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1.0 Introduction

This document is an addendum to the Intel® Pentium® 4 Processor in 478-Pin Package and 845E 
Chipset Platform for DDR Design Guide. It is targeted for:

• Customers designing with the Intel® Pentium® 4 Processor-M for Applied Computing and 
Intel® 845E Chipset, and for

• Customers designing a scalable Intel 845E chipset platform, compatible with both the Intel 
Pentium 4 Processor for Applied Computing and the Intel Pentium 4 Processor-M for Applied 
Computing.

Designers should refer to the Intel® Pentium® 4 Processor in 478-Pin Package and Intel® 845E 
Chipset Platform Design Guide for the majority of their design. However, for any information 
pertinent to designing a scalable platform, or for combining the Intel Pentium 4 Processor-M with 
the Intel 845E chipset, designers should refer to this document. Design issues such as thermal 
considerations should be addressed using specific design guides or application notes for the 
processors or chipset, some of which are listed in Section 1.2, “Related Documents”.

These design guidelines have been developed to ensure maximum flexibility for board designers 
while reducing the risk of board related issues. The design information provided in this document 
falls into one of the two categories:

• Design Recommendations are items based on Intel’s simulations and lab experience to date 
and are strongly recommended, if not necessary, to meet timing and signal quality 
specifications.

• Design Considerations are suggestions for platform design that provide one way to meet the 
design recommendations. They are based on the reference platforms designed by Intel. They 
should be used as examples, but may not be applicable to particular designs.

Note: The guidelines recommended in this document are based on experience and preliminary simulation 
work performed at Intel while developing the Intel Pentium 4 processor, Pentium 4 Processor-M 
and 845E chipset based systems. This work is ongoing, and the recommendations and 
considerations are subject to change.

1.1 Content Overview

Section 2.0, “Intel® Pentium® 4 Processor-M for Applied Computing Transition Guidelines” 
contains design guidelines and BIOS guidelines for transitioning the Intel Pentium 4 Processor-M 
to maximum performance mode at reset.

Section 3.0, “Voltage Regulator Design Guidelines” contains design guidelines for designing in 
two separate voltage regulator modules (VRMs) or a single voltage regular-down (VRD) in a 
scalable platform.

Appendix A, “High Frequency Transition Sample Schematic” and Appendix C, “Reference Design 
Schematics” are references for board designers. While the schematics may cover a specific design, 
the core schematics will remain the same for most platforms. The schematic set provides a 
reference schematic for each platform component as well as common motherboard options. The 
schematics also include the mobile processor transition and voltage regulator design considerations 
contained herein. Additional flexibility is possible through other permutations of these options and 
components.
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1.2 Related Documents

Reference the following documents for more information. All Intel issued documentation revision 
numbers are subject to change, and the latest revision should be used. Contact your Intel field 
representative for information on how to obtain Intel issued documentation.

Please refer to the Intel® Pentium® 4 Processor in 478-Pin Package and 845E Chipset Platform for 
DDR Design Guide for the most complete, up-to-date list of related documentation.

1.3 Conventions and Terminology

This section defines conventions and terminology that are used throughout this document.

Table 1. Related Documentation

Related Documents Order Number

Intel® Pentium® 4 Processor in 478-Pin Package and 845E Chipset Platform for DDR 
Design Guide 298652

Mobile Intel® Pentium® 4 Processor - M Datasheet 250686

Intel® Pentium® 4 Processor with 512-KB L2 Cache on 0.13 µ Process at 2 GHz, 2.20 
GHz, 2.26 GHz, 2.40 GHz, and 2.53 GHz Datasheet 298643

Intel® 845E Chipset: Intel® 82845 Memory Controller Hub (MCH) for DDR Datasheet 290742

Intel® 82801DB I/O Controller Hub 4 (ICH4) Datasheet 290744

Mobile Intel® Pentium® 4 Processor-M Thermal Design Guide for Embedded Applications 273729

Intel® Pentium® 4 Processor for Embedded Applications Thermal Design Guide 273704

VRM 9.0 DC-DC Converter Design Guidelines 249205

Intel® Pentium® 4 Processor VR-Down Design Guidelines 249891

Table 2. Conventions and Terminology

Convention/Terminology Definition

Intel® Pentium® 4 Processor-M for Applied 
Computing; mobile processor

This part is identical to the Mobile Intel® Pentium® 4 
Processor-M.

Intel® Pentium® 4 Processor for Applied Computing; 
desktop processor, or processor

This part is identical to the Intel® Pentium® 4 
Processor.

Chipset Intel® 845E Chipset

Scalable

As in “scalable platform”, “scalable board”, etc. Used 
to describe a system that is designed to accommodate 
either the Intel Pentium 4 processor or the Intel 
Pentium 4 Processor-M.

MPM Maximum Performance Mode (enhanced Intel® 
SpeedStep® technology mode)

BOM Battery Optimized Mode (enhanced Intel SpeedStep 
technology mode)

VID Voltage Identification

VRD Voltage Regulator-Down

VRM Voltage Regulator Module
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2.0 Intel® Pentium® 4 Processor-M for Applied 
Computing Transition Guidelines 

This section contains design guidelines for transitioning the Intel® Pentium® 4 Processor-M for 
Applied Computing to maximum performance mode at reset.

2.1 Background

The Mobile Intel Pentium 4 Processor-M features enhanced Intel SpeedStep® technology, which 
allows the processor to switch between two core frequencies. The mobile processor operates in two 
modes, the high frequency Maximum Performance Mode (MPM) or the low frequency Battery 
Optimized Mode (BOM). By default, the mobile processor will boot to the lower frequency. 
Certain mobile chipsets, such as the mobile Intel® 845MZ or 845MP chipset, can control the 
transition between the two modes; however, the Intel® 845E chipset is not capable of controlling 
the transition. Therefore, when designing a system based on the Intel 845E chipset, additional logic 
is required to transition the mobile processor from BOM to MPM.

The design guidelines in this section should be used for Intel Pentium 4 Processor-M / Intel 845E 
chipset based platforms, as well as for scalable platforms. The BIOS guidelines provided in Section 
2.5, “BIOS Enabling” specify provisions for detecting the presence of either a desktop processor or 
mobile processor, and only initiating transition sequence when a mobile processor is present.

Note: The Embedded Intel Architecture Group, which supports the combination of the Intel Pentium 4 
Processor-M for Applied Computing and Intel 845E Chipset, does not provide full support for 
enhanced Intel SpeedStep technology. The only supported aspect of this feature is the transition 
from battery optimized mode to maximum performance mode at reset. Designers are encouraged to 
follow the guidelines in this document to ensure proper product support.
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2.2 Enabling the Mobile Processor Transition

Figure 1 depicts a block diagram for enabling the transition of the mobile processor from BOM to 
MPM. The additional logic, external to the processor and chipset, required to accomplish this 
transition is depicted as the shaded block labeled External Logic.

Table 3 explains the various signals involved with the mobile processor transition. Additional 
details on these signals and the transition sequence follow in later sections.

Figure 1. Mobile Processor Transition Block Diagram

Intel ®  82845E    
MCH   

Intel ®  82801DB 
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Intel ®  Pentium ® 
    

4 Processor   -   M   

External    
Logic   

BIOS   

CLK   
Gen   

STPCLK#   
SLP#   

DPSLP#   RI#   
SUSCLK   

SLP#   

RESET = +3.3V   

Processor System Bus   Hub Interface   

DPSLP#   BCLK   

GHI#   
(tied low)   

Table 3. Frequency Transition Signal Overview (Sheet 1 of 2)

Signal Component(s)/Pin(s) Definition/Usage

GHI# CPU (pin A6)

At the transition, GHI# is sampled to determine the mode of the 
processor. GHI# high = Battery Optimized Mode; GHI# low = 
Maximum Performance Mode. GHI# must be tied low to correctly 
transition to MPM. (On the desktop processor, pin A6 is called 
TESTHI11.)

STPCLK#
CPU (pin Y4)

ICH4 (ball V23)
After the BIOS initiates the process, the ICH4 asserts this signal. 
As a result, the CPU enters Stop Grant state.

SLP# / 
CPUSLP#

CPU (SLP#, pin AB26)

ICH4 (CPUSLP#, ball U21)

External logic input

After the CPU is in Stop Grant state, the ICH4 asserts SLP#. As a 
result, the CPU enters Sleep state. The external logic intercepts 
this signal as a trigger to continue the transition sequence.

DPSLP#
CPU (AD25)

External logic output

After the CPU is in Sleep state, the external logic asserts DPSLP#. 
As a result, the CPU enters Deep Sleep state. After a specified 
length of time, the external logic de-asserts DPSLP# and the CPU 
re-enters Sleep state. (On the desktop processor, pin AD25 is 
called TESTHI12.)
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2.3 Frequency Transition Sequence

Figure 2 depicts the timing diagram for the mobile processor frequency transition sequence from 
BOM to MPM.

The steps in the mobile processor frequency transition sequence are as follows:

1. From Normal to Stop Grant (in-sync with BCLK) – The BIOS enables S1 sleep state. The 
ICH4 asserts STPCLK#, which causes the processor to initiate a special bus cycle, Stop Grant 
Acknowledge. 20 BCLKs after the response phase of Stop Grant Acknowledge, the processor 
enters Stop Grant state.

2. From Stop Grant to Sleep (in-sync with BCLK) – The ICH4 asserts SLP#, which places the 
processor in Sleep state. SLP# is also an input to the external transition logic, and the assertion 

RI#
ICH4 (ball Y1)

External logic output

The external logic asserts RI# (ring indicator) to wake the ICH4. 
From that point, the ICH4 controls the return of the system to 
Normal state.

SUSCLK
ICH4 (ball AA4)

External logic input
This is the 32.7 KHz clock used to synchronize the external logic.

BCLK
CPU (pins AF22, AF23)

Clock generator
The differential BCLK (bus clock) determines the system bus 
frequency.

Table 3. Frequency Transition Signal Overview (Sheet 2 of 2)

Signal Component(s)/Pin(s) Definition/Usage

Figure 2. Transition Sequence Timing Diagram
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of SLP# triggers the transition logic to begin its execution. Note that the external logic is 
synchronized with SUSCLK.

3. From Sleep to Deep Sleep and back to Sleep (in-sync with SUSCLK) – The external logic 
asserts DPSLP# after T2. After T3, the external logic deasserts DPSLP#. The system enters 
Sleep state after T4. Because GHI# is tied low, the mobile processor will transition to MPM 
and the high frequency.

4. From Sleep to Stop Grant (in-sync with SUSCLK, BCLK) – The external logic asserts RI# 
(ring indicator) to the ICH4, which will take over from here for the wake portion of the 
sequence. The external logic deasserts RI# in the next SUSCLK cycle. The ICH4 deasserts 
SLP#, and after T5, the system enters Stop Grant state.

5. From Stop Grant to Normal (in-sync with BCLK) – The ICH4 deasserts STPCLK#, and the 
system enters Normal state.

Table 4 provides timing details for the timings noted in Figure 2.

Note: To avoid compromising signal integrity, the DPSLP# input to the CPU must not sink more than 
4mA. In the schematic in Appendix A, “High Frequency Transition Sample Schematic”, the values 
of resistors R4 and R6 must be selected to properly translate the voltage of this signal, while 
meeting this sink requirement.

Table 4. Timing Details

T# Description Min Max Unit

T1 Input signals stable to SLP# assertion 
requirement 10 BCLKs

T2 SLP# to DPSLP# assertion 10 BCLKs

T3 DPSLP# hold time 1 BCLKs

T4

Deep Sleep PLL lock latency, time 
required to enter Sleep state after 
DPSLP# has been deasserted. External 
logic can assert RI# anytime after this.

0 30 us

T5

Input signal hold time from SLP# 
deassertion, time required to enter Stop 
Grant state after SLP has been 
deasserted

10 BCLKs

T6 STPCLK# hold time from SLP# 
deassertion 10 BCLKs
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2.4 External Logic

System designers must select hardware to fulfill the requirements of the external logic, as stated 
above. The external logic must accommodate three inputs (SLP#, RESET, SUSCLK) and two 
outputs (DPSLP#, RI#). Designers may select a PLD, FPGA, or other logic device of their choice 
and use the state diagram in Figure 3, the simulation timing diagram in Figure 4, and logic diagram 
and equations shown in Figure 5.

Figure 3. External Logic State Diagram

Figure 4. External Logic Timing Diagram
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In addition, designers may utilize the following VHDL code to program their external logic device:

library ieee;
use ieee.std_logic_1164.all;
entity speed_transition is port(

clk, rst: in std_logic;
cpuslp: in std_logic;

dslp: out std_logic;
ri: out std_logic

);
end speed_transition;

architecture speed of speed_transition is

signal state: std_logic_vector(2 downto 0);
-- State assignment is such that the logic is reduced
constant state1: std_logic_vector(2 downto 0) := "000";
constant state2: std_logic_vector(2 downto 0) := "001";
constant state3: std_logic_vector(2 downto 0) := "011";
constant state4: std_logic_vector(2 downto 0) := "111";
constant state5: std_logic_vector(2 downto 0) := "110";
constant state6: std_logic_vector(2 downto 0) := "100";
constant state7: std_logic_vector(2 downto 0) := "010";
constant state8: std_logic_vector(2 downto 0) := "101";

Figure 5. External Logic Diagram
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begin
-- If reset is low the state machine will be stable and in state1
process (clk, rst) 

begin
if rst=’0’ then 

state <= state1;
elsif (clk’event and clk=’1’) then

case state is
when state1 =>

if cpuslp = ’0’ then
state <= state2;

end if;
dslp <= ’1’;
ri <= ’1’;

when state2 =>
state <= state3;

when state3 =>
state <= state4;
dslp <= ’0’;

when state4 =>
state <= state5;
dslp <= ’1’;

when state5 =>
state <= state6;
ri <= ’0’;

when state6 =>
if cpuslp = ’1’ then

state <= state1;
else

state <= state6;
end if;

when others =>
state <= state1;

end case;
end if;

end process;

end speed;
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2.5 BIOS Enabling

2.5.1 Initiating the Transition Sequence in BIOS

BIOS designers must follow the design guidelines referenced in the Intel® Pentium® 4 Processor in 
478-Pin Package and 845E Chipset Platform for DDR Design Guide. However, additional BIOS 
modifications are required to initiate the transition sequence. Figure 6 depicts a flow chart of the 
required BIOS modifications.

The “Intel® SpeedStep® Support?” step above controls whether or not the transition sequence 
actually takes place. If a desktop processor is present in the socket (as in the case of a scalable 
platform), the BIOS first checks the processor for enhanced Intel SpeedStep technology support. If 
enabled (as in a mobile processor), the transition sequence continues; if disabled (as in a desktop 
processor), the transition sequence does not execute.

Figure 6. Required BIOS Modifications
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The BIOS must run the equivalent of the following psuedo-code during POST, immediately 
following the initialization of the ICH4:

// Initiate an Intel(R) SpeedStep(R) technology sequence.
// This sequence is used to trigger the external logic on board.
// The external logic is triggered by CPUSLP# assertion.
// The external logic asserts the Wake event (Ring Indicator) to wake system.

IF ( SpeedStep-Supported )
{

Ring Indicator Status, GPE0_STS[8] = Clear
Ring Indicator Event, GPE0_EN[8] = Enable
Mask Interrupts
CPUSLP# signal assert in S1 Sleep, GEN_PMCON_1 [5] = Enable
Sleep Type, PM1_CNT [12:10] = Desktop S1 State (001h)
Sleep, PM1_CNT [13] = Enable

}

To obtain details on the register utilized to check whether Intel SpeedStep technology is supported, 
please contact your Intel field representative.

Note: The system must not contain an external bus master that could possibly interrupt the above 
sequence. If so, the BIOS must disable that external bus master.

2.5.2 Microcode Updates in BIOS

The Intel® Pentium® 4 processor and Intel® Pentium® 4 Processor-M contain different microcode. 
If the BIOS contains code to update the processor microcode, the BIOS must be modified to first 
detect which processor is present in the socket, and then load the appropriate microcode.
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3.0 Voltage Regulator Design Guidelines

Because scalable platforms do not require advanced power management support, the primary 
differences between mobile and desktop requirements are the loadline specification and VID table 
translation. As such, for a scalable platform, Intel recommends one of the two following voltage 
regulator solutions:

• Design the board to accommodate two voltage regulator modules (VRMs), or

• Design the board with a scalable voltage regulator-down (VRD) on the board.

3.1 Scalable Platform Voltage Regulator Modules

For this solution, one connector should be designed onto the board to support either a desktop or 
mobile VRM. Refer to the VRM 9.0 DC-DC Converter Design Guidelines for specifications and 
design guidelines for the VRM connector. Intel has enabled third party vendors to manufacture the 
two VRMs. The vendors are listed in Table 5.

Caution: The proper VRM must be plugged into the connector before powering on the board. If the 
processor and VRM do not match, the VRM will deliver an incorrect voltage level, which may 
cause damage to the board and components.

3.2 Scalable Platform Voltage Regulator Down

A reference design for a VRD for a scalable platform is included in Appendix B, “Scalable 
Platform VRD Schematic”.

Table 5. VRM Vendors

Mobile VRM Vendor Desktop VRM Vendor

Powercube, A Natel Company

9340 Owensmouth Ave

Chatsworth, California 91311

USA

Contact: Mr. Shree Ramadas

Tel: (818) 734-6500

Toll-free: (800) 866-3590

FAX: (818) 734-6540

Toll-free FAX: (800) 866-3589

Email: shree@powercube.com

www.powercube.com

Powercube Part Number: VRMP-91-12-40

Sales representatives are located in Japan, China, 
India, Taiwan, Korea, UK, France, Germany, Norway, 
Sweden, Finland, Denmark, Austria, Italy, and Israel.

Celestica

4607 S.E. International Way

Milwaukie, Oregon 97222

USA

Tel: 971-206-2800

FAX: 503-786-5011

Email: power@celestica.com

www.celestica.com

Celestica Part Number: 073-20816-01

Sales representatives are located in North America, 
Japan, Taiwan, and Malaysia.

NOTE: These vendors are listed by Intel Corporation as a convenience to Intel’s general customer base. Intel 
does not make any representations or warranties whatsoever regarding quality, reliability, 
functionality, or compatibility of these devices. This list and/or these devices may be subject to change 
without notice.
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Appendix A  High Frequency Transition Sample Schematic

This appendix includes a schematic diagram for one example implementation of the Intel® 
Pentium® 4 Processor-M transition requirements.
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Appendix B  Scalable Platform VRD Schematic

This appendix includes a reference schematic for a voltage regulator-down (VRD), compatible 
with both the Intel® Pentium® 4 processor and the Intel® Pentium® 4 Processor-M.
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Appendix C  Reference Design Schematics

This appendix includes a complete set of board schematics for a scalable Intel® 845E chipset 
platform, which supports both the Intel® Pentium® 4 processor and Intel® Pentium® 4 
Processor-M.
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