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About This Book

The primary objective of this user’s manual is to describe the functionality of the MPC106
PCI bridge/memory controller (PCIB/MC) for use by systems designers and software
developers. The MPC106 is one device in a family of products that provides system-level
support for industry-standard interfaces to be used with PowerPC™ microprocessors.

In this document, the term ‘60x’ is used to denote a 32-bit microprocessor from the
PowerPC architecture family that conforms to the bus interface of the PowerPC 601™,
PowerPC 603™, or PowerPC 604™ microprocessors. Note that this does not include the
PowerPC 602™ microprocessor which has a multiplexed address/data bus. 60x processors
implement the PowerPC architecture as it is specified for 32-bit addressing, which provides
32-bit effective (logical) addresses, integer data types of 8, 16, and 32 bits, and
floating-point data types of 32 and 64 bits (single-precision and double-precision).

It must be kept in mind that each PowerPC processor is a unique PowerPC implementation.
It is beyond the scope of the manual to provide a thorough description of the PowerPC
architecture; refer to PowerPC Microprocessor Family: The Programming Environments
for more information about the architecture. It is also beyond the scope of the manual to
provide a thorough description of the PCI local bus; refer to PCI Local Bus Specification
and PCI System Design Guide for more information about the PCI bus.

To locate any published errata or updates for this document, refer to the website at
http://www.mot.com/powerpc/.

Audience

This manual is intended for system software and hardware developers who want to develop
products incorporating PowerPC microprocessors and the PCI bus. It is assumed that the
reader understands operating systems, microprocessor system design, and the basic
principles of reduced instruction set computing (RISC) processing.
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Organization

Following is a summary and a brief description of the major sections of this manual:

Chapter 1, “Overview,” is useful for readers who want a general understanding of
the features and functions of the MPC106.

Chapter 2, “Signal Descriptions,” provides descriptions of individual signals of the
MPC106.

Chapter 3, “Device Programming,” is useful for software engineers who need to
understand the address space and functionality of the registers implemented in the
MPC106.

Chapter 4, “Processor Bus Interface,” describes the interaction between the
MPC106 and the 60x processor or multiple 60x processors.

Chapter 5, “Secondary Cache Interface,” describes the operation of the secondary or
level 2 (L2) cache interface.

Chapter 6, “Memory Interface,” provides details for interfacing the MPC106 to
DRAM, EDO, SDRAM, ROM, and Flash ROM devices.

Chapter 7, “PCI Bus Interface,”describes the MPC106 as a bridge from the 60x
processor bus to the PCI bus and the MPC106 as a PCI agent.

Chapter 8, “Internal Control,” describes the internal buffers between the interfaces
of the MPC106.

Chapter 9, “Error Handling,” describes how the MPC106 handles error detection
and reporting on the three primary interfaces—processor interface, memory
interface, and PCI interface.

Appendix A, “Power Management,”provides information about power saving
modes for the MPC106.

Appendix B, “Bit and Byte Ordering,” describes big- and little-endian byte ordering
and the implications on systems using the MPC106.

Appendix C, “JTAG/Testing Support,” describes the IEEE 1149.1 functions used for
facilitating board testing and chip debug.

Appendix D, “Initialization Example,” provides sample initialization code in
PowerPC assembly language.

This manual also includes a glossary and an index.

In this document, the terms ‘601°, ‘603’, and ‘604’ are used as abbreviations for ‘PowerPC
601 microprocessor’, ‘PowerPC 603 microprocessor’, and ‘PowerPC 604 microprocessor’,
respectively.

XXVi
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Additional Reading

This section provides a brief list of additional reading that supplements the information in
this manual.

The following materials are available from the Motorola Literature Distribution Centers
listed on the back cover of this manual; the document order numbers are included in
parentheses for ease in ordering:
e  MPCI106 PCI Bridge/Memory Controller Technical Summary, Rev 1 (MPC106/D)
e PowerPC 601 RISC Microprocessor User’s Manual, Rev 1 (MPC601UM/AD)

*  PowerPC 603e RISC Microprocessor User’s Manual with Supplement for PowerPC
603 Microprocessor MPC603EUM/AD)

¢ Addendum to PowerPC 603e RISC Microprocessor User’s Manual: PowerPC 603e
Microprocessor Supplement and User’s Manual Errata (MPC603EUMAD/AD)

*  PowerPC 604 RISC Microprocessor User’s Manual (MPC604UM/AD)

e Addendum to PowerPC 604 RISC Microprocessor User’s Manual: PowerPC 604e
Microprocessor Supplement and User’s Manual Errata (MPC604UMAD/AD)

¢ PowerPC Microprocessor Family: The Programming Environments
(MPCFPE/AD)

*  PowerPC Microprocessor Family: The Programming Environments for 32-Bit
Microprocessors (MPCFPE32B/AD)

The following books are available from the PCI Special Interest Group, P.O. Box 14070,
Portland, OR 97214; Tel. (800) 433-5177 (U.S.A.), (503) 797-4207 (International).

* PCI Local Bus Specification, Rev 2.1
e PCI System Design Guide, Rev 1.0

The following books are available from the Morgan-Kaufmann Publishers, 340 Pine Street,
Sixth Floor, San Francisco, CA 94104; Tel. (800) 745-7323 (U.S.A.), (415) 392-2665
(International).

*  PowerPC Microprocessor Common Hardware Reference Platform: A System
Architecture, by Apple Computer, Inc., International Business Machines, Inc., and
Motorola, Inc.

*  Macintosh Technology in the Common Hardware Reference Platform, by Apple
Computer, Inc.

*  PowerPC Architecture: A Specification for a New Family of RISC Processors, by
International Business Machines, Inc.

»  Computer Architecture: A Quantitative Approach, Second Edition, by John L.
Hennessy and David A. Patterson ’
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Conventions
This document uses the following notational conventions:

ACTIVE_HIGH Names for signals that are active high are shown in uppercase text
without an overbar. Active-high signals are referred to as asserted
when they are high and negated when they are low.

ACTIVE_LOW A bar over a signal name indicates that the signal is active low.
Active-low signals are referred to as asserted (active) when they are
low and negated when they are high.

O0xOF Hexadecimal numbers
0b0011 Binary numbers
REG[FIELD] Abbreviations or acronyms for registers are shown in uppercase text.

Specific bit fields or ranges are shown in brackets.

n In certain contexts, such as a signal encoding, this indicates a don’t
care. For example, if TT[0-3] are binary encoded 0bn001, the state
of TTO is a don’t care.

Acronyms and Abbreviations

Table i contains acronyms and abbreviations that are used in this document.

Table i. Acronyms and Abbreviated Terms

Term Meaning
BGA Ball grid array package
BIST Built-in self test
BIU ' Bus interface unit
CAS Column address strobe
CBR CAS before RAS
DIMM Dual in-line memory module
DRAM Dynamic random access memory
ECC ' Error checking and correction
EDO Extended data out DRAM
ErrDR Error detection register
ErrEnR Error enabling register
ESCR Emulation support configuration register
|IEEE Institute of Electrical and Electronics Engineers
Int Ack Interrupt acknowledge
ISA Industry standard architecture
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Table i. Acronyms and Abbreviated Terms (Continued)

Term Meaning
JTAG Joint test action group interface
L2 Secondary cache
MICR Memory interface configuration register
MCCR Memory control configuration register
Mux Multiplex
PCI Peripheral component interconnect
PCIB/MC PCI bridge/memory controller
PICR Processor interface configuration register
PLL Phase-locked loop
PMC Power management controller
PMCR Power management configuration register
RAS Row address strobe
ROM Read-only memory
RTC Real-time clock
SDRAM Synchronous dynamic random access memory
SIMM Single in-line memory module
vCO Voltage-controlled oscillator
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Chapter 1
Overview

The MPC106 provides a PowerPC™ microprocessor common hardware reference platform
(CHRP™) compliant bridge between the PowerPC microprocessor family and the
Peripheral Component Interconnect (PCI) bus. CHRP is a set of specifications that defines
a unified personal computer architecture and brings the combined advantages of the Power
Macintosh™ platform and the standard PC environment to both system vendors and users.
PCI support allows system designers to rapidly design systems using peripherals already
designed for PCI and the other standard interfaces available in the personal computer
hardware environment. These open specifications make it easier for system vendors to
design computers capable of running multiple operating systems. The MPC106 integrates
secondary cache control and a high-performance memory controller. The MPC106 uses an
advanced, 3.3-V CMOS process technology and is fully compatible with TTL devices.

This document describes the MPC106, its interfaces, and its signals.

1.1 MPC106 PCIB/MC Features

The MPC106 provides an integrated high-bandwidth, high-performance, TTL-compatible
interface between a 60x processor, a secondary (L2) cache or additional (up to four total)
60x processors, the PCI bus, and main memory. This section summarizes the features of the
MPC106.

Figure 1-1 shows the major functional units within the MPC106. Note that this is a
conceptual block diagram intended to show the basic features rather than an attempt to
show how these features are physically implemented on the device.
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Figure 1-1. MPC106 Block Diagram

Major features of the MPC106 are as follows:
* 60x processor interface
— Supports up to four 60x processors

— Supports various operating frequencies and bus divider ratios

— 32-bit address bus, 64-bit data bus
— Supports full memory coherency
— Supports optional 60x local bus slave

— Decoupled address and data buses for pipelining of 60x accesses

— Store gathering on 60x-to-PCI writes

* Secondary (L2) cache control

— Configurable for write-through or write-back operation
— Supports cache sizes of 256 Kbytes, 512 Kbytes, and 1 Mbyte

— Up to 4 Gbytes of cacheable space
— Direct-mapped
— Supports byte parity

"— Supports partial update with external byte decode for write enables

— Programmable interface timing
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— Supports pipelined burst, synchronous burst, or asynchronous SRAMs

— Alternately supports an external L2 cache controller or integrated L2 cache
module

¢ Memory interface
— 1 Gbyte of RAM space, 16 Mbytes of ROM space
— High-bandwidth, 64-bit data bus (72 bits including parity or ECC)

— Supports fast page mode DRAMs, extended data out (EDO) DRAMs, or
synchronous DRAMs (SDRAMs)

— Supports 1 to 8 banks of DRAM/EDO/SDRAM with sizes ranging from 2 Mbyte
to 128 Mbytes per bank

— Supports page mode SDRAMs—2 open pages simultaneously

— DRAM/EDO configurations support parity or error checking and correction
(ECC); SDRAM configurations support parity

— ROM space may be split between the PCI bus and the 60x/memory bus
(8 Mbytes each)

— Supports 8-bit asynchronous ROM or 64-bit burst-mode ROM
— Supports writing to Flash ROM

— Configurable external buffer control logic

— Programmable interface timing

e PClinterface
— Compliant with PCI Local Bus Specification, Revision 2.1
— Supports PCI interlocked accesses to memory using LOCK signal and protocol
— Supports accesses to all PCI address spaces
— Selectable big- or little-endian operation
— Store gathering on PCI writes to memory
— Selectable memory prefetching of PCI read accesses
— Only one external load presented by the MPC106 to the PCI bus
— Interface operates at 2033 MHz
— Word parity supported
— 3.3 V/5.0 V-compatible

¢ Concurrent transactions on 60x and PCI buses supported
* Power management
— Fully-static 3.3-V CMOS design
— Supports 60x nap, doze, and sleep power management modes, and suspend mode
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» IEEE 1149.1-compliant, JTAG boundary-scan interface
e 304-pin ball grid array (BGA) package

1.2 MPC106 Major Functional Units

The MPC106 consists of the following major functional units:

* 60x processor interface

» Secondary (L2) cache/multiple processor interface
* Memory interface

» PCl interface

This section describes each of these functional units.

1.2.1 60x Processor Interface

The MPC106 supports a programmable interface to a variety of PowerPC microprocessors
operating at select bus speeds. The 60x address bus is 32 bits wide and the data bus is 64
bits wide. The 60x processor interface of the MPC106 uses a subset of the 60x bus protocol,
supporting single-beat and burst data transfers. The address and data buses are decoupled
to support pipelined transactions.

Two signals on the MPC106, LBCLAIM (local bus slave claim) and DBGLB (data bus
grant local bus slave), are provided for an optional local bus slave. However, the local bus
slave must be capable of generating the TA (transfer acknowledge) signal to interact with
the 60x processor(s).

Depending on the system implementation, the processor bus may operate at the PCI bus
clock rate, or at two or three times the PCI bus clock rate. The 60x processor bus is
synchronous, with all timing relative to the rising edge of the 60x bus clock.

1.2.2 Secondary (L2) Cache/Multiple Processor Interface

The MPC106 provides support for the following configurations of 60x processors and L2
cache:

» Up to four 60x processors with no L2 cache

* Asingle 60x processor plus a direct-mapped, lookaside, L2 cache using the internal
L2 cache controller of the MPC106

» Up to four 60x processors plus an externally controlled L2 cache (such as the
Motorola MPC2604GA integrated L2 lookaside cache)

The internal L2 cache controller generates the arbitration and support signals necessary to
maintain a write-through or write-back L2 cache. The internal L2 cache controller supports
either asynchronous SRAMs, pipelined burst SRAMs, or synchronous burst SRAMs, using
byte parity for data error detection.
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When more than one 60x processor is used, nine signals of the L2 interface change their
functions (to BR[1-3], BG[1-3], and DBG[1-3]) to allow for arbitration between the 60x
processors. The 60x processors share all 60x interface signals of the MPC106, except the
bus request, bus grant, and data bus grant signals.

When an external L2 controller (or integrated L2 cache module) is used, three signals of the
L2 interface change their functions (to BRL2, BGL2, and DBGLZ2) to allow the MPC106
to arbitrate between the external cache and the 60x processor(s).

1.2.3 Memory Interface

The memory interface controls processor and PCI interactions to main memory and is
capable of supporting a variety of DRAM, extended data-out (EDO) DRAM, or
synchronous DRAM (SDRAM) and ROM or Flash ROM configurations as main memory.
The maximum supported memory size is 1 Gbyte of DRAM/EDO/SDRAM, with 16
Mbytes of ROM/Flash. The MPC106 configures its memory controller to support the
various memory sizes through software initialization of on-chip configuration registers.
Parity (DRAM/EDO/SDRAM) or ECC (DRAM/EDO-only) is provided for error
detection.

The MPC106 controls the 64-bit data path to main memory (72 bits with parity or ECC).
To reduce loading on the data bus, system designers may need to add buffers between the
60x bus and memory. The MPC106 features configurable data/parity buffer control logic to
accommodate several buffer types.

The MPC106 supports a variety of DRAM/EDO/SDRAM configurations. DRAM/EDO/
SDRAM banks can be built using dual in-line memory modules (DIMMs), single in-line
memory modules (SIMMEs), or directly-attached memory devices. Thirteen multiplexed
address signals provide for device densities up to 16 M. Eight row address strobe/command
select (RAS/CS[0-7]) signals support up to eight banks of memory. The MPC106 supports
bank sizes from 2 Mbytes to 128 Mbytes. Eight column address strobe/data qualifier (CAS/
DQM]J0-7]) signals are used to provide byte selection for memory bank accesses.

The MPC106 supports parity checking and generation in two forms—normal parity and
read-modify-write (RMW) parity. As an alternative to simple parity, the MPC106 supports
error checking and correction (ECC) for DRAM/EDO configurations. Using ECC, the
MPC106 detects and corrects all single-bit errors and detects all double-bit errors and all
errors within a nibble.

For ROM/Flash support, the MPC106 provides 20 address bits (21 address bits for the 8-bit
wide ROM interface), two bank selects, one output enable, and one Flash write enable. The
16-Mbyte system ROM space is subdivided into two 8-Mbyte banks. Bank 0 (selected by
RCSO0) is addressed from 0xFF80_0000 to OxFFFF_FFFF. Bank 1 (selected by RCS1) is
addressed from 0xFF00_0000 to OxFF7F_FFFF. A configuration signal (FOE) sampled at
reset, determines the bus width of the ROM or Flash device (8-bit or 64-bit) in bank 0. The
data bus width for ROM bank 1 is always 64 bits. For systems using the 8-bit interface to
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bank 0, the ROM/Flash device must be connected to the most-significant byte lane of the
data bus (DH[0-7]).

The MPC106 also supports a mixed ROM system configuration. That is, the system can
have the upper 8 Mbytes (bank 0) of ROM space located on the PCI bus and the lower
8 Mbytes (bank 1) of ROM space located on the 60x/memory bus.

1.2.4 PCI Interface

The MPC106’s PCI interface complies with the PCI Local Bus Specification, Revision 2.1,
and follows the guidelines in the PCI System Design Guide, Revision 1.0 for host bridge
architecture. The PCI interface connects the processor and memory buses to the PCI bus,
to which I/O components are connected. The PCI bus uses a 32-bit multiplexed address/
data bus, plus various control and error signals.

The PCI interface of the MPC106 functions as both a master and target device. As a master,
the MPC106 supports read and write operations to the PCI memory space, the PCI I/O
space, and the PCI configuration space. The MPC106 also supports PCI special-cycle and
interrupt-acknowledge commands. As a target, the MPC106 supports read and write
operations to system memory. Mode selectable big-endian to little-endian conversion is
supplied at the PCI interface.

Buffers are provided for I/O operations between the PCI bus and the 60x processor or
memory. Processor read and write operations each have a 32-byte buffer, and memory
operations have one 32-byte read buffer and two 32-byte write buffers.

1.3 Power Management

The MPC106 provides hardware support for four levels of power reduction; the doze, nap,
and sleep modes are invoked by register programming, and the suspend mode is invoked by
assertion of an external signal. The design of the MPC106 is fully static, allowing internal
logic states to be preserved during all power saving modes. The following sections describe
the programmable power modes provided by the MPC106.

1.3.1 Full-On Mode

This is the default power state of the MPC106 following a hard reset, with all internal
functional units fully powered and operating at full clock speed.

1.3.2 Doze Mode

In this power saving mode, all the MPC106 functional units are disabled except for PCI
address decoding, system RAM refreshing, and 60x bus request monitoring (through BRx).
Once the doze mode is entered, a hard reset, a PCI transaction referenced to system
memory, or a 60x bus request can bring the MPC106 out of the doze mode and into the full-
on state. If the MPC106 is awakened for a processor or PCI bus access, the access is
completed and the MPC106 returns to the doze mode. The MPC106’s doze mode is totally
independent of the power saving mode of the processor.

1-6 MPC106 PCIB/MC User's Manual MOTOROLA



1.3.3 Nap Mode

Nap mode provides further power savings compared to doze mode. The greater power
savings can be achieved by placing both the processor and the MPC106 in a power
reduction mode. In this mode, only the PCI address decoding, system RAM refresh, and the
processor bus request monitoring are still operating. A hard reset, a PCI bus transaction
referenced to system memory, or a 60x bus request can bring the MPC106 out of the nap
mode. If the MPC106 is awakened by a PCI access, the access is completed, and the
MPC106 returns to the nap mode. If the MPC106 is awakened by a processor access, the
access is completed, but the MPC106 remains in the full-on state. When in the nap mode,
the PLL is required to be running and locked to the system clock (SYSCLK).

1.3.4 Sleep Mode

Sleep mode provides further power savings compared to the nap mode. As in nap mode,
both the processor and the MPC106 are placed in a reduced power mode concurrently. In
sleep mode, no functional units are operating except the system RAM refresh logic, which
can continue (optionally) to perform the refresh cycles. A hard reset or a bus request wakes
the MPC106 from the sleep mode. The PLL and SYSCLK inputs may be disabled by an
external power management controller (PMC). For additional power savings, the PLL can
be disabled by configuring the PLL[0-3] signals into the PLL-bypass mode. The external
PMC must enable the PLL, turn on SYSCLK, and allow the PLL time to lock before
waking the system from sleep mode.

1.3.5 Suspend Mode

Suspend mode is activated by asserting the SUSPEND signal. In suspend mode, the
MPC106 may have its clock input and PLL shut down for additional power savings.
Memory refresh can be accomplished in two ways—either by using self-refresh mode
DRAMs or by using the RTC input. To exit the suspend mode, the system clock must be
turned on in sufficient time to restart the PLL. After this time, SUSPEND may be negated.
In suspend mode, all outputs (except memory refresh) are released to a high-impedance
state and all inputs (including HRST) are ignored.
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Chapter 2
Signal Descriptions

This chapter provides descriptions of the MPC106’s external signals. It describes each
signal’s behavior when the signal is asserted and negated and when the signal is an input or
an output.

NOTE

A bar over a signal name indicates that the signal is active
low—for example, ARTRY (address retry) and TS (transfer
start). Active-low signals are referred to as asserted (active)
when they are low and negated when they are high. Signals that
are not active low, such as TV (tag valid) and NMI
(nonmaskable interrupt), are referred to as asserted when they
are high and negated when they are low.

For multiple function signals, outlined signal names refer to the
alternate function(s) of the signal being described. For
example, the L2 controller signal TOE (tag output enable) has
the alternate function DBGI (data bus grant 1) when the
MPCI106 is configured for a second 60x processor.

2.1 Signal Configuration
The MPC106’s signals are grouped as follows:

* 60x processor interface signals

* L2 cache/multiple processor interface signals

* Memory interface signals

* PCl interface signals

* Interrupt, clock, and power management signals
e IEEE 1149.1 interface signals

* Configuration signals

Figure 2-1 illustrates the signals of the MPC106, showing how the signals are grouped. A
pinout diagram showing actual pin numbers is included in the MPC106 hardware
specifications.
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Figure 2-1. MPC106 Signal Groupings

MPC106 PCIB/MC User's Manual

MOTOROLA



2.2 Signal Descriptions

This section describes individual MPC106 signals, grouped according to Figure 2-1. The
following sections are intended to provide a quick summary of signal functions. Table 2-1
provides an alphabetical cross-reference to the signals of the MPC106. It details the signal
name, interface, alternate functions, number of signals, whether the signal is an input,
output, or bidirectional, and finally a pointer to the section in this chapter where the signal
is described.

Table 2-1. MPC106 Signal Cross Reference

Alternate Number "
Signal Signal Name Interface Function(s) of Pins [/[e] Section #
A[0-31] Address bus 60x processor | — .32 l{e] 2221
AACK Address 60x processor | — 1 110 2222
acknowledge
AD[31-0] Address/data PCI - 32 /0 2.25.1
ADS Address strobe Internal L2 DALE 1 (0] 2.23.11
controller BRL2
ARO ROM address 0 Memory MAO 1 (o] 2.2.41
AR[1-8] ROM address 1-8 | Memory PAR[0O-7] 8 [e] 2242
AR[9-20] ROM address 9-20 | Memory MA[1-12] 12 (o] 2243
SDBAO,
SDMA[1-11]
ARTRY Address retry 60x processor | — 1 110 2223
BAO Burst address 0 Internal L2 BR3 1 o 22312
controller
BA1 Burst address 1 Internal L2 BAA 1 o 2.231.3
controller BGL2
BAA Bus address Internal L2 BA1 1 (0] 22314
advance controller BGL2
BCTL[0-1] Buffer control 0-1 Memory —_ 2 (0] 2244
BGO Bus grant 0 60x processor | — 1 o 2224
BG1 Bus grant 1 Multiple DIRTY_OUT |1 o 2.2.3.3.1
Processor
BG2 Bus grant 2 Multiple TWE 1 o 2.2.3.3.1
Processor
BG3 Bus grant 3 Multiple DCS 1 (o] 2.23.3.1
Processor
BGL2 External L2 bus External L2 BA1 1 [e] 22321
grant controller BAA
BRO Bus request 0 60x processor | — 1 | 2225
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Table 2-1. MPC106 Signal Cross Reference (Continued)

" Alternate Number
Signal Signal Name Interface Function(s) of Pins vo Section #
BR1 Bus request 1 Multiple DIRTY_IN 1 1 2.23.3.2
Processor
BR2 Bus request 2 Multiple TV 1 1 22332
Processor
BR3 Bus request 3 Multiple BAO 1 | 2.23.3.2
Processor
BRL2 External L2 bus External L2 ADS 1 I 22322
request controller DALE
CAS[0-7] Column address Memory DQOM[0-7] 8 0 2245
strobe 0-7
C/BE[3-0] Command/byte PCI — 4 /10 2252
enable
CI Caching-inhibit 60x processor | — 1 /o] 2226
CKE SDRAM clock Memory DBGLB 1 (0] 2246
enable )
CKO Test clock Clock DWE2 1 (0] 2.26.1
CS[0-7] SDRAM command | Memory RAS[0-7] 8 0 2247
select
DALE Data address latch | Internal L2 ADS 1 (o] 2.23.15
enable controller BRL2
DBGO Data bus grant 0 60x processor |- — 1 o 2227
DBGO ! Address map Configuration | — 1 1 2.28.1
DBG1 Data bus grant 1 Muitiple TOE 1 0 22333
Processor
DBG2 Data bus grant 2 Multiple DWEG 1 o 22333
Processor
DBG3 Data bus grant 3 Multiple DWET 1 [o} 22333
Processor
DBGL2 External L2 data External L2 DOE 1 o} 22323
bus grant controller
DBGLB Data bus grant 60x processor | CKE 1 (o} 2228
local bus slave
DCS Data RAM chip Internal L2 BG3 1 o 2.23.1.6
select controller
DEVSEL Device select PCI — 1 /0 2.253
DH[0-31], Data bus 60x processor | — 64 /0 2229
DL[0-31]
DIRTY_IN Dirty in Internal L2 BR1 1 | 22317
' controlier
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Table 2-1. MPC106 Signal Cross Reference (Continued)

Alternate

Number

Signal Signal Name Interface Function(s) of Pins Vo Section #
DIRTY_OUT Dirty out Internal L2 BGT1 1 (0] 2.2.3.1.8
controller
DOE Data RAM output Internal L2 DBGL2 1 o 22319
enable controller
DQMI[0-7] SDRAM data Memory CAS[0-7] 8 (o] 2248
qualifier
DWE[0-2] Data RAM write Internal L2 DBG2 3 o 2.23.1.10
enable 0-2 controlier DBG3
CKO
FLSHREQ Flush request PCI (sideband) | — 1 | 2.25.14.1
FOE Flash output Memory — 1 0 2249
enable
FOE ! ROM bank 0 Configuration | — 1 | 2282
data path width
FRAME Frame PCI - 1 110 2254
GBL Global 60x processor | — 1 /0 2.2.2.10
GNT PCI bus grant PCI — 1 I 2255
HIT Hit Internal L2 — 1 1 2.23.1.11
controller
HIT External L2 hit External L2 — 1 1 22324
controller
HRST Hard reset Interrupt — 1 | 2.26.2
IRDY Initiator ready PCI - 1 110 2.25.6
ISA_MASTER | ISA master PCI (sideband) | — 1 | 2.25.14.2
AIM Local bus slave 60x processor | — 1 | 22211
clairm
LOCK Lock PCI — 1 1 2257
MAO, Memory address Memory ARO, 13 (o] 2.24.10
MA[1-12] 0-12 AR[9-20]
SDBAO,
SDMA[1-117]
MCP Machine check 60x processor | — 1 (o] 22212
MDLE Memory data latch | Memory SDCAS 1 0 22411
enable
MEMACK Flush acknowledge | PCI (sideband) | — 1 (o] 2.25.143
NMI Nonmaskable Interrupt — 1 1 2.26.3
interrupt
PAR Parity PCI — 1 /0 2258
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Table 2-1. MPC106 Signal Cross Reference (Continued)

Alternate Number .
Signal Signal Name Interface Function(s) of Pins vo Section #
PAR[0-7] Data parity 0-7 Memory AR[1-8] 8 /0 22412
PERR Parity error PCI — 1 /[o] 2259
PIRQ Modified memory PCI (sideband) DRA 1 o] 2.2514.4
interrupt request
PLL[0-3] Clock mode Configuration —_ 4 | 2.2.8.3
PPEN Parity path read Memory — 1 (0] 22413
enable
QACK Quiesce Power — 1 (o] 2.26.4
acknowledge Management
QREQ Quiesce request Power — 1 1 2265
Management
RAS[0-7] Row address Memory CS[0-7] 8 0 2.2.4.14
strobe 0-7
RCS0 ROM/bank 0 select | Memory — 1 (0] 2.2.4.15
.RCS0! ROM location Configuration | — 1 1 2284
RCS1 ROM/bank 1 select | Memory —_ 1 (0] 2.24.16
REQ PClI bus request PCI — 1 (o} 2.25.10
RTC Real time clock Memory — 1 | 22417
SDBAO SDRAM bank Memory MA1 1 (o} 2.24.18
select AR9
SDCAS SDRAM column Memory MDLE 1 (o] 2.24.19
address strobe
SDMA[1-11] SDRAM address Memory AR[10-20] 13 (o] 2.2.4.20
1-11
SDRAS SDRAM row Memory PIR 1 o 2.2.4.21
address strobe
ERR System error PCl — 1 /o 2.25.11
STOP Stop PCI —_ 1 l[e} 2.25.12
SUSPEND Suspend Power — 1 I 2.2.6.6
Management
SYSCLK System clock Clock — 1 | 2.2.6.7
TA Transfer 60x processor | — 1 T} 22213
acknowledge
TBST Transfer burst 60x processor | — 1 /0 22214
TCK JTAG test clock IEEE 1149.1 — 1 ! 2271
JTAG
2-6 MPC106 PCIB/MC User's Manual MOTOROLA



Table 2-1. MPC106 Signal Cross Reference (Continued)

. Alternate Number "
Signal Signal Name Interface Function(s) of Pins 1] Section #
TDO JTAG test data IEEE 1149.1 —_ 1 (o] 2272
output JTAG
TDI JTAG test data IEEE 1149.1 — 1 1 2273
Input JTAG
TEA Transfer error 60x processor | — 1 (0] 22.2.15
acknowledge
TOE Tag output enable Internal L2 DBGT 1 o 2.2.3.1.12
controller
TMS JTAG test mode |IEEE 1149.1 —_ 1 | 2274
select JTAG
TRDY Target ready PCI — 1 Vo] 225.13
TRST JTAG test reset |IEEE 1149.1 — 1 1 2275
JTAG
TS Transfer start 60x processor | — 1 110 2.2.2.16
TSIZ[0-2] Transfer size 60x processor | — 3 /0 22217
TT[0-4] Transfer type 60x processor | — 5 /0 22218
TV Tag valid Internal L2 BR2 1 110 2.2.3.1.13
controller
TWE Tag write enable Internal L2 BG2 1 0 2.2.3.1.14
controller
WE Write enable Memory — 1 o] 22422
WT Write-through 60x processor | — 1 /10 22219
XATS Extended address 60x processor | — 1 | 2.2.2.20
transfer start :

1 The MPC106 samples these signals at power-on reset or hard reset to determine the configuration. After they
are sampled, they assume their normal functions. See Section 2.2.8, “Configuration Signals,” for more
information.

2.2.1 Signal States at Reset

When a system reset request is recognized (HRST or power-on reset), the MPC106 aborts
all current internal and external transactions, releases all bidirectional I/O signals to a high-
impedance state, ignores the input signals (except for SYSCLK, and the configuration
signals DBGO, FOE, RCSO0, and PLL[0-3]), and drives most of the output signals to an
inactive state. (Table 2-2 shows the states of the output-only signals during system reset.)
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2.2.2

Table 2-2. Output Signal States during System Reset

Interface

Signal

State during System Reset

60x processor

BGO
MCP
TEA

Negated

DBGLB/CKE

Driven, but with indeterminate state

DBGO

Configuration input during system reset

ADS/DALE
DBGL2/DOE
DCS
DIRTY_OUT
DWE[0-2]
TOE

Negated

BAA/BAT/BGL2
TWE

Driven, but with indeterminate §tate

Memory

MA[0-12)/
SDBAO,SDMA[1-11]

High-impedance

BCTL[0-1]
CTAS/DQM[0-7]
MDLE/SDCAS
PPEN
RAS/CS[0-7]
RCST

WE

Negated

FOE
RCS0

Configuration input during system reset

PCl

MEMACK
REQ
PIRQ/SDRAS

' High-impedance

Clock

CKO

Internal (core) clock

Power management

QACK

High-impedance

IEEE 1149.1 JTAG

TDO

High-impedance

60x Processor Interface Signals

This section provides descriptions of the 60x processor interface signals on the MPC106.
Note that with the exception of BGn, BRn, DBGrn, DBGLB, and LBCLAIM, all of the 60x
processor interface signals are connected to all processors in a multiprocessor system. See
Section 4.1.2, “Multiprocessor System Configuration,” for more information.

2.2.2.1 Address Bus (A[0-31])
The address bus (A[0-31]) consists of 32 signals that are both input and output signals.
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2.2.2.1.1 Address Bus (A[0-31])—Output
Following are the state meaning and timing comments for A[0-31] as output signals.

State Meaning

Timing Comments

Asserted/Negated—Specifies the physical address for 60x bus
snooping.
Assertion/Negation—Driven valid in the same clock cycle as the

assertion of TS. Once driven, these signals remain valid for the entire
address tenure.

High-impedance—Occurs one clock cycle after the assertion of
AACK.

2.2.2.1.2 Address Bus (A[0-31])—Input
Following are the state meaning and timing comments for A[0-31] as input signals.

State Meaning

Timing Comments

Asserted/Negated—Specifies the physical address of the bus
transaction. For burst reads, the address is aligned to the critical
double-word address that missed in the instruction or data cache. For
burst writes, the address is aligned to the double-word address of the
cache line being pushed from the data cache.

Assertion/Negation—Must occur in the same clock cycle as the
assertion of TS. Once driven, these signals must remain stable for the
entire address tenure.

High-impedance—Occurs one clock cycle after the assertion of
AACK.

2.2.2.2 Address Acknowledge (AACK)
The address acknowledge (AACK) signal is an input and output signal on the MPC106.

2.2.2.2.1 Address Acknowledge (AACK)—Output
Following are the state meaning and timing comments for AACK as an output signal.

State Meaning

Timing Comments

Asserted—Indicates that the address tenure of a transaction is
terminated. On the clock cycle following the assertion of AACK, the
bus master releases the address-tenure-related signals to the high-
impedance state and samples ARTRY.

Negated—Indicates that the address tenure must remain active, and
all address-tenure-related signals must remain valid.

Assertion—Occurs a programmable number of clock cycles after TS
and whenever ARTRY conditions are resolved. For pipelined
transactions, AACK is asserted in the same clock cycle or after the
last TA of the previous data tenure. When using the internal L2
controller, the assertion of AACK is delayed to hold the address valid
for the tag update.

Negation—Occurs one clock cycle after assertion.
High-impedance—Occurs one clock cycle after negation.
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2.2.2.2.2 Address Acknowledge (AACK)—Input
Following are the state meaning and timing comments for AACK as an input signal.

State Meaning

Timing Comments

Asserted—Indicates that the externally-controlled L2 cache is
terminating the address tenure. On the cycle following the assertion
of AACK, the bus master releases the address tenure related signals
to the high-impedance state and samples ARTRY.

Negated—Indicates that the address tenure must remain active, and
all address-tenure-related signals must remain valid.

Assertion—Occurs anytime after the assertion of TS when ARTRY
is valid (or expected to be valid in the next clock cycle). For pipelined
transactions, the assertion of AACK should not occur before the last
TA of the previous data tenure.

Negation—Occurs one clock cycle after assertion.
High-impedance—Occurs one clock cycle after negation.

2.2.2.3 Address Retry (ARTRY)
The address retry (ARTRY) signal is both an input and output signal on the MPC106.

2.2.2.3.1 Address Retry (ARTRY)—Output
Following are the state meaning and timing comments for ARTRY as an output signal.

State Meaning

Timing Comments

Asserted—Indicates that the initiating 60x bus master must retry the
current address tenure.

Negated/High-impedance—Indicates that the MPC106 does not
require the address tenure to be retried.

Assertion—For processor to system memory accesses, OCcurs two
clock cycles after TS. For processor to PCI accesses, the MPC106
withholds ARTRY and AACK until the ARTRY condition for the
PCI access is resolved. See Section 4.3.3.1, “MPC106 Snoop

" Response,” for more information. Once asserted, occurs one clock

after the assertion of AACK.

Negation/High-impedance—ARTRY is released to high-impedance
for the first half of the second clock cycle after the assertion of
AACK, then it is negated for one clock, and then it is released to
high-impedance.

2.2.2.3.2 Address Retry (ARTRY)—Input
Following are the state meaning and timing comments for ARTRY as an input signal.

State Meaning

Asserted—During a snoop operation, indicates that the 60x either
requires the current address tenure to be retried due to a pipeline
collision or needs to perform a snoop copy-back operation.

During normal 60x bus cycles in a multiprocessor system, indicates
that the other 60x requires the address tenure to be retried.
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Timing Comments

Negated/High-impedance—Indicates that the address tenure is not
required to be retried.

Assertion—Occurs one clock after the assertion of AACK. Note that
ARTRY may be asserted early, but it is sampled one clock after the -
2

assertion of AACK.

Negation/High-impedance—ARTRY is released to high-impedance
for the first half of the second clock cycle after the assertion of
AACK, then it is negated for one clock, and then it is released to
high-impedance.

2.2.2.4 Bus Grant 0 (BG0)—Output

The bus grant 0 (BGO) signal is an output on the MPC106. Following are the state meaning
and timing comments for the BGO signal.

State Meaning

Timing Comments

Asserted—Indicates that the primary 60x processor may, with the
proper qualification, begin a bus transaction and assume mastership
of the address bus.

Negated—Indicates that the primary 60x processor is not granted
mastership of the next address bus tenure.

Assertion—Occurs when BRO is the highest priority request that is
asserted. Also occurs if the 60x bus is parked on the primary 60x
processor and no other request is pending.

Negation—Occurs when other higher priority transactions are
pending.

2.2.2.5 Bus Request 0 (BRO)—Input

The bus request 0 (BRO) signal is an input on the MPC106. Following are the state meaning
and timing comments for the BRO signal.

State Meaning

Timing Comments

Asserted—Indicates that the primary 60x processor requires
mastership of the 60x bus for a transaction.

Negated—Indicates that the primary 60x processor does not require
mastership of the 60x bus.

Assertion—May occur when bus grant 0 (BGO) is negated and a bus
transaction is needed by the 60x processor. This may occur even if
the two possible pipeline accesses have already occurred.

Negation—Occurs for at least one clock cycle after an accepted,
qualified bus grant, even if another transaction is pending on the 60x
processor. It is also negated for at least one clock cycle when the
assertion of ARTRY is detected on the 60x bus (except for assertions
due to primary 60x snoop copy-back operations).
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2.2.2.6 Caching-Inhibited (Cl)—Input/Output

The caching-inhibited (CI) signal is both an input and output signal on the MPC106.
Following are the state meaning and timing comments for the CI signal.

State Meaning Asserted—Indicates that an access is caching-inhibited.

Negated—Indicates that an access is caching-allowed. Note that CI
is always negated for snoop cycles initiated by the MPC106.

Timing Comments Assertion/Negation—The same as A[0-31].
High-impedance—The same as A[0-31].

2.2.2.7 Data Bus Grant 0 (DBGO0)—Output

The data bus grant 0 (DBGO) signal is an output on the MPC106. Following are the state
meaning and timing comments for the DBGO signal. Note that DBGO also serves as a
configuration input at power-on reset (POR). See Section 2.2.8, “Configuration Signals,”
for more information.

State Meaning Asserted—Indicates that the primary 60x may, with the proper
qualification, assume mastership of the data bus. A qualified data bus
grant is defined as the assertion of BGO and negation of ARTRY. The
requirement for the ARTRY signal is only for the address bus tenure
associated with the data bus tenure about to be granted (that is, not
for another address tenure available because of address pipelining).

Negated—Indicates that the primary 60x processor is not granted
mastership of the data bus.

Timing Comments Assertion—Occurs on the first clock cycle in which the data bus is
not busy and the primary 60x processor has the highest priority
outstanding data transaction. If the data bus is parked on the primary
60x processor, DBGO is asserted one clock cycle after BGO. In fast-
L2 mode, DBGO may be asserted as early as the same clock cycle as
the last TA of the previous data tenure.

Negation—Occurs one clock cycle after assertion.

2.2.2.8 Data Bus Grant Local Bus Slave (DBGLB)—Output

The data bus grant local bus slave (DBGLB) signal is an output on the MPC106. Following
are the state meaning and timing comments for the DBGLB signal.

State Meaning Asserted—Indicates, to the local bus slave, that the MPC106 has
granted a 60x processor the data bus. If the cycle is a local bus slave
cycle, the local bus slave can use the data bus to transfer data to the
60x processor.

Negated—Indicates that a 60x processor has not been granted
mastership of the data bus.

Timing Comments Assertion—The same as DBGn except if the previous transaction is
an external L2 cache operation and the externally-controlled L2
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asserted AACK before DBGn. In that case, DBGLB is not asserted
for the external L2 cache transaction (so as not to confuse the local
bus slave). See Section 4.4.5, “60x Local Bus Slave Support,” for
more information.

Negation—Occurs one clock cycle after assertion.

2.2.2.9 Data Bus (DH[0-31], DL[0-31])

The data bus (DH[0-31], DL[0-31]) consists of 64 signals that are both input and output
signals on the MPC106. The data bus is comprised of two halves—data bus high (DH[0-
31]) and data bus low (DL[0-31]). Table 2-3 specifies the byte lane assignments for the data

bus.

Table 2-3. Data Bus Byte Lane Assignments

Data Bus Signals Byte Lane

DH[0-7] 0 (MSB)

DH[8-15] 1

DH[16~23]
DH[24-31]

DL[8-15]
DL[16-23]

2
3
DL[O-7] 4
5
6
7

DL[24-31] (LSB)

2.2.2.9.1 Data Bus (DH[0-31], DL[0-31])—Output
Following are the state meaning and timing comments for the data bus as output signals.

State Meaning

Timing Comments

Asserted/Negated—Represents the value of data being driven by the
MPC106.

Assertion/Negation—For a 60x processor read transaction, the data
bus signals are valid one clock cycle after the DBGn signal is
asserted. For PCI-to-memory or internal buffer flush transactions,
the data bus signals are valid at least one clock cycle after the data
bus becomes idle.

High-impedance—For 60x processor read transactions, the data bus
signals are released to high-impedance one clock cycle after the last
assertion of TA or one clock cycle after detecting a qualified ARTRY.
For PCI-to-memory or internal buffer flush transactions, the data bus
signals are released to high-impedance when the transaction is
complete.
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2.2.2.9.2 Data Bus (DH[0-31], DL[0-31])—Input
Following are the state meaning and timing comments for the data bus as input signals.

State Meaning Asserted/Negated—Represents the state of data being driven by a
60x processor, the L2 cache, or the memory subsystem.

Timing Comments Assertion/Negation—For a 60x processor write transaction, the data
bus signals are valid one clock cycle after the assertion of DBGn. For
an L2 copy-back transaction, the data bus signals are valid when data
RAM output enable (DOE) is asserted. For a memory read
transaction, the data bus signals are valid at a time dependent on the
memory interface configuration. Refer to Chapter 6, “Memory
Interface,” for more information.

High-impedance—the data bus signals are released to high-
impedance one clock cycle after the last assertion of TA. If the
address tenure is ARTRYd, the data bus signals go to a high-
impedance state one clock cycle after the qualified ARTRY.

2.2.2.10 Global (GBL)—Input/Output

The global (GBL) signal is both an input and output signal on the MPC106. Following are
the state meaning and timing comments for the GBL signal.

State Meaning Asserted—Indicates that an access is global. Coherency needs to be
enforced by hardware. Note that GBL is always asserted for snoop
cycles initiated by the MPC106.

Negated—Indicates that an access is not global. Hardware-enforced
coherency is not required.

Timing Comments Assertion/Negation—The same as A[0-31].
High-impedance—The same as A[0-31].

2.2.2.11 Local Bus Slave Claim (LBCLAIM)—Input

The local bus slave claim (LBCLAIM) signal is an input on the MPC106. Following are the
state meaning and timing comments for the LBCLAIM signal.

State Meaning Asserted—Indicates that the local bus slave claims the transaction
and is responsible for driving TA during the data tenure.

Negated—Indicates that the transaction is not claimed by the local
bus slave.

Timing Comments Assertion—The MPC106 samples the LBCLAIM signal when
PICR2[CF_L2_HIT_DELAY] expires.

Negation—Occurs one clock cycle after assertion.

2.2.2.12 Machine Check (MCP)—Output

The machine check (MCP) signal is an output on the MPC106. Following are the state
meaning and timing comments for the MCP output signal.
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State Meaning Asserted—Indicates that the MPC106 detected an illegal
transaction, a memory select error, or a parity error on a memory
read cycle. Assertion of SERR, PERR, or NMI may also trigger
MCP.

Negated—Indicates that normal operation should proceed.
Timing Comments Assertion—Occurs synchronous to the 60x bus clock.

Negation/high-impedance—Occurs after all error flags have been
cleared by software and the machine check exception vector has
been accessed. The configuration parameter, SHARED_MCP, in
power management configuration register 2 (PMCR?2) controls
whether the MPC106 negates MCP or releases MCP to high-
impedance.

2.2.2.13 Transfer Acknowledge (TA)
The transfer acknowledge (TA) signal is both an input and output signal on the MPC106.

2.2.2.13.1 Transfer Acknowledge (TA)—Output
Following are the state meaning and timing comments for TA as an output signal.

State Meaning Asserted—Indicates that the data has been latched for a write
operation, or that the data is valid for a read operation, thus
terminating the current data beat. If it is the last (or only) data beat,
this also terminates the data tenure.

Negated—Indicates that the 60x must extend the current data beat
(insert wait states) until data can be provided or accepted by the
MPC106.

Timing Comments Assertion—Occurs when the current data beat can be completed.

Negation—Occurs after the clock cycle of the final (or only) data
beat of the transfer. For a burst transfer, TA may be negated between
beats to insert one or more wait states before the completion of the
next beat.

High-impedance—Occurs one-half clock cycle after negation.

2.2.2.13.2 Transfer Acknowledge (TA)—Input
Following are the state meaning and timing comments for TA as an input signal.

State Meaning Asserted—Indicates that the external L2 cache or local bus slave has
latched data for a write operation, or is indicating the data is valid for
aread operation, thus terminating the current data beat. If it is the last
(or only) data beat, the data tenure is terminated.

Negated—Indicates that the 60x bus master must extend the current
data beat (insert wait states) until data can be provided or accepted
by the external L2 cache or local bus slave.
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Timing Comments Assertion—Occurs when the current data beat can be completed.

Negation—Occurs after the clock cycle of the final (or only) data
beat of the transfer. For a burst transfer, TA may be negated between
beats to insert one or more wait states before the completion of the
next beat.

High-impedance—Occurs one-half clock cycle after negation.

2.2.2.14 Transfer Burst (TBST)
The transfer burst (TBST) signal is an input and output signal on the MPC106.

2.2.2.14.1 Transfer Burst (TBST)—Output

Following are the state meaning and timing comments for TBST as an output signal. Note

that all MPC106-generated snoop operations are 8-word bursts; therefore, TBST is always

asserted for snoop operations.

State Meaning Asserted—Indicates that a burst transfer is in progress.
Negated—Indicates that a burst transfer is not in progress.

Timing Comments Assertion/Negation—The same as A[0-31].

High-impedance—The same as A[0-31].

2.2.2.14.2 Transfer Burst (TBST)—Input
Following are the state meaning and timing comments for TBST as an input signal.

State Meaning Asserted—Indicates that a burst transfer is in progress.
Negated—Indicates that a burst transfer is not in progress.

Timing Comments Assertion/Negation—The same as A[0-31].
High-impedance—The same as A[0-31].

2.2.2.15 Transfer Error Acknowledge (TEA)—Output

The transfer error acknowledge (TEA) signal is an output on the MPC106. Note that the
TEA signal can be disabled by clearing the TEA_EN bit in processor interface
configuration register 1 (PICR1). Following are the state meaning and timing comments for
the TEA signal.

State Meaning Asserted—Indicates that a bus error has occurred. Assertion of TEA
terminates the data transaction in progress; that is, it is not necessary
to assert TA because it is ignored by the target processor. An
unsupported transaction will cause the assertion of TEA (provided
TEA is enabled). Unsupported transactions include the following:

A direct-store access

A graphics read or write (eciwx or ecowx)

A write to the PCI interrupt acknowledge space

A write to Flash space, when Flash writes are disabled
e An aborted processor-to-PCI transaction
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Negated—Indicates that no bus error has been detected.

Timing Comments Assertion—Occurs during the data tenure in which the bus error is
detected.

Negation—Occurs one clock after assertion.

2.2.2.16 Transfer Start (TS)
The transfer start (TS) signal is both an input and an output signal on the MPC106.

2.2.2.16.1 Transfer Start (TS)—Output
Following are the state meaning and timing comments for the TS output signal.

State Meaning Asserted—Indicates that the MPC106 has started a bus transaction,
and that the address and transfer attribute signals are valid. Note that
the MPC106 only initiates a transaction to broadcast the address of a
PCI access to memory for snooping purposes.

Negated—Has no special meaning.

Timing Comments Assertion—Occurs two clock cycles after BGn is negated and the
address bus is idle.

Negation—Occurs one clock cycle after assertion.

High-impedance—Occurs one clock cycle after the assertion of
AACK.

2.2.2.16.2 Transfer Start (TS)—Input
Following are the state meaning and timing comments for the TS input signal.

State Meaning Asserted—Indicates that a 60x bus master has begun a bus
transaction, and that the address and transfer attribute signals are
valid.

Negated—Has no special meaning.
Timing Comments Assertion—May occur one clock cycle after BGn is asserted.
Negation— Occurs one clock cycle after assertion.

2.2.2.17 Transfer Size (TSIZ[0-2])

The transfer size (TSIZ[0-2]) signals consist of three input and output signals on the
MPC106.

2.2.2.17.1 Transfer Size (TSIZ[0-2])—Output

Following are the state meaning and timing comments for TSIZ[0-2] as output signals.
Note that all MPC106-generated snoop operations are eight-word bursts; therefore
TSIZ[0-2] are always 0b010 for snoop operations.

State Meaning Asserted/Negated—In conjunction with the transfer burst (TBST)
' signal, TSIZ[0-2] specify the data transfer size for the 60x bus
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transaction. Refer to Section 4.3.2.2, “TBST and TSIZ[0-2] Signals
and Size of Transfer,” for transfer size encodings.

Timing Comments Assertion/Negation—The same as A[0-31].
High-impedance—The same as A[0-31].

2.2.2.17.2 Transfer Size (TSI1Z[0-2])—Input
Following are the state meaning and timing comments for TSIZ[0-2] as input signals.

State Meaning Asserted/Negated—In conjunction with the transfer burst (TBST)
signal, TSIZ[0-2] specify the data transfer size for the 60x bus’
transaction. Refer to Section 4.3.2.2, “TBST and TSIZ[0-2] Signals
and Size of Transfer,” for transfer size encodings.

Timing Comments Assertion/Negation—The same as A[0-31].
High-impedance—The same as A[0-31].

2.2.2.18 Transfer Type (TT[0-4])
The transfer type (TT[0-4]) signals consist of five input and output signals on the MPC106.

2.2.2.18.1 Transfer Type (TT[0-4])—Output
Following are the state meaning and timing comments for TT[0—4] as output signals.
State Meaning Asserted/Negated—Specifies the type of 60x bus transfer in progress

for snooping. Refer to Section 4.3.2.1, “Transfer Type Signal
Encodings,” for transfer type encodings.

Timing Comments Assertion/Negation—The same as A[0-31].
. High-impedance—The same as A[0-31].

2.2.2.18.2 Transfer Type (TT[0-4])—Input
Following are the state meaning and timing comments for TT[0—4] as input signals.
State Meaning Asserted/Negated—Specifies the type of 60x bus transfer in

progress. Refer to Section 4.3.2.1, “Transfer Type Signal
Encodings,” for transfer type encodings.

Timing Comments Assertion/Negation—The same as A[0-31].
High-impedance—The same as A[0-31].

'2.2.2.19 Write-Through (WT)—Input/Output

The write-through (WT) signal is both an input and output signal on the MPC106.
Following are the state meaning and timing comments for the WT signal.

State Meaning = Asserted—Indicates that an access is write-through.

Negated—Indicates that an access is write-back. Note that WT is
always negated for snoop cycles initiated by the MPC106.

Timing Comments Assertion/N egation—The same as A[0-31].
High-impedance—The same as A[0-31].
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2.2.2.20 Extended Address Transfer Start (XATS)—Input

The XATS signal is an input on the MPC106. Following are the state meaning and timing
comments for the XATS signal.

State Meaning Asserted—Indicates that the 60x has started a direct-store access
(using the extended transfer protocol). Since direct-store accesses
are not supported by the MPC106, the MPC106 automatically
asserts the TEA signal when XATS is asserted (provided TEA is
enabled). If TEA is disabled, the MPC106 terminates the direct-store
access by asserting TA; however, no data is altered for write
operations, and invalid data is returned on read operations.

Negated—Has no special meaning.

Timing Comments Assertion—May occur one clock cycle after BGn is asserted. The
XATS signal can only be asserted by a processor (that is, the
MPC106 cannot assert XATS).

Negation—Occurs one clock cycle after assertion.

2.2.3 L2 Cache/Multiple Processor Interface Signals

The MPC106 provides support for either an internal L2 controller or an external L2
controller and/or multiple 60x processors.

The signals ADS/DALE/BRL2, BA1/BAA/BGL2, DOE/DBGL2, and HIT function
differently depending on whether the MPC106 is in the internal L2 controller or external
L2 controller mode.

The signals BAO/BR3, DCS/BG3, DIRTY_IN/BR1, DIRTY_OUT/BG1, DWEO/DBG?2,
DWE1/DBG3, TOE/DBGI1, TV/BR2, and TWE/BG2 function differently depending on
whether the MPC106 is in the internal L2 controller or multiple 60x processor mode.

Section 2.2.3.1, “Internal L2 Controller Signals,” describes the internal L2 controller
configuration for these signals; Section 2.2.3.2, “External L2 Controller Signals,” describes
the external L2 controller configuration for these signals; and Section 2.2.3.3, “Multiple
Processor Interface Signals,” describes the multiple processor configuration for these
signals.

2.2.3.1 Internal L2 Controller Signals

This section provides a brief description of the interface signals for the internal L2
controller. The internal L2 controller supports synchronous burst SRAMs, pipelined burst
SRAMs, and asynchronous SRAMs. Some of the signals perform different functions
depending on the SRAM configuration.
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2.2.3.1.1 Address Strobe (ADS)—Output

The address strobe (ADS) signal is an output on the MPC106. It is used for burst SRAM
configurations only. Asynchronous SRAM configurations use the alternate function DALE.
Following are the state meaning and timing comments for the ADS signal. Note that this
signal has an on-chip pull-up resistor.

State Meaning Asserted—Indicates that the address is valid to be latched by the
burst SRAMs.

Negated—Indicates that the burst SRAMs should use addresses from
their internal counters.

Timing Comments Assertion—The MPC106 asserts ADS during the 60x bus address
phase. The MPC106 also asserts ADS when a write cycle needs to be
aborted.

Negation—The MPC106 negates ADS until the data access is
completed.

2.2.3.1.2 Burst Address 0 (BA0)—Output

The burst address 0 (BAO) signal is an output on the MPC106. It is used for asynchronous
SRAM configurations only. Following are the state meaning and timing comments for the
BAGO signal.

State Meaning Asserted/Negated—Indicates the most-significant bit of the burst
counter address. .

Timing Comments Assertion/Negation—Valid when DALE is negated, after each TA
assertion.

2.2.3.1.3 Burst Address 1 (BA1)—Output

The burst address 1 (BA1) signal is an output on the MPC106. It is used for asynchronous
SRAM configurations only. Burst SRAM configurations use the alternate function BAA.
Following are the state meaning and timing comments for the BA1 signal.

State Meaning  Asserted/Negated—Indicates the least-significant bit (Isb) of the
burst counter address.

Timing Comments Assertion/Negation—Valid when DALE is negated, after each TA
assertion.

2.2.3.1.4 Bus Address Advance (BAA)—Output

The bus address advance (BAA) signal is an output on the MPC106. It is used for burst
SRAM configurations only. Asynchronous SRAM configurations use the alternate function
BA1. Following are the state meaning and timing comments for the BAA signal.

State Meaning | Asserted—Indicates that the burst SRAMs should increment their
internal addresses.

Negated—Indicates no change to the addresses.
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Timing Comments Assertion/Negation—The MPC106 asserts BAA together with TA
during a read access and one clock cycle after TA during write
accesses (to advance the burst address).

2.2.3.1.5 Data Address Latch Enable (DALE)—Output

The data address latch enable (DALE) signal is an output on the MPC106. Following are
the state meaning and timing comments for the DALE signal.

State Meaning ' Asserted—Indicates the external address latch should latch the
current 60x bus address.

Negated—Indicates the external address latch should be transparent.

Timing Comments Assertion—Occurs when the data SRAM access starts and the
address is valid.

Negation—Occurs when the data access is completed.

2.2.3.1.6 Data RAM Chip Select (DCS)—Output

The data RAM chip select (DCS) signal is an output on the MPC106. Following are the
state meaning and timing comments for the DCS signal.

State Meaning Asserted—Enables the L2 data RAMs for read or write operations.
Negated—Disables the L2 data RAMs.

Timing Comments Assertion/Negation—For a burst SRAM configuration, DCS is valid
when ADS is asserted.
—or—
For a pipelined burst SRAM configuration, DCS is valid when ADS
or TS is asserted.
—or—
For an asynchronous SRAM configuration, DCS is asserted when a
data read or write is in progress. DCS is negated when the L2 cache
is idle.

2.2.3.1.7 Dirty In (DIRTY_IN)—Input

The dirty in (DIRTY_IN) signal is an input on the MPC106. The polarity of the DIRTY_IN
signal is programmable by using the PICR2[CF_MOD_HIGH] parameter; see
Section 3.2.7, “Processor Interface Configuration Registers,” for more information.
Following are the state meaning and timing comments for the DIRTY_IN signal.

State Meaning Asserted—Indicates that the selected L2 cache line is modified.
Negated—Indicates that the selected L2 cache line is unmodified.
Timing Comments Assertion/Negation—The DIRTY_IN signal is valid when the L2 hit

delay after TS expires. The DIRTY_IN signal is held valid until the
end of the address phase.
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2.2.3.1.8 Dirty Out (DIRTY_OUT)—Output

The dirty out (DIRTY_OUT) signal is an output on the MPC106. The polarity of the
DIRTY_OUT signal is programmable by using the PICR2[CF_MOD_HIGH] parameter;
see Section 3.2.7, “Processor Interface Configuration Registers,” for more information.
Following are the state meaning and timing comments for the DIRTY_OUT signal.

State Meaning Asserted—Indicates that the L2 cache line should be marked
modified.

Negated—Indicates that the L2 cache line should be marked
unmodified.

Timing Comments Assertion/Negation—The DIRTY_OUT signal is valid when the tag
write enable (TWE) signal is asserted to indicate a new line status.
The DIRTY_OUT signal is held valid for one clock cycle after TWE
is negated.

2.2.3.1.9 Data RAM Output Enable (DOE)—Output
The data RAM output enable (DOE) signal is an output on the MPC106. Following are the
state meaning and timing comments for the DOE signal.

State Meaning Asserted—Indicates that the L2 data RAMs should drive the data
bus.

Negated—Indicates that the L2 data RAM outputs should be
released to the high-impedance state.

Timing Comments Assertion/Negation—See Chapter 5, “Secondary Cache Interface,”
for more detailed timing information.

2.2.3.1.10 Data RAM Write Enable (DWE[0-2])—Output

The data RAM write enable (DWE[0-2]) signals are outputs on the MPC106. Following
are the state meaning and timing comments for the DWEn signals.

State Meaning Asserted—Indicates that a write to the L2 data. RAMs is in progress.
Negated—Indicates that no writes to the L2 data RAMs are in
progress.

Timing Comments Assertion/Negation—See Chapter 5, “Secondary Cache Interface,”
for more detailed timing information. Note that all the DWE signals
have the same timing. They are not gated by byte enables. Multiple
DWE:s are used to reduce loading.

2.2.3.1.11 Hit (HIT)—Input

The hit (HIT) signal is an input on the MPC106. The polarity of the HIT signal is
programmable by using the PICR2[CF_HIT_HIGH] parameter; see Section3.2.7,
“Processor Interface Configuration Registers,” for more information. Following are the
state meaning and timing comments for the HIT signal.

State Meaning Asserted—Indicates that the L2 cache has detected a hit.

Negated—Indicates that the L2 cache has not detected a hit.
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Timing Comments Assertion/Negation—The HIT signal is valid when the L2 hit delay
after TS expires, and held valid until the end of the address phase.
The L2 hit delay is programmable by using the
PICR2[CF_L2_HIT_DELAY] parameter.

2.2.3.1.12 Tag Output Enable (TOE)—Output
The tag output enable (TOE) signal is an output on the MPC106. Following are the state
meaning and timing comments for the TOE signal.

State Meaning Asserted—Indicates that the tag RAM should drive its indexed
content onto the 60x address bus.

Negated—Indicates that the tag RAM output should be released to
the high-impedance state.

Timing Comments Assertion/Negation—Asserted for two or three clock cycles for tag
read operations during L2 copy-back cycles (depending on
PICR2[CF_TOE_WIDTH]); see Chapter 5, “Secondary Cache
Interface,” for more detailed timing information.

2.2.3.1.13 Tag Valid (TV)—Output

The tag valid (TV) signal is an output on the MPC106. The polarity of the TV signal is
programmable by using the PICR2[CF_MOD_HIGH] parameter; see Section 3.2.7,
“Processor Interface Configuration Registers,” for more information. Also, note that this
signal has an on-chip pull-up resistor. Following are the state meaning and timing
comments for the TV signal.

State Meaning Asserted—Indicates that the current L2 cache line should be marked
valid.
Negated—Indicates that the current L2 cache line should be marked
invalid.

Timing Comments Assertion/Negation—The TV signal is valid when tag write enable
(TWE) is asserted to update the tag status. TV is held valid for one
clock cycle after TWE is negated. Otherwise, TV is normally driven
for tag lookup operations.

High-impedance—The TV signal is either released to a high-
impedance state during tag read operations or always driven
depending upon the parameters PICR2[CF_FAST_CASTOUT] and
PICR2[CF_HOLD]; see Section 3.2.7, “Processor Interface
Configuration Registers,” for more information.

2.2.3.1.14 Tag Write Enable (TWE)—Output
The tag write enable (TWE) signal is an output on the MPC106. Following are the state
meaning and timing comments for the TWE signal.

State Meaning Asserted—Indicates that the tag address, valid, and dirty bits should
be updated.
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Negated—Indicates that updating the tag address, valid, and dirty
bits is not currently necessary.

Timing Comments Assertion/Negation—The TWE signal is asserted for one clock cycle
during tag write operations.

2.2.3.2 External L2 Controller Signals

When an external L2 cache controller is used instead of the internal L2 controller, four
signals change their functions. This section provides a brief description of the signals used
by the MPC106 to interface with the external L2 cache controller.

2.2.3.2.1 External L2 Bus Grant (BGL2)—Output
The external L2 bus grant (BGL2) signal is an output on the MPC106. Following are the
state meaning and timing comments for the BGL?2 signal.

State Meaning Asserted—Indicates that the external L2 controller may assume
mastership of the 60x address bus.

Negatéd—Indicates that the external L2 controller is not granted
mastership of the next 60x address bus tenure.

Timing Comments Assertion—May occur at any time when the external L2 bus request
(BRL2) signal is asserted and the 60x address bus is available.

Negation—May occur at any time after assertion, or after BRL2 is
negated.

2.2.3.2.2 External L2 Bus Request (BRL2)—Input

The external L2 bus request (BRL2) signal is an input on the MPC106. Following are the
state meaning and timing comments for the BRL?2 signal. Note that this signal has an on-
chip pull-up resistor.

State Meaning Asserted—Indicates that the external L2 controller requires
mastership of the 60x bus for a transaction.

Negated—Indicates that the external L2 controller does not require
mastership of the 60x bus.

Timing Comments Assertion—May occur at any time.

Negation—May occur at any time. However, BRL2 must be negated
for at least one clock cycle after an accepted, qualified external L2
bus grant.

2.2.3.2.3 External L2 Data Bus Grant (DBGL2)—Output
The external L2 data bus grant (DBGL?2) signal is an output on the MPC106. Following are
the state meaning and timing comments for the DBGL?2 signal.

State Meaning Asserted—Indicates that the external L2 controller may assume
mastership of the 60x data bus.

Negated—Indicates that the external L2 controller is not granted
mastership of the data bus.
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Timing Comments Assertion—Occurs on the first clock cycle in which the data bus is
not busy and the external L2 controller has the highest priority
outstanding data transaction.

Negation—Occurs one clock cycle after assertion.

2.2.3.2.4 Hit (HIT)—Input

The hit (HIT) signal is an input on the MPC106. For the external L2 controller, the polarity
of the HIT signal is always active low. That is, it is not affected by the
PICR2[CF_HIT_HIGH] parameter. Following are the state meaning and timing comments
for the HIT signal.

State Meaning Asserted—Indicates that the current transaction is claimed by the
extern_al L2 controller. The external 1.2 controller will assert AACK
and TA for the transaction.

Negated—Indicates that the current transaction is not claimed by the
external L2 controller. The MPC106 should handle the transaction
and control AACK and TA as appropriate.

Timing Comments Assertion/Negation—The HIT signal is valid when the L2 hit delay
after TS expires, and is held valid until the end of the address phase.
The L2 hit delay is programmable by using the
PICR2[CF_L2_HIT_DELAY] parameter.

2.2.3.3 Multiple Processor Interface Signals

When a system implementation uses more than one 60x processor, nine of the internal 1.2
controller signals change their functions. This section provides a brief description of the
multiple processor interface signals. Note that in a multiprocessor system, with the
exception of bus request (BRn), bus grant (BGn), and data bus grant (DBGn), all of the 60x
processor interface signals are connected to each processor. See Section4.1.2,
“Multiprocessor System Configuration,” for more information.

2.2.3.3.1 Bus Grant 1-3 (BG[1-3])—Output
The bus grant (BG[1-3]) signals are outputs on the MPC106. Following are the state
meaning and timing comments for the BGn signals.

State Meaning Asserted—Indicates that processor n (where nis 1, 2, or 3) may, with
the proper qualification, begin a bus transaction and assume
mastership of the address bus.

Negated—Indicates that processor # is not granted mastership of the
next address bus tenure.

Timing Comments Assertion—Occurs when BRn is the highest-priority request that is
asserted.

Negation—Occurs when other higher-priority transactions are
pending.
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2.2.3.3.2 Bus Request 1-3 (BR[1-3])—Input

The bus request (BR[1-3]) signals are inputs on the MPC106. Following are the state
meaning and timing comments for the BRn signals.

State Meaning Asserted—Indicates that processor n (where n is 1, 2, or 3) requires
mastership of the 60x bus for a transaction.

Negated—Indicates that processor n does not require mastership of
the bus.

Timing Comments Assertion—May occur when BGn is negated and a bus transaction is
needed by processor n. This may occur even if the two possible
pipeline accesses have already occurred.

Negation—Occurs for at least one bus cycle after an accepted,
qualified bus grant, even if another transaction is pending on
processor n. It is also negated for at least one bus cycle when the
assertion of ARTRY is detected on the 60x bus (except for assertions
due to 60x snoop copy-back operations).

2.2.3.3.3 Data Bus Grant 1-3 (DBG[1-3])—Output

The data bus grant (DBG[1-3]) signals are outputs on the MPC106. Following are the state
meaning and timing comments for the DBGn signals.

State Meaning Asserted—Indicates that processor n (where nis 1, 2, or 3) may, with
the proper qualification, assume mastership of the data bus. A
qualified data bus grant is defined as the assertion of DBGn, negation
of DBB, and negation of ARTRY. The ARTRY signal requirement is
only for the address bus tenure associated with the data bus tenure
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