section on PCI/PPC Contention
Handling for more information.

BHOG BusHog. If set, the Raven PPC master will operateintheBusHog
mode. Bus Hog mode means the PPC master will continually request the
PPC bus for the entire duration of each PCI transfer. If Bus Hog is not
enabled, the PPC master will request the bus in anorma manner. Please
refer to the section on PPC Master for more information.

PPCFBR PPC Flush Before Read. If set, the Raven will guarantee that all
PCI initiated posted write transactions will be completed before any PPC
initiated read transactions will be allowed to complete. When PPCFBR is
clear, therewill be no correl ation between these transaction types and their
order of completion. Please refer to the section on PCI/PPC Contention
Handling for more information.

PBTx PPC Bus Time-out. Thisfield specifies the PPC bus time-out
length. The time-out length is encoded as follows:

MBT | TimeOut Length
00 256 psec

01 64 psec
10 8 usec
11 disabled

P64 64-bit PClI Mode Enable. If set, the Raven is connected to a 64-bit
PCI bus.

OPIC OpenPIC Interrupt Controller Enable. If set, the Raveninternal
OpenPIC interrupt controller isenabled. If cleared, Raven detected errors
will be passed on to processor O INT pin.
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MIDx Master ID. Thisfield is encoded as shown below to indicate who
is currently the PPC bus master. Thisinformation is obtained by sampling
the CPUID pins. In amultiprocessor environment, these bits allow
software to determine on which processor it is currently running. The
internal PPC arbiter encodes this field asfollows:

MID | Current PPC Data BusMaster
00 device on ABGO*

01 device on ABG1*

10 deviceon ABG2

11 Raven

FEAT FeatureRegister. Each bitin thisregister reflects the state of one
of the external interrupt input pins on the rising edge of RESET*. This
register may be used to report hardware configuration parameters to
system software.

Prescaler Adjust Register

Address $FEFFO010

Bit 1112012121112 22222222 233
12034 56/ 789 012 3456/ 7890 12 3456 78 9 0 1

Name PADJ

Operation R R R R/W

Reset $00 $00 $00 $BE

PADJ Prescaler Adjust. Thisregister isused to specify ascale factor for
the prescaler to ensure that the time base for the bustimer is1 MHz. The
scale factor is calculated asfollows:

PADJ = 256 - CIK,

where Clk isthe frequency of the CLK input in MHz. Thefollowing table
shows the scale factors for some common CLK frequencies.
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Frequency | PADJ
66 $BE
50 $CE
40 $D8
33 $DF
25 $E7
PPC Error Enable Register
Address $FEFF0020
Bit 1112132111122 202022 2 2 2 3
o112 34 56 7890 12345¢6 7890 12345¢6 782901
Name ERRTST ERREN
EEEEE = | —|—
O H| N[ M <t 0| ©| I~ o == ol x|lxl=—
DERR L doifEze | AEEss
oalgalgalgo o & T8 0| 3| X & a0 o x
Reset 222223223 R 2222222 | 222232
[edfadladladlrafadfadfad x| @ Qo o2 @ o | | | | | | @
Address |o|o|o|o|o|lo|o|o| $00 olo|o|o|lo|o|o|olo|o|o|olo|o|o|o

DPEx Data Parity Error Enable. These hits are used for test reasons to
purposely inject data parity errors whenever Raven is sourcing PPC data.
A data parity error will be created on the corresponding PPC data parity
busif abit is set. For example, setting DPEO will cause DPO to be
generated incorrectly. If the bitiscleared, Raven will generate correct data
parity. These bits only have meaning if PPC data parity mode is enabled

DFLT Default PPC Master ID. This bit determines which MCHK* pin

will be asserted for error conditions in which the PPC master ID cannot be
determined or the Raven was the PPC master. For example, in event of a

PCI parity error for a transaction in which the Raven’s PCI master was not
involved, the PPC master ID cannot be determined. When DFLT is set,
MCHK1* is used. When DFLT is clear, MCHKO* will be used.
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PATOM PPC Address Bus Time-out Machine Check Enable. When
thishitisset, the PATO hit inthe ERRST register will be used to assert the
MCHK output to the current address bus master. When this bit is clear,
MCHK will not be asserted.

PDPEM PPCDataParity Error Machine Check Enable. When this bit
isset, the PDPE bitinthe ERRST register will be used to assert the MCHK
output to the current address bus master. When thishit isclear, MCHK will
not be asserted.

PERRM PCI Parity Error Machine Check Enable. Whenthishitisset,
the PERR bit in the ERRST register will be used to assert the MCHK
output to bus master 0. When this bit is clear, MCHK will not be asserted.

SERRM PCI System Error Machine Check Enable. When this bit is
set, the SERR bit in the ERRST register will be used to assert the MCHK
output to bus master 0. When this bit is clear, MCHK will not be asserted.

SMAM PCI Signalled Master Abort Machine Check Enable. When
thisbit is set, the SMA bit in the ERRST register will be used to assert the
MCHK output to the bus master which initiated the transaction. When this
bit is clear, MCHK will not be asserted.

RTAM PCIl Master Received Target Abort Machine Check
EnableWhen this bit is set, the RTA bit in the ERRST register will be
used to assert the MCHK output to the bus master which initiated the
transaction. When this bit is clear, MCHK will not be asserted.

PATOI PPC AddressBusTime-out Interrupt EnableWhen thisbitis
set, the PATO bit in the ERRST register will be used to assert an interrupt
through the OpenPI C interrupt controller. When this bit is clear, no
interrupt will be asserted.

PDPEI PPC Data Parity Error Interrupt Enable. When thishit is set,
the PDPE bit in the ERRST register will be used to assert an interrupt
through the OpenPI C interrupt controller. When this bit is clear, no
interrupt will be asserted.
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PERRI PCI Parity Error Interrupt Enable.When this bit is set, the
PERR bit inthe ERRST register will be used to assert an interrupt through
the OpenPI C interrupt controller. When this bit is clear, no interrupt will
be asserted.

SERRI PCI System Error Interrupt Enable When this bit is set, the
PERR bit inthe ERRST register will be used to assert an interrupt through
the OpenPI C interrupt controller. When this bit is clear, no interrupt will
be asserted.

SMAI PCIl Master Signalled Master Abort Interrupt Enable.When
thishit is set, the SMA bit in the ERRST register will be used to assert an
interrupt through the OpenPI C interrupt controller. When this bit is clear,
no interrupt will be asserted.

RTAI PCl Master Received Target Abort Interrupt Enable Whenthis
bit is set, the RTA bit in the ERRST register will be used to assert an
interrupt through the OpenPI C interrupt controller. When this bit is clear,
no interrupt will be asserted.

PPC Error Status Register

Address $FEFF0024
Bit 1131331313111 222222222233
012 34567890123 4567890 12345678901
Name ERRST
o Eemes
T oM@
Operation | R R R pajeslvslvalpedralvlvs)
ol 0= n0
Reset $00 $00 $00 olololololololo
OVF Error Status Overflow. Thishit is set when any error is detected
and any of the error statusbitsare already set. It may be cleared by writing
altoit; writingaOto it has no effect.
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PATO PPC AddressBus Time-out. Thishit isset when the PPC address
bus timer times out. It may be cleared by writing it to a 1; writingittoa0
has no effect. When the PATOM bit in the ERREN register is set, the
assertion of thishit will assert MCHK to the master designated by the MID
field in the ERRAT register. When the PATOI bit in the ERREN register
is set, the assertion of this bit will assert an interrupt through the MPIC
interrupt controller.

PDPE PPC Data Parity Error. Thishit isset when Raven detects adata
bus parity error. Thisbit isonly valid if PPC data bus parity modeis
enabled. It may becleared by writingittoal: writing it to a0 hasno effect.
When the PDPEM bhit inthe ERREN register is set, the assertion of thisbit
will assert MCHK tothe master designated by theMID fieldinthe ERRAT
reigster. When the PDPEI bit in the ERREN register is set, the assertion of
this bit will assert an interrupt through the OpenPIC interrupt controller.

PERR PCI Parity Error. Thisbit is set when the PClI PERR* pinis
asserted. It may be cleared by writingittoal; writingitto a0hasno effect.
When the PERRM bit inthe ERREN register is set, the assertion of thisbit
will assert MCHK to the master designated by the DFLT bit inthe ERRAT
register. When the PERRI bit in the ERREN register is set, the assertion of
this bit will assert an interrupt through the OpenPI C interrupt controller.

SERR PCI System Error. This bit is set when the PClI SERR* pinis
asserted. It may be cleared by writingittoal; writingittoa0hasno effect.
When the SERRM bit inthe ERREN register is set, the assertion of thisbit
will assert MCHK to the master designated by the DFLT bitinthe ERRAT
register. When the SERRI bit in the ERREN register is set, the assertion of
this bit will assert an interrupt through the OpenPI C interrupt controller.

SMA PCIl Master Signalled Master Abort. Thisbit isset when the PCI
master signals master abort to terminate a PCl transaction. It may be
cleared by writing it toal; writing it to a0 hasno effect. When the SMAM
bitinthe ERREN register is set, the assertion of thisbit will assert MCHK
to the master designated by the MID field in the ERRAT register. When
the SMAI bit in the ERREN register is set, the assertion of thisbit will
assert an interrupt through the OpenPI C interrupt controller.
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RTA PCl Master Received Target Abort. Thishit is set when the PCI
master receives target abort to terminate a PCI transaction. It may be
cleared by writing itto al; writing it to a0 has no effect. When the RTAM
bit in the ERREN register is set, the assertion of this bit will assert MCHK
to the master designated by the MID field in the ERRAT register. When
the RTAI bit in the ERREN register is set, the assertion of this bit will
assert an interrupt through the OpenPI C interrupt controller.

PPC Error Address Register

Address $FEFF0028

Bit 1112341121412 22222222233
123456 7890 12 3456 7890 12 3456 789 0 1

Name EERAD

Operation R

Reset $00000000

EERAD PPC Error Address. Thisregister captures the PPC address
whenthe PATO bitissetinthe EERST register. It capturesthe PCl address
when the SMA or RTA bitsare set inthe EERST register. Its contents are
not defined when the PDPE, PERR or SERR bits are set in the EERST
register.

PPC Error Attribute Register - MERAT

If the PDPE, PERR or SERR bits are set in the MERST register, the
contents of the MERAT register are zero. If the MATO bit is set the
register is defined by the following figure:
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Address $FEFF002C
Bit 111111111 20202022 2 2 2 22 3 3
12 345 6 7890 12 3456 7890 12 3 45 6 78 9 0 1
Name MERAT
zl=z — A
2Bl | | BERRRRRER
5 ANINN
Operation R R 20|00 (x|xo Mmoo oo
Reset $00 $00 oclolololololololololololo|lololo
MIDx PPC Master ID. Thisfield containsthe ID of the PPC master
which originated the transfer in which the error occurred. The encoding
scheme isidentical to that used in the GCSR register.
TBST* Transfer Burst. Thisbit is set when the transfer in which the
error occurred was a burst transfer.
TSIZx* Transfer Size. Thisfield contains the transfer size of the PPC
transfer in which the error occurred.
TTx* Transfer Type. Thisfield contains the transfer type of the PPC
transfer in which the error occurred.
* Refer to PowerPC documents listed in Table A-2 on page A-2.
If the SMA or RTA bit are set the register isdefined by the following table.
Address $FEFF002C
Bit 1111212121112 22 2 2 2 2 2 3
123456789012 34586 7890 123456780901
Name MERAT
S| EEQQQIQ®E ®@® @ W m W@ m
S| FEOROOKKKKK KKK
2B EER AR h R R
SEEREN o wNF o
w (N |- O
Operation R R 200 |[0[m|o o oo oo o oo
Reset $00 $00 olololololololololololololololo
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WP WritePost Completion. Thishit is set when the PCI master detects
an error while completing awrite post transfer.

MIDx PPC Master ID. Thisfield contains the ID of the PPC master
which originated the transfer in which the error occurred. The encoding
schemeisidentical to that used in the GCSR register

COMMXx PCI Command. Thisfield contains the PCI command of the
PCI transfer in which the error occurred.

BYTEx PCI ByteEnable. Thisfield containsthe PCI byte enables of the
PCI transfer in which the error occurred. A set bit designates a selected
byte.

PCI Interrupt Acknowledge Register

Address $FEFF0030

Bit 1411130411112 22222222233
12034 5 6/ 7890 12 3456/ 7890 123456 7890 1

Name PIACK

Operation R

Reset $00000000
PIACK PCI Interrupt Acknowledge. Performing aread from this
register will initiate asingle PCI Interrupt Acknowledge cycle. Any single
byte or combination of bytes may be read from, and the actual byte enable
pattern used during the read will be passed on to the PCI bus. Upon
completion of the PCI interrupt acknowledge cycle, the Raven will present
the resulting vector information obtained from the PCI bus as read data.
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PPC Slave Address (0,1 and 2) Registers

Address MSADDO - $FEFF0040
MSADD1 - $FEFF0048
MSADD?2 - $FEFF0050
Bit 142011242011 2222222222233
012 345 6/ 789 012 345 6 7890 123 456 78 9 0 1
Name MSADDXx
START END
Operation R/W R/W
Reset $0000 $0000

Toinitiate aPCI cycle from the PPC bus, the PPC address must be greater
than or equal to the START field and less than or equal to the END field.

START Start Address. Thisfield determinesthe start address of a
particular memory area on the PPC bus which will be used to access PCI
bus resources. The value of this field will be compared with the upper 16
bits of the incoming PPC address.

END End Address. Thisfield determines the end address of a particular
memory area on the PPC bus which will be used to access PCI bus
resources. The value of thisfield will be compared with the upper 16 bits
of theincoming PPC address.

PPC Slave Address (3) Register

Address MSADD3 - $FEFF0058
Bit U131 041222222222233
0123465 6/ 7890 123456 7890 1234056 78901
Name MSADD3
START END
Operation R/W R/W
Reset $8000 $8080
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MSADD3, MSOFF3, and MSATT3 represent the only register group
which can be used to initiate access to the PCI Configuration Address
($80000CF8) and Configuration Data ($80000CFC) registers. Note that
thisimplies that M Sxxx3 a so represents the generation of PCI Special
Cycles. The power up default values of MSADD3, M SOFF3, and
MSATT3 are set to alow access to PCI configuration space without PPC
register initialization. Please see the description of the following registers
for additional information.

Toinitiate aPCI cyclefrom the PPC bus, the PPC address must be greater
than or equal to the START field and less than or equal to the END field.

START Start Address. Thisfield determines the start address of a
particular memory area on the PPC bus which will be used to access PCI
bus resources. The value of thisfield will be compared with the upper 16
bits of the incoming PPC address.

END End Address. Thisfield determines the end address of a particular
memory area on the PPC bus which will be used to access PCI bus
resources. The value of this field will be compared with the upper 16 bits
of the incoming PPC address.

PPC Slave Offset/Attribute (0,1 and 2) Registers

Address MSOFFO/MSATTO - $FEFF0044
MSOFFL/MSATT1 - $FEFF004C
MSOFF2/MSATT2 - $FEFF0054
Bit 1141131111122 2222222 2 33
123456 7890 12 3456 7890 12 3456 78 9 0 1
Name M SOFFx MSATTx
0 2B
ot <
Operation R/W R pejrsleidrelrelee
SEE[TEE
Reset $0000 $00 olololololololo
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MSOFFx PPC Slave Offset. Thisregister contains a 16-bit offset that is
added to the upper 16 bitsof the PPC addressto determine the PCI address
used for transfers from the PPC bus to PCI. This offset alows PCI
resourcesto reside at addressesthat would not normally bevisiblefrom the
PPC bus.

REN Read Enable. If set, the corresponding PPC slaveisenabled for read
transactions.

WEN Write Enable. If set, the corresponding PPC slave is enabled for
write transactions.

WPEN Write Post Enable. If set, write posting is enabled for the
corresponding PPC slave.

MEM PCI Memory Cycle. If set, the corresponding PPC slave will
generate transfersto or from PCI memory space. When clear, the
corresponding PPC slave will generate transfers to or from PCI 1/O space
using the addressing mode defined by the IOM field.

IOM PCI 1/O Mode. If set, the corresponding PPC slave will generate
PCI 1/O cycles using spread addressing as defined in the section on
Generating PCI Memory and I/O Cycles. When clear, the corresponding
PPC dave will generate PCI 1/0 cycles using contiguous addressing. This
field only has meaning when the MEM bhit is clear.

PPC Slave Offset/Attribute (3) Registers

Address MSOFF3/MSATT3 - $FEFF005C
Bit 1113113131131 13222222222233
12 34567890123456789012345678901
Name MSOFF3 MSATT3
= o
m
z2 @ <
z
Operation R/IW R 2|0 |T T[T 0T
= =
Reset $8000 $00 Fllololelolole
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M SOFF3 PPC Slave Offset. Thisregister contains a 16-bit offset that is
added to the upper 16 bits of the PPC addressto determinethe PCl address
used for transfers from the PPC busto PCI. This offset allows PCI
resourcesto reside at addressesthat would not normally bevisiblefrom the
PPC bus. It isinitialized to $8000 to facilitate a zero-based access to PCI
space.

REN Read Enable. If set, the corresponding PPC slaveisenabled for read
transactions.

WEN Write Enable. If set, the corresponding PPC slave is enabled for
write transactions.

WPEN Write Post Enable. If set, write posting is enabled for the
corresponding PPC dlave.

IOM PCI I/O Mode. If set, the corresponding PPC slave will generate
PCI 1/0 cycles using spread addressing as defined in the section on
Generating PCI Memory and 1/0 Cycles. When clear, the corresponding
PPC dlave will generate PCI 1/O cycles using contiguous addressing.

General Purpose Registers

Address GPREGO (Upper) - $FEFF0070
GPREGO (Lower) - $FEFF0074
GPREG1 (Upper) - $FEFF0078
GPREGL (L ower) - $FEFFO07C
Bit 14131141811 142222222222 33
123456 789012 345/67890123456 78901
Name GPREGXx
Operatio R/W
n
Reset $00000000
These genera purpose read/write registers are provided for inter-process
message passing or general purpose storage. They do not control any
hardware.
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PCIl Registers

The PCI Configuration Registers are compliant with the configuration
register set described in the PCI Local Bus Specification, listed in
Appendix A, Related Documentation. The CONFIG_ADDRESS and
CONFIG_DATA registers described in this section are accessed within
PCI 1/O space.

All write operationsto reserved registerswill be treated asno-ops. That is,
the access will be completed normally on the bus and the datawill be
discarded. Read accesses to reserved or unimplemented registers will be
completed normally and a data value of O returned.

The Raven PCI Configuration Register map is shown in Table 2-6. The
Raven PCI /O Register map isshown in Table 2-7.

Table 2-6. Raven PCI Configuration Register Map

3 21202202 2/1 11 112 11111 <--- Bit
1 514/ 321 0]9| 8/ 7 6/5| 4] 3210/ 9 8/ 7 6/5 4/ 3 210
DEVID VENID $00
PSTAT PCOMM $04
CLASS REVID $08
‘ HEADER ‘ $0C
IOBASE $10
MEMBASE $14
| | | $18- $7F
PSADDO $80
PSOFFO ‘ ‘ PSATTO $84
PSADD1 $88
PSOFF1 ‘ ‘ PSATT1 $8C
PSADD2 $90
PSOFF2 ‘ ‘ PSATT2 $94
PSADD3 $98
PSOFF3 ‘ ‘ PSATT3 $9C
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Table 2-7. Raven PCI I/O Register Map

3312212222222 21111111111 <--- Bit
1 0] 9 8| 7/ 6| 5 4 3] 2 1|0 9 8/ 7| 6| 5 4/ 3 21 0|9 8 765/ 4 3 2 10

CONFIG_ADDRESS $CF8

CONFIG_DATA $CFC

Vendor ID/ Device ID Registers

Offset $00
Bit 3322222222221 11311111111
11098 7 6/5 4321098765 43210098765 43210
Name DEVID VENID
Operation R R
Reset $4801 $1057

VENID Vendor ID. Thisregister identifies the manufacturer of the
device. Thisidentifier is alocated by the PCI SIG to ensure uniqueness.
$1057 has been assighed to Motorola. This register is duplicated in the
PPC Registers.

DEVID DevicelID. Thisregister identifies the particular device. The
Raven will always return $4801. Thisregister is duplicated in the PPC
Registers.
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PCI Command/ Status Registers

Offset $04

Bit 3322222222221111313131111
1098 7654321009876 543210098sg 7865 432 10

Name PSTAT PCOMM
QBRI WOT »| [© 25
A ~lmmig > m| |m Q
2oLLRBEE R 3| |2 A28
Rl =g=oy ol |0 o
mEsP ER 0

Ll (@]

Operation |1\ (0|3 |1 ™| (T [x | [0 [0 || [T 0|00 [0 [0 0 [0 [0 T [0 |2 [0 0 [0
el'elelele '9) § § §§§

Reset o elele)e) el jelele]le]e]e]le]e] o) e]e)e)e]lele]e) ) ele]e] i)

IOSP 10 SpaceEnable. If set, the Raven will respond to PCI 1/O accesses
when appropriate. If cleared, the Raven will not respond to PCI 1/0O space
accesses.

MEMSP Memory Space Enable. If set, the Raven will respond to PCI
memory space accesses when appropriate. If cleared, the Raven will not
respond to PClI memory space accesses.

MSTR BusMaster Enable. If set, the Raven may act asamaster on PCI.
If cleared, the Raven may not act as a PCl master.

PERR Parity Error Response. If set, the Raven will check parity on all
PCI transfers. If cleared, the Raven will ignore any parity errors that it
detects and continue normal operation.

SERR System Error Enable. Thisbit enables the SERR* output pin. If
clear, the Raven will never drive SERR*. If set, the Raven will drive
SERR* active when a system error is detected.

FAST Fast Back-to-Back Capable. This bit indicates that the Raven is
capable of accepting fast back-to-back transactions with different targets.
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DPAR Data Parity Detected. Thishit is set when three conditions are
met: 1) the Raven asserted PERR* itself or observed PERR* asserted; 2)
the Raven was the PCI master for the transfer in which the error occurred;
3) the PERR hit in the PCI Command Register is set. Thisbit iscleared by
writing it to 1; writing a0 has no effect.

SELTIM DEVSEL Timing. Thisfield indicates that the Raven will
always assert DEVSEL* as a ‘medium’ responder.

SIGTA Signalled Target Abort. This bit is set by the PCI slave
whenever it terminates a transaction with a target-abort. It is cleared by
writing it to 1; writing a 0 has no effect.

RCVTA Received Target Abort. This bit is set by the PCI master
whenever its transaction is terminated by a target-abort. It is cleared by
writing it to 1; writing a 0 has no effect.

RCVMA Received Master Abort. This bit is set by the PCI master
whenever its transaction (except for Special Cycles) is terminated by a
master-abort. It is cleared by writing it to 1; writing a 0 has no effect.

SIGSE Signaled System Error. This bit is set whenever the Raven
asserts SERR*. It is cleared by writing it to 1; writing a 0 has no effect.

RCVPE Detected Parity Error. This bit is set whenever the Raven
detects a parity error, even if parity error checking is disabled (see bit
PERR in the PCI Command Register). It is cleared by writing it to 1;
writing a 0 has no effect.

Revision ID/ Class Code Registers

Offset $08

Bit 3222222222211 11111111
09876/543210987¢65432100987654321o0

Name CLASS REVID

Operation R R

Reset $060000 $03
REVID Revision ID. This register identifies the Raven revision level.
This register is duplicated in the PPC Registers.
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CLASS Class Code. Thisregister identifies Raven as the following:

Base Class Code $06 PCI Bridge Device
Subclass Code $00 PCI Host Bridge
Program Class Code $00 Not Used

Header Type Register

Offset $0C
Bit 31322222222 2211411111111
11009 8 7/ 65 4 3/2 10 9 8 7 65 4 3 2 10 9 8 76 5 43 2 10
Name HEADER
Operation R R R R
Reset $00 $00 $00 $00

HEADER Header Type. Thisregister identifies Raven as the following:

Header Type $00  Single Function Configuration Header

I/0 Base Register

Offset $10
Bit 3322222222221 111111711

1009 8 7 6/5 4 321098 76/ 543210098 76l 5 43 2 10

Name IOBASE
IOBA —
mQ
=<
m
<
Operation R/W R oo
Reset $0000 $0000 o |

Thisregister controlsthe mapping of the MPIC control registersin PCI 1/0
space.
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IO/MEM 10 Space Indicator. Thisbit is hard-wired to alogic one to
indicate PCI 1/0 space.

RES Reserved. Thisbhit is hard-wired to zero.

IOBA 1/0 Base Address. These bits define the 1/0 space base address of
the MPIC control registers. The IOBASE decoder is disabled when the
IOBASE valueis zero.

Memory Base Register

Offset $14
Bit 3322222222221 1141111111
10 98 76/ 5432109 8 76 5 43210098 765 432 10
Name MEMBASE
MEMBA —
5552
mI<E
e
Operation R/W R pelslpslps)
Reset $0000 $0000 olololo

Thisregister controls the mapping of the MPIC control registersin PCI
memory space.

IO/MEMIO Space Indicator. Thisbit is hard-wired to alogic zero to
indicate PCl memory space.

MTYPx Memory Type. These bitsare hard-wired to zero to indicate that
the MPIC registers can be located anywhere in the 32-bit address space

PRE Prefetch. Thisbit is hard-wired to zero to indicate that the MPIC
registers are not prefetchable.

MEMBA Memory Base Address. These bits define the memory space
base address of the MPIC control registers. The MBASE decoder is
disabled when the MBA SE valueis zero.
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PCI Slave Address (0,1,2 and 3) Registers

Offset PSADDO - $80

PSADD1 - $88

PSADD2 - $90

PSADD3 - $98
Bit 3322222222221 111111111

109 8 7,6 5 432109876 543210098 765 432 10
Name PSADDx
START END

Operation R/W R/W
Reset $0000 $0000

To initiate an PPC cycle from the PCI bus the PCI address must be greater
than or equal to the START field and less than or equal to the END field.

START Start Address. Thisfield determinesthe start address of a
particular memory area on the PCI bus which will be used to access PPC
bus resources. The value of thisfield will be compared with the upper 16

bits of theincoming PCI address.

END End Address. Thisfield determines the end address of a particular
memory area on the PCI bus which will be used to access PPC bus
resources. The value of thisfield will be compared with the upper 16 bits

of theincoming PCI address.
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PCI Slave Attribute/ Offset (0,1,2 and 3) Registers

Offset

PSATTO/PCISOFFO - $84
PSATTVU/PCISOFF1 - $8C
PSATT2/PCISOFF2 - $94
PSATT3/PCISOFF3 - $9C

Bit

w
N
N
N
N
N
N
N
N
N

21101144711
009876 5432100987865432100987s6

=

Name

5
PCISOFFx PSATTX

N3d
NaM
199
ANI

Operation

Reset

0| WY | NIdM

o

0| M
S|

£
$0000 $00 o ololo

INV Invalidate Enable. If set, the PPC master will issue atransfer type
code which specifiesthe current transaction should cause an invalidate for
each PC transaction originated by the corresponding PCI slave. The
transfer type codes generated are shown in Table 2-3.

GBL Global Enable. If set, the PPC master will assert the GBL* pin for
each PPC transaction originated by the corresponding PCI save.

TDIS Threshold Disable. If set, the PPC master FIFO threshold
mechanism is disabled. See the section titled PPC Master for more
information on the relationship between TDIS and RAEN.

RAEN Read Ahead Enable. If set, read ahead is enabled for the
corresponding PCI slave.

WPEN Write Post Enable. If set, write posting is enabled for the
corresponding PCI slave.

WEN Write Enable. If set, the corresponding PCI slaveis enabled for
write transactions.

REN Read Enable. If set, the corresponding PCI slaveisenabled for read
transactions.
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PCIOFFx PCI Slave Offset. Thisregister contains a 16-bit offset that is
added to the upper 16 bitsof the PCI address to determine the PPC address
used for transfers from PCI to the PPC bus. This offset allows PPC
resources to reside at addresses that would not normally be visible from
PCI.

CONFIG_ADDRESS

The routing of the PPC data bus to and from the CONFIG_ADDRESS
register depends on the endian bit setting. Refer to the sections on Endian
Conversion, and the LEND bit in the GCSR. The following register
diagramshavetwo additional rowsof information. Theserowsindicatethe
source bit positions on the PPC data bus when data is written to this
register. A read from the CONFIG_ADDRESS register will return
contents to these |locations. One row defines the source for big-endian
operation and the second isfor little-endian operation. LEND isthe little-
endian control bit in the GCSR.

TheMSADDS3, MSOFF3, and MSATT3 areinitialized at reset so software
can access PCI configuration address and data space without changing
Raven registers.

PCI I1/0 CONFIG_ADDRESS Register

Offset $CF8
Bit 332222222222 111111111711
1098 7,6/ 5 432 109876 543210098 765 432 10

Name CONFIG_ADDRESS

m BUS DEV FUN REG
Operation T R R/W R/W R/W R/W oo

=
Reset - $00 $00 $00 $0 $00 oo
LEND =0 PPC[39:32] PPC[47:40] PPC[55:48] PPC[63:56]
LEND =1 PPC[31:24] PPC[23:16] PPC[15:8] PPC[7:0]
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REG Register Number. For PCI Configuration cycles, bits 7 through 2
identify the target double word within the target function’s configuration
space. Bits 1 and 0 must always be zero for a type 0 configuration cycle.
These bits are copied to the PCI AD bus during the address phase on a
Configuration cycle.This field must be all zeros for Special cycles.

FUN Function Number. For PCI Configuration cycles, bits 10 through 8
identify the function number within the target physical PCI device. These
bits are copied to the PCI AD bus during the address phase on a
Configuration cycle. This field must be all ones for Special cycles.

DEV Device Number. For PCI Configuration cycles, bits 15 through 11
identify the target physical PCI device number. Raven does a decode of the
Device Number field to assert the appropriate IDSEL line. Values of $01
through $0a and $1f are illegal entries for the device number. The Raven
will drive all O’s in bit position AD11 through AD31 if a illegal device id

is initialized into the configuration address register. A value of $0B sets
PCI AD bit 11 (IDSEL 11) during the address phase of a Configuration
cycle. A value of $0C sets AD bit 12. As the device number increments the
AD bit increments until a the value of $1E sets AD bit 30. A value of $00
in device number field will select AD bit 31. The device number field must
be all ones for Special cycles.

BUS Bus Number. For PCI Configuration cycles or Special cycles, bits
23 through 16 identify the bus number. Raven is always connected to PCI
bus number zero. Bits 23 through 16 must be zero for a Configuration
cycle or Special cycle. Raven will execute a type 1 translation cycle if the
bus number is set to a value not equal to zero.

EN Enable. Bit 31 must be set to a one, enabling the translation of a
subsequent host bus I/O access to the CONFIG_DATA register into a
configuration access on the PCI bus. If bit 31 is zero and the processor
initiates an /O read from or write to the CONFIG_DATA register, the
transaction is passed through to the PCI bus as a PCI I/O transaction.
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PCI I/O CONFIG_DATA Register

Offset $CFC
Bit 3322222222221 1137131747373 3
110098 7/ 6/5 432 1098 7654321009876 5432 10
Name CONFIG_DATA
Operation R/W
Reset $00000000

If the CONFIG_ADDRESS register isinitialized for a PCI Configuration
cycle, an accessto the CONFIG_DATA register will writeto or read from
aPCI configuration space location. If the CONFIG_ADDRESS register is
initialized for a PCI Special cycle, aword write to the CONFIG_DATA
register will generate a specia cycle on the PCI bus.

Raven Interrupt Controller Implementation

Introduction

The Raven Interrupt Controller (Raven MPIC) Features
o MPIC programming model
0 Support for two processors
0 Support for 16 external interrupts

0 Support for 15 programmable Interrupt & Processor Task priority
levels

0 Support for the connection of an external 8259 for ISA/AT
compatibility

0 Distributed interrupt delivery for external 1/O interrupts

0 Direct/Multicast interrupt delivery for Interprocessor and timer
interrupts
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Architecture

0 Four Interprocessor Interrupt sources
o Four timers

0 Processor initialization control

The Raven PCI Slave implements two address decoders for placing the
Raven MPIC registersin PCI 10 or PClI Memory space. Access to these
registers require MPC and PCI bus mastership. These accesses include
interrupt and timer initialization and interrupt vector reads.

The Raven MPIC receives interrupt inputs from 16 external sources, four
interprocessor sources, four timer sources, and one Raven internal error
detection source. The externally sourced interrupts 1 through 15 have two
modes of activation: low level or active high positive edge. External
interrupt O can be either level or edge activated with either polarity. The
Interprocessor and timers interrupts are event activated.

CSR’s Readability

Unless explicitly specified, al registers are readable and return the last
value written. The exceptions are the I Pl dispatch registers and the EOI
registers which return zeros on reads, the interrupt source ACT bit which
returns current interrupt source status, the interrupt acknowledge register
which returnsthe vector of the highest priority interrupt whichiscurrently
pending, and reserved bitswhich returns zeros. Theinterrupt acknowledge
register is aso the only register which exhibits any read side-effects.

Interrupt Source Priority

Each interrupt sourceis assigned a priority valuein the rangefrom 0 to 15
where 15 is the highest. In order for delivery of an interrupt to take place
the priority of the source must be greater than that of the destination

processor. Therefore setting asource priority to zero inhibits that interrupt.
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Processor’s Current Task Priority

Each processor has atask priority register which is set by system software
to indicate the relative importance of the task running on that processor.
The processor will not receive interrupts with apriority level equal to or
lower than its current task priority. Therefore setting the current task
priority to 15 prohibits the delivery of al interrupts to the associated
processor.

Nesting of Interrupt Events

A processor is guaranteed never to have an in-service interrupt preempted
by an equal or lower priority source. Aninterrupt is considered to bein
service from the timeits vector is returned during an interrupt
acknowledge cycle until an EOI isreceived for that interrupt. The EOI
cycleindicates the end of processing for the highest priority in-service
interrupt.

Spurious Vector Generation

Under certain circumstances the Raven MPIC will not have avalid vector
to return to the processor during an interrupt acknowledge cycle. In these
casesthe spurious vector from the spurious vector register will be returned.
The following cases would cause a spurious vector fetch.

0 INT isasserted in response to an externally sourced interrupt which
is activated with level sensitive logic and the asserted level is
negated before the interrupt is acknowledged.

0 INT isasserted for an interrupt source which is masked using the
mask bit in the Vector-Priority register before theinterrupt is
acknowledged.

Interprocessor Interrupts (IP1)

Processor 0 and 1 can generate interrupts which are targeted for the other
processor or both processors. Therearefour Interprocessor Interrupts (I1PI)
channels. Theinterrupts areinitiated by writing a bit in the |PI dispatch
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registers. If subsequent IPIs are initiated before thefirst is acknowledged,
only one IPI will be generated. The IPI channels deliver interruptsin the
Direct Mode and can be directed to more than one processor.

8259 Compatibility

The Raven MPIC provides a mechanism to support PC-AT compatible
chip sets using the 8259 interrupt controller architecture. After power-on
reset, the Raven MPIC defaults to 8259 pass-through mode. In this mode,
interrupts from external source number O (the interrupt signal from the
8259 is connected to thisexternal interrupt source onthe Raven MPIC) are
passed directly to processor 0. If the pass-through mode is disabled, the
8259 interrupts are delivered using the priority and distribution
mechanisms of the Raven MPIC.

The Raven MPIC does not interact with the vector fetch from the 8259
interrupt controller.

Raven-Detected Errors

Timers

Raven-detected errors are grouped together and sent to the interrupt logic
asasingular interrupt source. Theinterrupt delivery modefor thisinterrupt
is distributed.

For system implementations where the Raven MPIC controller isnot used,
the Raven-Detected Error condition will be made available by a signal
which is external to the Raven ASIC. Presumably this signal would be
connected to an externally sourced interrupt input of aMPIC controller in
adifferent device. Since the MPIC specification defines external 1/0
interrupts to operate in the distributed mode, the delivery mode of this
error interrupt should be consistent.

Thereisadivide by eight pre-scaler which is synchronized to the Raven
clock (MPC processor clock). The output of the prescaler enables the
decrement of thefour timers. Thetimers may be used for system timing or
to generate periodic interrupts. Each timer has four registers which are
used for configuration and control. They are:

0 Current Count Register
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0 Base Count Register
0 Vector-Priority Register
0 Destination Register

Interrupt Delivery Modes

The direct and distributed interrupt delivery modes are supported.

Note  Thedirect deliver mode has sub modes of multicast or non-
multicast. The Interprocessor Interrupts (IPIs) and Timer
interrupts operate in the direct delivery mode. The externally
sourced or 1/O interrupts operate in the distributed mode.

In the direct delivery mode, the interrupt is directed to one or both
processors. If it is directed to two processors (that is, multicast), it will be
delivered to two processors. The interrupt is delivered to the processor
when the priority of the interrupt is greater than the priority contained in
the task register for that processor, and when the priority of theinterrupt is
greater than any interrupt which isin-service for that processor. An
interrupt is considered to be in service from the time its vector is returned
during an interrupt acknowledge cycle until an EQI is received for that
interrupt. The EOI cycle indicates the end of processing for the highest
priority in- service interrupt.

In the distributed delivery mode, the interrupt is pointed to one or more
processors but it will be delivered to only one processor. Therefore, for
externally sourced or I/O interrupts, multicast delivery is not
supported.Theinterrupt is delivered to a processor when the priority of the
interrupt is greater than the priority contained in the task register for that
processor, and when the priority of the interrupt is greater than any
interrupt which isin-service for that processor, and when the priority of
that interrupt isthe highest of all interrupts pending for that processor, and
when that interrupt is not in-service for the other processor. If both
destination bits are set for each processor, theinterrupt will bedelivered to
the processor that has alower task register priority.
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Note Because adeadlock condition can occur when the task register
prioritiesfor each processor are the same and both processors are
targeted for interrupt delivery, the interrupt will be delivered to
processor 0 or processor 1 as determined by the TIE mode.

Block Diagram Description

The description of the block diagram focuses on the theory of operation for
theinterrupt delivery logic. If the preceding section is a satisfactory
description of the interrupt delivery modes and the reader is not interested
the logic implementation, this section can be skipped.
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Figure 2-4. Raven MPIC Block Diagram

http://www.motorola.com/computer/literature

2-53



Raven PCI Host Bridge & Multi-Processor Interrupt Controller

Program Visible Registers

These are the registers which software can access. They are described in
detail in the Register section.

Interrupt Pending Register (IPR)

Theinterrupt signalsto Raven MPIC are qualified and synchronized to the
clock by the IPR. If theinterrupt source isinternal to the Raven ASIC or
external with their Sense bit = 0 (edge sensitive), abit isset in the IPR.
That bit is cleared when the interrupt associated with that bit is
acknowledge. If the interrupt source is external and level activated, the
output from the IPR is not hegated until the level into the IPR is negated.

Externally sourced interrupts are qualified based upon their Sense and/or
Pol bitsin the Vector-Priority register. 1Pl and Timer Interrupts are
generated internally to the Raven ASIC and are qualified by their
Destination bit. Sincetheinternally generated interruptsusedirect delivery
mode with multicast capability, there are two bitsin the IPR, one for each
processor, associated with each IPlI and Timer interrupt source.

The MASK bits from the Vector-Priority registers are used to qualify the
output of the IPR. Therefore, if an interrupt condition is detected when the
MASK bitis set, that interrupt will be requested when the MASK bitis
lowered.

Interrupt Selector (1S)

Thereis alnterrupt Selector (1S) for each processor. The IS receives
interrupt reguests from the IPR. If the interrupt request are from an
external source, they are qualified by the destination bit for that interrupt
and processor. If they arefrom aninternal source, they have been qualified.
The output of the ISwill be the highest priority interrupt that has been
qualified. Thisoutput isthe priority of the selected interrupt and its source
identification. The ISwill resolve an interrupt request in two Raven clock
ticks.

The IS also receives a second set of inputs from the ISR. During the End
Of Interrupt cycle, these inputs are used to select which bits are to be
cleared in the ISR.
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Interrupt Request Register (IRR)

Thereis alnterrupt Request Register (IRR) for each processor. The IRR
always passes the output of the IS except during Interrupt Acknowledge
cycles. This guarantees that the vector which is read from the Interrupt
Acknowledge Register is not changing due to the arrival of a higher
priority interrupt. The IRR also servesasapipelineregister for thetwo tick
propagation time through the IS.

In-Service Register (ISR)

Thereisaln-Service Register (ISR) for each processor. The contents of the
ISR isthe priority and source of al interrupts which arein-service. The

I SR receives abit-set command during Interrupt Acknowledge cyclesand
abit-clear command during End Of Interrupt cycles.

ThelSR isimplemented asa40 bit register with individual bit set and clear
functions. Fifteen bits are used to store the priority level of each interrupt
which isin-service. Twenty-five bits are used to store the source
identification of each interrupt which isin service. Therefore thereisone
bit for each possible interrupt priority and one bit for each possible
interrupt source.

Interrupt Router

The Interrupt Router monitors the outputs from the ISRs, Current Task
Priority Registers, Destination Registers, and the IRRs to determine when
to assert a processor’s INT pin.

When considering the following rule sets, it is important to remember that
there are two types of inputs to the Interrupt Selectors. If the interrupt is a
distributed class interrupt, there is a single bit in the IPR associated with
this interrupt and it is delivered to both Interrupt Selectors. This IPR bit is
qualified by the destination register contents for that interrupt before the
Interrupt Selector compares its priority to the priority of all other
requesting interrupts for that processor. If the interrupt is programmed to
be edge sensitive, the IPR bit is cleared when the vector for that interrupt
is returned when the Interrupt Acknowledge register is examined. On the
other hand, if the interrupt is a direct/multicast class interrupt, there are two
bits in the IPR associated with this interrupt. One bit for each processor.
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Then one of these hits are delivered to each Interrupt Selector. Since this
interrupt source can be multicast, each of these IPR bits must be cleared
separately when the vector is returned for that interrupt to a particular
processor.

If one of the following sets of conditions are true, the interrupt pin for
processor O isdriven active.
0 Setl
The sourceID in IRR_0isfrom an external source.
The destination bit for processor 1 isaO for thisinterrupt.

The priority from IRR_O is greater than the highest priority in
ISR_O.

The priority from IRR_0 is greater than the contents of task
register 0.

0 Set2
The source D in IRR_0isfrom an external source.
The destination bit for processor 1 isal for thisinterrupt.
ThesourcelD inIRR_Oisnot present isISR_1.

The priority from IRR_0 is greater than the highest priority in
ISR_O.

The priority from IRR_0 is greater than the Task Register 0
contents.

The contents of Task Register_0 isless than the contents of Task
Register_1.

0 Set3
ThesourceID in IRR_0isfrom an internal source.
The priority from IRR_O is greater than the highest priority in
ISR_O.

The priority from IRR_O is greater than the Task Register_0
contents.
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Thereisapossibility for a priority tie between the two processors when
resolving external interrupts. In that case the interrupt will be delivered to
processor 0 or processor 1 as determined by the TIE mode bit. Thiscaseis
not defined in the aboverule set.

MPIC Registers
The following conventions are used in the Raven register charts:
0 R Read Only field.
0 R/W Read/Writefield.
0 S Writing a ONE to thisfield sets thisfield.
o C Writing a ONE to thisfield clearsthisfield.

Raven MPIC Registers

The Raven MPIC register map is shown in the following table. The Off
field is the address offset from the base address of the Raven MPIC
registers in the MPC-1O or MPC-MEMORY space.

Note  Thismap does not depict linear addressing. The Raven PCI-
SLAVE hastwo decodersfor generating the Raven MPIC select.
These decoders will generate a select and acknowledge all
accesses which arein areserved 256K B range. If the index into
that 256K B block does not decode avalid Raven MPIC register
address, the logic will return $00000000.

Theregisters are 8, 16, or 32 hits accessible.
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Table 2-8. Raven MPIC Register Map

33122222 22222 1111111111 Off
10098/ 7|6/ 5 432 10 9 8 7 6|5 4 3 2 10 9 8|7 654 3|21

FEATURE REPORTING REGISTER 0 $01000
(‘BLOBAL CONFIGUFLATION REGISTER‘O $01020
M F"IC VENDOR IDEN'I"I FICATION REGI ST‘ER $01080
PROCESSOR INIT REGISTER $01090
IPI0O VECTOR-PRIORITY REGISTER $010a0
IPI1 VECTOR-PRIORITY REGISTER $010b0
IPI2 VECTOR-PRIORITY REGISTER $010c0
IPI3 VECTOR-PRIORITY REGISTER $010d0
SPREGISTER | $010e0
TIMER FREQUENCY REPORTING REGISTER $010f0
TIMER 0 CURRENT COUNT REGISTER $01100
TIMER 0 BASE COUNT REGISTER $01110
TIMER 0 VECTOR-PRIORITY REGISTER $01120
TIMER 0 DESTINATION REGISTER $01130
TIMER 1 CURRENT COUNT REGISTER $01140
TIMER 1 BASE COUNT REGISTER $01150
TIMER 1VECTOR-PRIORITY REGISTER $01160
TIMER 1DESTINATION REGISTER $01170
TIMER 2 CURRENT COUNT REGISTER $01180
TIMER 2 BASE COUNT REGISTER $01190
TIMER 2 VECTOR-PRIORITY REGISTER $011a0
TIMER 2 DESTINATION REGISTER $011b0
TIMER 3 CURRENT COUNT REGISTER $011c0
TIMER 3 BASE COUNT REGISTER $011d0
TIMER 3 VECTOR-PRIORITY REGISTER $011e0
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Table 2-8. Raven MPIC Register Map (Continued)

3312 22222222 211111112111 Off
1 0{ 9 8 7|6/ 5|4 32 10 9 8 7 6 5 43 2 109 8 76l 5 43 210

TIMER 3 DESTINATION REGISTER $011f0
INT. SRC. 0 VECTOR-PRIORITY REGISTER $10000
INT. SRC. 0 DESTINATION REGISTER $10010
INT. SRC. 1 VECTOR-PRIORITY REGISTER $10020
INT. SRC. 1 DESTINATION REGISTER $10030
INT. SRC. 2 VECTOR-PRIORITY REGISTER $10040
INT. SRC. 2 DESTINATION REGISTER $10050
INT. SRC. 3 VECTOR-PRIORITY REGISTER $10060
INT. SRC. 3 DESTINATION REGISTER $10070
INT. SRC. 4 VECTOR-PRIORITY REGISTER $10080
INT. SRC. 4 DESTINATION REGISTER $10090
INT. SRC. 5 VECTOR-PRIORITY REGISTER $100a0
INT. SRC. 5 DESTINATION REGISTER $10000
INT. SRC. 6 VECTOR-PRIORITY REGISTER $100c0
INT. SRC. 6 DESTINATION REGISTER $100d0
INT. SRC. 7 VECTOR-PRIORITY REGISTER $100e0
INT. SRC. 7 DESTINATION REGISTER $100f0
INT. SRC. 8 VECTOR-PRIORITY REGISTER $10100
INT. SRC. 8 DESTINATION REGISTER $10110
INT. SRC. 9 VECTOR-PRIORITY REGISTER $10120
INT. SRC. 9 DESTINATION REGISTER $10130
INT. SRC. 10 VECTOR-PRIORITY REGISTER $10140
INT. SRC. 10 DESTINATION REGISTER $10150
INT. SRC. 11 VECTOR-PRIORITY REGISTER $10160
INT. SRC. 11 DESTINATION REGISTER $10170
INT. SRC. 12 VECTOR-PRIORITY REGISTER $10180
INT. SRC. 12 DESTINATION REGISTER $10190
INT. SRC. 13 VECTOR-PRIORITY REGISTER $101a0
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Table 2-8. Raven MPIC Register Map (Continued)

30312 22222222 211111112111 Off
1/ 0| 9| 8/ 7| 6|5 4 3 2 10 9 8 7 6|5 43 2 10 9 8 76l 543 210
INT. SRC. 13 DESTINATION REGISTER $101b0
INT. SRC. 14 VECTOR-PRIORITY REGISTER $101c0
INT. SRC. 14 DESTINATION REGISTER $101d0
INT. SRC. 15 VECTOR-PRIORITY REGISTER $101e0
INT. SRC. 15 DESTINATION REGISTER $101f0
RAVEN DETECTED ERRORS VECTOR-PRIORITY REGISTER $10200
RAVEN DETECTED ERRORS DESTINATION REGISTER $10210
IPI 0 DISPATCH REGISTER PROC. 0 $20040
IPl 1 DISPATCH REGISTER PROC. 0 $20050
IPl 2 DISPATCH REGISTER PROC. 0 $20060
IPI 3 DISPATCH REGISTER PROC. 0 $20070
CURRENT TASK PRIORITY REGISTER PROC. 0 $20080
IACK REGISTER | $200a0
PO
EOI REGISTER | $200b0
PO
IPl 0 DISPATCH REGISTER PROC. 1 $21040
IPl 1 DISPATCH REGISTER PROC. 1 $21050
IPl 2 DISPATCH REGISTER PROC. 1 $21060
IPI 3 DISPATCH REGISTER PROC. 1 $21070
CURRENT TASK PRIORITY REGISTER PROC. 1 $21080

IACK REGISTER | $210a0
P1

EOI REGISTER | $210b0
P1
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Feature Reporting Register

Offset $01000
Bit 313 222222222211 1317/ 117217 313
110098 7 6/5 432 1098 7 6|5 4 3 09876543210
Name FEATURE REPORTING
NIRQ NCPU VID
Operatio R R R R R
n
Reset $0 $OOF $0 $01 $03

NIRQ NUMBER OF IRQs. The number of the highest external IRQ
source supported. ThelPl, Timer, and Raven Detected Error interrupts are
excluded from this count.

NCPU NUMBER OF CPUs. The number of the highest physical CPU
supported. There aretwo CPUs supported by thisdesign. CPU #0 and CPU
#1.

VID VERSION ID. Version ID for thisinterrupt controller. This value
reportswhat level of the specification issupported by thisimplementation.
Version level of 03 isused for thisrelease of the MPIC specification.

Global Configuration Register

Offset $01020
Bit 3322222222221 11111
110 98 7/ 65 4321009876 543210098 765 43 210
Name GLOBAL CONFIGURATION
3 [
(4]
m
_|
Operation Ox 3T R R R R
2=
Reset ololog $00 $00 $00 $00
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R RESET CONTROLLER. Writing aoneto this bit forces the
controller logic to bereset. Thishbit is cleared automatically when the reset
sequence is complete. While this bit is set, the values of all other register
are undefined.

M CASCADE MODE. Allows cascading of an external 8259 pair
connected to the first interrupt source input pin (0). In the pass through
mode, interrupt source 0 is passed directly through to the processor O INT
pin. Raven MPIC is essentially disabled. In the mixed mode, 8259
interrupts are delivered using the priority and distribution mechanism of
Raven MPIC. The Vector/Priority and Destination registers for interrupt
source 0 are used to control the delivery mode for all 8259 generated
interrupt sources.

M | MODE
0 | Pass Through
1 | Mixed

T TieMode. Writing aoneto this register bit will cause atiein external
interrupt processing to, swap back and forth between processor 0 and 1.
Thefirst tie in external interrupt processing always goes to Processor 0
after areset. When this register hit is set to 0, atiein external interrupt
processing will always go to processor 0 (Mode used on Version $02 of
MPIC).

T | MODE
Processor 0 always selected

1 | Swap between Processors
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Vendor Identification Register

Offset $01080
Bit 3120222222222 1111317717377 \37
098 7654321098765 432100948 765 43210
Name VENDOR IDENTIFICATION
STP
Operation R R R R
Reset $00 $02 $00 $00

There are two fieldsin the Vendor Identification Register which are not
defined for the Raven MPIC implementation but are defined in the MPIC
specification. They are the vendor identification and device ID fields.

STP STEPPING.The stepping or silicon revision number isinitially O.

Processor Init Register

Offset $01090
Bit 3202022222222 1111111111
09876 543210098 76/543210098g 786 5 4232 10
Name PROCESSOR INIT
2|3
Operation R R R R gg
Reset $00 $00 $00 $00 olo

P1 PROCESSOR 1. Writing a1 to P1 will assert the Soft Reset input of
processor 1. Writing a0 to it will negate the SRESET signal.

PO PROCESSOR 0. Writing a1 to PO will assert the Soft Reset input of
processor 0. Writing a0 to it will negate the SRESET signal.

The Soft Reset input to the 604 is negative edge-sensitive.
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IP1 Vector/Priority Registers

Offset

IPI O - $010A0
IPI 1-$010B0
IPI 2 - $010C0
IPI 3 - $010D0

Bit

= W

=

111311311311
09876 5432 1098 7654321009876 543210

w
N
N
N
N
N
N
N
N
N
N

Name

IPI VECTOR/PRIORITY

10V

PRIOR VECTOR

Operation

- R RIW R RIW

Reset

T | WA | ASVIN

o $000 $0 $00 $00

MASK MASK. Setting this bit disables any further interrupts from this
source. If themask bit is cleared while the bit associated with thisinterrupt
isset inthe IPR, the interrupt request will be generated.

ACT ACTIVITY. The activity bit indicates that an interrupt has been
requested or that it isin-service. The ACT bit is set to aone when its
associated bit in the Interrupt Pending Register or In-Service Register is
Set.

PRIOR Interrupt priority O isthe lowest and 15 isthe highest. Note that
apriority level of O will not enable interrupts.

VECTOR Thisvector is returned when the Interrupt Acknowledge
register is examined during arequest for the interrupt associated with this
vector.
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Spurious Vector Register

Offset $010E0
Bit 332222222222 11111111711

109876/ 543210098 7654321009876 5432 10
Name VECTOR
Operation R R R R/W
Reset $00 $00 $00 $FF

VECTOR Thisvector is returned when the Interrupt Acknowledge
register is read during a spurious vector fetch.

Timer Frequency Register

Offset $010F0
Bit 3322222222221 144313113141311
10987 6/5 4321098 76 54321009876 5432 10
Name TIMER FREQUENCY
Operation R/W
Reset $00000000

Thisregister is used to report the frequency (in Hz) of the clock source for
the global timers. Following reset, this register contains zero. system
initialization code must initialize this register to one-eighth the MPIC
clock frequency. For the Raven implementation of MPIC, atypical value
would be $7de290 which is 66/8 MHz or 8.25 MHz.
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Timer Current Count Registers

Offset Timer 0 - $01100
Timer 1 - $01140
Timer 2 - $01180
Timer 3 - $011CO
Bit 3322222222221 1411111111
1098 7 6/5 432109876/ 54321009876 5 43 2 10
Name TIMER CURRENT COUNT
- CcC
Operation |g R
Reset o $00000000

T TOGGLE. Thishit toggleswhen ever the current count decrements to
zero.

CC CURRENT COUNT. The current count field decrements while the
Count Inhibit bit isthe Base Count Register is zero. When thetimer counts
down to zero, the Current Count register is reloaded from the Base Count
register and the timer’s interrupt becomes pending in the MPIC
processing.

Timer Basecount Registers

Offset Timer 0 - $01110
Timer 1 - $01150
Timer 2 - $01190
Timer 3 - $011D0
Bit 3322222222221 111111111
1098 7 6/5 4321098 76 5 43210098 765 43 2 10
Name TIMER BASECOUNT
0 BC
Operation |g R/W
=
Reset [ $00000000
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Cl COUNT INHIBIT. Setting this bit to one inhibits counting for this
timer. Setting this bit to zero allows counting to proceed.

BC BASE COUNT. Thisfield contains the 31 bit count for this timer.
When avalueis written into this register and the Cl bit transitions from a
1to a0, itiscopiedinto the corresponding Current Count register and the
toggle bit in the Current Count register is cleared. When the timer counts
down to zero, the Current Count register is reloaded from the Base Count
register and the interrupt becomes pending in MPIC processing.

Timer Vector/Priority Registers

Offset Timer 0 - $01120
Timer 1 - $01160
Timer 2 - $011A0
Timer 3 - $011E0
Bit 3322222222221 11111111
1098 7 6/5 4 32109876 54321009876 5 43210
Name TIMER VECTOR/PRIORITY
=> PRIOR VECTOR
> (O
|
~
Operation pej>y R R/W R R/W
=
Reset ko $000 $0 $00 $00

MASK MASK. Setting this bit disables any further interrupts from this
source. If the mask bit is cleared while the bit associated with thisinterrupt
isset inthe IPR, the interrupt request will be generated.

ACT ACTIVITY. Theactivity bit indicates that an interrupt has been
requested or that it isin-service. The ACT bit is set to a one when its
associated bit in the Interrupt Pending Register or In-Service Register is
Set.

PRIOR Interrupt priority O isthe lowest and 15 isthe highest. Note that
apriority level of O will not enable interrupts.
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VECTOR Thisvector is returned when the Interrupt Acknowledge
register is examined upon acknowledgement of the interrupt associated
with this vector.

Timer Destination Registers

Offset Timer 0 - $01130
Timer 1 - $01170
Timer 2 - $011B0
Timer 3 - $011F0

Bit 3322222222221 1112111
109 8 7/ 6/5 4321098 765432210098 76 5 43210
Name TIMER DESTINATION
A
Operation R R R R D
==
Reset $00 $00 $00 $00 olo

This register indicates the destinations for this timer’s interrupts. Timer
interrupts, operate in the Directed delivery interrupt mode. This register
may specify multiple destinations (multicast delivery).

P1 PROCESSOR 1. The interrupt is directed to processor 1.
PO PROCESSOR 0. The interrupt is directed to processor 0.
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External Source Vector/Priority Registers

Offset Int Src O - $10000
Int Src 2 -> Int Src15 - $10020 -> $101E0
Bit 3322222222221 1411111111
110 98 7/ 65 4321009876 543210098 765 43 210
Name EXTERNAL SOURCE VECTOR/PRIORITY
=z > %) PRIOR VECTOR
>0 S|
|- —Z
A (A
Operation 2|0 R pefpsjzelvel R/W R R/W
= Eg
Reset ~lo $000 oclololo| $0 $00 $00

MASK MASK. Setting this bit disables any further interrupts from this
source. If the mask bit is cleared while the bit associated with thisinterrupt
isset inthe IPR, the interrupt request will be generated.

ACT ACTIVITY. Theactivity hit indicates that an interrupt has been
requested or that it isin-service. The ACT bit is set to aone when its
associated bit in the Interrupt Pending Register or In-Service Register is
Set.

POL POLARITY. Thishit sets the polarity for external interrupts.
Setting this bit to a zero enables active low or negative edge. Setting this
bit to a one enables active high or positive edge. Only External Interrupt
Source 0 uses this bit in this register.

SENSE SENSE. Thishit setsthe sensefor external interrupts. Setting this
bit to a zero enables edge sensitive interrupts. Setting this bit to aone
enables level sensitiveinterrupts. For external interrupt sources 1 through
15, setting this bit to a zero enables positive edge triggered interrupts.
Setting this bit to a one enables active low level triggered interrupts.

PRIOR Interrupt priority Oisthelowest and 15 isthe highest. Note that a
priority level of O will not enable interrupts.
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VECTOR Thisvector is returned when the Interrupt Acknowledge
register is examined upon acknowledgement of the interrupt associated
with this vector.

External Source Destination Registers

Offset Int Src 0 - $10010
Int Src 2 -> Int Src 15 - $10030 -> $101F0
Bit 3322222222221 1131111111
109 8 7/ 6 5 43 2109 876 5 43210098 76 5 432 10
Name EXTERNAL SOURCE DESTINATION
R(8
Operation R R R R po)e)
2=
Reset $00 $00 $00 $00 olo
Thisregister indicates the possible destinations for the external interrupt
sources. These interrupts operate in the Distributed interrupt delivery
mode.
P1 PROCESSOR 1. Theinterrupt is pointed to processor 1.
PO PROCESSOR 0. Theinterrupt is pointed to processor O.
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Raven-Detected Errors Vector/Priority Register

Offset $10200
Bit 3322222222221 113111111
10987654321098765432100987654321 a0
Name RAVEN DETECTED ERRORS VECTOR/PRIORITY
z > 0 PRIOR VECTOR
>0 i
S g
Operation 5| R Toomo| RW R R/W
s
Reset Flo $000 okllolo| $0 $00 $00

MASK MASK. Setting this bit disables any further interrupts from this
source. If the mask bit is cleared while the bit associated with thisinterrupt
isset inthe IPR, the interrupt request will be generated.

ACT ACTIVITY. Theactivity bit indicates that an interrupt has been
requested or that it isin-service. The ACT bit is set to a one when its
associated bit in the Interrupt Pending Register or In-Service Register is
Set.

SENSE SENSE. Thisbit sets the sense for the internal Raven Detected
Errorsinterrupt. Thisbit is hardwired to 1 to enable active low level
sensitive interrupts.

PRIOR Interrupt priority O isthe lowest and 15 isthe highest. Note that
apriority level of O will not enable interrupts.

VECTOR Thisvector is returned when the Interrupt Acknowledge
register is examined upon acknowledgedment of the interrupt associated
with this vector.
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Raven-Detected Errors Destination Register

Offsat $10210
Bit 3322222222221 1141111111
109876/ 5 4321009876 543210098786 5 432 10
Name RAVEN DETECTED ERROR DESTINATION
2|3
Operation R R R R s
=
Reset $00 $00 $00 $00 olo

Thisregister indicates the possi ble destinations for the Raven detected
error interrupt source. These interrupts operate in the Distributed interrupt
delivery mode.

P1 PROCESSOR 1. Theinterrupt is pointed to processor 1.
PO PROCESSOR 0. Theinterrupt is pointed to processor O.

Interprocessor Interrupt Dispatch Registers

Offset Processor 0 $20040, $20050, $20060, $20070
Processor 1 $21040, $21050,$21060, $21070

Bit 3322222222221 41112112111
109 8 7/ 6/5 4 321098 765432210098 76 5 43210
Name Pl DISPATCH
A
Operation R R R R T D
==
Reset $00 $00 $00 $00 olo

There are four Interprocessor Interrupt Dispatch Registers. Writing to an
IPI Dispatch Register with the PO and/or P1 bit set causes an interprocessor
interrupt request to be sent to one or more processors.
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Note EachIPI Dispatch Register hastwo addresses. Theseregistersare
considered to be per processor registers and there is one address
per processor. Reading these registers returns zeros.

P1 PROCESSOR 1. Theinterrupt is directed to processor 1.
PO PROCESSOR 0. Theinterrupt is directed to processor O.

Interrupt Task Priority Registers

Offset Processor 0 $20080
Processor 1 $21080
Bit 3322222222221 11111
110 9876543210098 76543210098765 43210
Name INTERRUPT TASK PRIORITY
TP
Operation R R R R R/W
Reset $00 $00 $00 $0 $F

Thereis one Task Priority Register per processor. Priority levels from O
(lowest) to 15 (highest) are supported. Setting the Task Priority Register to
15 masksall interruptsto this processor. Hardware will set thetask register

to $F when it is reset or when the Init bit associated with this processor is
written to aone.

Interrupt Acknowledge Registers

Offset

Processor 0 $200A0
Processor 1 $210A0
Bit 332 2222222221111 1121111
1009 8 7 6/5 4 321098 76/ 543210098 76l 5 43 2 10
Name VECTOR
Operation R R R R
Reset $00 $00 $00 $FF
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On PowerPC-based systems, Interrupt Acknowledge isimplemented as a
read request to a memory-mapped Interrupt Acknowledge register.
Reading the Interrupt Acknowledge register returns the interrupt vector
corresponding to the highest priority pending interrupt. Reading this
register also has the following side effects.

0 Theassociated bit in the Interrupt Pending Register is cleared.
0 Reading thisregister will update the In-Service register.

Reading thisregister without apending interrupt will return avalue of $FF
hex.

End-of-Interrupt Registers

Offset Processor 0 $200B0
Processor 1 $210B0
Bit 3322222222221 141111111
109 8 7/ 6 5 43 2109 876 5 43210098 76 5 432 10
Name EOQI
Operation R R R R W
Reset $00 $00 $00 $0 $0

EOI END OF INTERRUPT. Thereisone EOI register per processor.
EOI Code values other than 0 are currently undefined. Datavalueswritten
to thisregister areignored; zeroisassumed. Writing to thisregister signals
the end of processing for the highest priority interrupt currently in service
by the associated processor. Thewrite operation will update the In-Service
register by retiring the highest priority interrupt. Reading this register
returns zeros.

Programming Notes

External Interrupt Service

The following summarizes how an external interrupt is serviced:

1. Anexternal interrupt occurs.
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2. The processor state is saved in the machine status save/restore
registers. A new value isloaded into the Machine State Register
(MSR). The External Interrupt Enablebit inthenew M SR (M SReeg)
is set to zero. Control istransferred to the O/S external interrupt
handler.

3. Theexternal interrupt handler cal culates the address of the Interrupt
Acknowledge register for this processor (MPIC Base Address +
0x200A 00 + (processor 1D shifted left 12 bits)).

4. The external interrupt handler issues an Interrupt Acknowledge
request to read the interrupt vector from the MPIC. If the interrupt
vector indicates the interrupt source is the 8259, the interrupt
handler issues a second Interrupt Acknowledge request to read the
interrupt vector from the 8259. The Raven MPIC does not interact
with the vector fetch from the 8259.

5. Theinterrupt handler saves the processor state and other interrupt-
specific information in system memory and re-enables for external
interrupts (the M SReebit isset to 1). Raven MPIC blocksinterrupts
from sources with equal or lower priority until an End-of-Interrupt
isreceived for that interrupt source. Interrupts from higher priority
interrupt sources continue to be enabled. If the interrupt source was
the 8259, the interrupt handler issues an EOI request to the MPIC.
Thisresets the In-Service bit for the 8259 with in the Raven MPIC
and allows it to recognize higher priority interrupt requests, if any,
from the 8259. If none of the nested interrupt modes of the 8259 are
enabled, the interrupt handler issues an EOI request to the 8259.

a. The device driver interrupt service routine associated with this
interrupt vector is invoked.

b. If theinterrupt source was not the 8259, the interrupt handler
issues an EOI request for thisinterrupt vector tothe MPIC. If the
interrupt source was the 8259 and any of the nested interrupt
modes of the 8259 are enabled, the interrupt handler issues an
EOI request to the 8259.

Normally, interrupts from I SA devices are connected to the 8259
interrupt controller. |SA devicestypically rely on the 8259 Interrupt
Acknowledge to flush buffers between the ISA device and system
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Reset State

Operation

memory. If interruptsfrom | SA devicesaredirectly connected to the
Raven MPIC (bypassing the 8259), the device driver interrupt
service routine must read status from the |SA deviceto ensure
buffers between the device and systerm memory are flushed.

After a power-on reset the Raven MPIC stateis:

O

O

O

O

Current task priority for all CPUs set to 15.
All interrupt source priorities set to zero.

All interrupt source mask bits set to a one.
All interrupt source activity bits cleared.
Processor Init Register iscleared.

All counters stopped and interrupts disabled.
Controller mode set to 8259 pass-through.

Interprocessor Interrupts

Four interprocessor interrupt (1Pl) channels are provided for use by all
processors. During systeminitializationthe | Pl vector/priority registersfor
each channel should be programmed to set the priority and vector returned
for each IPI event. During system operation a processor may generate an
IPI by writing a destination mask to one of the IPI dispatch registers.

Note that each IPI dispatch register is shared by both processors. Each IPI
dispatch register hastwo addresses but they are shared by both processors.
That is, thereis atotal of four IPI dispatch registersin the Raven MPIC.

The IPI mechanism may be used for self interrupts by programming the
dispatch register with the bit mask for the originating processor.
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Dynamically Changing I/O Interrupt Configuration

EOI Register

The interrupt controller provides a mechanism for safely changing the
vector, priority, or destination of 1/O interrupt sources. Thisis provided to
support systems which allow dynamic configuration of 1/0 devices. In
order to change the vector, priority, or destination of an active interrupt
source, the following sequence should be performed:

1. Mask the source using the MASK bhit in the vector/priority register.
2. Wait for the activity bit (ACT) for that source to be cleared.

3. Make the desired changes.

4. Unmask the source.

This sequence ensures that the vector, priority, destination, and mask
information remain valid until al processing of pending interruptsis
complete.

Each processor has aprivate EOI register which is used to signal the end
of processing for aparticular interrupt event. If multiple nested interrupts
arein service, the EOl command terminates the interrupt service of the
highest priority source. Once an interrupt is acknowledged, only sources
of higher priority will be allowed to interrupt the processor until the EOI
command is received. This register should always be written with avalue
of zero which is the nonspecific EOl command.

Interrupt Acknowledge Register

8259 Mode

Upon receipt of an interrupt signal, the processor may read this register to
retrieve the vector of the interrupt source which caused the interrupt.

The 8259 mode hits control the use of an external 8259 pair for PC-AT
compatibility. Following areset, this mode is set for pass-through, which
essentially disables the advanced controller and passes an 8259 input on
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external interrupt source O directly through to processor zero. During
interrupt controller initialization this channel should be programmed for
mixed mode in order to take advantage of the interrupt delivery modes.

Current Task Priority Level

Each processor has a separate Current Task Priority Level register. The
system software usesthisregister to indicatetherelative priority of thetask
running on the corresponding processor. The interrupt controller will not
deliver an interrupt to aprocessor unless it has a priority level whichis
greater than the current task priority level of that processor. Thisvaueis
also used in determining the destination for interrupts which are delivered
using the distributed deliver mode.

Architectural Notes

The hardware and software overhead required to update the task priority
register synchronously with instruction execution may far outweigh the
anticipated benefits of the task priority register. To minimize this
overhead, the interrupt controller architecture should allow the task
priority register to be updated asynchronously with respect to instruction
execution. Lower priority interrupts may continue to occur for an
indeterminate number of cycles after the processor has updated the task
priority register. If thisis not acceptable, the interrupt controller
architecture should recommend that, if the task priority register is not
implemented with the processor, the task priority register should be
updated only when the processor enter or exits an idle state.

Only when the task priority register isintegrated within the processor,
(such that it can be accessed as quickly as the M SRee bit, for example),
should the architecture require the task priority register to be updated
synchronously with instruction execution.
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Falcon ECC Memory Controller 3

Chip Set

Introduction

The Falcon DRAM controller ASIC isdesigned for the PowerPC families
of boards. It isused in sets of two to provide the interface between the
PowerPC 60x bus (also called MPC60x bus or MPC bus) and a 144-bit
ECC-DRAM memory system. It also provides an interface to ROM/Flash.

Overview

This chapter providesafunctional description and programming model for
the Falcon. Most of the information for using the devicein a system,
programming it in asystem, and testing it is contained here.

Bit Ordering Convention

All Falcon bused signals are named using big-endian bit ordering (bit Ois
the most significant bit).

Features

o DRAM Interface

Double-bit error detect/Single-bit error correct on 72-bit basis.
Up to four blocks.

Programmable base address for each block.

Two-way interleave factor.

Built-in Refresh/Scrub.

o Error Notification for DRAM

Software programmable Interrupt on Single/Double-Bit Error.
Error address and Syndrome Log Registers for Error Logging.

31
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— Does not provide TEA_ on Double-Bit Error. (Chip has no
TEA pin.)
0 ROM/Flash Interface

— Two blocks with each block being 16 bits wide (8 bits per
Falcon), or 64 bits wide (32 bits per Falcon).

— Software programmable access time for each block.

Block Diagrams

Figure 3-1depicts a Falcon pair as it would be connected in a system.
Figure 3-2shows the Falcon’s internal data paffigure 3-3shows the
overall DRAM connections.
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Figure 3-1. Falcon Pair Used with DRAM in a System
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Functional Description

The following sections describe the logical function of the ASIC. The
Falconisdesigned to be used asaset of two chips. A pair of Falconsworks
withx1 or wider DRAM memory devicesto form amemory system for the
PowerPC 60x bus. A pair of Falcons that is connected to implement a
memory control function isreferred to in this document as a Falcon pair.

Performance

Four-beat Reads/Writes

TheFalcon pair isspecifically designed to provide maximum performance
for cache line (four-beat) cyclesto and from the PowerPC 60x bus at 66
MHz. Thisisdone by providing atwo-way interleave between the 64-bit
PowerPC 60x data bus and the 128-bit (144 with check-bits) DRAM bus.
When a PowerPC 60x bus master begins a quad-aligned, four-beat read to
DRAM, the Falcon pair accesses the full 144-bit width of DRAM at once
so that when the DRAM accesstime isreached, not only isthefirst 64-bit
double-word of dataready to be transferred to the PowerPC 60x bus
master, but so is the next. While the Falcon pair is presenting the first two
double-wordsto the PowerPC 60x bus, it cycles CASwithout cycling RAS
to obtain the next two double-words. The Falcon pair transfersthe next two
double-words to the PowerPC 60x bus after 0 or more idle clocks.

The Falcon pair also takes advantage of the fact that PowerPC 60x
processors can do address pipelining. Many times while adatacycleis
finishing, the PowerPC 60x processor begins a new address cycle. The
Falcon pair can begin the next DRAM access earlier when this happens,
thus shortening the access time. Further savings come when the new
address cycle isto an address close enough to the previous one that it falls
within the same row in the DRAM array. When this happens, the Falcon
pair can transfer the datafor the next cycle by cycling CASwithout cycling
RAS.
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Single-beat Reads/Writes

Single-beat cyclesto and from the PowerPC 60x bus do not achieve data
rates as high as do four-beat cycles. The Falcon pair does take advantage
of the PowerPC 60x address pipelining as much as possible for single-beat
accesses.

Single-beat writes are the slowest kind of accesses because they require
that the Falcon pair perform aread cycle then awrite cycle to the DRAM
in order to complete. Fortunately, in most 60x systems, single-beat
accesses can be held to a minimum especialy with data cache and
copyback modesin place.

DRAM Speeds

The Falcon pair can be configured for 3 different speeds of DRAM: 50ns,
60ns, and 70ns. When the Falcon pair is configured for 50ns DRAMS, it
assumes that the devices are Extended Data Out (EDO) parts. When the
Falcon pair is configured for 70ns DRAMSs it assumes that the devices are
fast page mode parts. When the pair is configured for 60ns DRAMS, it
allows the devices to be either fast page or EDO parts. Performance
summaries using the different devices are shown in Table 3-1, Table 3-2,
and Table 3-3.

Table 3-1. PowerPC 60x Bus to DRAM Access Timing when Configured for

70ns Fast Page Devices

CLOCK PERIODS REQUIRED FOR:
ACCESSTYPE 1st 2nd 3rd 4th Total
Beat Beat Beat Beat | Clocks
4-Besat Read after |dle (Quad-word 10 1 3 1 15
aigned)
4-Beat Read after |dle (Quad-word 10 4 1 1 16
misaligned)
4-Besat Read after 4-Beat Read 9/31t 1 3 1 14/8
(Quad-word aligned)
4-Beat Read after 4-Beat Read 7121 4 1 1 13/8
(misaligned)
4-Beat Write after Idle 4 1 1 1 7
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Table 3-1. PowerPC 60x Bus to DRAM Access Timing when Configured for
70ns Fast Page Devices (Continued)

CLOCK PERIODS REQUIRED FOR:
ACCESSTYPE st ond 3rd 2th Total

Beat Beat Beat Beat Clocks
4-Beat Write after 4-Beat Write 10/61 1 1 1 13/9
(Quad-word aligned)
1-Beat Read after Idle 10 _ ) _ 10
1-Beat Read after 1-Beat Read 11/71 . . i 117
1-Beat Write after Idle 4 - ) _ 4
1-Beat Write after 1-Beat Write 1511 " - - - 15/11

Notes

1. These numbers assume that the PowerPC 60x bus master is doing

address pipelining with TS_ occurring at the minimum time after
AACK_ isasserted. Also the two numbers shown in the 1st best
column are for page miss/page hit.

2. In some cases, the numbers shown are averages and specific
instances may be longer or shorter..

Table 3-2. PowerPC 60x Bus to DRAM Access Timing when Configured for
60ns Fast Page Devices

CLOCK PERIODS REQUIRED FOR:
ACCESSTYPE st >nd ard Zth Total
Beat Beat Beat Beat | Clocks
4-Beat Read after |dle (Quad-word 9 1 2 1 13
aligned)
4-Beat Read after |dle (Quad-word 9 3 1 1 14
misaligned)
4-Beat Read after 4-Beat Read 7/31 1 2 1 17
(Quad-word aligned)
4-Beat Read after 4-Beat Read 6/21 3 1 1 11/7
(misaligned)
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Table 3-2. PowerPC 60x Bus to DRAM Access Timing when Configured for
60ns Fast Page Devices (Continued)

CLOCK PERIODS REQUIRED FOR:
ACCESSTYPE = ond 3rd 7 Total

Beat Beat Beat Beat Clocks
4-Beat Write after Idle 4 1 1 1 7
4-Beat Write after 4-Beat Write 7131 1 1 1 10/6
(Quad-word aligned)
1-Beat Read after Idle 9 } ) } 9
1-Beat Read after 1-Beat Read 961 ] ] ] 96
1-Beat Write after Idle 4 - - - 4
1-Beat Write after 1-Beat Write 13/10 1 - - - 13/10

Notes

1. These numbers assume that the PowerPC 60x bus master is doing
address pipelining with TS_ occurring at the minimum time after
AACK _isasserted. Also the two numbers shown in the 1st beat
column are for page miss/page hit.
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2. In some cases, the numbers shown are averages and specific

instances may be longer or shorter.

Table 3-3. PowerPC 60x Bus to DRAM Access Timing when Configured for

50ns EDO Devices

CLOCK PERIODS REQUIRED FOR:

Beat Beat Beat Beat Clocks
4-Beat Read after Idle (Quad-word 8 1 1 1 11
aligned)
4-Beat Read after Idle (Quad-word 8 2 1 1 12
misaligned)
4-Beat Read after 4-Beat Read 521 1 1 1 8/5
(Quad-word aligned)
4-Beat Read after 4-Beat Read 421 2 1 1 8/6
(misaligned)
4-Beat Write after Idle 4 7
4-Beat Write after 4-Beat Write 4/31 716
(Quad-word aligned)
1-Beat Read after Idle 8 - - - 8
1-Beat Read after 1-Beat Read 7/5 1 _ _ _ 7/5
1-Beat Write after Idle 4 - - - 4
1-Beat Write after 1-Beat Write 9/71 - - - 9/7

Notes

1. These numbers assume that the PowerPC 60x bus master is doing
address pipelining with TS_ occurring at the minimum time after
AACK _isasserted. Also thetwo numbers shown in 1st beat column

arefor page miss/page hit.

2. In some cases, the numbers shown are averages and specific

instances may be longer or shorter.
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ROM/Flash Speeds

The Falcon pair provides the interface for two blocks of ROM/Flash.
Access times to ROM/Flash are programmable for each block. Access
times are a so affected by block width. The access times for ROM/Flash

are shown in Table 3-4, Table 3-5, Table 3-6, and Table 3-7.

Table 3-4. PowerPC 60x Bus to ROM/Flash Access Timing when configured
for 180ns Devices

ACCESSTYPE CLOCK PERIODS REQUIRED FOR: Total
1sBeat | 2ndBeat | 3rdBeat | 4thBeat | ClOCKS
16 64 16 64 16 64 16 64 16 64
Bits | Bits | Bits | Bits | Bits | Bits | Bits | Bits | Bits | Bits
4-Beat Read 68 20 64 16 64 16 64 16 | 260 | 68
4-Beat Write N/A N/A
1-Beat Read (1 byte) 20 20 - - - - - - 20 20
1-Beat Read (2t0 8 68 20 - - - - - - 68 20
bytes)
1-Beat Write 19 19 - - - - - - 19 19

Table 3-5. PowerPC 60x Bus to ROM/Flash Access Timing when configured
for 120ns Devices

ACCESSTYPE CLOCK PERIODS REQUIRED FOR: Total
1 Beal | 2ndBeat | 3rdBeat | 4thBear | Clocks

16 64 16 64 16 64 16 64 16 64
Bits | Bits | Bits | Bits | Bits | Bits | Bits | Bits | Bits | Bits

4-Beat Read 52 16 48 12 48 12 48 12 | 196 | 52

4-Beat Write N/A N/A

1-Beat Read (1 byte) 16 16 - - - - - - 16 16

1-Beat Read (2t0 8 52 16 - - - - - - 52 16

bytes)

1-Beat Write 19 19 - - - - - - 19 19
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Table 3-6. PowerPC 60x Bus to ROM/Flash Access Timing when configured
for 75ns Devices

ACCESSTYPE CLOCK PERIODS REQUIRED FOR: Total
IstBeat | 2ndBeat | 3rdBeat | 4thBeat Clocks
16 64 16 64 16 64 16 64 16 64
Bits | Bits | Bits | Bits | Bits | Bits | Bits | Bits | Bits | Bits
4-Beat Red 40 13 36 9 36 9 36 9 148 | 40
4-Beat Write N/A N/A
1-Beat Read (1 byte) 13 13 - - - - - - 13 13
1-Beat Read (210 8 40 13 - - - - - - 40 13
bytes)
1-Beat Write 19 19 - - - - - - 19 19

Table 3-7. PowerPC 60x Bus to ROM/Flash Access Timing when configured
for 45ns Devices

ACCESSTYPE CLOCK PERIODS REQUIRED FOR: Total
IstBeat | 2ndBeat | 3rdBeat | 4thBear | ClOCcks
16 64 16 64 16 64 16 64 16 64
Bits | Bits | Bits | Bits | Bits | Bits | Bits | Bits | Bits | Bits
4-Beat Read 32 11 28 7 28 7 28 7 116 | 32
4-Beat Write N/A N/A
1-Beat Read (1 byte) 1m | 11| - - - - - - 1| 1u
1-Beat Read (210 8 32 11 - - - - - - 32 11
bytes)
1-Beat Write 19 19 - - - - - - 19 19

PowerPC 60x Bus Interface

The Falcon pair has a PowerPC slave interface only. It has no PowerPC
master interface. The slave interface is the mechanism for all accessesto
DRAM, ROM/Flash, and internal and external register sets.
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Responding to Address Transfers

When the Falcon pair detects an address transfer that it isto respond to, it

asserts AACK _immediately if thereis no uncompleted PowerPC 60x bus
datatransfer in process. If there isone in process, then the Falcon pair 3
waits and asserts AACK _ coincident with the uncompleted data transfer’s
last data beat if the Falcon pair is the slave for the previous data. If it is not,

it holds off AACK_ until the CLOCK after the previous data transfer’s last
data beat.

Completing Data Transfers

Data Parity

If an address transfer to the Falcon pair will have an associated data
transfer, the Falcon pair begins a read or write cycle to the accessed entity
(DRAM/ROMY/Flash/Internal and External Register) as soon as the entity

is free. If the data transfer will be a read, the Falcon pair begins providing
data to the PowerPC 80us as soon as the entity has data ready and the
PowerPC 68 data bus is granted. If the data transfer will be a write, the
Falcon pair begins latching data from the PowerPC data bus as soon as any
previously latched data is no longer needed and the PowerRiagtbus

is available.

The Falcon pair has 8 DP pins (4 per Falcon) for generating and checking
60x data bus parity. In addition, each Falcon has a DPERR__ pin to provide
real-time data parity error notification for its half of thex@@ta bus.

During read cycles that access the Falcon pair, the pair generates the
correct value on DPO-DP7 so that each data byte lane along with its
corresponding DP signal has odd parity. This can be changed on a lane
basis to even parity by software bits that can force the generation of wrong
(even) parity.

During write cycles to the Falcon pair, each Falcon in the pair checks each
of its four 6& data byte lanes and the corresponding DP signal for odd
parity. If any of the four lanes has even parity, that Falcon logs the error in
the CSR and can generate a machine check if so enabled. In addition to
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logging the error, that Falcon also pulsesits DPERR _signal true for the
duration of one clock period, two clock periodsafter the TA_ during which
the error data is captured.

While normal (default) operation isfor the Falconto check dataparity only
on writesto itself, it can also be programmed to check data parity on all
reads or writes to any device on the 60x bus

Cache Coherency

The Falcon supports cache coherency to DRAM only. It does this by
monitoring the ARTRY _ control signal on the PowerPC 60x bus and
behaving appropriately when it is asserted. When ARTRY _is asserted, if
the accessis aDRAM read, the Falcon does not source the data for that
access. If the accessisa DRAM write, the Falcon does not write the data
for that access. Depending upon when the retry occurs, the Falcon may
cyclethe DRAM even though the data transfer does not happen.

Cache Coherency Restrictions

The PowerPC 60x GBL __ signal must not be asserted in the CSR areas.

L2 Cache Support

The Falcon pair provides support for alook-aside L2 cache by
implementing a hold-off input, L2ZCLM_. On cyclesthat select the Falcon
pair, the Falcon pair samples L2CLM _ on the second rising edge of
CLOCK after the assertion of TS . If L2CLM__is high, the Falcon pair
responds normally to the cycle. If it islow, the Falcon pair ignores the
cycle.

ECC
The Falcon pair performs single-bit error correction and double-bit error
detection for DRAM. (No checking is provided for ROM /Flash.) The 64-
bit wide PowerPC 60x data bus is divided into upper (DHO-DH31) and
lower (DLO-DL31) halves. Each half isrouted through a Falcon which
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multiplexesit with half of the DRAM data bus. Each Falcon connectsto
64 DRAM data-bits and to 8 DRAM check-bits. The total DRAM array
width is 144 bits (2*[64+8]).

Cycle Types

To support ECC, the Falcon pair aways deals with DRAM using full
width (144-bit) accesses. When the PowerPC 60x bus master requests any
sizeread of DRAM, the Falcon pair reads 144 bits at |east once. When the
PowerPC 60x bus master requests a four-beat write to DRAM, the Falcon
pair writesall 144 bits twice. When the PowerPC 60x bus master requests
asingle-beat writeto DRAM, the Falcon pair performsa 144-bit wide read
cycleto DRAM, mergesin the appropriate PowerPC 60x bus write data,
and writes 144 bits back to DRAM.

Error Reporting

The Falcon pair checks datafrom the DRAM during single- and four-beat
reads, during single-beat writes, and during scrubs. Table 3-8 shows the
actions it takes for different errors during these accesses.
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Note The Falcon pair does not assert TEA__ on double-bit errors. In
fact, the Falcon pair does not havea TEA _signal pin and it
assumes that the system does not implement TEA . The Falcon
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can, however, assert machine check (MCP_) on double-bit error.

Table 3-8. Error Reporting

Error Single-Beat Single-Beat Write | Four-Beat Write | Scrub
Type /Four-Beat Read
Single-Bit | Terminate the Terminate the This cycleisnot
Error PowerPC 60x bus | PowerPC 60X bus seen on the
cycle normally. cycle normally. PowerPC 60x
bus.
Provide corrected | Correct the data
datato the read from DRAM, Write corrected
PowerPC 60X bus | merge with the 1 data back to
master. write data, and N/A DRAM if so
write the enabled.
corrected, merged
datato DRAM.
Assert INT_if so .
enabled. Assert INT_if so Assert INT_if so
Double-Bit | Terminate the Terminate the This cycleisnot
Error PowerPC 60x bus | PowerPC 60x bus seen on the
cycle normally. cycle normally. PowerPC 60x
bus.
Provide miss- May or may not
corrected, raw perform the write N/A 1 May or may not
DRAM datato the | portion of the perform the write
PowerPC 60x bus | read-modify-write portion of the
master. cycleto DRAM 2 read-modify-
] write cycleto
Assert INT_if so | Assert INT_if so DRAM 2
enabled. enabled. .
Assert MCP_if so | Assert MCP_if so Assert INT_if so
enabled. enabled. enabled.
Triple- (or | Some of these errors are detected correctly and are treated the same as double-bit
greater) errors. The rest could show up as “no error” or “single-bit error”, both of whi
Bit Error are incorrect.

ch
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Notes

1. No opportunity for error since no read of DRAM occurs during a
four-beat write.

2. The recommended connection for Falcon isfor WE* to connect
from upper Falcon to both upper and lower DRAM'’s of banks A and
B and for WE* of lower Falcon to connect to both upper and lower
DRAM'’s of banks C and D. With this configuration, the write
portion of single-bit-writes and of scrutlges happen if the double-
bit error is in the lower portion of banks A or B or if it is in the upper
portion of banks C or D

Error Logging

ECC error logging is facilitated by the Falcon because of its internal
latches. When an error (single- or double-bit) occurs in the DRAMSs to
which a Falcon is connected, it records the address and syndrome bits
associated with the data in error. Each Falcon performs this logging
function independently of the other. Once a Falcon has logged an error, it
does not log any more until tekog control /status bit has been cleared by
software unless the currently logged error is single-bit and a new, double-
bit error is encountered. The logging of errors that occur during scrub can
be enabled/disabled in software. Refer toEh®r Logger Register

section for more information.

ROM/Flash Interface

The Falcon pair provides the interface for two blocks of ROM/Flash. Each
block provides addressing and control for up to 64MB.

Note No ECC error checking is provided for the ROM/Flash.

The ROM/Flash interface allows each block to be individually configured
by jumpers and/or by software as follows:

1. Access for each block is controlled by three software programmable
control register bits: an overall enable, a write enable, and a reset
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vector enable. The overall enable controls normal read acesses. The
write enable is used to program Flash devices. The reset vector
enabl e controls whether the block is also enabled at $FFF00000 -
$FFFFFFFF. The overall enable and write enable bits are aways
cleared at reset. The reset vector enable bit is cleared or set at reset
depending on external jumper configuration. This allows the board
designer to use external jumpers to enable/disable Block A/B
ROM/Flash as the source of reset vectors.

2. Thebase addressfor each block issoftware programmable. At reset,
Block A’s base address is $FF000000 and Block B’s base address is
$FF400000.

As noted above, in addition to appearing at the programmed base
address, the first 1Mbyte of Block A/B also appears at $FFF00000-
$FFFFFFFF if the reset vector enable bit is set.

3. The assumed size for each block is software programmable. It is
initialized to its smallest setting at reset.

4. The access time for each block is software programmable

5. The assumed width for Block A/B is determined by an external
jumper at reset time. It also is available as a status bit and cannot be
changed by software.

When the width status bit is cleared, the block’'s ROM /Flash is

considered to be 16 bits wide, where each Falcon interfaces to 8 bits.
In this mode, the following rules are enforced:

a. only single-byte writes are allowed (all other sizes are ignored),
and

b. all reads are allowed (multiple accesses are performed to the
ROM/Flash devices when the read is for greater than one byte).

When the width status bit is set, the block’s ROM/Flash is
considered to be 64 bits wide, where each Falcon interfaces with 32
bits. In this mode, the following rules are enforced:

c. only aligned, 4-byte writes should be attempted (all other sizes
are ignored), and
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d. al reads are allowed (multiple accesses to the ROM/Flash

device are performed for burst reads).

More information about ROM/Flash is found in the section on the
Programming Model.

In order to place code correctly in the ROM/Flash devices, address
mapping information is required. Table 3-9 shows how PowerPC 60x
addresses map to the ROM/Flash addresses when ROM/Flash is 16 bits
wide (8 bits per Falcon). Table 3-10 shows how they map when Flash is64

bits wide (32 hits per Falcon).

Table 3-9. PowerPC 60x to ROM/Flash Address Mapping when ROM/Flash is

16 Bits Wide (8 Bits per Falcon)

Power PC 60x AO-A31 ROM/Flash A22-A0 ROM/Flash Selected
$X X 000000 $000000 Upper
$X X 000001 $000001 Upper
$X X 000002 $000002 Upper
$X X000003 $000003 Upper
$XX000004 $000000 Lower
$X X 000005 $000001 Lower
$XX 000006 $000002 Lower
$XX000007 $000003 Lower
$X X000008 $000004 Upper
$X X 000009 $000005 Upper
$XX00000A $000006 Upper
$XX00000B $000007 Upper
$XX00000C $000004 Lower
$XX00000D $000005 Lower
$XX00000E $000006 Lower
$XX00000F $000007 Lower
$XXFFFFF8 $7FFFFC Upper
$XXFFFFF9 $7FFFFD Upper
SXXFFFFFA $7FFFFE Upper
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Table 3-9. PowerPC 60x to ROM/Flash Address Mapping when ROM/Flash is
16 Bits Wide (8 Bits per Falcon) (Continued)

Power PC 60x AO-A31 ROM/Flash A22-A0 ROM/Flash Selected
$XXFFFFFB $7FFFFF Upper
$XXFFFFFC $7FFFFC Lower
$XXFFFFFD $7FFFFD Lower
SXXFFFFFE $7FFFFE Lower
SXXFFFFFF $7FFFFF Lower

Table 3-10. PowerPC 60x to ROM/Flash Address Mapping when ROM/Flash
is 64 Bits Wide (32 Bits per Falcon)

Power PC 60x AO-A31 ROM/Flash A22-A0 ROM/Flash Sdlected
$X0000000 $000000 Upper
$X0000001 $000000 Upper
$X 0000002 $000000 Upper
$X 0000003 $000000 Upper
$X 0000004 $000000 Lower
$X 0000005 $000000 Lower
$X 0000006 $000000 Lower
$X0000007 $000000 Lower
$X0000008 $000001 Upper
$X0000009 $000001 Upper
$X 000000A $000001 Upper
$X000000B $000001 Upper
$X000000C $000001 Lower
$X000000D $000001 Lower
$X000000E $000001 Lower
$X 000000F $000001 Lower
$X3FFFFFO $7FFFFE Upper
$X3FFFFF1 $7FFFFE Upper
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Table 3-10. PowerPC 60x to ROM/Flash Address Mapping when ROM/Flash
is 64 Bits Wide (32 Bits per Falcon) (Continued)

Power PC 60x A0-A31 ROM /Flash A22-A0 ROM /Flash Selected
$X3FFFFF2 $7FFFFE Upper
$X3FFFFF3 $7FFFFE Upper
$X3FFFFF4 $7FFFFE Lower
$X3FFFFF5 $7FFFFE Lower
$X 3FFFFF6 $7FFFFE Lower
$X3FFFFF7 $7FFFFE Lower
$X3FFFFF8 $7TFFFFF Upper
$X3FFFFF9 $7FFFFF Upper
$X3FFFFFA $7FFFFF Upper
$X3FFFFFB $7FFFFF Upper
$X3FFFFFC $7TFFFFF Lower
$X3FFFFFD $7FFFFF Lower
$X3FFFFFE $7FFFFF Lower
$X3FFFFFF $7FFFFF Lower

Refresh/Scrub

Refresh/Scrub is done differently based on which DRAM blocks are
populated: (A and/or B) but not (C and D), or (A and/or B) and (C and/or
D).

Blocks A and/or B Present, Blocks C and D Not Present

The Falcon pair performs refresh by doing aburst of four RAS _cycles
approximately once every 60us. Thisincreases to once every 30us when
certain DRAM devices are used. (Controlled by the ram_fref bit in the
statusregisters.) RAS _isasserted to both of Blocks A and B during each
of the 4 cycles. Along with RAS _, the Falcon pair also asserts CAS_ with
(OE__then WE_) to one of the blocks during one of the four cycles. This
forms a read-modify-write which is a scrub cycle to that location.
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After each of the 4 cycles, the DRAM row address increments by one.

When it reaches all 1's, it rolls over and starts over at 0. Each time the row
address rolls over, the block that is scrubbed toggles between A and B.
Every second time that the row address rolls over, which of the 4 cycles
that is a scrub changes from 1st to 2nd, from 2nd to 3rd, from 3rd to 4th,
or from 4th to 1st. Every eighth time that the row address rolls over, the
column address increments by one. When the column address reaches all
1's, it rolls over and starts over at 0. Each time the column address rolls
over, the SC1, SCO bits in the scrub/refresh register increment by one.

Blocks A and/or B Present, Blocks C and/or D Present

The Falcon pair performs refresh by doing a burst of four RAS_ cycles
approximately once every @6. This increases to once everyidsvhen
certain DRAM devices are used. (Controlled by the ram_fref bit in the
status registers.) RAS _is asserted to blocks A and B during the first cycle,
to blocks C and D during the second cycle, back to blocks A and B during
the third cycle and to blocks C and D during the fourth cycle. Along with
RAS, the Falcon pair also asserts CAS__ with (OE_ then WE_) to one of
the blocks during one of the four cycles. This forms a read-modify-write
which is a scrub cycle to that location.

After the second and fourth cycles, the DRAM row address increments by
one. When it reaches all 1's, it rolls over and starts over at 0. Each time the
row address rolls over, the block that is scrubbed toggles between A/C and
B/D. Every second time the row address rolls over, which of the 4 cycles
that is a scrub changes from 1st to 2nd, from 2nd to 3rd, from 3rd to 4th,
or from 4th to 1st. Every eighth time that the row address rolls over, the
column address increments by one. When the column address reaches all
1's, it rolls over and starts over at 0. Each time the column address rolls
over, the SC1, SCO bits in the scrub/refresh register increment by one.

An entire refresh of DRAM is achieved every time the row address rolls
over, and an entire scrub of DRAM is achieved every time the column
address rolls over.

During scrub cycles, if the SWEN bit is cleared, the Falcondoes not
perform the write portion of the read-modify write cycle. If the SWEN bit
is set, the Falcon pailoes perform the write unless it encounters a double-
bit error during the read.
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If so enabled, single- and double-bit scrub errors are logged, and the
PowerPC 60x bus master is notified viainterrupt.

Chip Defaults

Some jumper option kinds of parameters need to be configured by
software in the Falcon pair. These parametersinclude DRAM and
ROM/Flash attributes. In order to set up these parameters correctly,
software needs some way of knowing about the devicesthat are being used
with the Falcon pair. Oneway of providing thisinformation isby using the
power-up status registersin the Falcon pair. At power-up reset, each
Falcon latches the level on its RDO-RD63 signal pinsinto its power-up
status registers. Since the RD signal pins are high impedance during reset,
their power-up reset level can be controlled by pullup/pulldown resistors.
(They are pulled-up internally.)

External Register Set

Each chip in the Falcon pair has an external register chip select pin which
enablesit to talk to an external set of registers. Thisinterfaceislike the
ROM/Flash interface but with lessflexibility. It isintended for the system
designer to be able to implement general -purpose status/control signals
with this external set. Refer to the Programming Model for a description
of this register set.

CSR Accesses

Animportant part of the operation of aFalcon pair isthat the value written
to the internal control registers and SRAM in each of the two chips must
bethe same at all times. In order to facilitate this, writesto the pair itself
arerestricted to the upper Falcon only. When software writes to the upper
Falcon, hardware in the two chips shifts this same value into the lower
Falcon before the cycle completion is acknowledged. The shifting is done
in holding registers such that the actual update of the control register
happens on the same CLOCK cycle in both chips. Writes to the upper
Falcon can be single-byte or 4-byte. Writes to the lower Falcon are
ignored.
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This duplicating of writes from upper to lower applies to the Falcon’s
internal registers only. No duplication is performed for writes to DRAM,
ROM/Flash, or the External Register set.

Programming Model

CSR Architecture

The CSR (control and status register set) consists of the chip’s internal
register set and its external register set. The base address of the CSR is hard
coded to the address $FEF80000 (or $FEF90000 if the SIO pin is low at
reset).

Accesses to the CSR are mapped differently depending on whether they
are reads or writes. For reads, CSR data read on the upper half of the data
bus comes from the upper Falcon while CSR data read on the lower half of
the data bus comes from the lower Falcon. See the figure below.

MPC60x Master

-
-

12} 2]
> >
« M ~ 0
2 g s
a® 3 ®
el a0
CSR CSR
Upper FALCON Lower FALCON

1903 9609

Figure 3-4. Data Path for Reads from the Falcon Internal CSRs
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For writes, internal register data written on the upper half of the data bus
goes to the upper Falcon and is automatically copied by hardware to the
lower Falcon. Internal register datawritten onthelower half of the databus
does not go to either Falcon in the pair, but the access is terminated
normally with TA_. See the figure below.

MPC60x Master

Upper
Data Bus
Lower
Data Bus

.
;

CSR CSR
Upper FALCON Lower FALCON

1904 9609

Figure 3-5. Data Path for Writes to the Falcon Internal CSRs

External register datathat iswritten on the upper data bus goesthrough the
upper Falcon, while data that iswritten on the lower data bus goesthrough
the lower Falcon. Unlike the internal register set, there is no automatic
copying of upper data to lower datafor the external register set.

CSR read accesses can haveasizeof 1, 2, 4, or 8 byteswith any alignment.
CSRwrite accesses are restricted to asize of 1 or 4 bytes and they must be
aligned. Figure 3-6, Figure 3-7, Figure 3-8, and Figure 3-9 show the
memory maps for the different kinds of access.
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$FEF80000 Upper Falcon
$FEF80001 Upper Falcon
$FEF80002 Upper Falcon
$FEF80003 Upper Falcon
$FEF80004 Lower Falcon
$FEF80005 Lower Falcon
$FEF80006 Lower Falcon
$FEF80007 Lower Falcon
$FEF80008 Upper Falcon
$FEF80009 Upper Falcon
$FEF807FF Lower Falcon

1905 9609

Figure 3-6. Memory Map for Byte Reads to the CSR
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$FEF80000
$FEF80001
$FEF80002
$FEF80003
$FEF80004
$FEF80005
$FEF80006
$FEF80007
$FEF80008

$FEF80009

$FEF807FF

Both Falcons

Both Falcons

Both Falcons

Both Falcons

Both Falcons

Both Falcons

( Writes not allowed Here )

-
-
-

1906 9609

Figure 3-7. Memory Map for Byte Writes to the Internal Register Set
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$FEF80000 Upper Falcon
$FEF80004 Lower Falcon
$FEF80008 Upper Falcon
$FEF8000C Lower Falcon
$FEF807FC Lower Falcon

1907 9609

Figure 3-8. Memory Map for 4-Byte Reads to the CSR

( Writes not allowed Here >
$FEF80000 Both Falcons

$FEF80004 -

$FEF80008 Both Falcons

$FEF8000C -

$FEF807FC -

1908 9609

Figure 3-9. Memory Map for 4-Byte Writes to the Internal Register Set
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Register Summary
Table 3-11 shows a summary of the CSR.

Note  Thetable only showsaddresses for accessesto the upper Falcon.
To get the addresses for accessesto the lower Falcon, add 4to the
address shown. Since the only way to write to the lower Falcon’s
internal register set is to duplicate what is written to the upper
Falcon, only the addresses shown in the table should be used for
writes to them. Writes to the external register set are not
duplicated from upper to lower, so writes to them can be via the
upper or lower Falcon.

Table 3-11. Register Summary

BIT#----> ok NwrooNo|©FEF R RN R R R N NN N |w |w
OFRINWRKRUOUIOINIOIOIOIFINW(R|OTo|N |00 ([@}=a
FEF80000 VENDID DEVID
FEF80008 REVID = === lo
88| BBEg:S
= SBBF
X (@ S =
FEFS0010 | RA | RA |= RA |= RA
% M A % M B % M C % M D
2 Siz g Siz g SIZ g Sz
FEF80018 RAM A BASE RAM B BASE RAM C BASE RAM D BASE
FEF80020 CLK i)
FREQUENCY =
FEF80028 Slole Qo w3 3
cge 5558 2
Z 3
FEFS80030 |p ERROR_SYNDR w| SBECOUNT
5 BRER T oue Bg g
O [
FEF80038 ERROR_ADDRESS
FEF80040 QB g o o
SF 3 AER
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Table 3-11. Register Summary (Continued)

FEF80048 ROW ADDRESS ‘ COL ADDRESS
FEF80050 =| RO ===
ROM A BASE % M A % % %
o gz =
2 =315
FEF80058 =| RO =S =3 l=
ROM B BASE % MB % g g
o| 9z cio2
R 28R
FEF80060 38 518
33 S 3
QD QD oN(ey
28 B8
o o |
FEF80068 |o DPE TT DPE D olo GWDP
] - — ohe;
@D P @ (@
o o
FEF80070 DPE A
FEF80078 DPE D
FEF80100 CTR32
FEF80400 PR_STAT1
FEF80500 PR _STAT2
FEF88000 EXTERNAL REGISTER SET
FEF8FFF8
BIT#----> ol |NvwihlooNo|okRE R D NN N[N N RN |w |w
ol vwhooNmoloRN®WR v NOIS I

Notes
1. All shaded bit fields are reserved and read as zeros.

2. All status bits are shown initalics.
3. All control bits are shown with underline.

4. All control-and-status bits are shown with italics and underline.
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Detailed Register Bit Descriptions

The following sections describe the registers and their bitsin detail. The
possible operations for each bit in the register set are as follows:

0 R Thebitisaread only status bit.
0 R/W The bit is readable and writable.
0 R/C Thehitis cleared by writing aoneto itself.

The possible states of the bits after local and power-up reset are as defined
below.

0 P Thebitis affected by power-up reset (PURESET ).
0 L Thebitisaffected by local reset (HRESET ).

0 X Thebitisnot affected by reset.

0 V Theeffect of reset on the bit is variable.

Vendor/Device Register

Address $FEF80000

Bit Clrh @B eNEOEIRISEIRG N D oS RN SRR SNBSS R
Name VENDID DEVID

Operation READ ONLY READ ONLY

Reset X X

VENDID Thisread-only register contains the value $1057. It isthe
vendor number assigned to Motorolalnc.

DEVID Thisread-only register contains the value $4802. It is the device
number for the Falcon.
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Revision ID/General Control Register

Address $FEF80008

Bit RPNWHROONRORIREFEEREREEEEEINNNNIN NN N [N | |
OFRINWROUONIOOIOFRINWRAIOTIO |N|® (OO |-

Name ololololololk glolele|rlgg e
it EIEIE:

REVID < | = = =

1 Fr818

g|o R
Operation READ ZERO READONLY mREPPE D [JE (DT TJJJ0
= S
Reset X $03 X X X X XK K OK [X[X[oF ook
o |2 |0 |[TU|T|y

REVID The REVID bits are hard-wired to indicate the revision level of
the Falcon. Thevaluefor thefirst revisionis $01, for the second is $02, for
the third it is $03.

aonly_en Normally, the Falcon pair responds to address-only cycles only
if they fall within the address range of one of its enabled map decoders.
Whentheaonly_en bit isset, the Falcon pair also responds to address-only
cyclesthat fall outside of the range of its enabled map decoders provided
they are not acknowledged by some other slave within 8 clock periods.
aonly_en isread-only and reflects the level that was on the CKD4 pin at
power-up reset.

isa_hole Wheniitis set, isa_hole disables any of the DRAM or
ROM/Flash blocks from responding to PowerPC accessesin the range
from $000A 0000 to $000BFFFF. This has the effect of creating aholein
the DRAM memory map for accessesto ISA. Whenisa_holeis cleared,
thereis no hole created in the memory map.

adis When adisisclear, fast page mode operation is used for back-to-back
pipelined accesses to the same page within DRAM. When it isset, RASis
cycled between accesses. This bit should normally be cleared unless the
Falcon has a problem operating that way.
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ramfref SomeDRAMsrequirethat they berefreshed at therate of 7.8us
per row rather than the standard 15.6us per row. If any of the DRAM
devicesrequirethe higher rate, then theram fref bit should be left set,
otherwise, it can be cleared.

ram spdO,ram spd1l Together ram spdO,ram spdl control DRAM
timing used by the Falcon pair. They are encoded as shown:

Table 3-12. ram spdl,ram spd0 and DRAM Type

ram spd0, ram spd1l | DRAM Speed | DRAM Type
%00 70ns Fast Page
%01 60ns Fast Page
%10 - Reserved
%11 50ns EDO

EDO refersto DRAMSs that use an output latch on data. Sometimes these
parts are referred to as Hyper-Page Mode DRAMS.

To ensure reliable operation, the system should always be configured so
that these two bits are encoded to match the slowest devices that are used.
Also, if any parts do not support EDO, then these bits must set for Page
Mode. Theonly caseinwhichitis permissibleto set ram spdO,ram spd1
for 50ns, EDO iswhen all parts are 50ns and all support EDO.

chipu indicates which of the two positions within the Falcon pair is
occupied by this chip. When chipu islow, this chip is connected to the
lower half of the PowerPC 60x data bus and it does not drive TA_or
AACK _. When chipu is high, this chip is connected to the upper half of
the PowerPC 60x data bus, and it drives TA__and AACK _. chipu reflects
the level that was on the ERCS_ pin during power-up reset.
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DRAM Attributes Register

Address $FEF80010
Bit ol Nwh|ulo N RF R e e e RN N RN [N NN [N | [w
olRIvVwRuo|NE0O R INW RO (N[0 Ik

Name gooooggggooooggggooooggggooooggg
Q DYDY |T O|IT|T|O OO0 |0 [eReRloN

5 4’3. ;Na. E.g ©0 |0 0 E' ﬁ‘ £.9 w0 .

SIIAYIN SRR SRR NININ

Operation oo o [D(D|TE P 0P D |D(DDO D000 DD IE P00 DD D
= =33 3= 3333 sz

Reset OXNXNXNX[OOIODX XX X [OolopXKIXIX X Ooop X X XX oo
1Y) 'U'U'Up V| 0| 0@ T| 0|00 T|0 |0

To satisfy DRAM component requirements before the memory is used at
start-up, software must always wait at least 500ps between the initial

Warning  Setting of abank’s size bits, to a non-zero value, and the first accessing of
that bank. These settings arein the DRAM Attributes Register (offset
$FEF80010). Thedelay isintended to make sure that the bank has been
refreshed at least 8 times beforeit isused. The 500us issufficient aslong
asthe CLK Freguency Register (offset $SFEF80020) iswithin afactor of 2
of matching the actual 60x clock frequency

ram a/b/c/d en ram a/b/c/d en enables accesses to the corresponding
block of DRAM when set, and disables them when cleared.
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ram a/b/c/d sizO-2 These control bits define the size of their
corresponding block of DRAM. Table 3-13 showsthe block configuration
assumed by the Falcon pair for each value of ram sizO-ram siz2.

Table 3-13. Block_A/B/C/D Configurations

ram a/b/c/d | Block Devices Used Technology Comments
§z0-2 SIZE
%000 oMB - - |- - Block Not Present
%001 16MB 36 |- | IMx4's 4Mb
8 |-[1mx18s | 16Mb
- | 1Mx36's | 4Mb/1Mb SIMM/DIMM
%010 32MB 18 | - | 2mx8's 16Mb
%011 64MB 144 | - | 4Mx1’s 4Mb
36 | - | 4Mx4's 16Mb
8 |-[4Mx18s | 64Mb
- | 4Mx36's | 16Mb/4Mb | SIMM/DIMM
%100 128MB 18 | - | 8Mx8's 64Mb
%101 256MB 144 | - | 16Mx1's | 16Mb
36 |-|16Mx4's | 64Mb
4 |-]16Mx36's | 64Mb/16Mb | SIMM/DIMM
%110 1024MB | 144 | - | 64Mx1's | 64Mb
%111 OMB - |- - Reserved

Note Itisimportant that all of the ram a/b/c/d siz0-2 bits be set to
accurately match the actual size of their corresponding blocks.
Thisincludes clearing them to %000 if their corresponding
blocks are not present. Failure to do so will cause problems with
addressing and with scrub error logging.
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DRAM Base Register

Address $FEF80018

Bit e S E N E S S FEE N S R
Name RAM A BASE RAM B BASE RAM C BASE RAM D BASE
Operation READ/WRITE READ/WRITE READ/WRITE READ/WRITE
Reset 0PL 0OPL OPL 0OPL

RAM A/B/C/D BASE These control bits define the base addressfor their
block's DRAM. RAM A/B/C/D BASE bits 0-7/8-15/16-23/24-31
correspond to PowerPC%8ddress bits 0 - 7. For larger DRAM sizes, the
lower significant bits of A/B/C/D BASE are ignored. This means that the
block’s base address will always appear at an even multiple of its size.

Note Bit0is MSB.

Also note that the combination BAM_X_ BASE and

ram_x_siz should never be programmed such that DRAM
responds at the same address as the CSR, ROM/Flash, External
Register Set, or any other slave on the PowerPC bus.

CLK Frequency Register

Address $FEF80020
Bit okRNwihUoNR©EIRIFERR = NN NN N [N [N o [eo
o~ Nwh o NmooR NNV N@ROIB -
Name CLK SISISSIC SIS
FREQUENCY -
Operation READ/WRITE READ ZERO READ ZERO U (T[0T |0 (W0 -
O
Reset 42P X X ><><><><><><><;

CLK FREQUENCY These bits should be programmed with the
hexadecimal value of the operating CLOCK frequency in MHz (that is,
$42 for 66 MHz). When these bits are programmed this way, the chip’s
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prescal e counter produces a1 MHz output. The output of the chip prescale
counter is used by the refresher/scrubber and the 32-bit counter. After
power-up, thisregister isinitialized to $42 (for 66MHz).

por por isset by the occurrence of power up reset. It iscleared by writing
aonetoit. Writing a0 to it has no effect.

ECC Control Register

Address $FEF80028
Bit okRINwhoo|Ne|OE R R R NN RN N R N R N [w |w
ORFRPNWPROUIONOROOEFRINIWRAOIHO [N |OO(F
Name OOOOO%%%DOOO&;_%@.& DOOODDD%
Operation o v/ |0 0|0 |0 |TP [0 |0|T T[T D [0 170|000 {0 0 |-
< SIS READ ZERO <
S S =
Reset X XXX XOORKX XX Xooo|lo XX XXX XX O
e e X e

refdis When set, refdis causes the refresher and all of its associated
counters and state machines to be cleared and maintained that way until
refdisisremoved (cleared). If arefresh cycleisin processwhen refdisis
updated by awriteto this register, the update does not take effect until the
refresh cycle has completed. This preventsthe generation of illegal cycles
to the DRAM when refdis is updated.

rwch, When set, causesreadsand writesto DRAM from the PowerPC 60x
busto access check-bit datarather than normal data. The data path used for
thismode is DH24-31 for check-bit data controlled by the upper Falcon,
and DL 24-31 for check-bit data controlled by the lower Falcon. Each 8-bit
check-bit location services 64 bits of normal data. The 64 bits of data are
al within the same Falcon. Each Falcon provides every other 32 bits of
datain the norma mode. Thefigure below shows therelationship between
normal dataand check-bit data.
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Connected to
Lower Falcon

Connected to
Upper Falcon

Normal
View of
Data

(rwcb=0)

Check-bit
View

(rwcbh=1

32 bits

So, for exampl e, the check-bits that correspond to the 64 bits of datafound
in normal mode (rwch=0) at $00001000-$00001003 and $00001008-
$0000100b are written and read in check-bit mode (rwcb=1) at location
$00001003.

Note

If test software wishesto force asingle-bit error to alocation
using the rwchb function, the scrubber may correct the location
before the test software gets a chance to check for the single-bit
error. This can be avoided by disabling scrub writes. Also note
that writing bad check-bits can set the elog bit in the Error Logger
Register. The writing of check-bits causes the Falcon to perform
aread-modify-write to DRAM. If the location to which check-
bits are being written hasasingle- or double-bit error, datain the
location may be altered by the write check-bits operation. To
avoid this, it is recommended that the der ¢ bit also be set while
therwcb bitisset. A possible sequencefor performing read-write
check-bitsis as follows:
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N

o o1~ W

7.

. Disable scrub writes by clearing the swen bit if it is set.

. Make sure softwareisnot using DRAM at this point, because while

rwcb is set, DRAM will not function as normal memory.

. Set the der c and rwcb bitsin the Data Control register.

. Perform the desired read and/or write check-bit operations.

. Clear the derc and rwcb bitsin the Data Control register.

. Perform the desired testing related to the location/locations that

have had their check-bits altered.
Enable scrub writes by setting the swen bit if it was set before.

derc Setting derc to one alters Falcon pair operation as follows:

1

During reads, data is presented to the PowerPC 60x data bus
uncorected from the DRAM array.

. During single-beat writes, data is written without correcting single-

bit errors that may occur on the read portion of the read-modify-
write. Check-bits are generated for the data being written.

. During single-beat writes, the write portion of the read-modify-

write happens regardless of whether there is a multiple-bit error
during the read portion. No correction of datais attempted. Check-
bits are generated for the data being written.

. During refresh/scrub cycles, if swen isset, aread-writeto DRAM

happens with no attempt to correct data bits. Check-bits are
generated for the data being written.

dercisuseful for initializing DRAM after power-up and for testing
DRAM, but it should be cleared during normal system operation.

scien When scien is set, therolling over of the SBE COUNT register
causesthe INT_signal pin to pulse true.

dpien When dpien isset, thelogging of a60x data parity error causesthe
INT_signal pin to pulse true.
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s

Caution

sien When sien is set, the logging of asingle-bit error causesthe INT _
signal pin to pulsetrue.

mien When mien is set, thelogging of a non-correctable error causes the
INT_signal pin to pulsetrue.

mcken When mcken is set, the detection of a multiple-bit error during a
PowerPC read or write causes the Falcon to pulse its machine check
interrupt request pin (MCP_) true. When mcken is cleared, the Falcon
does not ever assert its MCP_ pin.

The Falcon never assertsits MCP_ pin in response to a multiple-bit error
detected during a scrub cycle.

Notethat theINT_and MCP_ pinsarethe only non-polled notification that
amultiple-bit error has occurred. The Falcon pair does not assert TEA as
aresult of amultiple bit error. In fact, the Falcon pair does not have a

TEA_signal pin and it assumesthat the system does not implement TEA _.

Error Logger Register

Address $FEF80030
Bit Ol io N ©ig gl k5 K B S RN B R B BN R B
Name o oloo oo ololo
9 g% %g& ERROR_SYNDR %% é{ SBE_COUNT
- OME i
Reset O X [X [X [ [©[X [ XXX X X X <2
0 o2 u|o XP o oP

The Error Logger and Error Address Registers behave the same as the
other registers, in that data written to the upper Falcon is automatically
duplicated in the lower Falcon. They aso behave the same as the other
registers, in that status read from the upper Falcon pertains to the upper
Falcon, and status read from the lower Falcon pertainsto thelower Falcon.
Unlike most of the other registers, however, it is normal for this status to
differ between thetwo. Thisisdueto thefact that each Falcon is connected
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toitsown set of DRAMs. The upper Falcon can log an error during acycle
andthelocal Falconnot, or vice-versa. Or they can both log an error during
the same cycle and have the attributes of the errors differ.

Because of the above, software needs to monitor both the upper and lower
Falcon’s Error Logger and Error Address Registers. This includes
checking theslog bit from the upper Falcon and from the lower Falcon.
When the upper Falcon logs an error, it updates its attributesfibs (
embt, esbt, ERROR_SYNDROME, eblkO, eblk1, and
ERROR_ADDRESS) to match the results of the read cycle for its portion
of the DRAM array. When the lower Falcon logs an error, it updates its
attribute bits to match the results of the read cycle for its portion of the
DRAM array.

While the logging of errors by one Falcon in a pair does not affect the
logging of errors by the other, writing to the Error Logger Register control
bits affects both Falcons. This is of particular interest as regaréthe

bit. Writing a one to thelog bit clears theslog bit for both the upper and
lower Falcons. Because of this, software needs to check the status of both
upper and lower Error Logger and Error Address Registers before it clears
theelog bits. Otherwise, it could miss a logged error.

elog When setelog indicates that a single- or a multiple-bit error has been
logged by its Falcon. Klog is set by a multiple-bit error, then no more
errors will be logged until software clears itelbg is set by a single-bit
error, then no more single-bit errors will be logged until software clears it;
however ifelog is set by a single-bit error and a multiple-bit error occurs,
the multiple-bit error will be logged and the single-bit error information
overwritten.elog can only be set by the logging of an error and cleared by
the writing of a one to itself or by power-up reset.

eschb indicates the entity that was accessing DRAM at the last logging of
a single- or multiple-bit error by its Falconeich is 1, it indicates that the
scrubber was accessing DRAMetth is 0, it indicates that the PowerPC
60x bus master was accessing DRAM.

esen When setesen allows errors that occur during scrubs to be logged.
When clearedgsen does not allow errors that occur during scrubs to be
logged.
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embt isset by thelogging of amultiple-bit error in itsFalcon. It iscleared
by the logging of asingle-bit error in its Falcon. It is undefined after

power-up reset. A Falcon’s syndrome code is meaninglessifilis bit
is set. 3

esbt is set by the logging of a single-bit error in its Falcon. It is cleared
by the logging of a multiple-bit error in its Falcon. When a Falcon logs a
single-bit error, its syndrome code indicates which bit was in error. See
ECC Codes for more information.

ERROR_SYNDROME reflects the syndrome value at the last logging of
an error by its Falcon. This eight-bit code indicates the position of the data
error. When all the bits are zero, there was no error. Note that if the logged
error was non-correctable, then these bits are meaningless. Refer to the
section oreCC Codes for a decoding of the syndromes.

esblk0,esblk1 Together these two bits indicate which block of DRAM
was being accessed when their Falcon logged a scrubeshitiO,esblk 1
are 0,0 for Block A; 0,1 for Block B; 1,0 for Block C; and 1,1 for Block D.

scof is set by itSBE COUNT register rolling over from $FF to $00. It is
cleared by software writing a 1 to it.

SBE COUNT This register keeps track of the number of single-bit errors
that have occurred since it was last cleared. It counts up by one each time
its half of the Falcon pair detects a single-bit error (independent of the state
of the elog bit). It is cleared by power-up reset and by software writing all
zeros to it. WheSBE COUNT rolls over from $FF to $00, its Falcon sets
thescof bit. It also pulses the INT_ signal low if teeen bit is set.
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Error_Address Register

Address $FEF80038

Bit O [ 2[00 i 01100 (N0 10 25 s e 3 1% 3 3 102 N3N 2 152 8313 13 13 16962
Name ERROR_ADDRESS ePPPP
Operation READ ONLY 0 10 [0 [0
Resat X P X X X X

ERROR_ADDRESS These bitsreflect the value that corresponds to bits
0-27 of the PowerPC 60x address bus when their Falcon last logged an
error during a PowerPC access to DRAM. They reflect the value of the
DRAM row and column addresses if the error was logged during a scrub
cycle. Inthis case, bits 2-14 correspond to row address signals 0-12
respectively and bits 15-27 correspond to column address signals 0-12
respectively. Refer to Table 3-20 on page 3-61. It shows how PowerPC
addresses correspond to DRAM row and column addresses.

Scrub/Refresh Register

Address $FEF80040
Bit ORNWKOUIONMWO|E= PRI NN NN NN NN N (W (W
O N W GO IN|O|O O R NWR|UIoO N[O
Name ggOOOOO%OOOOOJZZ
2F 3 307
Operation ”””””””g””’”’”ggg READ ZERO READ ZERO
Reset O O X[X [X[X[X[OK X[X[X[X oo
0 [T T T|(0|T X X
scb0,sch1 Thesebitsincrement every timethe scrubber completes ascrub
of the entire DRAM. When these bits reach binary 11, they roll over to
binary 00 and continue. These bitsare cleared by power-up reset.
swen When set, swen allowsthe scrubber to perform write cycles. When
cleared, swen prevents scrubber writes.
rtest0,1,2 Thertest bits enable certain refresh counter test modes. Table
3-14 shows their encodings.
3-44 Computer Group Literature Center Web Site




Programming Model

Note  Thesetest modesare not intended to be used oncethechipisina
system.
Table 3-14. rtest encodings

rtestO,rtest1,rtest2 Test M ode selected

%000 Normal Counter Operation

%001 RA counts at 16x

%010 RA counts at 256x

%011 RA isalwaysat roll value for CA

%100 CA counts at 16x

%101 CA counts at 256x

%110 reserved

%111 reserved
Refresh/Scrub Address Register
Address $FEF80048
Bit Sl S L = N SN N A SIS S
Name e P ROW ADDRESS PPrP COL ADDRESS
Operation 1 o READ/WRITE 0 [0 0 READ/WRITE
Reset < 0P < X X oP

ROW ADDRESS These bits form the row address counter used by the
refresher/scrubber for all blocks of DRAM. The row address counter
increments by one after each refresh/scrub cycle. When it reaches all 1s, it
rolls back over to all Os and continues counting. ROW ADDRESS is

readable and writable for test purposes.

Note

Within each block, the most significant bits of ROW ADDRESS
are used only when their DRAM devices are large enough to

require them.
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COL ADDRESS Thesehitsform the column address counter used by the
refresher/scrubber for al blocks of DRAM. The counter increments by one
every eighth timethe ROW ADDRESS rolls over. COL ADDRESS is
readable and writable for test purposes.

Note  Within each block, the most significant bits of COL ADDRESS
are only used when their DRAM devices are large enough to
reguire them.

ROM A Base/Size Register

Address $FEF80050
Bit M| oo e 018 12 IS e 5 15 B IS R S SR R R 8 B s 8 2
Name ROM A BASE clolclo PP P|glals
S3EB |3 3|3
o [© | | MEIE
. (L. (. I
R8N 233
Operation READ/WRITE eelralolee) 0 [0 07070 |0
READ ZERO
2SR S
Reset $FFO PL <lololo X XX XX <[©©o
Rl X 0|2l
ROM A BASE These control bitsdefine the base addressfor ROM/Flash
Block A. ROM A BASE bits 0-11 correspond to PowerPC 60x address
bits 0 - 11 respectively. For larger ROM/Flash sizes, the lower significant
bitsof ROM A BASE are ignored. This means that the block’s base
address will always appear at an even multiple of its Bi@d A BASE
is initialized to $FFO at power-up or local bus reset.
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Note Inadditiontothe programmed address, thefirst IMbyte of Block
A also appears at $FFF00000 - $FFFFFFFF if therom_a_rv bit

isset andtherom_b_rv bitiscleared.
Also note that the combination of ROM_A BASE and

rom_a_siz should never be programmed such that ROM/Flash

Block A responds at the same address asthe CSR, DRAM,

External Register Set, or any other slave on the PowerPC bus.

rom_a_ 64 indicates the width of ROM/Flash device/devices being used
for Block A. When rom_a 64 iscleared, Block A is 16 bits wide, where
each Falcon interfacesto 8 bits. Whenrom_a 64 isset, Block A is64 bits

wide, where each Falcon interfacesto 32 bits. rom_a_64 matchesthe

valuethat was onthe CKD2 pin at power-up reset. It cannot be changed by

software.

rom asiz Therom a sz control bits are the size of ROM/Flash for Block

A. They are encoded as shown in the following table.
Table 3-15. ROM/Flash Block A Size Encoding

romasiz BLOCK SIZE

%000 1MB
%001 2MB
%010 4aMB
%011 8MB
%100 16MB
%101 32MB
%110 64MB
%111 Reserved
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rom_a rvandrom_b_rv determinewhich if either of Blocks A and B is
the source of reset vectors or any other access in the range $FFF00000 -
$FFFFFFFF as shown in the table below.

Table 3-16. rom_a_rv and rom_b_rv encoding

rom_arv |rom_b_rv | Result

0 0 Neither Block isthe source of
reset vectors.

0 1 Block B isthe source of reset
Vectors.

1 0 Block A isthe source of reset
vectors.

1 1 Block B isthe source of reset
vectors.

rom_a_rvisinitialized at power-up reset to match the value on the CKDO
pin.
rom aen Whenrom aen is set, accessesto Block A ROM/Flash in the

address range selected by ROM A BASE are enabled. Whenrom aenis
cleared, they are disabled.

rom awe When rom aweis set, writes to Block A ROM/Flash are
enabled. When rom aweis cleared, they are disabled. Note that if
rom_a 64 iscleared, only 1-byte writes are allowed. If rom_a 64 is set,
only 4-byte writes are allowed. The Falcon ignores other writes. If avalid
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write is attempted and rom a we s cleared, the write does not happen but
the cycleisterminated normally. See Table 3-17 for details of ROM/Flash
accesses.

Table 3-17. Read/Write to ROM/Flash

Cycle Transfer Alignment rom _x 64 |rom_x we | Falcon Response
Size
write 1-byte X 0 0 Normal termination, but no
write to ROM/Flash
write 1-byte X 0 1 Normal termination, write
occurs to ROM/Flash
write 1-byte X 1 X No Response
write 4-byte Misaligned X X No Response
write 4-byte Aligned 0 X No Response
write 4-byte Aligned 1 0 Normal termination, but no
write to ROM/Flash
write 4-byte Aligned 1 1 Normal termination, write
occurs to ROM/Flash
write 2,3,5,6,7, X X X No Response
8,32-byte
read X X X X Normal Termination
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ROM B Base/Size Register

Address

$FEF80058

Bit

N W |~ |00 N[00 [ ©

1T

==
o [N oo

0T
4
€1
4
qT
61
0c
TC
[44
144
v
ac
9

L

8¢
6¢
0€
TE

Name

ROM B BASE

A woJ

Us q WoJ
M Q Wol

Operation

d | v9 q wol

Reset

$FF4 PL

1d0 | MY | 0zisqwol
1d0 | WY | TZsqwol
1dO0 | M | gzsquwol
dA | WY
d0 | WA
1d0 | M\

dA

X

ROM B BASE These control bits define the base addressfor ROM/Flash
Block B. ROM B BASE bits0-11 correspond to PowerPC 60x addressbits

0 - 11 respectively. For larger ROM/Flash sizes, the lower significant bits

of ROM B BASE are ignored. This means that the block’s base address
will always appear at an even multiple of its SR&@M B BASE is
initialized to $FF4 at power-up or local bus reset.

Note In addition to the programmed address, the first LMB of Block B
also appears at $FFF00000 - $FFFFFFFF if tine_b_rv bit is
set.

Also note that the combination BOM_B BASE and

rom_b_siz should never be programmed such that ROM/Flash
Block B responds at the same address as the CSR, DRAM,
External Register Set, or any other slave on the PowerPC bus.

rom_b_64 indicates the width of ROM/Flash device/devices being used
for Block B. Wherrom_b_64 is cleared, Block B is 16 bits wide, where
each Falcon interfaces to 8 bits. Wiiem_b_64 is set, Block B is 64 bits
wide, where each Falcon interfaces to 32 bidm_b_64 matches the

inverse of the value that was on the CKD3 pin at power-up reset. It cannot
be changed by software.
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rom b siz Therom b siz control bits are the size of ROM/Flash for Block
B. They are encoded as shown in the following table.

Table 3-18. ROM/Flash Block B Size Encoding

rombsiz | BLOCK SIZE
%000 1Mbytes
%001 2Mbytes
%010 4Mbytes
%011 8Mbytes
%100 16Mbytes
%101 32Mbytes
%110 64Mbytes
%111 Reserved

rom_b rvandrom_a rv determinewhich if either of Blocks A and B is
the source of reset vectors or any other access in the range $FFF00000 -
$FFFFFFFF as shown in Table 3-16.

rom_b_rvisinitialized at power-up reset to match the inverse of the value
on the CKD1 pin.

romb en Whenrom b en is set, accesses to Block B ROM/Flash in the
address range selected by ROM B BASE are enabled. Whenrom b enis
cleared they are disabled.

rom b we Whenrom b weis set, writes to Block B ROM/Flash are
enabled. Whenrom b weis cleared they are disabled. Refer back to Table
3-17 for more details.
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ROM Speed Control Register

Address $FEF80060
Bit ORPNWPROUIOINOOIR|IFRIEP(E RN NN NN NN N (W (W
OFRINWROIONOWOORFRNWRAOUIO|NI|®|O Ok
Name ololglalele|sls
3|3 3|3
QDD T| T}
g8 | gg
Ol ol
Operation READ ZERO READ ZERO READ ZERO [ |® g g 0o g g
Reset X X X X Ix[o]ox|[x|olo
T peime]
[ |
rom_a spd0,1 determine the accesstiming used for ROM/Flash Block A.
The encodings of these bits are asfollows.
Table 3-19. Rom Speed Bit Encodings
rom_a/b_spd0,1 ROM Block A/B Access Time
%00 180ns
%01 120ns
%10 75ns
%11 45ns
rom_b_spd0,1 determine the access timing used for ROM/Flash Block B.
See table above.
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Data Parity Error Logger Register

Address $FEF80068
Bit (@] N (W | |O1|0) |00 (O (= | el el Lol el Ll Lt N IN NN NN N ININ N | (L
OFRPNWROGIONOOIOKFRINIW|IRN OO (N0 |(WOO|F-
Name olojoaolololololololololalalololoclolololoolala
[*] I*Ri*Ri*Ri*Ri~] I*Ri*Ri®Ri=] *Ri*]
@D @ |@D [D D |D @D | D [D @D /(D GWDP
8| | BERER 81888 23
OFN W™ SRRRD %CD
Operation
p [0 7070 |20 |70 |70 |70 |70 (0 [0 |0 |70 {70 70 0 [0 [0 |70 70 7070 (0 | Z I READ/WRITE
0D SE
Reset O | Xlololoolox[X|x|xololoox|xx[Xx|xxloe
0 T(U|U|T|T aeluvincine] aejis) OPL

The Data Parity Error Logger and Data Parity Error Address and Data
registersare much likethe Error Logger and Error Addressregistersin that
itisnormal for statusto differ between the upper and lower Falcons. This
is due to the fact that each Falcon is connected to its own half of the 60x
data bus and data parity bus. The upper Falcon can log parity error during
acycle and the lower Falcon not, or vice-versa. Or they can both log a
parity error during the same cycle and have the attributes of the errors
differ.

Because of the above, software needs to monitor both the upper and lower
Falcon’s Data Parity Error Logger, Data Parity Error Address and Data
Parity Error Data Registers. This includes checkinglebog bit from the
upper Falcon and from the lower Falcon. When the upper Falcon logs an
error, it updates its attribute bitdpe0-3, DATA PARITY ERROR
ADDRESS, andDATA PARITY ERROR DATA) to match the results

of the read cycle for the uppen6@ata bus. When the lower Falcon logs
an error, it updates its attribute bits to match the results of the read cycle
for the lower 6@ data bus.

While the logging of data parity errors by one Falcon in a pair does not
affect the logging of data parity errors by the other, writing to the Data
Parity Error Logger control bits does affect both Falcons. This is of
particular interest as regards tipel og bit. Writing a one to thdpelog bit
clears thelpel og bit for both the upper and lower Falcons. Because of this,
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software needs to check the status of both upper and lower Data Parity
Error Logger, Address, and Dataregisters before it clears the dpelog bits.
Otherwise, it could miss alogged error.

dpelogis set when a parity error occurs on the Falcon’s half of the#&i@a
bus during any 60data cycle. It is cleared by writing a one to the upper
Falcon’sdpelog bit or by power-up reset.

dpe ttis the value that was on the tt0-tt4 signals when the Faldpeteg
bit was set.

dpe _dp is the value that was on the Falcon’s dp0O-dp3 signals when its
dpelog bit was set.

Whendpe _ckall is set, the Falcon checks data parity on all cycles in which
ta_ is asserted. Whelpe ckall is cleared, the Falcon checks data parity
on cycles when ta_ is asserted only during writes to the Falcon Pair.

Note The Falcon does not check parity during cycles in which there is
a qualified artry_ at the same time as the ta_

Whendpe_meis set, the transition of a Falcompelog bit from false to

true causes it to pulse its machine check interrupt request pin (MCP_) true.
Whendpe_meis cleared, the Falcon does not assert its MCP__ pin based
on itsdpelog bit.

TheGWDPO-7 bits are used to invert the value that is driven onto DPO-
DP7 respectively during reads to the Falcon pair. This allows test software
to generate wrong (even) parity on selected byte lanes. For example, to
create a parity error on thexéDL24-DL31 and DP7 signals during Falcon
reads, software should W DP7.

Note  While the value ol SGWDP is duplicated on both the upper and
lower FalconsGWDPO-3 affect only the upper Falcon and
GWDP4-7 affect only the lower Falcon.
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Data Parity Error Address Register

Address $FEF80070

Bit O = N[00 0100 1100 [0 3 23 s e o s s 83 182 NSNS 253 I3 2 3 13 02
Name DPE_A

Operation READ ONLY

Reset oP

DPE_A isthe address of the last 60x data bus parity error that waslogged

by a Falcon. It is updated only when the Falcalpslog bit goes from 0
to 1.

Data Parity Error Data Register

Address $FEF80078

st PrRPREEPPREERERRERERBRRERRRRBRE
Name DPE_D

Operation READ ONLY

Reset oP

DPE_D is the value on the Falcon’s half of thex@lata bus at the time it
last logged a 60data bus parity erroDPE_D updates only when the
associatedpelog bit goes from 0 to 1.

http://www.motorola.com/computer/literature 3-55



Falcon ECC Memory Controller Chip Set

32-Bit Counter

Address

$FEF80100
Bit = 0 [0 01/00 00 0 1 K e e 3 s s 8382 NN 2 032593 3 3 19313 02
Name CTR32
Operation READ/WRITE
Reset 0PL

CTR32isa32-hit, free-running counter that increments once per
microsecond if the CLK_FREQUENCY register has been programmed
properly. Notice that CTR32 is cleared by power-up and local reset. It
does not exist in Revision 1 of Falcon.

Note  When the system clock is afractional frequency, such as 66.67
MHz, CTR32 will count at afractional amount faster or slower
than 1 MHz, depending on the programming of the
CLK_FREQUENCY Register.

Power-Up Reset Status Register 1

Address $FEF80400

Bit RINWROONOOOOERRPIEREEEREE DN (NN NN (NN NN N[ (W
OFRINWROUONICOOIFINIWR|UIO N |[WO|-

Name PR_STAT1

Operation READ

Reset VvV P

PR_STAT1 (power-up reset status) reflects the value that was on the

RDO-RD31 signal pins at power-up reset. This register is read-only.

Note  For descriptions of how thisregister is used in the PowerPC
seriesboards, refer to the Falcon-Controlled System Registerson
page 1-16, especially the System Configuration Register (SYSCR)
on page 1-17 and the Memory Configuration Register (MEMCR)
on page 1-18.
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Power-Up Reset Status Register 2

Address $FEF80500

Bit CRPEEeNEOERKERGENDLIBRRGBRGRREEBER
Name PR_STAT2

Operation READ

Reset VP

PR_STAT2 (power-up reset status) reflects the value that was on the
RD32-RD63 signal pins at power-up reset. Thisregister is read-only.

External Register Set

Address $FEF88000 - $FEFSFFF8

Bit e @ eNI®OSIRISIEIRG R G G SRINBIRG® NGRS B
Name EXTERNAL REGISTER SET

Operation READ/WRITE

Reset X PL

TheEXTERNAL REGISTER SET isuser provided and isexternal to the

Falcon pair. The Falcon pai

r provides astatic RAM styleinterface for the

external registers. The externa registers can be SRAM, ROM, Flash or
some other user device. There can be one device connected to either the
upper or lower Falcon, or there can be two devices with one connected to
each Falcon. The devices can be 8, 16, or 32 bitswide. The data path to the
external devicesisviathe RD32-RD63 pins. Readsto the external devices
can be any size except burst. Note that if the devices are less than 32 bits
wide, readsto unused datalaneswill yield undefined data. Notethat writes
arerestricted to one or 4-byte length only. 4-bytewrites can be used for any
size device, data should be placed on the correct portion of the data bus so
that valid dataiswrittento the device. Dataduplicationisturned off for the
EXTERNAL REGISTER SET so writes can be to either the upper
Falcon, or to the lower Falcon.
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Note  For descriptions of how these registers are used in the PowerPC
seriesboards, refer to the Falcon-Controlled System Registerson
page 1-16, especialy the System External Cache Control
Register (SXCCR) on page 1-20 and the CPU Control Register on
page 1-23.

Software Considerations

This section contains information that will be useful in programming a
system that uses the Falcon pair.

Parity Checking on the PowerPC Bus

The Falcon does not generate parity on the PowerPC address bus. Because
of this, the appropriate registersin the MPC60x should not be programmed
to enable parity checking for the address bus.

TheFalcon does generate parity on the PowerPC databus. The appropriate
registersin the MPC60x can be programmed to enable parity checking for
the data bus.

Programming ROM/Flash Devices

Thaose who program devices to be controlled by the Falcon should make
note of the address mapping that is shownin Table 3-9 and in Table 3-10.
For example, when using 8-bit devices, the code will be split so that every
other 4-byte segment goesin each device.

Writing to the Control Registers

Software should not change control register bits that affect DRAM
operation while DRAM isbeing accessed. Because of pipelining, software
should always make sure that the two accesses before and after the
updating of critical bits are not DRAM accesses. A possible scenario for
trouble would be to execute code out of DRAM while updating the critical
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DRAM contral register bits. The preferred method is to be executing code
out of ROM/Flash and avoiding DRAM accesses while updating these
bits.

Since software has no way of controlling refresh accessesto DRAM, the
hardware is designed so that updating contral bits coincidentally with
refreshes is not a problem. An exception to thisisthe ROW_ADDRESS
and COL_ADDRESS hits. It is not intended that software write to these
bits anyway.

Aswith DRAM, software should not change control register bitsthat affect
ROM/Fash while the affected Block is being accessed. This generally
means that the ROM/Flash size, base address, enable, write enable, etc. are
changed only while executing initially in the reset vector area ($FFF00000
- $SFFFFFFFF).

start-up, software must always wait at |east 500us between the initial

Warning  Setting of abank’s size bits, to a non-zero value, and the first accessing of
that bank. These settings arein the DRAM Attributes Register (offset
$FEF80010). Thedelay isintended to make sure that the bank has been
refreshed at least 8 times beforeit isused. The 500usis sufficient aslong
asthe CLK Frequency Register (offset $FEF80020) is within afactor of 2
of matching the actual 60x clock frequency.

n To satisfy DRAM component requirements before the memory is used at

Sizing DRAM

The following routine can be used to size DRAM for the Falcon.

Initialize the Falcon control register bits to a known state as follows:
1. Clear theisa_hole hit.
2. Make sure that ram_fref and ram_spdO,ram_spd1 are correct.
3. Set CLK_FREQUENCY to match the operating frequency.
4, Clear therefdis, rwceb hits.
5. Set the derc bit.
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6.
7.
8.
0.

10.

Clear the scien, dpien, sien, and mien bits.
Clear the mcken bit.
Clear the swen and rtestO, rtestl, rtest2 bits.

M ake sure that ROM/Flash banks A and B are not enabled to
respond in the range from $00000000 to $40000000.

Make sure that no other devices respond in the range from
$00000000 to $40000000.

For each block:

1
2.

Set the block’s base address to $00000000.

Enable the block and make sure that the other three blocks are
disabled.

. Set the block’s size control bits. Start with the largest possible

(1024MB).

. Write differing 64-bit data patterns to certain addresses within the

block. The data patterns do not matter as long as each 64-bit data
pattern is unique. The addresses to be written vary depending on the
size that is currently being checked and are specifiédlite 3-20

Table 3-20shows how PowerPC addresses correspond to DRAM
row/column addresses.

. Read back all of the addresses that have been written.

If all of the addresses still contain exactly what was written then the
block’s size has been found. It is the size for which the block is
currently programmed.

If any of the addresses do not match exactly then the amount of
memory is less than that for which it is currently programmed.
Sizing needs to continue for this block by programming its control
bits to the next smaller size and repeating steps 4 and 5.

. If no match is found for any size then the block is unpopulated and

has a size of OMB.
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Each sizethat i s checked has a specific set of locationsthat must bewritten
and read. The following table shows the addresses that go with each size.

1024M B 256M B 128MB 64M B 32MB 16MB
$00000000 $00000000, | $00000000 $00000000 $00000000 $00000000
$20000000 $02000000, | $00002000 $00002000 $00001000
$08000000, | $02000000 $02000000 $00002000
$OA000000 | $02002000 $02002000 $00003000
$04000000 $01000000
$04002000 $01001000
$06000000 $01002000
$06002000 $01003000

Table 3-20. PowerPC 60x Address to DRAM Address Mappings

RA ----)» 0 1 2 3 4 5 6 7 8 9 10 1 12

Block Size

I

16MB ROW A19 | A18 | A8 | A9 | A10 | A1l | A12 | A13 | Al4 | Al15 | Al6 | A17
COL A18 | A19 | A20 | A21 | A22 | A23 | A24 | A25 | A26 | A27

32MB ROW Al18 | A7 | A8 | A9 | A10 | A1l | A12 | A13 | Al4 | A15 | Al6 | Al7
COL A18 | A19 | A20 | A21 | A22 | A23 | A24 | A25 | A26 | A27

64MB ROW | A18 | A6 | A7 | AB | A9 | A10 | A1l | A12 | A13 | Al4 | Al5 | Al6 | A7
COL A6 | A18 | A19 | A20 | A21 | A22 | A23 | A24 | A25 | A26 | A27

128MB | ROW | A6 | A5 | A7 | A8 | A9 | A10 | A1l | A12 | A13 | Al4 | A15 | Al6 | Al17
COL A6 | A18 | A19 | A20 | A21 | A22 | A23 | A24 | A25 | A26 | A27

256MB | ROW | A4 | A5 | A7 | A8 | A9 | A10 | A1l | A12 | A13 | Al4 | A15 | Al6 | Al7
COoL Ad | A6 | A18 | A19 | A20 | A21 | A22 | A23 | A24 | A5 | A26 | A27

1024MB | ROW | A3 | A5 | A7 | AB | A9 | A10 | A1l | A12 | A13 | Al4 | A15 | Al6 | Al17
COL A2 | A4 | A6 | A18 | A19 | A20 | A21 | A22 | A23 | A24 | A25 | A26 | A27
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ECC Codes

When the Falcon reportsa single-hit error, software can use the syndrome
that was logged by the Falcon (upper or lower depending where the error
occurred) to determine which bit wasin error. Table showsthe syndrome
for each possible single bit error. Table 3-23 shows the same information
ordered by syndrome. In order to relate this information to PowerPC
addresses and bit numbers, the user needs to understand how the Falcon
pair positions PowerPC datain DRAM. See the section on Data Paths on
page 3-64 for an explanation of this.

Note Table and Table 3-23 are the same whether the Falcon is
configured as upper or as lower.

Table 3-21. Syndrome Codes Ordered by Bit in Error

Bit

Bit Bit Bit Bit
< < < < <
= = = g 2
o o o o (@]
3 3 = 3 3
@ @D @D (0] [0
rdo $4A | rdl6 | $92 rd32 | $A4 | rd48 | $29 | ckdO $01
rdl $4C | rd17 | $13 rd33 | $C4 | rd49 | $31 | ckdl $02
rd2 $2C | rd18 | $0B rd34 | $C2 |rd50| $BO | ckd2 $04
rd3 | $2A | rd19 | $8A | rd35 | $A2 | rd51 | $A8 | ckd3 $08
rd4 $E9 | rd20 | $7A rd36 | $9E | rd52 | $A7 | ckd4d $10
rd5 $1C | rd21 | $07 rd37 | $C1 | rd53 | $70 | ckds5 $20
rdé $1A | rd22 | $86 rd38 | $A1 |rd54 | $68 | ckd6 $40
rd7 | $19 | rd23 | $46 | rd39 | $91 |rd55 | $64 | ckd7 $80
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Table 3-21. Syndrome Codes Ordered by Bit in Error

Bit

Bit

Bit

Bit Bit
= S S S = 3
o o o o o
3 3 3 3 3
(¢ D D D ()
rd8 | $25 |rd24 | $49 | rd40 | $52 | rd56 | $94
rd9 | $26 |rd25| $89 | rd4l | $62 | rd57 | $98
rd10 | $16 |rd26 | $85 | rd42 | $61 | rd58 | $58
rdll | $15 |rd27 | $45 | rd43 | $51 | rd59 | $54
rdl2 | $F4 |rd28 | $3D | rd44 | $4F | rd60 | $D3
rdl3 | $OE | rd29 | $83 | rdd5 | $EO | rd6l | $38
rd14 | $0D | rd30 | $43 | rd46 | $DO | rd62 | $34
rdl5 | $8C |rd31 | $23 | rd47 | $C8 |rd63 | $32
Table 3-22. Single-Bit Errors Ordered by Syndrome Code
% \% % % % % & N
> > > > > > > >
= @ = @ = @ = @ = @ = @ = @ = @
o - o - o - o - o - o - o - o -
3 3 3 3 3 3 3 3
D (¢ () D (¢} @ @ D
$00 - $20 | ckd5 | $40 | ckd6 | $60 - $80 | ckd7 | $A0 | - $CO - $EO | rd45
$01 | ckd0 | $21 - $41 - $61 | rdd2 | $81 - $A1 | rd38 | $C1 | rd37 | $E1 -
$02 | ckdl | $22 - $42 - $62 | rdal | $82 - $A2 | rd35 | $C2 | rd34 | $E2 -
$03 - $23 | rd31 | $43 | rd30 | $63 - $83 | rd29 | $A3 | - $C3 - $E3 -
$04 | ckd2 | $24 - $44 - $64 | rd55 | $84 - $A4 | rd32 | $C4 | rd33 | $E4 -
$05 - $25 | rd8 | $45 | rd27 | $65 - $85 | rd26 | $AS | - $C5 - $ES -
$06 - $26 | rd9 | $46 | rd23 | $66 - $86 | rd22 | $A6 | - $C6 - $E6 -
$07 | rd21 | $27 - $47 - $67 - $87 - $A7 | rd52 | $C7 - $E7 -
$08 | ckd3 | $28 - $48 - $68 | rd54 | $88 - $A8 | rd51 | $C8 | rd47 | $E8 -
$09 - $29 | rd48 | $49 | rd24 | $69 - $89 | rd25 | $A9 | - $C9 - $E9 | rd4
$0A - $2A | rd3 | $4A | rd0 | $6A - $8A | rd19 | SAA | - | $CA - $EA -
$0B | rd18 | $2B - $4B - $6B - $8B - $AB| - | $CB - $EB -
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Table 3-22. Single-Bit Errors Ordered by Syndrome Code (Continued)

% © © % Q Q Q %
33 o & @ & @z & 2 & g & gz § g E @
o o o o o o o o
3 2 2 3 2 3 3 3
$0C - $2C | rd2 | $4C | rdl | $6C - $8C | rd15 | $AC - $CC - $EC -
$0D | rd14 | $2D - $4D - $6D - $3D - $AD - $CD - $ED -
$0E | rd13 | $2E - $4E - $6E - $8E - $AE - $CE - $EE -
$OF - $2F - $4F | rd44 | $6F - $8F - $AF - $CF - $EF -
$10 | ckd4 | $30 - $50 - $70 | rd53 | $90 - $BO | rd50 | $DO | rd46 | $FO -
$11 - $31 | rd49 | $51 | rd43 | $71 - $91 | rd39 | $B1 - $D1 - $F1 -
$12 - $32 | rd63 | $52 | rd40 | $72 - $92 | rd16 | $B2 - $D2 - $F2 -
$13 | rdl7 | $33 - $53 - $73 - $93 - $B3 - $D3 | rd60 | $F3 -
$14 - $34 | rd62 | $54 | rd59 | $74 - $94 | rd56 | $B4 - $D4 - $F4 | rd12
$15 | rdll | $35 - $55 - $75 - $95 - $B5 - $D5 - $F5 -
$16 | rd10 | $36 - $56 - $76 - $96 - $B6 - $D6 - $F6 -
$17 - $37 - $57 - $77 - $97 - $B7 - $D7 - $F7 -
$18 - $38 | rd6l | $58 | rd58 | $78 - $98 | rd57 | $B8 - $D8 - $F8 -
$19 rd7 | $39 - $59 - $79 - $99 - $B9 - $D9 - $F9 -
$1A | rd6 | $3A - $5A - $7A | rd20 | $9A - $BA - $DA - $FA -
$1B - $3B - $5B - $7B - $9B - $BB - $DB - $FB -
$1C | rd5 | $3C - $C| - |$C| - |%C| - |$BC| - |$DC| - |$FC| -
$1D - $3D | rd28 | $5D - $7D - $3D - $BD - $DD - $FD -
$1E - $3E - $5E - $7E - $9E | rd36 | $BE - $DE - $FE -
$IF| - | $3F| - |[$F| - |$7TF| - |[$9F| - |$BF| - |[$DF| - | $FF | -
Data Paths
Because of the Falcon pair architecture, data paths can be confusing.
Figure 3-10 attempts to show the placement of datathat iswritten by a
PowerPC master to DRAM. Table 3-23 shows the same information in
tabular format.
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Figure 3-10. PowerPC Data to DRAM Data Correspondence
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Table 3-23. PowerPC Data to DRAM Data Mapping

Power PC DRAM Array
A[27] | A[28] | DataBits | RA[1 | Upper Falcon DRAM L ower Falcon DRAM

2] Data Bits Data Bits

0 0 dh[00:07] 0 rd[00:07] -

0 0 dh[08:15] 0 rd[08:15] -

0 0 dh[16:23] 0 rd[16:23] -

0 0 dh[24:31] 0 rd[24:31] -

0 0 di[00:07] 0 - rd[00:07]

0 0 di[08:15] 0 - rd[08:15]

0 0 di[16:23] 0 - rd[16:23]

0 0 di[24:31] 0 - rd[24:31]

0 1 dh[00:07] 0 rd[32:39] -

0 1 dh[08:15] 0 rd[40:47] -

0 1 dh[16:23] 0 rd[48:55] -

0 1 dh[24:31] 0 rd[56:63] -

0 1 di[00:07] 0 - rd[32:39]

0 1 di[08:15] 0 - rd[40:47]

0 1 di[16:23] 0 - rd[48:55]

0 1 di[24:31] 0 - rd[56:63]

1 0 dh[00:07] 1 rd[00:07] -

1 0 dh[08:15] 1 rd[08:15] -

1 0 dh[16:23] 1 rd[16:23] -

1 0 dh[24:31] 1 rd[24:31] -

1 0 di[00:07] 1 - rd[00:07]

1 0 di[08:15] 1 - rd[08:15]

1 0 di[16:23] 1 - rd[16:23]

1 0 di[24:31] 1 - rd[24:31]

1 1 dh[00:07] 1 rd[32:39] -

1 1 dh[08:15] 1 rd[40:47] -
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Table 3-23. PowerPC Data to DRAM Data Mapping (Continued)

Power PC DRAM Array
1 1 dh[16:23] 1 rd[48:55] -
1 1 dh[24:31] 1 rd[56:63] -
1 1 dI[00:07] 1 - rd[32:39]
1 1 di[08:15] 1 - rd[40:47]
1 1 di[16:23] 1 - rd[48:55]
1 1 di[24:31] 1 - rd[56:63]
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Introduction

Thischapter containsdetails of several programming functionsthat are not
tied to any specific ASIC chip.

PCI Device Addressing

Each PCI device has an associated address line connected viaaresistor to
its IDSEL pin for Configuration Space accesses. The following table
shows the IDSEL assignments for the PCI devices on the MTX.

Table 4-1. IDSEL Mapping for PCI Devices

Device PCI IDSEL Connection
Number Address
Field Line

Ob0_0000 | AD31 Raven PCI Host Bridge & MPIC ASIC
Ob0_1011 | AD11 PCI/ISA Bridge

Ob0_1100 | AD12 SCSI Device

Ob0 1101 | AD13 Unused

Ob0 1110 | AD14 Ethernet Device

Ob0_1111 | AD15 Unused

Obl_0000 | AD16 PMC or 32-bit PCI Slot 1

Obl_0001 | AD17 PMC or 32-bit PCI Slot 2

Obl_0010 | AD18 32-bit or 64-bit PCI Slot 3
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PCI Arbitration

PCI arbitration is performed by the PCI-to-1SA Bridge (PIB) which
supports six PCI external PCI masters. The PIB is also a PCI master for
ISA DMA functions. The arbitration assignments on the MTX series are

as follows:

Table 4-2. PCI Arbitration Assignments

PCI BUS PCI Master (s)
REQUEST

PIB (internal) PIB

CPU Raven ASIC
Request 0 PMC/PCI Slot 2
Request 1 PMC/PCI Slot 1
Request 2 Ethernet
Request 3 SCSI

Request 4 PCI Slot 3

Upon power-up, the PIB defaults to a round-robin arbitration mode. The
relative priority of each request/grant pair can be customized viathe PCI
Priority Control Register 1. Refer to the W83C553 Data Book, listed in
Appendix A, Related Documentation, for additional details.

4-2
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Interrupt Handling

The interrupt architecture of the MTX series SBC is shown in the
following figure:

INT 4
p| INT_
PIB Processor
(8529 Pair)
p»| MCP_
RavenMPIC
P INT_
Processor
SERR_& PERR
- - »
PCI Interrupts
Ll
» MCP
ISA Interrupts -
»

11559.00 9609

Figure 4-1. MTX Series Interrupt Architecture
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Raven MPIC

The Raven ASIC has abuilt-in interrupt controller that meets the Multi-
Processor Interrupt Controller (MPIC) Specification. This MPIC supports
up to two processors and 16 externa interrupt sources. There are also six
other interrupt sources inside the MPIC: two cross-processor interrupts
and four timer interrupts. All I SA interrupts go through the 8259 pair in the
PIB. The output of the PIB then goes through the MPIC in the Raven.
Refer to Chapter 2, Raven PCI Host Bridge & Multi-Processor Interrupt
Controller, for details on the Raven MPIC. The following table showsthe
interrupt assignments for the Raven MPIC on the MTX series:

Table 4-3. Raven MPIC Interrupt Assignments

MPIC | Edge/ | Polarity | Interrupt Source Notes
IRQ Level
IRQO Level High PIB (8259) 1
IRQ1 Edge Low Falcon-ECC Error 2
IRQ2 Level Low PCI-Ethernet 3
IRQ3 Level Low PCI-SCSI 3
IRQ4 Level Low Reserved
IRQ5 Level Low Reserved
IRQ6 Level Low Reserved
IRQ7 Level Low Reserved
IRQ8 Level Low Reserved
IRQ9 Level Low PCI/PMC1 INTA#, PCI/PMC2 INTD#,PCI3 3
INTC#
IRQ10 | Level Low PCI/PMC1 INTB#, PCI/PMC2 INTA#, PCI3
INTD#
IRQ11 | Leve Low PCI/PMCL1 INTC#, PCI/PMC2 INTB, PCI3 INTA#
IRQ12 | Level Low PCI/PMC1 INTD#, PCI/PMC2 INTC#, PCI3
INTB#
IRQ13 | Level Low Not Used
IRQ14 | Leve Low Not Used
IRQ15 | N/A N/A Not Used
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Notes
1. Interrupt from the PCI/ISA Bridge.

2. Interrupt from the Falcon chipset for a Single and/or Double bit
memory error.

3. These interrupts also appear at the PIB for backward compatibility
with older MVME1600 and PM603/4 modules.

8259 Interrupts

There are 15 interrupt requests supported by the PIB. These 15 interrupts
are |SA-type interrupts that are functionally equivalent to two 82C59
interrupt controllers. Except for IRQO, IRQ1, IRQ2, IRQ8 , and IRQ13,
each of theinterrupt lines can be configured for either edge-sensitive mode
or level-sensitive mode by programming the appropriate ELCR registers
in the PIB.

Thereis also support for four PCI interrupts, PIRQ3 -PIRQO . The PIB
has four PIRQ Route Control Registers to allow each of the PCI interrupt
linesto berouted to any of eleven I SA interrupt lines (IRQO, IRQ1, IRQ2,
IRQ8_, and IRQ13 are reserved for ISA system interrupts). Since PCI
interrupts are defined as level-sensitive, software must program the
selected IRQ(S) for level-sensitive mode. Note that more than one PCI
interrupt can be routed to the same ISA IRQ line. The PIB can be
programmed to handle the PCI interrupts if the Raven MPIC is either not
present or not used.
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PIRQO_

PIRQ1_

PIRQ2_

PIRQ3_

The following figure shows the interrupt structure of the PIB.

PIRQ Route
Control Register

PIRQ Route
Control Register

PIRQ Route
Control Register

PIRQ Route
Control Register

IRQx

IRQx

IRQx

IRQx

Timer1/CounterO

0
IRQ1
Q 1
—P{2
IRQ3 5
Controller 1 INTR
IRQ4 4 (INT1) L
IRQ5
5
IRQ6
Q 6
IRQ7
Q 7
IRQ8
Q 0
IRQ9
Q—> 1
IRQ10
Q 2
IRQ11
3 Controller 2
IRQ12 4 (INT2)
IRQ13
5
IRQ14
Q 6
IRQ15
Q 7

1897 9609

Figure 4-2. PIB Interrupt Handler Block Diagram
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The assignments of the PCI and | SA interrupts supported by the PIB are as

follows:

Table 4-4. PIB PCI/ISA Interrupt Assignments

PRI ISA PCI 0| Edge -/ Interrupt Source =
IRQ |IRQ S| Leve 3] %
S| g
@
1 IRQO INT1 | Edge | High | Timer 1/ Counter O 1
2 IRQ1 Edge | High | Keyboard 2
3-10 | IRQ2 Edge | High | Cascade Interrupt from INT2
3 IRQ8_ INT2 | Edge | Low | ABORT Switch Interrupt
IRQ9 Level | High | 28536 CIO 34
2785230 ESCC
5 IRQ10 | PIRQO _ Leve | Low | PCI-Ethernet Interrupt 3,56
6 IRQ11 Level | Low | Not Used 6
7 IRQ12 Edge | High | Mouse
8 IRQ13 Edge | High | Not Used 6
9 IRQ14 | PIRQ2_ Level | Low | PCI-SCSI Interrupt 3,5,6
10 IRQ15 | PIRQ3_ Level | Low | PMC Interrupt 3,56
1 IRQ3 INT1 | Edge | High | COM2 (Async Serial Port 2)
12 IRQ4 Edge | High | COM1 (Async Serial Port 1)
13 IRQ5 Leve | High | Periphera Parallel Port Interrupt
14 IRQ6 Edge | High | Floppy Interrupt
15 IRQ7 Edge | High | Host Parallel Port Interrupt
Notes

1. Internally generated by the PIB.

2. Bit 4 of ISA Clock Divisor Register in the PIB must be set to 0 to
support external keyboard interrupt (from the ISASIO device).

http://www.motorola.com/computer/literature
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3. After areset, all ISA IRQ interrupt lines default to edge-sensitive
mode.

4. Interrupts from 28536 and Z85230 devices are externally wire-
ORed. External logic will determine which device to acknowledge
during apseudo IACK cycle. The 28536 CIO has higher priority
than the 285230 ESCC. This IRQ MUST be programmed for level-
sensitive mode.

5. These PCI interrupts are routed to the | SA interrupts by
programming the PRIQ Route Control Registersinthe PIB. The
PCI to ISA interrupt assignments in this table are suggested. Each
ISA IRQ to which a PCl interrupt is routed to MUST be
programmed for level-sensitive mode. Use this routing for PCI
interrupts only when the Raven MPIC is either not present or not
used.

6. The Raven MPIC, when present, should be used for these interrupts.

ISA DMA Channels

Refer to Chapter 1, Board Description and Memory Maps, for information
onthe ISA DMA channels.

Exceptions

Sources of Reset
There are five potential sources of reset on the MTX series. They are:
1. Power-On Reset
2. RESET Switch
3. Watchdog Timer Reset viathe MK48T59 Timekeeper device
4. Port 92 Register viathe PIB
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5. 1/0 Reset viathe Clock Divisor Register in the PIB

The following table shows which devices are affected by various reset
SOUrces:

Table 4-5. Reset Sources and Devices Affected

Device Affected T ) m go) -
s 2| g2 9 ¢
o Q
3 S o o
8 > @) 2 2
- [02] > Q Q
@ 0 =] & &
8
Power-On 3 3 3 3 3
Reset Switch 3 3 3 3 3
Watchdog (MK48T59) 3 3 3 3 3
Hot Reset (Port 92 Register) 3 3 3 3 3
PCI/ISA Reset (Clock Divisor Register) 3 3

Soft Reset

Software can assert the SRESET# pin of any processor by programming
the Processor Init Register of the Raven MPIC appropriately.

Error Notification and Handling

The Raven and Falcon chipset can detect certain hardware errors and can
be programmed to report these errors viathe Raven MPIC interrupts or
Machine Check Interrupt.
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Note The TEA* signal isnot used at al by the MTX series. The
following table summarizes how the hardware errors are handled
by the MTX series:

Table 4-6. Error Notification and Handling

Cause Action

Single-bit ECC Sore: Write corrected datato memory
Load: Present corrected data to the MPC master
Generate interrupt via Raven MPIC if so enabled

Double-bit ECC Store: Terminate the bus cycle normally without writing to DRAM
Load: Present un-corrected data to the MPC master

Generate interrupt via Raven MPIC if so enabled

Generate Machine Check Interrupt to the Processor(s) if so enabled

MPC Bus Time Out | Store: Discard write data and terminate bus cycle normally

Load: Present undefined data to the MPC master

Generate interrupt via Raven MPIC if so enabled

Generate Machine Check Interrupt to the Processor(s) if so enabled

PCI Target Abort Sore: Discard write data and terminate bus cycle normally

Load: Return all 1's and terminate bus cycle normally

Generate interrupt via Raven MPIC if so enabled

Generate Machine Check Interrupt to the Processor(s) if so enabled

PCI Master Abort | Store: Discard write data and terminate bus cycle normally

Load: Return all 1's and terminate bus cycle normally

Generate interrupt via Raven MPIC if so enabled

Generate Machine Check Interrupt to the Processor(s) if so enabled

PERR# Detected Generate interrupt via Raven MPIC if so enabled
Generate Machine Check Interrupt to the Processor(s) if so enabled

SERR# Detected Generate interrupt via Raven MPIC if so enabled
Generate Machine Check Interrupt to the Processor(s) if so enabled
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Endian Issues

TheMTX seriessupporsboth little-endian software (for example, NT) and
big-endian software (for example, AlX). Because the PowerPC processor
isinherently big-endian, PCI isinherently little-endian, and the VMEbus
is big-endian, things do get rather confusing. The following figures shows
how the MTX series handles the endian issue in big-endian and little-
endian modes:

Big-Endian PROGRAM

Falcons

60X System Bus DRAM

Raven *
Big Endian

N-way Byte Swap
Little Endian '

A
PCI Local Bus

Universe \ 4 *
Little Endian

N-way Byte Swap
Big Endian *

1898 9609

Figure 4-3. Big-Endian Mode
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Little-Endian PROGRAM Little Endian *
Big Endian

EA Modification (XOR)
Falcons

60X System Bus DRAM

Raven *
Big Endian

EA Modification
Little Endian *

PCI Local Bus

Little Endian *

Figure 4-4. Little-Endian Mode

Processor/Memory Domain

The MPC604 processor can operate in both big-endian and little-endian
mode. However, it lwaystreatsthe external processor/memory busas big-
endian by performing address rearrangement and reordering when
running in little-endian mode.
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The MPC registers inside Raven, the registersinside the Falcon chipset,
the DRAM, the ROM/FLASH and the system registers always appear as
big-endian.

Raven’s Involvement

Since PCI islittle-endian, the Raven performs byte swapping in both 4
directions (from PCI to memory and from the processor to PCI) to
maintain address invariance when it is programmed to operate in big-
endian mode with the processor and the memory sub-system.

In little-endian mode, it reverse-rearranges the address for PCI-bound
accesses and rearranges the address for memory-bound accesses (from
PCI). In this case, no byte swapping is done.

PCI Domain

The PCI busisinherently little-endian and all devices connected directly
to PCI will operate in little-endian mode, regardless of the mode of
operation in the processor’s domain.

PCI-SCSI

SCSI is byte stream oriented with the byte having the lowest address in
memory being the first one to be transferred regardless of the endian mode.
Since address invariance is maintained by the Raven in both little-endian
and big-endian mode, there should be no endian issues for the SCSI data.
Big-endian software must still however be aware of the byte-swapping
effect when accessing the registers of the PCI-SCSI device.

PCIl-Ethernet

Ethernet is byte stream oriented with the byte having the lowest address in
memory being the first one to be transferred regardless of the endian mode.
Since address invariance is maintained by the Raven in both little-endian
and big-endian mode, there should be no endian issues for the Ethernet
data. Big-endian software must still however be aware of the byte-
swapping effect when accessing the registers of the PCI-Ethernet device.
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ROM/Flash Initialization

There are two methods used to inject codeinto the Flash in Bank A: (1) In-
circuit programming and (2) Loading it from the ROM/Flash Bank B. For
the second method, the hardware must direct the Fal con chipset to map the

FFFO0000-FFFFFFFF address range to Bank B following a hard reset.
Bank A then can be programmed by code from Bank B.

Software can determine the mapping of the FFFO0000-FFFFFFFF address
range by examining therom_b_rv bit in the Falcon’s Rom B Base/Size

Register.

Table 4-7. ROM/FLASH Bank Default

rom_b rv

Default M apping for FFF00000-FFFFFFFF

0

ROM/FLASH Bank A

1

ROM/FLASH Bank B

Determining PHB Type

The initialization software can determine the PCI Host Bridge (PHB) type
by reading its Device ID. To be backward compatible with the older
Genesis products which used the MPC105 as the PHB, the Raven defaults
the addresses of IBONADD register and it€ONDAT register to

80000CF8 and 80000CFC, respectively.

The alternative method is to read the CPUTYPE from the Old CPU
Configuration Register which is located at offset 800h from the PCI I/O
Base Address.

Determining CPU Type

The SYID field in the System Configuration Register allows up to 256
types of CPU. This field is always FBh for the MTX.

4-14
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Related Documentation A

Motorola Computer Group Documents

The Motorolapublicationslisted below are referenced inthismanual. You
can obtain paper or electronic copies of Maotorola Computer Group
publications by:

o Contacting your local Motorola sales office

o Visiting Motorola Computer Group’s World Wide Web literature
site, http://www.motorola.com/computer/literature

Table A-1. Motorola Computer Group Documents

Document Title Publication
Number
MTX Series Single Board Computer Installation and Use MTXA/IH
PPCBug Firmware Package User's Manual (Parts 1 and 2) PPCBUGA1/UM
PPCBUGA2/UM
PPCBug Diagonostics User's Manual PPCDIAA/UM

To obtain the most up-to-date product information in PDF or HTML
format, visithttp://www.motorola.com/computer/literature

Manufacturers’ Documents

For additional information, refer to the following table for manufacturers’
data sheets or user’s manuals. As an additional help, a source for the listed
document is provided. Please note that, while these sources have been
verified, the information is subject to change without notice.
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Related Documentation

A

Table A-2. Manufacturers’ Documents

Document Title and Source Publication
Number

PowerPC 603'™ RISC Microprocessor Technical Summary MPC603E/D

PowerPC 604™ RISC Microprocessor Technical Summary MPCE04E/D

Literature Distribution Center for Motorola

Telephone: 1-800- 441-2447

FAX: (602) 994-6430 or (303) 675-2150
WebSite: http://merchant.hibbertco.com/mtrlext/
E-mail: ldcformotorola@hibbertco.com

PowerPC 603™ RISC Microprocessor User’s Manual MPC603EUM/D
PowerPC 608 RISC Microprocessor User’s Manual MPC604EUM/AD
Literature Distribution Center for Motorola
Telephone: 1-800- 441-2447
FAX: (602) 994-6430 or (303) 675-2150
Web Site: http://merchant.hibbertco.com/mtrlext/
E-mail: Idcformotorola@hibbertco.com
OR
IBM Microelectronics
PowerPC603/EM603e User Manual
PowerPC604e User Manual
Web Site:
http://www.chips.ibm.com/techlib/products/powerpc/manuals

G522-0297-00
(G522-0330-00

PowerPCM Microprocessor Family: The Programming Environment MPCFPE/AD
for 32-Bit Microprocessors
Literature Distribution Center for Motorola
Telephone: 1-800- 441-2447
FAX: (602) 994-6430 or (303) 675-2150
http://merchant.hibbertco.com/mtrlext/
E-mail: Idcformotorola@hibbertco.com
OR
IBM Microelectronics
Programming Environment Manual G522-0290-01
Web Site:
http://www.chips.ibm.com/techlib/products/powerpc/manuals
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mailto:ldcformotorola@hibbertco.com
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http://www.chips.ibm.com/techlib/products/powerpc/manuals
http://merchant.hibbertco.com/mtrlext
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Manufacturers’ Documents

Table A-2. Manufacturers’ Documents (Continued)

Document Title and Source

Publication
Number

MPC2604GA Integrated Secondary Cache for PowerPC
Microprocessors (Glance) Data Sheets

http://merchant.hibbertco.com/mtrlext/

MPC2604GA

DECchip 21140 PCI Fast Ethernet LAN Controller Hardware
Reference Manual

http://devel oper.intel .com/design/network/mature/21140a.htm

21140-AF Revision
1.0

PC87308V UL (Super 1/0 Enhanced Sidewinder Lite) Floppy Disk
Controller, Keyboard Controller, Real-Time Clock, Dual UARTS,
|IEEE 1284 Parallel Port, and IDE Interface

National Semiconductor Corporation
Telephone: 1-800-272-9959
http://www.national .com/pf/PC/PC87308.html

PC87308.html

M48T59 CMOS 8K x 8 TIMEKEEPER™ SRAM Data Sheet

STMicroelectronics;
http://eu.st.com/stonline/index.shtml

M48T59

SYM 53CXX (was NCR 53C8XX) Family PCI-SCSI /O Processor
Data Manual

LSl Logic Corporation
http://www.lsilogic.com

SYM53C875/875E
DataManual

SCC (Serial Communications Controller) User’'s Manual
(for 285230 and other Zilog parts)

http://www.zilog.com/pdfs/serial/scc_escc_iscc_manual/contents.

SCC/ESCC User’s
Manual

78536 CIO Counter/Timer and Parallel /O Unit
Product Specification and User’s Manual
(in Z800&® Family of Products Data Book)

http://www.zilog.com/products/zx80dev.html#um

DM10001176

W83C553 Enhanced System I/O Controller with PCI Arbiter (PIB)

Winbond Electronics Corporation;
http://www.winbond.com.tw/product/

W83C553F

CL-CD1283: |EEE 1284-Compatible Parallel Interface Data Book
Cirrus Logic, Inc. (or nearest Sales Office)
http://www.cirrus.com

http://www.motorola.com/computer/literature
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Related Documentation

Table A-2. Manufacturers’ Documents (Continued)

Document Title and Source Publication
Number

PCF8584 1“C Bus Controller; Philips Semiconductor; PCF8584 _4.pdf

http://www- Dated Oct 21 1997

us6.semi conductors.com/acrobat/datasheets/ PCF8584 4.pdf

Related Specifications

For additional information, refer to the following table for related
specifications. As an additional help, a source for the listed document is
provided. Please note that, while these sources have been verified, the
information is subject to change without notice.

Table A-3. Related Specifications

Document Title and Source Publication
Number

ANSI Small Computer System Interface-2 (SCSI-2), Draft Document X3.131.1990
Global Engineering Documents
http://global .ihs.com/index.cfm

|EEE - Common Mezzanine Card Specification (CMC) P1386 Draft 2.0
Institute of Electrical and Electronics Engineers, Inc.

http://standards.ieee.org/catal og/

|EEE - PCI Mezzanine Card Specification (PMC) P1386.1 Draft 2.0
Institute of Electrical and Electronics Engineers, Inc.

http://standards.ieee.org/catal og/

Bidirectiona Parallel Port Interface Specification |EEE Standard 1284
Institute of Electrical and Electronics Engineers, Inc.
http://standards.ieee.org/catal og/

Peripheral Component Interconnect (PCI) Local Bus Specification, PCI Local Bus
Revision 2.0 Specification
PCI Special Interest Group
http://www.pcisig.com/
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URLs

Table A-3. Related Specifications (Continued)

Document Title and Source Publication
Number

PowerPC Microprocessor Common Hardware Reference Platform: A
System Architecture (CHRP), Version 1.0

Literature Distribution Center for Motorola

Telephone: 1-800- 441-2447

FAX: (602) 994-6430 or (303) 675-2150
http://merchant.hibbertco.com/mtrlext/
E-mail: Idcformotorola@hibbertco.com
OR
Morgan Kaufmann Publishers, Inc.
Telephone: (415) 392-2665 ISBN 1-55860-394-8
Telephone: 1-800-745-7323
http://www.mkp.com/books_catal og/

PowerPC Reference Platform (PRP) Specification, Third Edition, Version | MPR-PPC-RPU-02
1.0, Volumes| and I1;

International Business Machines Corporation
http://www.ibm.com

URLSs

The following URLs (uniform resource locators) may provide helpful
sources of additional information about this product, related services, and
development tool s. Please note that, while these URL s have been verified,
they are subject to change without notice.

o Motorola Computer Group, http://www.motorola.com/computer

0 Motorola Computer Group OEM Services,
http://www.motorol a.com/computer/support
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