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O International Business Machines Corporation, 1997. Printed in the United States of America 1997. All
Rights reserved.

Note to US Government Users—Documentation related to restricted rights—Use, duplication, or disclosure
is subject to restrictions set forth in GSA ADP Schedule Contract with IBM Corp.

IBM Microelectronics, PowerPC, PowerPC 601, PowerPC 603, PowerPC 603e, PowerPC 604, RISCWatch,
and AIX are trademarks of the IBM corporation. IBM and the IBM logo are registered trademarks of the IBM
corporation. Other company names and product identifiers are trademarks of the respective companies.

This document contains information which is subject to change by IBM without notice. IBM assumes no re-
sponsibility or liability for any use of the information contained herein. Nothing in this document shall operate
as an express or implied license or indemnity under the intellectual property rights of IBM or third parties. The
products described in this document are not intended for use in implantation or other direct life-support ap-
plications where malfunction may result in physical harm or injury to persons. INTERNATIONAL BUSINESS
MACHINES CORPORATION PROVIDES THIS PUBLICATION "AS IS” WITHOUT WARRANTIES OF ANY
KIND, EITHER EXPRESSED OR IMPLIED, INCLUDING BUT NOT LIMITED TO, THE IMPLIED WARRAN-
TIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. SOME STATES DO NOT
ALLOW DISCLAIMERS OF EXPRESS OR IMPLIED WARRANTIES IN CERTAIN TRANSACTIONS;
THEREFORE, THIS STATEMENT MAY NOT APPLY TO YOU.

Contacts

IBM Microelectronics Division

1580 Route 52, Bldg. 504
Hopewell Junction, NY 12533-6531
Tel: (800) PowerPC

http://www.chips.ibm.com
http://www.ibm.com
ftp://ftp.austin.ibm.com/pub/PPC_support

Dale Elson, Applications Engineer
IBM PowerPC Embedded Processor Solutions
elson@austin.ibm.com

ESD Warning

The planar and MCM contain CMOS devices which are very susceptible to ElectroStatic
Discharge (ESD). DO NOT remove them from the antistatic bags until you have connected
yourself to an acceptable ESD grounding strap. Work in a static free environment and be
sure any person or equipment coming into contact with the cards do not have a static
charge. The cards are particularly susceptible until they are placed in a properly designed
enclosure. Bench work should be done by persons connected to ESD grounding straps.
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IBM 100 MHz PPC 603e MCM AGREEMENT

BEFORE READING THE REST OF THE DOCUMENT, YOU SHOULD CAREFULLY READ THE FOLLOWING TERMS
AND CONDITIONS. OPENING THE PACKAGE INDICATES YOUR ACCEPTANCE OF THESE TERMS AND CONDI-
TIONS. IF YOU DO NOT AGREE WITH THEM, YOU SHOULD PROMPTLY RETURN THE PACKAGE UNOPENED TO
YOUR IBM SALES OFFICE.

International Business Machines Corporation ("IBM”) agrees to provide you an 100 MHz PPC 603e MCM in return for your promise to use
reasonable efforts to develop a system based on the technology inthe MCM. The MCM contains documentation and software listed below:

Documentation

IBM27-82660 PowerPC to PCI Bridge and Memory Controller User’'s Manual

PowerPC 603e RISC Microprocessor Hardware Specification

PowerPC 603e RISC Microprocessor Technical Summary

IBM 64K x 18 Burst SRAM (IBM041814PQK) Data Sheet

Texas Instruments 3.3V ABT 16-Bit Bus Transceivers with 3-State Output (SN54LVTH16245A, SN54LVTH16245A) Data Sheet

Integrated Device Technology BICMOS StaticRAM 240K (16K x 15-Bit) Cache-Tag RAM for PowerPC and RISC Processors
(IDT71216) Data Sheet

Motorola Low Voltage PLL Clock Driver (MPC970/D) Data Sheet

LICENSE TO SOFTWARE

The software is licensed not sold. IBM, or the applicable IBM country organization, grants you a license for the software only in the country
where you received the software. Title to the physical software and documentation (not the information contained in such documentation)
transfersto you upon your acceptance of these terms and conditions. The term "software” means the original and all whole or partial copies
of it, including modified copies or portions merged into other programs. IBM retains title to the software. IBM owns, or has licensed from
the owner, copyrights to the software provided under this agreement. The terms of this Agreement apply to all of the hardware, software
and documentation provided to you as part of the 100 MHz PPC 603e MCM.

With regard to the software provided hereunder, it is understood and agreed that you intend to use the software solely for the purpose of
designing PowerPC compatible products, testing your designs, and making your own independent determination of whether you wish to
eventually manufacture PowerPC compatible products commercially. In accordance with this understanding, IBM hereby grants you the
rightsto: a) use, run, and copy the software, but only make such number of copies and run on such number of machines as are reasonably
necessary for the purpose of designing PowerPC compatible products and testing such designs; and b) copy the software for the purpose
of making one archival or backup copy.

With regard to any copy made in accordance with the foregoing license, you must reproduce any copyright notice appearing thereon. With
regard to the software provided hereunder, you may not: a) use, copy, modify or merge the software, except as provided in this license;
b) reverse assemble or reverse compile it; or c) sell, sublicense, rent. lease, assign or otherwise transfer it. In the event that you no longer
wish to use the software, you will return it to IBM.

LICENSE TO DESIGN DOCUMENTATION

Withregard to the design documentation provided hereunder, itis understood that you intend to use such documentation solely for the pur-
pose ofdesigningyourown PowerPC compatible products, testingyourdesigns, and makingyour ownindependentdetermination of wheth-
er you wish to eventually manufacture PowerPC compatible products commercially. In accordance with this understanding, IBM hereby
grants you the rightto: a) use the design documentation for the purpose of desighing PowerPC compatible products and testing such de-
signs; b) make derivative works of the design documentation for the purpose of designing PowerPC compatible products, and testing such
designs; and c) make copies of the design documentation and any such derivative works, but only such numbers as are reasonably neces-
sary for designing PowerPC compatible products and testing such designs.

With regard to any copy made in accordance with the forgoing license, you must reproduce any copyright notice appearing thereon. With
regardtothe design documentation provided hereunder, you may not: a) use, copy, modify, ormerge the design documentationas provided
in this license; or b) sell, sublicense, rent, lease, assign, or otherwise transfer it.

In the event you no longer wish to use the design documentation or any derivative versions thereof, you must return them to IBM.

DISCLAIMER OF WARRANTY

IBM does not represent or warrant thatthe 100 MHz PPC 603e MCM (which may contain prototype items): a) meets any particular require-
ments; b) operates uninterrupted; ¢) is error free; or d) is non—infringing of any patent, copyright, or other intellectual property right of any
third party. IBM makes no representation or warranty regarding the performance or compatibility that may be obtained from the use of the
MCM or thatthe MCM is adequate for any use. The MCM may contain errors and may not provide the level of completeness, functionality,
support, performance, reliability, or ease of use available with other products, whether or not similar to the MCM. IBM does not represent
or warrant that errors or other defects will be identified or corrected.

THE 100 MHz PPC 603e MCM IS PROVIDED "AS IS” WITH ALL FAULTS, WITHOUT WARRANTY OF ANY KIND, EX-
PRESS ORIMPLIED, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS FOR A PARTICULAR PURPOSE. THE ENTIRE RISK AS TO THE QUALITY AND PERFORMANCE OF THE
MCM IS WITH YOU.

Some jurisdictions do not allow exclusion of implied warranties, so the above exclusions may not apply to you.

G5220297-00 i
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LIMITATION OF REMEDIES

IBM’s entire cumulative liability and your exclusive remedy for damages for all causes, claims or actions wherever and whenever asserted
relating in any way to the subject matter of this agreement including the contents of the 100 MHz PPC 603e MCM and any components
thereof, is limited to twenty five thousand dollars ($25,000.00) or its equivalent in your local currency and is without regard to the number
of items in the MCM that caused the damage. This limitation will apply, except as otherwise stated in this Section, regardless of the form
of the action, including negligence. This limitation will not apply to claims by you for bodily injury or damages to real property or tangible
personal property. Inno eventwill IBM be liable for any lost profits, lost savings, or any incidental damages or economic consequential dam-
ages, evenifIBMhasbeenadvised ofthe possibility of such damages, or forany damages caused by your failure to performyour responsibi-
lities. Inaddition, IBMwill not be liable for any damages claimed by you based on any third party claim. Some jurisdictions do not allow these
limitations or exclusions, so they may not apply to you.

RISK OF LOSS
You are responsible for all risk of loss or damage to the 100 MHz PPC 603e MCM upon its delivery to you.

IBM TRADEMARKS AND TRADE NAMES

This Agreement does not give you any rights to use any of IBM’s trade names or trademarks. You agree that should IBM determine that
any of your advertising, promotional, or other materials are inaccurate or misleading with respect to IBM trademarks or trade names, that
you will, upon written notice from IBM, change or correct such materials at your expense.

NO IMPLIED LICENSE TO IBM INTELLECTUAL PROPERTY

Notwithstanding the fact that IBM is hereby providing design information for your convenience, you expressly understand and agree that,
except for the rights granted under sections 1 and 2 above, no right or license of any type is granted expressly orimpliedly, under any pat-
ents, copyrights, trade secrets, trademarks, or other intellectual property rights of IBM. Moreover, you understand and agree that in the
eventyouwishtobegranted anylicense beyondthe scope ofthe expressly stated herein, youwill contact IBM’s Intellectual Property Licens-
ing and Services Office (currently located at 500 Columbus Avenue, Thornwood, N.Y.), or such other IBM offices responsible for the licens-
ing of IBM intellectual property, when you seek the license.

YOUR ASSUMPTION OF RISK

You shall be solely responsible for your success in designing, developing, manufacturing, distributing, and marketing any product(s), or
portion(s), where use of all or any part of the 100 MHz PPC 603e MCM is involved. You are solely responsible for any claims, warranties,

representations, indemnities and liabilities you undertake with your customers, distributors, resellers or others, concerning any product(s)
or portion(s) of product(s) where use of all or any part ofthe MCMis involved. You assume the risk that IBM may introduce other Reference
Design that are somehow better than the MCM which is the subject of this Agreement. Furthermore, you accept sole responsibility for your
decisionto selectand use the MCM; for attainment or non-attainment of any schedule, performance, cost, reliability, maintainability, quality,
manufacturability or the like, requirements, or goals, self—-imposed by you or accepted by you from others, concerning any product(s) or
portion(s) of product(s), or for any delays, costs, penalties, charges, damages, expenses, claims or the like, resulting from such non-attain-
ment, where use of all or any part of the MCM is involved.

GENERAL

Inthe event there is a conflict between the terms of this Agreement and the terms printed or stamped on any item or any ambiguities with
respectthereto, including documentation, contained in the 100 MHz PPC 603e MCM, the terms of this Agreement control to the extent IBM
is afforded greater protection thereby. IBM may terminate this Agreement if you fail to comply with the terms and conditions of this Agree-
ment. Upon termination of this Agreement, you must destroy all copies of the software and documentation. You are responsible for payment
of any taxes, including personal property taxes, resulting from this Agreement. Neither party may bring an action hereunder, regardliess of
form, more than one (1) year after the cause of the action arose. If you acquired the MCM in the United States, this Agreement is governed
by the laws of the State of New York. In the event of litigations, trial shall be in New York without a jury. If you acquired the MCM in Canada,
this Agreementis governed by the laws of the Province of Ontario; otherwise, this Agreement is governed by the laws of the country inwhich
you acquired the MCM. All obligations and duties which, by their nature, survive termination or expiration of this Agreement, shall remain
in effect beyond termination or expiration of this Agreement, and shall bind IBM, you and your successors and assigns. If any section or
paragraph ofthis Agreementis found by competentauthority to be invalid, illegal or unenforceable in any respect for any reason, the validity,
legality, and enforceability of any such section or paragraph in every other respect, and the remainder of this Agreement, shall continue
ineffectsolongasitstillexpressestheintentofthe parties. Iftheintentofthe parties cannotbe preserved, the parties will attemptto renegoti-
ate this Agreement and failing renegotiation, this Agreement will then be terminated. The headings in this Agreement shall not affect the
meaning or interpretation of this Agreement in any way. No failure by IBM in exercising any right, power or remedy under this Agreement
shall serve as awaiver of any such right, power or remedy. Neither this Agreement nor any activities hereunder will impair any right of IBM
to develop, manufacture, use or market, directly or indirectly, alone or with others, any products or services competitive with those offered
or to be offered by you; nor will this Agreement or any activities hereunder require IBM to disclose any business planning information to
you. You agree to comply with allapplicable governmentlaws and regulations. Any changes to this Agreement mustbe in writing and signed
by the parties.
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About This Book

This documentis designed for engineers and system designers who are interested in implementing PowerPC
systems that use the 100 MHz PPC 603e MCM. The material requires a detailed understanding of computer
systems at the hardware and software level.

Power management is beyond the scope of this document. This document was written by Dale Elson.

Reference Material:
Understanding of the relevant areas of the following documents is required for a good understanding of the
100 MHz PPC 603e MCM:

e PowerPC 603e RISC Microprocessor User’'s Manual, IBM document MPR603EUM-01

e PowerPC 603e Hardware Specification, IBM document MPR603EHS-01

e PowerPC 603e Technical Summary, IBM document MPR603TSU-04

e |IBM27-82660 PowerPC to PCI Bridge User’s Manual, IBM document number MPR660UMU-01
e PCI Local Bus Specification, Revision 2.1, available from the PCI SIG

e PowerPC Reference Platform Specification, Version 1.1, IBM document MPRPRPPKG

e The Power PC Architecture, second edition, Morgan Kaufmann Publishers
(800) 745-7323, IBM document MPRPPCARC-02

e Intel 82378ZB System I/O (SIO) Data Book, Intel order number 290473-004.
The following documents are useful as sources of tutorial and supplementary information about the MCM.

e PowerPC System Architecture, Tom Shanley, Mindshare Press (800) 420-2677.
e IBM27-82650 PowerPC to PCI Bridge User’s Manual, IBM document number MPR650UMU-01

Document Conventions:
The terms 660 and 660 bridge refer to the IBM27-82660.

The terms 660 UM and 660 User’s Manual refer to the current version of the IBM27-82660 PowerPC to PCI
Bridge User’s Manual.

The terms 603e UM and 603e User’s Manual refer to the IBM PowerPC 603e RISC Microprocessor User’s
Manual.

Kilobytes, megabytes, and gigabytes are indicated by a single capital letter after the numeric value. For exam-
ple, 4K means 4 kilobytes, 8M means 8 megabytes, and 4G means 4 gigabytes.

The terms DIMM and SIMM are often used to mean DRAM module.

Hexadecimal values are identified (where not clear from context) with a lower-case letter h at the end of the
value. Binary values are identified (where not clear from context) with a lower-case letter b at the end of the
value.

In identifying ranges of values from and to are used whenever possible. The range statement from 0 to 2M
means from and including zero up to (but not including) two megabytes. The hexadecimal value for the range
from 0 to 64K is: 0000h to FFFFh.

The terms asserted and negated are used extensively. The term asserted indicates that a signal is active
(logically true), regardless of whether that level is represented by a high or low voltage. The term negated
means that a signal is not asserted. The # symbol at the end of a sighal name indicates that the active state
of the signal occurs with a low voltage level.

G5220297-00 XiX




Preliminary PowerP

XX G5220297-00



pl‘l.werpc Preliminary Section 1 — Introduction

Section 1
Introduction

This document provides a detailed technical description of the 100 MHz PPC 603e Multi-
Chip Module (MCM), and is intended to be used by hardware, software, test, and simulation
engineers as a first source of information. Software developers should read through the
entire document because information relevant to their tasks may be located in hardware
sections.

11 The MCM

The MCM consists of the CPU, L2, PCI Bridge, Memory Controller and master clock ele-
ments of a PowerPC system. The chips that provide this function are all packaged on a
single ceramic substrate.

G5220297-00 1-1
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1.2 100 MHz PPC 603e MCM

XTAL Clock [~
CTL » Driver 60X CPU 60X CPU BUS
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Buffer Data (72)
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and Status Memory control
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| ROM Control Address(12 DRAM
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|_ System ROM—I [ PCI —|‘| [ be PCI to ISA —| ISA Bui|_System ROM—|
"l (Flash or Bridge —___— (Flashor
EPROM) LLDEV'CES uf el | EPROM) |

Figure 1-1. MCM Block Diagram

The MCM (see Figure 1-1) is compliant with the PowerPC Reference Platform Specifica-
tion Version 1.1, and the PCI Local Bus Specification, revision 2.0/2.1 (see Section 5.5) for

host bridges.

The MCM uses the PowerPC 603e ™ RISC microprocessor. The IBM27-82660 Bridge chip-
set (660 Bridge or 660) interfaces the CPU to the PCl bus and DRAM memory, and provides
L2 cache control. The tagRAM and 512K SRAM components are also included on the
MCM. The MCM also includes a master clock generator. For a list of the specific dice pack-

aged within the MCM, see Table 1-1.

Table 1-1. MCM Dice

Die Part Number Vendor
PowerPC 603e Processor IBM
663 Buffer IBM
664 Controller IBM
Clock Driver MPC970 Motorola
Tag RAM IDT1216 Integrated Device Technology
Buffer SCBS143F Texas Instruments
Synchronous Burst SRAM IBM
=== 1-2 G5220297-00
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1.2.1 The CPU

The MCM uses a PowerPC 603e (PID6—603e) at CPU bus speeds up to 66MHz. See the
PowerPC 603e Technical Summary, Users Manual, and Hardware Specifications for more
information. The MCM:

e Runs at 3:2 CPU_core:CPU_bus speed ratio up to 99:66 MHz. Consult your IBM
representative for available choices of CPU and operating frequency.

e Supports one level of address bus pipelining. Most data writes are posted.

e Reports precise exceptions via TEA#, and reports imprecise exceptions via MCP#.

e Operates the 603e in 64-bit data bus mode.

e Supports bi-endian operation.

e Supplies an ESP connector for RISCWatch debugging and monitor systems.

e Runs in DRTRY# mode.

1.2.2 L2 Cache
The MCM contains a complete L2. The controller is located inside the 660 Bridge. The L2:
e Uses 512K SRAM and a 16K x 15 synchronous tagRAM.
« Is unified, write-thru, direct-mapped, look-aside.
e Caches system memory from O to 1G.
« Maintains coherence for 32-byte blocks, the PowerPC 60X coherence unit.
e Supplies data to the CPU on burst read hits and snarfs the data on CPU burst read/
write misses. The L2 is not updated during a PCI transaction.
« Ignores CPU single-beat reads, and invalidates on CPU bus single-beat write hits.
e Snoops PCI to memory transactions, invalidates on PCI write hits. The L2 does not
supply data to the PCI on read hits.

1.2.3 System Memory Interface
The MCM memory controller, located in the 660, provides the system DRAM memory inter-
face as required by the PowerPC Architecture ™. System memory can be accessed from
both the CPU bus and the PCI bus. The system memory interface:

e Has a 72-bit wide data path — 64 data bits and 8 bits of optional ECC or parity data
Supports page mode and EDO (hyper-page mode) DRAM
Supplies 8 RAS# outputs, 8 CAS# outputs, and 2 WE# outputs, for up to 8 SIMM banks
Supports 8-byte, 168-pin and 4-byte, 72-pin SIMMs for up to 1G of DRAM
Allows mixed use of different size SIMMs, including mixed 4-byte and 8-byte SIMMs
Includes full refresh support, including refresh counter and programmable timer
o Implements burst-mode memory address generation for both CPU and PCI bursts
« Implements both little-endian and big-endian addressing and byte swapping modes
e Provides row and column address multiplexing for 10x10 thru 12x12 RxC DRAMSs

1.2.4 The PCI Interface
The MCM allows CPU to PCI access and PCI busmaster to system memory access (with
snooping), and handles all PCI related system memory and cache coherency issues.

The MCM supplies a 32-bit PCI host bridge interface that is:
« Compliant with the PCI Specification, revisions 2.0 and 2.1 (see Section 5.5)
« 3.3v and 5v signalling environment compliant.

G5220297-00 1-3
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Operates up to 33MHz, at 1/2 of the CPU bus frequency.

Supports a tertiary 10 bus bridge, including support for ISA masters.
Allows system memory block locking by PCI busmasters

Supports type 0 and type 1 PCI configuration cycles

1.2.5 System Clocks

The MCM uses a Motorola™ MPC970 PLL clock generator to provide the clocks required
by the MCM components, and six clocks for system use. A 16.5 MHz quartz crystal (seed
clock) provided by the user is used as an input to the clock generator. It then produces the
system and PCI clocks.

1.2.6 MCM Performance

Minimum Cycle Times For Pipelined CPU to Memory Transfers at 66 MHz

Responding Device Read Write
L2 (9ns Synchronous SRAM) -2-1-1-1 Snarf
L2 (15ns Asynchronous SRAM) -3-2-2-2 Snarf
Page DRAM (70ns) Pipelined —4-4-4-4 -3-3-4-4
EDO DRAM (60ns) Pipelined -5-3-3-3 -3-3-3-3

Typical PCI to Memory Performance at 66 MHz CPU Clock and 33MHz PCI Clock
Read 8-1-1-1-1-1-1-1 7-1-1-1-1-1-1-1 7-1-1-1-1-1-1-1 ... 7-1-1-1-1-1-1-1
Write 5-1-1-1-3-1-1-1 3-1-1-1-3-1-1-1 3-1-1-1-3-1-1-1 ... 3-1-1-1-3-1-1-1

1
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il
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1.3 MCM Technology Overview

The IBM Multi-Chip Module (MCM) is shown in Figure 1-2. The MCM consists of a 45mm
x 45mm cofired dark ceramic substrate upon which are mounted eleven unpackaged semi-
conductor dice (chips), capacitors, and resistors. The top of the substrate and the chips are
completely covered by an aluminum cap, which is non-hermetically sealed to the substrate.
A thermally conductive grease fills the area between the cap and the chips. The MCM is
electrically connected to the circuit board (planar) by solder columns.

Cap Chips Thermal Grease

Ceramic Substrate

<— Solder Columns

Figure 1-2. MCM C

1.3.1 Chip Attachment to MCM

All die on the MCM are attached to the ceramic substrate using IBM’s C4-based flip chip
attachment technology. In this technology, C4 solder balls provide an interconnection be-
tween the die and the substrate. For those vendor die originally designed for wire bond
base interconnection, additional processing steps were applied to allow the C4 intercon-
nection. Figure 1-3 shows a typical wire—bond die. In wire bond technology, the wafer is
sliced into individual dies, each die is attached to a wire frame, and (for each chip pad) one
end of a wire is bonded to the chip pad, and the other end is bonded to the package pin.

The MCM uses the "flip—chip” process. An additional metalization layer is added to the chip,
the chip is "flipped” over, and C4 balls are used to connect the chip pads to the MCM sub-
strate pads.

Unpackaged die have a much smaller footprint than packaged die. This reduces the overall
size of the MCM circuitry and allows the MCM a much smaller footprint than would be re-
quired by the same circuitry implemented on a planar in discrete packages.

Wire Bond 10 Pad Connection Flip Chip 10 Pad Connection
W/ /1YY
I

I I Redistribution Layer
Solder Balls
<— Passivation Layer

1 Packaging I |

Figure 1-3. Chip Wire Bond and Flip Chip Connection
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Figure 1-4 shows chips mounted to the MCM substrate. Figure 1-4 also illustrates the inter-
nal structure of the MCM substrate. The MCM acts as the circuit board between the various
chips. Structures analogous to printed circuit board traces and vias form the electrical inter-
connections between the various MCM chips. The trace lengths on the MCM are much
shorter than are achievable on a planar. This means that signal propagation (flight times)
between the devices are minimized, which can allow faster operating frequencies than can
be achieved on a planar. The impedance of the various nets can be more precisely con-
trolled, which contributes to high signal quality and low noise.

Chips

i |i_|-
MCM pr—
Substrate ==

T OO OO T =——" solder Columns

Figure 1-4. MCM Flip Chips and Internal Wiring

il
1 (LTH

I

ut

1.3.2 Substrate Attachment to the Planar

Figure 1-5 shows how solder columns are used to connect the MCM to the planar. Each
column is attached to the MCM by an eutectic solder joint. The solder at this point melts
at a higher temperature than the solder used for the column itself. The MCM is then sol-
dered to the planar, again using an eutectic solder. The solder column process is robust,
and offers a lower impedance. It is also one of the higher density interconnection methods.

~— Mounting Pad

Eutectic Solder Joint

Mounting Pad  Circuit Board

Figure 1-5. MCM Solder Columns

For more information on solder columns, assembly, and rework, see "Ceramic Ball and Col-
umn Grid Array Surface Mount Assembly and Rework’, IBM document number APD-
SBSC-101.0.
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1.4 Incorporating the MCM into a System Design

The MCM captures, in one ceramic package, all key components of a PowerPC system
design that resides on a CPU’s local bus. The MCM'’s primary ports of interface to the rest
of a system are the PCI bus and the system memory (DRAM) port. Other signals that con-
nect the MCM to a system fall into the following groups:

e Processor PLL configuration

e« MPC 970 configuration

« Signal nets broken at the MCM level for test purposes and need to be reconnected
on the planar

e RISCWatch interface

e 60X bus signals requiring pullup/pulldown connections at the planar

e L2 cache configuration and presence detect

o Clock nets broken atthe MCM level to allow net length matching with planar resident
clock nets

« ROM control signals

e Local bus signals used for control functions by the planar.

Understanding all of these groups is vital to the use of the MCM. Pay particular attention
to those signals broken at the MCM level and which are reconnected at the planar. Those
nets are associated with MCM 1/O pairs, the names of which are prefaced by the letter "X.”

When applying the MCM to a system design, it is recommended that the designer review
the schematics for both the MCM (see Section 13) and the example planar (see Appendix
F). Although the example planar is a specific design implementation of the MCM, most
MCM interface signals are used in a manner that would be common to any PowerPC sys-
tem design. A review of the planar schematics and MCM and planar component data
sheets (see Appendix G) will quickly answer most questions concerning how to interface
with the MCM 1/0O.

Note that it is not intended for the user to interface with all of the MCM 1/O. Section 2 con-
tains 1/0O listings that distinguish between signals intended for application use and those
broken out only for manufacturing purposes.
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Section 2
Signal Descriptions

This section describes the connectivity of the 100 MHz PPC 603e MCM. Tables are used
extensively for this purpose (see Table 2-1 and the following paragraphs for an explana-
tion).

The terms asserted and active indicate that a signal is logically true, regardless of the volt-
age level. The terms negated, inactive, and deasserted mean that a signal is logically false.
The # symbol at the end of a signal name indicates that the active or asserted state of the
signal occurs with a low voltage level. Otherwise the signal is active at a high voltage level.

Table 2-1. Example Signal Table

Signal Name | MCM Nodes Description

AACK# R0O8 R1.A02 |pu |CPU bus address acknowledge. The CPU bus target (660 or external CPU
U1.28 I/O | bus target) asserts AACK# to signal the end of the current address tenure.
U2.109 |[1/O |660alsoasserts AACK# for one clock to signal the end of a broadcast snoop
cycle.

AACK# is an input to the 664 when a CPU bus target claims the current
transaction by means of L2_CLAIM#. AACK# is always an input to the CPU.

The Signal Name column contains the name of the signal. In the Example Signal Table
(Table 2-1), the AACK# signal is shown.

The MmcM column shows which pin(s) (solder columns) of the MCM connect to the signal.
The AACK# net is connected to column R0O8 of the MCM.

The Nodes columns show the internal MCM devices and pins to which the signal connects.
The left column shows the device and pin number, in device.pin format. The right column
shows whether the signal is an input or output of the device. An | indicates that the signal
Is an input to the device. An O indicates that the signal is an output from that device. A pu
indicates that the resistor to which the signal is connected is a 10k pullup resistor.
AACK# connects to R1 pin A02, which is a 10k pullup resistor. AACK# also connects to Ul
pin 28 and U2 pin 109, both of which are 1/Os.

2.1 Pin Descriptions

The following sections contain information about the connectivity and function of the MCM
pins. See the 660 User’s Manual (660 UM), the 603e User’s Manual (603e UM), and the
SRAM, Tag, and buffer data sheets for more information.

Note that the MCM 1/O pins make a connection to every net on the MCM. This was only
done to aid in the manufacturing test of the MCM. Of the 1089 I/O pins that the MCM pro-
vides, only 296 signals are needed by the user to interface with the MCM. These signals
are listed in Table 2-2.

G5220297-00 2-1
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Table 2-2. User Supplied Signals

Type Signal Type Signal

PCI PCI_ADO:9 .MISC. FUNCTION X_CPU_RDL_OPEN
PCI PCI_PAR MISC. FUNCTION NMI_FROM_ISABRDG
PCI PCI_AD10:31 MISC. FUNCTION POWER_GOOD/RESET
PCI PCI_IRDY# MISC. FUNCTION HRESET#

PCI PCI_LOCK# RW TCK

PCI PCI_PERR# RW TDI

PCI PCI_SERR# RW TDO

PCI PCI_STOP# RW TMS#

PCI PCI_TRDY# RW CKSTP_OUT#
PCI PCI_AD_OE# RW_P_UP TRST#

PCI PCI_C/BEO:3# P_UP TT0:3

PCI PCI_CLK_IN P_UP SHD#

PCI PCI_DEVSEL# P_UP SMI#

PCI PCI_EXT_SEL P_UP TAG_CS2

PCI PCI_OL_OPEN P_UP TT2_664

PCI PCI_OUT_SEL P_UP DBG_60X#

PCI —664_PCI_REQ# P_UP L2_CLAIM#

PCI PCI_FRAME_664# P_UP 663 _TEST#
MEMORY MAO0:11 P_UP 664_TEST#
MEMORY MDPO0:10 P_UP TAG_MATCH
MEMORY MD10:63 P_UP BG_MASTER#
MEMORY MCEQ:7 P_UP SRAM_ADSP#
MEMORY MREOQ:7 P_UP TAG_PWRDN#
MEMORY MWEO:1 P_UP MWS_P2MRXS
MISC. FUNCTION TEA# P_UP 664_STOP_CLK_EN#
MISC. FUNCTION DRTRY# P_DOWN TT4

MISC. FUNCTION ROM_OE# P_DOWN GBL#

MISC. FUNCTION ROM_WE# P_DOWN SRAM_CS#
MISC. FUNCTION INT_60X# P_DOWN TAG_CS1#
MISC. FUNCTION MCP_60X# P_DOWN OE_245_B
MISC. FUNCTION SRAM_OE# P_DOWN DIR_245_A
MISC. FUNCTION PLL_CFGO0:3 P_DOWN DIR_245_B
MISC. FUNCTION ROM_LOAD P_DOWN TAG_SFUNC
MISC. FUNCTION 60X_AVDD P_DOWN CRS_C2PWXS
MISC. FUNCTION QACK_60X P_DOWN 663_MIO_TEST
MISC. FUNCTION QREQ_60X P_DOWN 664_MIO_TEST
MISC. FUNCTION X_INT_60X# CLK XTAL1:2

MISC. FUNCTION X_MCP_60X# CLK FRZ_CLK
MISC. FUNCTION X_SRAM_OE# CLK FRZ_DATA
MISC. FUNCTION INT_TO_664 CLK PCLK_60X
MISC. FUNCTION X_PCLK_60X CLK TAG_BCLK
MISC. FUNCTION X_TAG_BCLK CLK CLK_EXT_FB
MISC. FUNCTION SRESET_60X# CLK CLK_FB_SEL
MISC. FUNCTION TAG_ADDR_13 CLK CLK_PLL_EN
MISC. FUNCTION TAG_DATA_11 CLK SRAM_BCLKO:3
MISC. FUNCTION IGN_PCI_AD31 CLK CLK_COM_FRZ
MISC. FUNCTION X_SRAM_BCLKO0:3 CLK CLK_REF_SEL
MISC. FUNCTION X_663_CPU_CLK CLK CLK_TTL_CLK
tMISC. FUNCTION X_664_CPU_CLK CLK CLK_VCO_SEL

2-2
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Type Signal Type Signal
CLK 663_CPU_CLK CLK 664_PCl_CLK
CLK 664_CPU_CLK CLK CLK_PCI_DIVO:1
CLK CLK_BCLK_DIVO:1 CLK USER_PCICLKO:6
CLK CLK_FRZ_STROBE DAISEY DAISY01:20
CLK CLK_MPC601_CLKS PWR VSS
CLK CLK_MR/TRISTATE PWR VDD1:3
2.1.1 Clock Subsystem
Table 2-3. Clock Signals
Signal Name MCM Nodes 1 Description (See MPC970 data sheet for more information.)
663_CPU_CLK G04 |U4.38 O | MPC970 2x_PCLK output. These IOs are the (nominally
X_663_CPU_CLK |FO5 |U3.157 |I |The CPU bus clock input of the 663. | 66MHz) CPU bus clocks.
They are intended to be used
664_CPU_CLK G30 |U4.42 O | MPC970 BCLKO output. in pairs, where the CLOCK
X_664_CPU_CLK | H29 u2.121 |1 The CPU bus clock input of the 664. | output is connected on the
PCLK_60X E18 |U434 [0 |MPC970 PCLK_EN output. planar to the X_CLOCK input.
— =1 outpy The MPC970 drives the
X_PCLK_60X D19 |Ul.212 |I The SYSCLK input of the CPU. CLOCK outputs, and the
SRAM_BCLKO W30 |U4.44 O | MPC970 BCLK1 output. normal consumer of that clock
X_SRAM_BCLKO |Y29 |U7.51 |I |The CPU bus clock input of SRAM | IS connected to the X_CLOCK
bank 0 input. A series termination
. resistor and/or EMC
SRAM_BCLK1 AE30 | U4.46 O | MPC970 BCLK2 output. components can be used as
X_SRAM_BCLK1 [AF29 |U8.51 | The CPU bus clock input of SRAM | determined by the application.
bank 1.
SRAM_BCLK2 AGO04 | U4.48 O | MPC970 BCLKS3 output. MPC970
X_SRAM_BCLK2 [AFO05 [U9.51 | The CPU bus clock input of SRAM
bank 2. CLOCK ™
SRAM_BCLK3 AAO04 | U4.50 O | MPC970 BCLK4 output.
. Consumer
X_SRAM_BCLK3 Y05 |U10.51 |I The CPU bus clock input of SRAM
bank 3. X_CLOCK|=
TAG_BCLK N30 |U4.36 O | MPC970 BCLK_EN output.
X_TAG_BCLK P29 U5.69 | The CLK input of the TAG.
664_PCl_CLK J30 U4.18 O | MPC970 PCI_CLK1 output. Normally connected to PCI_CLK_IN. This
clock is intended to be run at one half of the CPU bus frequency. See
the PCI Bus section.
PCI_CLK_IN K29 u2.123 |1 660 PCI_CLK input. Normally connected to 664_PCI_CLK.
USER_PCICLK1 AEO1 [U4.16 O | MPC970 PCI_CLKO output. These User PCI Clock outputs
USER PCICLK2 |NO1 |U421 |O |MPC970 PCI_CLK2 output. are intended for use as PCI
clocks on the planar. They are
USER_PCICLK3 Cc0o1 U4.23 O | MPC970 PCI_CLK3 output. nominally one half ~ the
USER_PCICLK4 All U4.25 O | MPC970 PCI_CLK4 output. frequency of the CPU bus
USER PCICLKS |Al4 |U429 |O |MPC970 PCI_CLK5 output. gle();t(on See the PCl Bus
USER_PCICLK6 E33 | U4.32 O | MPC970 PCI_CLK®6 output. '
Clock Control (See MPC970 data sheet for more information.)
CLK_601_CLKS K27 U4.40 | MPC970 input. Tie to GND for normal operation.
CLK_BCLK_DIVO |C16 U4.31 | MPC970 input. Tie to GND for normal operation.
CLK_BCLK_DIV1 |B17 u4.27 | MPC970 input. Tie to GND for normal operation.
CLK_COM_FRZz A18 u4.6 | MPC970 input. Pull high or allow to float for normal operation.
CLK_EXT_FB Al7 u4.14 | MPC970 input. Pull high or allow to float for normal operation.
CLK_FB_SEL A15 u4.9 | MPC970 input. Pull high or allow to float for normal operation.
CLK_FRZ_STB F33 u4.4 | MPC970 input. Pull high or allow to float for normal operation.
CLK_MR/3S Al6 u4.2 | MPC970 input. Pull high or allow to float for normal operation.

G5220297-00
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Table 2-3. Clock Signals (Continued)

Signal Name MCM Nodes! [Description (See MPC970 data sheet for more information.)
CLK_PCI_DIVO B21 U4.20 | MPC970 input. Pull high or allow to float for normal operation.
CLK_PCI_DIV1 C20 ([U4.26 | MPC970 input. Tie to GND for normal operation.
CLK_PLL_EN D33 u4.7 | MPC970 input. Pull high or allow to float for normal operation.
CLK_REF_SEL B13 u4.8 | MPC970 input. Pull high or allow to float for normal operation.
CLK_TTL_CLK A26 U4.11 | MPC970 input. Pull high or allow to float for normal operation.
CLK_VCO_SEL Al13 U4.52 | MPC970 input. Tie to GND for normal operation.
FRZ_CLK B11 u4.3 | II:/.IP|§3970 input. Can be connected to the ISA clock for use, or pulled
igh.
FRZ_DATA A22 u4.5 | MPC970 input. Pull down to GND for normal operation.
XTAL1 u30 U4.12 /0 | MPC970 crystal connection.
XTAL2 T29 U4.13 /0 | MPC970 crystal connection.
1. The following lists the names for the various nodes:

Ul =PPC 603e US = IDT Tag RAM

U2 = 664 U6 = "245 Buffer Chip

U3 =663 U7 — U10 = SRAMs

U4 = MPC970 Clock Driver
2.1.2 CPUBus

Table 2-4. CPU Bus Signals

Signal Name MCM Nodes Description
AJ0:31] (o) |ug, I/O | CPU address bus. Represents the physical address of the current
U2, I/O | transaction. Is valid from the bus cycle in which TS# is asserted through
U5, | the bus clock in which AACK# is asserted.
U6 | The CPU drives A[0:31] during transactions mastered by the CPU. The
660 drives A[0:31] while broadcasting CPU address bus snoop cycles in
response to a PCI to memory transaction.
The CPU and 660 snoop A[0:31] during transactions initiated by other
CPU bus agents.
AACK# R0O8 R1.A02 |pu |CPU bus address acknowledge. The CPU bus target (660 or external
U1.28 I/0 | CPU bus target) asserts AACK# to signal the end of the current address
U2.109 |[1/O [tenure. 660 also asserts AACK# for one clock to signal the end of a
broadcast snoop cycle.
AACK# is an input to the 664 when a CPU bus target claims the current
transaction by means of L2_CLAIM#. AACK# is always an input to the
CPU.
ABB# R30 |R1.A01 |pu [CPU busAddressBusBusy. While asserted, the address bus is busy. The
U1.36 I/0 | 660 does not touch this signal.
APO AJ30 (R1,U1 pu [ CPU bus Address Parity. One bit of odd (see DP[0:7]) parity per byte. APO
AP1 AH29 [same /0 | maps to A[0:7], AP1 maps to A[8:15], AP2 maps to A[16:23], and AP3
AP2 AG30 [same maps to A[24:31]. The 660 does not check address parity.
AP3 AE28 |[same
APE_60X# AA18 [R1.FO3 |pu |CPU Address Parity Error output. The CPU signals address parity errors
U1.218 |O |[using this open drain output. The 660 does not touch this signal.
ARTRY# P07 R1.A03 |pu [CPU busAddress Retry. ARTRY#is asserted by a CPU bus device (either
U1.32 I/O | the target or a snooping master) to signal that the current address tenure
U2.110 |1/O | needs to be rerun at a later time.
The 660 samples ARTRY# (during broadcast snoops and transactions by
CPU busmasters) on the second clock after TS# is sampled active. 660
will only assert ARTRY# on the clock after it asserts AACK# (during a PCI
retry).
See the 603e User’s Manual for more information.
BG_664# F11 U2.134 |O |660 CPU_GNT1# — 660 asserts to grant the address bus to CPU1, the
MCM CPU.
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Table 2-4. CPU Bus Signals (Continued)

Signal Name MCM Nodes Description
BG_60X# FO9 ([R1.BO1 [pu |CPU BG# — CPU address bus grant input. Normally connected to
u1.27 I BG_664#.
BG_MASTER# N20 U2.135 |O |660 CPU_GNT2# — 660 asserts to grant the bus to a second CPU
busmaster.
BR_60X# FO3 R1.A05 |pu | CPUBR#-The CPU asserts this output to request the CPU address bus.
U1.219 |[O [ Normally connected to BR_664#.
BR_664# D03 u2.127 I | 660 CPU_REQ1#—660 CPU bus requestinput for CPU1, the MCM CPU.
BR_MASTER# AGO1 | R1.HO5 | pu | 660 CPU_REQ2# - 660 CPU bus requestinput for CPU2, a second CPU
u2.128 I [ busmaster.
Cl_60X# L10 R1.J02 |[pu [CPU Cache Inhibit output. Asserted to indicate that a sing