�

Upgrading 66MHz PowerPC 601� System Designs to the 100MHz PowerPC 601

ApplicationNoteAN-PPC-003

DaleElsonandJohnWalsh February1995

Redesign66MHzPCLKPowerPC601 systemsforusewiththe100MHzPowerPC601bychangingthepowersupplyandclockgenerationcircuits.The upgradedsystemsofferincreasedperformanceandlowerpowerdissipation.

Upgrading 66MHz PowerPC 601 System Designs to the 100MHz

PowerPC 601

Dale Elson and John Walsh

Redesign 66MHz PCLK PowerPC 601 systems for use with the 100MHz PowerPC 601 by

changing the power supply and clock generation circuits. The upgraded systems offer in-

creased performance and lower power dissipation.

1 Overview

V arious PowerPC 601 system designs have been developed for the 66MHz 601. These

systems can be upgraded to use the 100MHz PowerPC 601 (the 601v, where the v refers

to low voltage) by redesigning the power supply and clock generation circuits. Due to the

extent and nature of the required changes, the physical design of the system board will

change.

The PowerPC 601 66MHz processor is built in 0.65um CMOS technology. The 601v pro-

cessor (an exact logical duplicate of the 66MHz PowerPC 601) is built in the higher perfor-

mance IBM Microelectronics 0.5um CMOS technology. The processors share the same

functions, signal I/O, and packages. The typical power dissipation of the 601v at 100MHz

is half that of the typical 601 operating at 80Mhz. Other differences between the two proces-

sors are the power supply voltages, the power supply pinout, the clock frequencies, and

the 2X_PCLK receiver. Some setup and hold times are slightly different. See the PowerPC

601 RISC Microprocessor Hardware Specifications (IBM document MPR601HSU–03) for

details. Some of the following design details refer to the design found in the PowerPC 601

System Design Kit (IBM document MPRKITV1–01).

The 601v requires two power supply voltages. The upgraded system design supplies V

D D

(Vdd

I N T

) = 2.5V for the 601v internal circuits and V

C C

(Vdd

I / O

) = 5.0V for the 601v I/O cir-

cuits.

The clock generation circuit has been changed to supply 2X_PCLK = 200MHz, PCLK_EN#

= 100MHz, and BLCK_EN# = 50MHz.

2 Power Supply

In the following discussion the terms V

C C and V

D D are used in place of Vdd

I / O and Vdd

I N T

respectively from the PowerPC 601 RISC Microprocessor Hardware Specifications.

2.1 Power Supply Requirements

The 3.6V V

D D pins of the 601 have been redefined for the 601v, half of them becoming V

C C

pins (V

C C

1 through V

C C

30) and half becoming the new V

D D pins (V

D D

1 through V

D D

29).

The upgraded system design requires V

D D

= 2.5V � 5% for the 601v internal circuits and

VCC = 5.0V � 5% for the 601v I/O circuits. The original 3.6V (3.78V maximum) VDD power supply remains in the design to supply power to the IBM27–82650 Bridge and the clock chip. Processor power dissipation in a typical 601v 100MHz system is 3W less than that of a 601 66MHz system.

AN-PPC-003

2.2 Suggested Power Supply Implementation

The upgraded system design still requires the existing 3.6V V

D D regulator, and an addition-

al device is required to supply the new 2.5V V

D D

. The power element of the new regulator

can conveniently be mounted on the opposite side of the existing 3.6V regulator power ele-

ment heat sink, which is sufficient to cool both of the devices. Refer to Figure 1.0 for circuit

details.

The power pins of the 601v have been divided into two groups, neither of which connect

to the original 3.6V power supply. V

D D

1 through V

D D

29 are wired to the 2.5V power supply.

V

C C

1 through V

C C

30 are wired to the 5.0V power supply. The power plane from the power

supplies to the 601v should conform to standard low impedance, high frequency design

rules, such as were required for the original V

D D

. Note on Figure 1.0 the power pin assign-

ments of the 601v.

Power supply bypass capacitor placement and value selection also follow the same design

rules. Note on Figure 1.0 the recommended number and value of the bypass and recharge

capacitors, which should be distributed around the 601v according to standard high fre-

quency design rules.

Pullup resistors attached to the 601v CPU bus can be connected to the 3.6V supply to ob-

tain minimum t

P H L times. If the timing of the net is not critical and other considerations war-

rant it, these resistors can be connected to the 5V supply.

3 Clock Circuits

3.1 Clock Circuit Requirements

The logical clock requirements of the 601v are identical to those of the 601. However, to

allow for an expected lower amplitude clock signal at 200MHz and beyond, the 2X_PCLK

clock receiver has been redesigned with V

I L

(max) = 0.6V and V

I H

(min) = 1.8V.

3.2 Suggested Clock Circuit Implementation

The IBM25JP–CLK01 generates 2X_PCLK frequencies up to 132MHz. For 2X_PCLK op-

eration at 200MHz, Motorola offers the MPC970. In the upgraded system design, the 601v

runs at 100MHz, with CPU bus operation at 50MHz. This requires 2X_PCLK = 200MHz,

PCLK_EN# = 100MHz, and BCLK_EN# = 50MHz.

The MPC970 also provides PCI clocks, which in the design found in the PowerPC 601 Sys-

tem Design Kit, are supplied by an AMCC 4403B–66 PCI clock generator. This chip can

be removed from the upgraded system design if the designer wishes to use the PCI clocks

supplied by the MPC970. Attention to clock skew issues is important to ensure that the

clocks meet the skew requirements of the system.

At the desired frequencies, the MPC970 requires either a 25MHz crystal (in x4 mode) or

a 12.5MHz crystal (in x8 mode) to generate the 100MHz PCLK_EN#. Figure 2.0 shows the

MPC970 with a 12.5MHz crystal in x8 mode.

Figure 2.0 also shows 54.9� series termination resistors connected as close as possible

to the MPC970. The value of these resistors is chosen to match the output driver impedance to the characteristic impedance of the clock trace. The 10pf capacitors are included to help reduce radiated EMI.

Note that the MPC970 also provides the necessary power management controls to allow

the operating system to utilize the 601v power management features. Power management

is outside the scope of this application note.

Note that clock design issues are non–trivial. System designers should take care to meet

the clock skew and other clock timing requirements of the system. For operational details

of the MPC970, refer to the MPC970 data sheet. For board wiring guidelines, refer to the

PowerPC 601 System Design Kit Volume One, Chapter 6.

Figure 1

601v

AN-PPC-003

Figure 2

MPC970

6 AN-PPC-003

W International Business Machines Corporation, 1995. Printed in the United States of

America 2/95. All Rights reserved.

IBM Microelectronics, PowerPC, PowerPC 601, PowerPC 603, PowerPC 604, Risc-

W atch, and AIX are trademarks of the IBM corporation. IBM and the IBM logo are regis-

tered 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 responsibility or liability for any use of the information contained herein. Noth-

ing 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 applications where mal-

function may result in physical harm or injury to persons. NO WARRANTIES OF ANY

KIND, INCLUDING BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MER-

CHANT ABILITY OR FITNESS FOR A PAR TICULAR PURPOSE, ARE OFFERED IN

THIS DOCUMENT.

USA and Canada:

IBM Microelectronics Division

1580 Route 52, Bldg. 504

Hopewell Junction, NY 12533-6531

T el: (800) PowerPC

Fax: (800) PowerFax

Japan:

IBM

800, Ichimiyake

Y asu–cho, Yasu–gun

Shiga–ken, Japan 520–23

T el: (81) 775–87–4745

Fax: (81) 775–87–4735

Europe:

IBM

La Pompignane BP 1021

34006 Montpellier, France

T el: (33) 6713–5757 (Fran�ais)

(33) 6713–5756 (Italiano)

Fax: (33) 6713–5750

( from Paris add 16)

Europe:

IBM

Informations Systeme GmbH

Laatzener Str. 1

30539 Hannover, Germany

T el: (49) 511–516–3444 (English)

(49) 511–516–3555 (Deutsche)

Fax: (49) 511–516–3888

Document Number: MPRA03APU–01