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Intel® ICH5/ICH5R Features

PCI Bus Interface
— New: Supports PCI Revision 2.3 Specification at

33 MHz

— 6 available PCI REQ/GNT pairs

— One PCI REQ/GNT pair can be given higher
arbitration priority (intended for external 1394
host controller)

— Support for 44-bit addressing on PCI using DAC
protocol

Integrated LAN Controller

— New: Integrated ASF Management Controller

— WM 2.0 and IEEE 802.3 Compliant

— LAN Connect Interface (LCI)

— 10/100 Mbit/sec Ethernet Support

New: Integrated Serial ATA Host Controllers

— Independent DMA operation on two ports.

— Data transfer rates up to 1.5 Gb/s (150 MB/s).

— RAID Level 0 Support (ICHSR Only)

Integrated IDE Controller

— Supports “Native Mode” Register and Interrupts

— Independent timing of up to 4 drives

— Ultra ATA/100/66/33, BMIDE and PIO modes

— Tri-state modes to enable swap bay

USB 2.0

— New: Includes 4 UHCI Host Controllers,
increasing the number of external ports to eight

— Includes 1 EHCI Host Controller that supports all
eight ports

— Includes 1 USB 2.0 high-speed debug port

— Supports wake-up from sleeping states S1-S5

— Supports legacy Keyboard/Mouse software

AC-Link for Audio and Telephony Codecs

— Support for 3 AC ‘97 2.3 codecs.

— Independent bus master logic for 8 channels (PCM
In/Out, PCM2 In, Mic 1 Input, Mic 2 Input,
Modem In/Out, S/PDIF Out)

— Support for up to six channels of PCM audio
output (full AC3 decode)

— Supports wake-up events

Interrupt Controller

— Supports up to 8 PCI interrupt pins

— Supports PCI 2.3 Message Signaled Interrupts

— Two cascaded 82C59 with 15 interrupts

— Integrated I/0O APIC capability with 24 interrupts

— Supports Front Side Bus interrupt delivery

High-Precision Event Timers
— Advanced operating system interrupt scheduling

New: 1.5 V operation with 3.3 V I/O

— 5V tolerant buffers on IDE, PCI, USB Over-
current and Legacy signals

Timers Based on 82C54

— System timer, Refresh request, Speaker tone
output

New: Integrated 1.5 V Voltage Regulator (INTVR) for
the Suspend wells

Power Management Logic
— New: ACPI 2.0 compliant

— ACPI-defined power states (C1, S3—S5)

— ACPI Power Management Timer

— PCI PME# support

— SMI# generation

— All registers readable/restorable for proper resume
from 0 V suspend states

— Support for APM-based legacy power
management for non-ACPI implementations

External Glue Integration

— Integrated Pull-up, Pull-down and Series
Termination resistors on IDE, processor I/F

— Integrated Pull-down and Series resistors on USB

Flash BIOS I/F supports BIOS Memory size up to

8 Mbytes

Low Pin Count (LPC) I/F
— Supports two Master/DMA devices.

— Support for Security Devices connected to LPC.

Enhanced DMA Controller

— Two cascaded 8237 DMA controllers

— PCI DMA: Supports PC/PCI — Includes two
PC/PCI REQ#/GNTH# pairs

— Supports LPC DMA

— Supports DMA Collection Buffer to provide Type-
F DMA performance for all DMA channels

Real-Time Clock

— 256-byte battery-backed CMOS RAM

— Integrated oscillator components

— Lower Power DC/DC Converter implementation

System TCO Reduction Circuits

— Timers to generate SMI# and Reset upon detection
of system hang

— Timers to detect improper processor reset

— Integrated processor frequency strap logic

— Supports ability to disable external devices

SMBus

— New: Provides independent manageability bus
through SMLink interface.

— Supports SMBus 2.0 Specification

— Host interface allows processor to communicate
via SMBus

— Slave interface allows an internal or external
Microcontroller to access system resources

— Compatible with most 2-Wire components that are
also I°C compatible

GPIO
— TTL, Open-Drain, Inversion

Package 31x31 mm 460 mBGA

The Intef ICH5 / ICH5R may contain design defects or errors known as errata which may cause the products to deviate from
published specifications. Current characterized errata are available on request.
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Introduction 1

1.1 About This Manual

This manual is intended for Ori%inal Equipment Manufacturers and BIOS vendors creating

Intel® 82801EB ICHS5 and Intel® 82801ER ICH5 R (ICH5R)-based products. Throughout this
manual, all references to ICHS5 refer to both ICHS and ICHSR components, unless specifically
noted otherwise. This manual assumes a working knowledge of the vocabulary and principles of
USB, IDE, SATA, AC °97, SMBus, PCI, ACPI and LPC. Although some details of these features
are described within this manual, refer to the individual industry specifications listed in Table 1 for
the complete details.

Table 1. Industry Specifications

Specification Location

http://developer.intel.com/design/chipsets/

Low Pin Count Interface Specification, Revision 1.1 (LPC) industry/lpc.htm

Audio Codec ‘97 Component Specification, Version 2.3 http://www.intel.com/labs/media/audio/
(also known as AC '97 v2.3 Specification) index.htm#97spec23

http://www.intel.com/labs/manage/wfm/

Wired for Management Baseline Version 2.0 (WfM) wimspecs. htm

System Management Bus (SMBus) Specification, Version 2.0 http://www.smbus.org/specs/

http://www.pcisig.com/specifications/

PCI Local Bus Specification, Revision 2.3 (PCl) conventional

http://www.pcisig.com/specifications/

PCI-to-PCl Bridge Architecture Specification, Revision 1.1 conventional

http://www.pcisig.com/specifications/

PCI Power Management Specification, Revision 1.1 conventional

Universal Serial Bus Revision 2.0 Specification (USB) http://www.usb.org/developers/docs/

Advanced Configuration and Power Interface, Version 2.0b . L
http://www.acpi.info/spec.htm

(ACPI)
Enhanced Host Controller Interface Specification for Universal http://developer.intel.com/technology/usb/
Serial Bus, Revision 1.0 (EHCI) ehcispec.htm

http://www.serialata.org/collateral/

SATA 1.0a Specification (Serial ATA) index.shtml

http://www.dmtf.org/standards/
standard_alert.php

IEEE 802.3 http://standards.ieee.org
AT Attachment - 6 with Packet Interface (ATA/ATAPI - 6) http://T13.0rg (T13 1410D)

Alert Standard Format (ASF) Specification, Version 1.03

Power Management Network Device Class Reference
Specification, Revision 1.0
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Chapter 1. Introduction
Chapter 1 introduces the ICHS and provides information on manual organization.

Chapter 2. Signal Description

Chapter 2 provides a detailed description of each ICHS signal. Signals are arranged according to
interface and details are provided as to the drive characteristics (Input/Output, Open Drain, etc.) of
all signals.

Chapter 3. Intel® ICHS Power Planes and Pin States
Chapter 3 provides a complete list of signals, their associated power well, their logic level in each
suspend state, and their logic level before and after reset.

Chapter 4. Intel® ICH5 and System Clock Domains
Chapter 4 provides a list of each clock domain associated with the ICHS in an ICHS-based system.

Chapter 5. Functional Description

Chapter 5 provides a detailed description of the functions in the ICHS. All PCI buses, devices and
functions in this manual are abbreviated using the following nomenclature; Bus:Device:Function.
This manual abbreviates buses as B0 and B1, devices as D8, D29, D30 and D31 and functions as
FO, F1, F2, F3, F4, F5, F6 and F7. For example Device 31 Function 5 is abbreviated as D31:F5,
Bus 1 Device 8 Function 0 is abbreviated as B1:D8:F0. Generally, the bus number will not be used,
and can be considered to be Bus 0. Note that the ICHS’s external PCI bus is typically Bus 1, but
may be assigned a different number depending upon system configuration.

Chapter 6. Register and Memory Mappings
Chapter 6 provides an overview of the registers, fixed I/O ranges, variable I/O ranges and memory
ranges decoded by the ICHS.

Chapter 7. LAN Controller Registers

Chapter 7 provides a detailed description of all registers that reside in the ICHS’s integrated LAN
controller. The integrated LAN controller resides on the ICHS’s external PCI bus (typically Bus 1)
at Device 8, Function 0 (B1:D8:F0).

Chapter 8. Hub Interface to PCI Bridge Registers
Chapter 8 provides a detailed description of all registers that reside in the Hub Interface to PCI
bridge. This bridge resides at Device 30, Function 0 (D30:F0).

Chapter 9. LPC Bridge Registers

Chapter 9 provides a detailed description of all registers that reside in the LPC bridge. This bridge
resides at Device 31, Function 0 (D31:F0). This function contains registers for many different units
within the ICHS5 including DMA, Timers, Interrupts, Processor Interface, GP1O, Power
Management, System Management and RTC.

Chapter 10. IDE Controller Registers
Chapter 10 provides a detailed description of all registers that reside in the IDE controller. This
controller resides at Device 31, Function 1 (D31:F1).

Chapter 11. SATA Controller Registers
Chapter 11 provides a detailed description of all registers that reside in the SATA controller. This
controller resides at Device 31, Function 2 (D31:F2).

Chapter 12. UHCI Controller Registers
Chapter 12 provides a detailed description of all registers that reside in the four UHCI host
controllers. These controllers reside at Device 29, Functions 0, 1, 2, and 3 (D29:F0/F1/F2/F3).
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Chapter 13. EHCI Controller Registers
Chapter 13 provides a detailed description of all registers that reside in the EHCI host controller.
This controller resides at Device 29, Function 7 (D29:F7).

Chapter 14. SMBus Controller Registers
Chapter 14 provides a detailed description of all registers that reside in the SMBus controller. This
controller resides at Device 31, Function 3 (D31:F3).

Chapter 15. AC °97 Audio Controller Registers

Chapter 15 provides a detailed description of all registers that reside in the audio controller. This
controller resides at Device 31, Function 5 (D31:F5). Note that this chapter of the datasheet does
not include the native audio mixer registers. Accesses to the mixer registers are forwarded over the
AC-link to the codec where the registers reside.

Chapter 16. AC 97 Modem Controller Registers

Chapter 16 provides a detailed description of all registers that reside in the modem controller. This
controller resides at Device 31, Function 6 (D31:F6). Note that this chapter of the datasheet does
not include the modem mixer registers. Accesses to the mixer registers are forwarded over the AC-
link to the codec where the registers reside.

Chapter 17. High-Precision Event Timers Registers
Chapter 17 provides a detailed description of all registers that reside in the multimedia timer
memory mapped register space.

Chapter 18. Ballout Definition
Chapter 18 provides a table of each signal and its ball assignment in the 460 mBGA package.

Chapter 19. Electrical Characteristics
Chapter 19 provides all AC and DC characteristics including detailed timing diagrams.

Chapter 20. Package Information
Chapter 20 provides drawings of the physical dimensions and characteristics of the 460-mBGA
package.

Chapter 21. Testability
Chapter 21 provides detail about the implementation of test modes provided in the ICHS.

Index
This manual ends with indexes of registers and register bits.
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1.2 Overview

The ICHS provides extensive I/O support. Functions and capabilities include:

® PCI Local Bus Specification, Revision 2.3 with support for 33 MHz PCI operations.
¢ PCI slots (supports up to 6 Req/Gnt pairs)

* ACPI power management logic support

¢ Enhanced DMA controller, interrupt controller, and timer functions

¢ Integrated IDE controller supports Ultra ATA100/66/33

¢ Integrated SATA controller

* USB host interface with support for eight USB ports; four UHCI host controllers; one EHCI
high-speed USB 2.0 host controller

¢ Integrated LAN controller
¢ Integrated ASF controller

* System Management Bus (SMBus) Specification, Version 2.0 with additional support for I’C
devices

* Supports Audio Codec ‘97 Component Specification, Version 2.3 (also known as AC 97 v2.3
Specification) link for audio and telephony codecs (up to seven channels)

* Low Pin Count (LPC) interface
¢ Firmware Hub (FWH) interface support

The ICHS incorporates a variety of PCI functions that are divided into four logical devices
(B0:D30, B0:D31, B0:D29 and B1:D8). D30 is the hub interface-to-PCI bridge, D31 contains the
PCI-to-LPC Bridge, IDE controller, SATA controller, SMBus controller and the AC 97 Audio and
Modem controller functions and D29 contains the four USB UHCI controllers and one USB EHCI
controller. B1:D8 is the integrated LAN controller.

Table 2. PCI Devices and Functions

Bus:Device:Function Function Description

Bus 0:Device 30:Function 0 | Hub Interface to PCI Bridge
Bus 0:Device 31:Function 0 | PCl to LPC Bridge1

Bus 0:Device 31:Function 1 IDE Controller

Bus 0:Device 31:Function 2 | New: SATA Controller

Bus 0:Device 31:Function 3 | SMBus Controller

Bus 0:Device 31:Function 5 | AC’97 Audio Controller

Bus 0:Device 31:Function 6 | AC’97 Modem Controller
Bus 0:Device 29:Function 0 | USB UHCI Controller #1
Bus 0:Device 29:Function 1 | USB UHCI Controller #2
Bus 0:Device 29:Function 2 | USB UHCI Controller #3
Bus 0:Device 29:Function 3 | New: USB UHCI Controller #4
Bus 0:Device 29:Function 7 | USB 2.0 EHCI Controller

Bus n:Device 8:Function 0 LAN Controller

NOTES:
1. The PCI to LPC bridge contains registers that control LPC, Power Management, System Management,
GPIO, Processor Interface, RTC, Interrupts, Timers, DMA.
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The following sub-sections provide an overview of the ICHS capabilities.
Hub Architecture

The chipset’s hub interface architecture ensures that the I/O subsystem; both PCI and the integrated
I/O features (SATA, IDE, AC ‘97, USB, etc.), receive the bandwidth necessary for peak
performance.

PCI Interface

The ICHS PCI interface provides a 33 MHz, Revision 2.3 compliant implementation. All PCI
signals are 5-V tolerant, except PME#. The ICHS integrates a PCI arbiter that supports up to six
external PCI bus masters in addition to the internal ICHS requests.

IDE Interface (Bus Master Capability and Synchronous DMA Mode)

The fast IDE interface supports up to four IDE devices providing an interface for IDE hard disks
and ATAPI devices. Each IDE device can have independent timings. The IDE interface supports
PIO IDE transfers up to 16 Mbytes/sec and Ultra ATA transfers up 100 Mbytes/sec. It does not
consume any ISA DMA resources. The IDE interface integrates 16x32-bit buffers for optimal
transfers.

The ICHS5’s IDE system contains two independent IDE signal channels. They can be electrically
isolated independently. They can be configured to the standard primary and secondary channels
(four devices). There are integrated series resistors on the data and control lines (see Section 5.16
for details).

SATA Controller

The SATA controller supports two SATA devices providing an interface for SATA hard disks and
ATAPI devices. The SATA interface supports PIO IDE transfers up to 16 Mb/s and Serial ATA
transfers up to 1.5 Gb/s (150 MB/s).

The ICHS’s SATA system contains two independent SATA signal ports. They can be electrically
isolated independently. Each SATA device can have independent timings. They can be configured
to the standard primary and secondary channels.

Low Pin Count (LPC) Interface

The ICHS implements an LPC Interface as described in the Low Pin Count Interface Specification,
Revision 1.1. The Low Pin Count (LPC) Bridge function of the ICHS resides in PCI

Device 31:Function 0. In addition to the LPC bridge interface function, D31:F0 contains other
functional units including DMA, interrupt controllers, timers, power management, system
management, GPIO, and RTC.
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Compatibility Modules (DMA Controller, Timer/Counters, Interrupt
Controller)

The DMA controller incorporates the logic of two 82C37 DMA controllers, with seven
independently programmable channels. Channels 03 are hardwired to 8-bit, count-by-byte
transfers, and channels 5-7 are hardwired to 16-bit, count-by-word transfers. Any two of the seven
DMA channels can be programmed to support fast Type-F transfers.

The ICHS supports two types of DMA (LPC and PC/PCI). DMA via LPC is similar to ISA DMA.
LPC DMA and PC/PCI DMA use the ICH5’s DMA controller. The PC/PCI protocol allows
PClI-based peripherals to initiate DMA cycles by encoding requests and grants via two PC/PCI
REQ#/GNT# pairs.

LPC DMA is handled through the use of the LDRQ# lines from peripherals and special encoding
on LAD[3:0] from the host. Single, Demand, Verify, and Increment modes are supported on the
LPC interface. Channels 0-3 are 8 bit channels. Channels 5-7 are 16 bit channels. Channel 4 is
reserved as a generic bus master request.

The timer/counter block contains three counters that are equivalent in function to those found in
one 82C54 programmable interval timer. These three counters are combined to provide the system
timer function, and speaker tone. The 14.31818 MHz oscillator input provides the clock source for
these three counters.

The ICHS5 provides an ISA-compatible Programmable Interrupt Controller (PIC) that incorporates
the functionality of two 82C59 interrupt controllers. The two interrupt controllers are cascaded so
that 14 external and two internal interrupts are possible. In addition, the ICHS supports a serial
interrupt scheme.

All of the registers in these modules can be read and restored. This is required to save and restore
system state after power has been removed and restored to the platform.

Advanced Programmable Interrupt Controller (APIC)

In addition to the standard ISA-compatible PIC described in the previous section, the ICHS
incorporates the Advanced Programmable Interrupt Controller (APIC).

Universal Serial Bus (USB) Controller

The ICHS5 contains an Enhanced Host Controller Interface Specification for Universal Serial Bus,
Revision 1.0 -compliant host controller that supports USB high-speed signaling. High-speed USB
2.0 allows data transfers up to 480 Mb/s which is 40 times faster than full-speed USB. The ICHS
also contains four Universal Host Controller Interface (UHCI) controllers that support USB full-
speed and low-speed signaling.

The ICHS supports eight USB 2.0 ports. All eight ports are high-speed, full-speed, and low-speed
capable. ICHS’s port-routing logic determines whether a USB port is controlled by one of the
UHCI controllers or by the EHCI controller. See Section 5.19 and Section 5.20 for details.
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LAN Controller

The ICHS5’s integrated LAN controller includes a 32-bit PCI controller that provides enhanced
scatter-gather bus mastering capabilities and enables the LAN controller to perform high speed
data transfers over the PCI bus. Its bus master capabilities enable the component to process high-
level commands and perform multiple operations; this lowers processor utilization by off-loading
communication tasks from the processor. Two large transmit and receive FIFOs of 3 KB each help
prevent data underruns and overruns while waiting for bus accesses. This enables the integrated
LAN controller to transmit data with minimum interframe spacing (IFS).

The LAN controller can operate in either full duplex or half duplex mode. In full duplex mode the
LAN controller adheres with the IEEE 802.3x Flow Control Specification. Half duplex
performance is enhanced by a proprietary collision reduction mechanism. See Section 5.2 for
details.

RTC

The ICHS5 contains a Motorola MC146818A-compatible real-time clock with 256 bytes of battery-
backed RAM. The real-time clock performs two key functions: keeping track of the time of day
and storing system data, even when the system is powered down. The RTC operates on a

32.768 KHz crystal and a separate 3 V lithium battery.

The RTC also supports two lockable memory ranges. By setting bits in the configuration space,
two 8-byte ranges can be locked to read and write accesses. This prevents unauthorized reading of
passwords or other system security information.

The RTC also supports a date alarm that allows for scheduling a wake up event up to 30 days in
advance, rather than just 24 hours in advance.

GPIO

Various general purpose inputs and outputs are provided for custom system design. The number of
inputs and outputs varies depending on ICHS5 configuration.

Enhanced Power Management

The ICHS5’s power management functions include enhanced clock control, local and global
monitoring support for 14 individual devices, and various low-power (suspend) states

(e.g., Suspend-to-DRAM and Suspend-to-Disk). A hardware-based thermal management circuit
permits software-independent entrance to low-power states. The ICHS contains full support for the
Advanced Configuration and Power Interface (ACPI) Specification, Revision 2.0b.

System Management Bus (SMBus 2.0)

The ICHS contains an SMBus Host interface that allows the processor to communicate with
SMBus slaves. This interface is compatible with most I>C devices. Special I>’C commands are
implemented.

The ICHS5’s SMBus host controller provides a mechanism for the processor to initiate
communications with SMBus peripherals (slaves). Also, the ICHS supports slave functionality,
including the Host Notify protocol. Hence, the host controller supports eight command protocols of
the SMBus interface (see System Management Bus (SMBus) Specification, Version 2.0): Quick
Command, Send Byte, Receive Byte, Write Byte/Word, Read Byte/Word, Process Call, Block
Read/Write, and Host Notify.
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intel.

Manageability

The ICHS integrates several functions designed to manage the system and lower the total cost of
ownership (TCO) of the system. These system management functions are designed to report errors,
diagnose the system, and recover from system lockups without the aid of an external
microcontroller.

46

TCO Timer. The ICHS5’s integrated programmable TCO timer is used to detect system locks.
The first expiration of the timer generates an SMI# that the system can use to recover from a
software lock. The second expiration of the timer causes a system reset to recover from a
hardware lock.

Processor Present Indicator. The ICHS5 looks for the processor to fetch the first instruction
after reset. If the processor does not fetch the first instruction, the ICHS can reboot the system.

ECC Error Reporting. When detecting an ECC error, the host controller has the ability to
send one of several messages to the ICHS. The host controller can instruct the ICHS to
generate either an SMI#, NMI, SERR#, or TCO interrupt.

Function Disable. The ICHS5 provides the ability to disable the following functions: AC 97
Modem, AC ’97 Audio, IDE, SATA, LAN, USB, UHCI, EHCI, or SMBus. Once disabled,
these functions no longer decode I/O, memory, or PCI configuration space. Also, no interrupts
or power management events are generated from the disable functions.

Intruder Detect. The ICHS provides an input signal (INTRUDER#) that can be attached to a
switch that is activated by the system case being opened. The ICHS can be programmed to
generate an SMI# or TCO interrupt due to an active INTRUDER# signal.

SMBus 2.0. The ICHS5 integrates an SMBus controller that provides an interface to manage
peripherals (e.g., serial presence detection (SPD) and thermal sensors) with host notify
capabilities.
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AC 97 2.3 Controller

The AC '97 v2.3 Specification defines a digital interface that can be used to attach an audio codec
(AC), a modem codec (MC), an audio/modem codec (AMC) or a combination of ACs and MC. The
AC ’97 v2.3 Specification defines the interface between the system logic and the audio or modem

codec, known as the AC-link.

By using an audio codec, the AC-link allows for cost-effective, high-quality, integrated audio on
Intel’s chipset-based platform. In addition, an AC *97 soft modem can be implemented with the use
of a modem codec. Several system options exist when implementing AC *97. The ICHS5-integrated
digital link allows several external codecs to be connected to the ICHS. The system designer can
provide audio with an audio codec, a modem with a modem codec, or an integrated audio/modem
codec. The digital link is expanded to support three audio codecs or two audio codecs and one
modem codec.

The modem implementations for different countries must be taken into consideration, because
telephone systems may vary. By using a split design, the audio codecs can be on-board and the
modem codec can be placed on a riser.

The digital link in the ICHS5 supports the AC 97 v2.3 Specification, so it supports three codecs with
independent PCI functions for audio and modem. Microphone input and left and right audio
channels are supported for a high quality, two-speaker audio solution. Wake on Ring from Suspend
also is supported with the appropriate modem codec.

The ICHS expands the audio capability with support for up to six channels of PCM audio output
(full AC3 decode). Six-channel audio consists of Front Left, Front Right, Back Left, Back Right,
Center, and Subwoofer, for a complete surround-sound effect. ICHS has expanded support for three
audio codecs on the AC-link.

Alert Standard Format (ASF) Controller

The Alert Standard Format Specification, Version 1.03 supported by the ICHS, defines ASF
alerting capabilities including system health information such as BIOS messages, POST alerts, OS
failure notifications, and heartbeat signals to indicate the system is up and running on the network.
Also included are environmental notifications such as thermal, voltage and fan alerts, which send
proactive warnings that something is wrong with the hardware. In addition, asset security is
provided by messages such as “cover tamper” and “CPU missing” that notify an IT manager of
potential system break-ins and processor or memory theft.
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I ntGI ® Signal Description

Signal Description 2

This chapter provides a detailed description of each signal. The signals are arranged in functional
groups according to their associated interface.

The “#” symbol at the end of the signal name indicates that the active, or asserted state occurs when
the signal is at a low voltage level. When “#” is not present, the signal is asserted when at the high
voltage level.

The following notations are used to describe the signal type:

I Input Pin
0] Output Pin
oD Open Drain Output Pin.
/O Bi-directional Input / Output Pin.
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Figure 1. Intel® ICH5 Interface Signals Block Diagram
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2.1

Table 3.

2.2

Table 4.

2.3

Table 5.
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Hub Interface to Host Controller

Hub Interface Signals

Name Type Description
HI[11:0] /0 Hub Interface Signals
HI STBF /o Hub Interface Strobe First: The first of two differential strobe signals used to
- transmit and receive data through the hub interface.
Hub Interface Strobe Second: The second of two strobe signals used to transmit
HI_STBS /0 . )
- and receive data through the hub interface.
HIRCOMP o) Hub Interface Im.pedance Compensation: This signal is used for hub interface
buffer compensation.
Hub Interface Voltage Swing: This is an analog input used to control the voltage
HI_VSWING swing and impedance strength of hub interface pins. The expected voltage is
800 mV.

Link to LAN Connect

LAN Connect Interface Signals

Name Type Description
LAN CLK | LAN I/F Clock: This signal is driven by the LAN Connect component. The
- frequency range is 5 MHz to 50 MHz.

Received Data: The platform LAN Connect component uses these signals to

LAN_RXD[2:0] transfer data and control information to the integrated LAN controller. These
signals have integrated weak pull-up resistors.

. Transmit Data: The integrated LAN controller uses these signals to transfer data
LAN_TXD[2:0] o and control information to the LAN Connect component.
LAN_RSTSYNC o LAN Reset/Sync: The platform LAN Connect component’s Reset and Sync

signals are multiplexed onto this pin.

EEPROM Interface

EEPROM Interface Signals

Name Type Description
EE_SHCLK (0] EEPROM Shift Clock: This signal is the serial shift clock output to the EEPROM.
EE DIN | EEPRQM Data In: .This signal transfers fjata from the EEPROM to the Intel® ICH5.
- This signal has an integrated pull-up resistor.
EE_DOUT (0] EEPROM Data Out: This signal transfers data from the ICH5 to the EEPROM.
EE_CS (0] EEPROM Chip Select: This signal is the chip select to the EEPROM.
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Flash BIOS Interface

Table 6. Flash BIOS Interface Signals

Description

Flash BIOS Signals: These signals are multiplexed with the LPC address
signals.

Name Type
FB[3:0] /
LAD[3:0] Vo
FB4/
LFRAME# Vo

Flash BIOS Signals: This signal is multiplexed with the LPC LFRAME# signal.

2.5

PCI Interface

PCI Interface Signals (Sheet 1 of 3)

Description

PCI Address/Data: AD[31:0] are the signals of the multiplexed address and data
bus. During the first clock of a transaction, AD[31:0] contain a physical address
(32 bits). During subsequent clocks, AD[31:0] contain data. The Intel® ICH5 will
drive all Os on AD[31:0] during the address phase of all PCI Special Cycles.

Bus Command and Byte Enables: The command and byte enable signals are
multiplexed on the same PCI pins. During the address phase of a transaction,
C/BE[3:0]# define the bus command. During the data phase C/BE[3:0}# define the
Byte Enables.

C/BE[3:0]# Command Type
0000 Interrupt Acknowledge
0001 Special Cycle

0010 I/0 Read

0011 I/O Write

0110 Memory Read

0111 Memory Write

1010 Configuration Read
1011 Configuration Write
1100 Memory Read Multiple
17110 Memory Read Line
1111 Memory Write and Invalidate

All command encodings not shown are reserved. The ICH5 does not decode
reserved values, and therefore will not respond if a PCI master generates a cycle
using 1 of the reserved values.

Device Select: The ICH5 asserts DEVSEL# to claim a PCI transaction. As an
output, the ICH5 asserts DEVSEL# when a PCI master peripheral attempts an
access to an internal ICH5 address or an address destined for the hub interface
(main memory or AGP). As an input, DEVSEL# indicates the response to an ICH5-
initiated transaction on the PCl bus. DEVSEL# is tri-stated from the leading edge of
PCIRST#. DEVSEL# remains tri-stated by the ICH5 until driven by a Target device.

Table 7.
Name Type
AD[31:0] 110
C/BE[3:0]# 110
DEVSEL# 110
FRAME# 110

Cycle Frame: The current Initiator drives FRAME# to indicate the beginning and
duration of a PCI transaction. While the initiator asserts FRAME#, data transfers
continue. When the initiator negates FRAME#, the transaction is in the final data
phase. FRAME# is an input to the ICH5 when the ICHS5 is the target, and FRAME#
is an output from the ICH5 when the ICH5 is the Initiator. FRAME# remains tri-
stated by the ICH5 until driven by an Initiator.
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Table 7. PCI Interface Signals (Sheet 2 of 3)

Name

Type

Description

IRDY#

110

Initiator Ready: IRDY# indicates the ICH5's ability, as an Initiator, to complete the
current data phase of the transaction. It is used in conjunction with TRDY#. A data
phase is completed on any clock both IRDY# and TRDY# are sampled asserted.
During a write, IRDY# indicates the ICH5 has valid data present on AD[31:0].
During a read, it indicates the ICH5 is prepared to latch data. IRDY# is an input to
the ICH5 when the ICH5 is the Target and an output from the ICH5 when the ICH5
is an Initiator. IRDY# remains tri-stated by the ICH5 until driven by an Initiator.

TRDY#

110

Target Ready: TRDY# indicates the ICH5's ability as a Target to complete the
current data phase of the transaction. TRDY# is used in conjunction with IRDY#. A
data phase is completed when both TRDY# and IRDY# are sampled asserted.
During a read, TRDY# indicates that the ICH5, as a Target, has placed valid data
on AD[31:0]. During a write, TRDY# indicates the ICH5, as a Target is prepared to
latch data. TRDY# is an input to the ICH5 when the ICH5 is the Initiator and an
output from the ICH5 when the ICH5 is a Target. TRDY# is tri-stated from the
leading edge of PCIRST#. TRDY# remains tri-stated by the ICH5 until driven by a
target.

STOP#

110

Stop: STOP# indicates that the ICH5, as a Target, is requesting the Initiator to stop
the current transaction. STOP# causes the ICH5, as an Initiator, to stop the current
transaction. STOP# is an output when the ICHS5 is a Target and an input when the
ICH5 is an Initiator. STOP# is tri-stated from the leading edge of PCIRST#. STOP#
remains tri-stated until driven by the ICHS5.

PAR

110

Calculated/Checked Parity: PAR uses “even” parity calculated on 36 bits,
AD[31:0] plus C/BE[3:0]#. “Even” parity means that the ICH5 counts the number of
1’ within the 36 bits plus PAR and the sum is always even. The ICH5 always
calculates PAR on 36 bits regardless of the valid byte enables. The ICH5 generates
PAR for address and data phases and only guarantees PAR to be valid one PCI
clock after the corresponding address or data phase. The ICH5 drives and tri-
states PAR identically to the AD[31:0] lines except that the ICH5 delays PAR by
exactly one PCI clock. PAR is an output during the address phase (delayed one
clock) for all ICHS5 initiated transactions. PAR is an output during the data phase
(delayed one clock) when the ICHS5 is the Initiator of a PCI write transaction, and
when it is the Target of a read transaction. ICH5 checks parity when it is the Target
of a PCl write transaction. If a parity error is detected, the ICH5 will set the
appropriate internal status bits, and has the option to generate an NMI# or SMI#.

PERR#

110

Parity Error: An external PCI device drives PERR# when it receives data that has
a parity error. The ICH5 drives PERR# when it detects a parity error. The ICH5 can
either generate an NMI# or SMI# upon detecting a parity error (either detected
internally or reported via the PERR# signal when serving as the initiator).

REQ[0:3]#
REQ4# |
GPI040

REQS#/
REQB#/
GPIO1

PCI Requests: The ICH5 supports up to six masters on the PCI bus. The REQ4#
pin can instead be used as a GPI. REQ5# is muxed with PC/PCI REQB# (must
choose one or the other, but not both). If not used for PCI or PC/PCI, REQ5#/
REQB# can instead be used as GPIO1.

NOTE: R EQO# is programmable to have improved arbitration latency for
supporting PCl-based 1394 controllers.

GNT[0:3]#
GNT4#/
GPI048

GNTS#/
GNTB#/
GPIO17#

PCI Grants: The ICH5 supports up to 6 masters on the PCl bus. The GNT4# pin
can instead be used as a GPO. GNT5# is multiplexed with PC/PCI GNTB# (must
choose one or the other, but not both). If not needed for PCI or PC/PCI, GNT5# can
instead be used as a GPIO.

Pull-up resistors are not required on these signals. If pull-ups are used, they should
be tied to the Vcc3_3 power rail. GNTB#/GNT5#/GPIO17 has an internal pull-up.

PCICLK

PCI Clock: This is a 33 MHz clock. PCICLK provides timing for all transactions on
the PCI Bus.
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INtal.

Table 7. PCI Interface Signals (Sheet 3 of 3)

Name Type Description
PCI Reset: ICH5 asserts PCIRST# to reset devices that reside on the PCI bus.
The ICH5 asserts PCIRST# during power-up and when S/W initiates a hard reset
PCIRST# (@) sequence through the RC (CF9h) register. The ICH5 drives PCIRST# inactive a
minimum of 1 ms after PWROK is driven active. The ICH5 drives PCIRST# active a
minimum of 1 ms when initiated through the RC register.
PCI Lock: This signal indicates an exclusive bus operation and may require
PLOCK# /o multiple transactions to complete. ICH5 asserts PLOCK# when it performs non-
exclusive transactions on the PCI bus. PLOCK# is ignored when PCI| masters are
granted the bus.
System Error: SERR# can be pulsed active by any PCI device that detects a
SERR# I/OD | system error condition. Upon sampling SERR# active, the ICH5 has the ability to
generate an NMI, SMI#, or interrupt.
PCI Power Management Event: PCl peripherals drive PME# to wake the system
from low-power states S1-S5. PME# assertion can also be enabled to generate an
PME# I/OD | SCI from the SO state. In some cases the ICH5 may drive PME# active due to an
internal wake event. The ICH5 will not drive PME# high, but it will be pulled up to
VccSus3_3 by an internal pull-up resistor.
REQA# / PC/PCI DMA Request [A:B]: This request serializes ISA-like DMA requests for
GPIO0 the purpose of running ISA-compatible DMA cycles over the PCI bus. This is used
by devices such as PCI based Super I/O or audio codecs that need to perform
REQB# / legacy 8237 DMA but have no ISA bus.
RGEPQKSDﬁ / When not used for PC/PCI requests, these signals can be used as general purpose
Inputs. REQB# can instead be used as the 6th PCI bus request.
PC/PCI DMA Acknowledges [A: B]: This grant serializes an ISA-like DACK# for
GNTA# / the purpose of running DMA/ISA Master cycles over the PCI bus. This is used by
GPIO16 devices such as PCl based Super/IO or audio codecs which need to perform
GNTB#/ 0 legacy 8237 DMA but have no ISA bus.
GNT5# / When not used for PC/PCI, these signals can be used as General Purpose
GPIO17 Outputs. GNTB# can also be used as the 6th PCI bus master grant output. These
signal have internal pull-up resistors.

2.6 Serial ATA Interface

Table 8. Serial ATA Interface Signals

Name Type Description
SATAOTXP o Serial ATA 0 Differential Transmit Pair: These are outbound high-speed
SATAOTXN differential signals to Port 0.
SATAORXP Serial ATA 0 Differential Receive Pair: These are inbound high-speed
SATAORXN differential signals from Port 0.
SATA1TXP o Serial ATA 1 Differential Transmit Pair: These are outbound high-speed
SATATTXN differential signals to Port 1.
SATA1RXP Serial ATA 1 Differential Receive Pair: These are inbound high-speed
SATA1RXN differential signals from Port 1.
SATARBIAS Serial ATA Resistor Bias: These are analog connection points for an external
SATARBIAS# resistor to ground.
SATALED# oD gx:r‘] IIZ:)I;i\;/e Activity Indicator: This signal indicates SATA drive activity when
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2.7 IDE Interface

Signal Description

Table 9. IDE Interface Signals (Sheet 1 of 2)

Name Type Description
PDCS1#, Primary and _Secondary ID_E Device _Chip _Selects for 100 Range: For A'I_'A
O command register block. This output signal is connected to the corresponding
SDCS1# signal on the primary or secondary IDE connector.
Primary and Secondary IDE Device Chip Select for 300 Range: For ATA control
PDCS3#, A 4 ; \ | )
(0] register block. This output signal is connected to the corresponding signal on the
SDCS3# primary or secondary IDE connector.
Primary and Secondary IDE Device Address: These output signals are
PDA[2:0], o | connected to the corresponding signals on the primary or secondary IDE
SDA[2:0] connectors. They are used to indicate which byte in either the ATA command block
or control block is being addressed.
PDD[15:0], Primary an_d Se_condary IDE D_evice Data: These signals directly drive t_he
. I/O | corresponding signals on the primary or secondary IDE connector. There is a weak
SDD[15:0] internal pull-down resistor on PDD7 and SDD7.
Primary and Secondary IDE Device DMA Request: These input signals are
directly driven from the DRQ signals on the primary or secondary IDE connector. It
PDDREQ, is asserted by the IDE device to request a data transfer, and used in conjunction
SDDREQ with the PCI bus master IDE function and are not associated with any AT
compatible DMA channel. There is a weak internal pull-down resistor on these
signals.
Primary and Secondary IDE Device DMA Acknowledge: These signals directly
drive the DAK# signals on the primary and secondary IDE connectors. Each is
PDDACK#, o | asserted by the Intel® ICH5 to indicate to IDE DMA slave devices that a given data
SDDACK# transfer cycle (assertion of DIOR# or DIOWH#) is a DMA data transfer cycle. This
signal is used in conjunction with the PCI bus master IDE function and are not
associated with any AT-compatible DMA channel.
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Table 9. IDE Interface Signals (Sheet 2 of 2)

Name Type Description
Primary and Secondary Disk I/0 Read (PIO and Non-Ultra DMA): This is the
command to the IDE device that it may drive data onto the PDD or SDD lines. Data
PDIOR# / is latched by the ICH5 on the deassertion edge of PDIOR# or SDIOR#. The IDE
(PDWSTB / device is selected either by the ATA register file chip selects (PDCS1# or SDCS1#,
PRDMARDY#) PDCS3# or SDCS3#) and the PDA or SDA lines, or the IDE DMA acknowledge
(PDDAK# or SDDAK#).
0o Primary and Secondary Disk Write Strobe (Ultra DMA Writes to Disk): This is the
SDIOR# / data write strobe for writes to disk. When writing to disk, ICH5 drives valid data on
(SDWSTB / rising and falling edges of PDWSTB or SDWSTB.
SRDMARDY#) Pri . N T
rimary and Secondary Disk DMA Ready (Ultra DMA Reads from Disk): This is the
DMA ready for reads from disk. When reading from disk, ICH5 deasserts
PRDMARDY# or SRDMARDY# to pause burst data transfers.
Primary and Secondary Disk I/0 Write (PIO and Non-Ultra DMA): This is the
command to the IDE device that it may latch data from the PDD or SDD lines. Data
PDIOW# / is latched by the IDE device on the deassertion edge of PDIOW# or SDIOW#. The
(PDSTOP) IDE device is selected either by the ATA register file chip selects (PDCS1# or
SDIOW# / 0 SDCS1#, PDCS3# or SDCS3#) and the PDA or SDA lines, or the IDE DMA
(SDSTOP) acknowledge (PDDAK# or SDDAK#).
Primary and Secondary Disk Stop (Ultra DMA): ICH5 asserts this signal to
terminate a burst.
Primary and Secondary /0 Channel Ready (PIO): This signal will keep the
PIORDY / strobe active (PDIOR# or SDIOR# on reads, PDIOW# or SDIOW# on writes) longer
(PDRSTB/ than the minimum width. It adds wait-states to PIO transfers.

PWDMARDY#) Primary and Secondary Disk Read Strobe (Ultra DMA Reads from Disk): When
SIORDY / reading from disk, ICH5 latches data on rising and falling edges of this signal from
(SDRSTB/ the disk.

SWDMARDY#) Primary and Secondary Disk DMA Ready (Ultra DMA Writes to Disk): When writing

to disk, this is de-asserted by the disk to pause burst data transfers.

2.8 LPC Interface

Table 10. LPC Interface Signals

Name Type Description
LADI[3:0] / LPC Multiplexed Command, Address, Data: For LAD[3:0], internal pull-ups are
. 110 ;
FBI[3:0] provided.
LFR?B'QE#/ (0] LPC Frame: LFRAME# indicates the start of an LPC cycle, or an abort.
LDRQO# LPC Serial DMA/Master Request Inputs: LDRQ[1:0]# are used to request DMA or

bus master access. These signals are typically connected to external Super I/O
LDRQ1#/ device. An internal pull-up resistor is provided on these signals.

GPIO41 LDRQ1# may optionally be used as GPI.
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Signal Description

2.9 Interrupt Interface

Table 11. Interrupt Signals

Name

Type

Description

SERIRQ

110

Serial Interrupt Request: This pin implements the serial interrupt protocol.

PIRQ[D:AJ#

1/0D

PCl Interrupt Requests: In Non-APIC Mode the PIRQx# signals can be routed to
interrupts 3, 4, 5,6, 7,9, 10, 11, 12, 14, or 15 as described in Section 5.8.6. Each
PIRQx# line has a separate Route Control register.

In APIC mode, these signals are connected to the internal I/O APIC in the following
fashion: PIRQA# is connected to IRQ16, PIRQB# to IRQ17, PIRQC# to IRQ18, and
PIRQD# to IRQ19. This frees the legacy interrupts.

PIRQ[H:EJ# /
GPIO[5:2]

1/0D

PCl Interrupt Requests: In Non-APIC Mode the PIRQx# signals can be routed to
interrupts 3, 4, 5,6, 7,9, 10, 11, 12, 14, or 15 as described in Section 5.8.6. Each
PIRQx# line has a separate Route Control Register.

In APIC mode, these signals are connected to the internal I/O APIC in the following
fashion: PIRQE# is connected to IRQ20, PIRQF# to IRQ21, PIRQG# to IRQ22, and
PIRQH# to IRQ23. This frees the legacy interrupts. If not needed for interrupts,
these signals can be used as GPIO.

IRQ[14:15]

Interrupt Request 14-15: These interrupt inputs are connected to the IDE drives.
IRQ14 is used by the drives connected to the Primary controller and IRQ15 is used
by the drives connected to the Secondary controller.
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2.10 USB Interface

Table 12. USB Interface Signals

Name Type Description
Universal Serial Bus Port 1:0 Differential: These differential pairs are used to

USBPOP transmit Data/Address/Command signals for ports 0 and 1. These ports can be

USBPON’ routed to UHCI controller #1 or the EHCI controller.

USBP1P, Vo . . . ®

USBP1N’ NOTE: _No external resistors are required on t_hese signals. Th_e Int_el ICH5
integrates 15 kQ pull-downs and provides an output driver impedance
of 45 Q which requires no external series resistor

Universal Serial Bus Port 3:2 Differential: These differential pairs are used to

USBP2P. transmit data/address/command signals for ports 2 and 3. These ports can be

USBP2N' routed to UHCI controller #2 or the EHCI controller.

USBP3P, Vo . . .

USBP3N' NOTE: _No external resistors are required on t.hese signals. Thfe IC!—I5
integrates 15 kQ pull-downs and provides an output driver impedance
of 45 Q which requires no external series resistor

Universal Serial Bus Port 5:4 Differential: These differential pairs are used to

USBP4P transmit Data/Address/Command signals for ports 4 and 5. These ports can be

USBP4N’ routed to UHCI controller #3 or the EHCI controller.

USBP5P, Vo . . .

USBP5N’ NOTE: _No external resistors are required on t_hese signals. Th_e ICHS
integrates 15 kQ pull-downs and provides an output driver impedance
of 45 Q which requires no external series resistor

Universal Serial Bus Port 7:6 Differential: These differential pairs are used to

USBP6P. transmit Data/Address/Command signals for ports 6and 7. These ports can be

USBPGN' routed to UHCI controller #4 or the EHCI controller.

USBP7P, Vo . . .

USBP7N' NOTE: _No external resistors are required on t.hese signals. Thfe IC!—I5
integrates 15 kQ pull-downs and provides an output driver impedance
of 45 Q which requires no external series resistor

OC[3:0]#

OC4#/ GPIO9 Overcurrent Indicators: These signals set corresponding bits in the USB
OC5#/ GPI010 controllers to indicate that an overcurrent condition has occurred.
OC6#/ GPIO14 OC|[7:4]# may optionally be used as GPls.
OC7#/ GPIO15
USBRBIAS, o USB Resistor Bias: These are analog connection point for an external resistor
USBRBIAS# to ground.
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2.1

Signal Description

Power Management Interface

Table 13. Power Management Interface Signals

Intel® 82801EB ICH5 / 82801ER ICH5R Datasheet

Name

Type

Description

THRM#

Thermal Alarm: This is an active low signal generated by external hardware to start
the Hardware clock throttling mode. Can also generate an SMI# or an SCI.

THRMTRIP#

Thermal Trip: When low, this signal indicates that a thermal trip from the processor
occurred, and the Intel™ ICH5 will immediately transition to a S5 state. The ICH5 will
not wait for the processor stop grant cycle since the processor has overheated.

SLP_S3#

S3 Sleep Control: SLP_S3# is for power plane control. This signal shuts off power
to all non-critical systems when in S3 (Suspend To RAM), S4 (Suspend to Disk), or
S5 (Soft Off) states.

SLP_Sa#

S4 Sleep Control: SLP_S4# is for power plane control. This signal shuts power to
all non-critical systems when in the S4 (Suspend to Disk) or S5 (Soft Off) state.

NOTE: This pin must be used to control the DRAM power in order to use the ICH5’s
DRAM power-cycling feature. Refer to Section 5.13.11.2 for details.

SLP_S5#

S5 Sleep Control: SLP_S5# is for power plane control. This signal is used to shut
power off to all non-critical systems when in the S5 (Soft Off) states.

PWROK

Power OK: When asserted, PWROK is an indication to the ICH5 that core power
and PCICLK have been stable for at least 99 ms. PWROK can be driven
asynchronously. When PWROK is negated, the ICH5 asserts PCIRST#.

NOTE: PWROK must deassert for a minimum of three RTC clock periods in order
for the ICHS5 to fully reset the power and properly generate the PCIRST#
output

PWRBTN#

Power Button: The Power Button will cause SMI# or SCI to indicate a system
request to go to a sleep state. If the system is already in a sleep state, this signal will
cause a wake event. If PWRBTN# is pressed for more than 4 seconds, this will
cause an unconditional transition (power button override) to the S5 state. Override
will occur even if the system is in the S1-S4 states. This signal has an internal pull-
up resistor.

RI#

Ring Indicate: This signal is an input from the modem interface. It can be enabled
as a wake event, and this is preserved across power failures.

SYS_RESET#

System Reset: This pin forces an internal reset after being debounced. The ICH5
will reset immediately if the SMBus is idle; otherwise, it will wait up to 25 ms £ 2 ms
for the SMBus to idle before forcing a reset on the system.

RSMRST#

Resume Well Reset: This signal is used for resetting the resume power plane logic.

LAN_RST#

LAN Reset: This signal must be asserted at least 10 ms after the resume well
power (VccSus3_3) is valid. When deasserted, this signal is an indication that the
resume well power is stable.

SUS_STAT#/
LPCPD#

Suspend Status: This signal is asserted by the ICH5 to indicate that the system will
be entering a low power state soon. This can be monitored by devices with memory
that need to switch from normal refresh to suspend refresh mode. It can also be
used by other peripherals as an indication that they should isolate their outputs that
may be going to powered-off planes. This signal is called LPCPD# on the LPC I/F.

SUSCLK

Suspend Clock: This clock is an output of the RTC generator circuit to use by other
chips for refresh clock.

VRMPWRGD

VRM Power Good: This should be connected to be the processor’s VRM Power
Good.
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212 Processor Interface

Table 14. Processor Interface Signals (Sheet 1 of 2)

Name Type Description

Mask A20: A20M# will go active based on either setting the appropriate bit in the
Port 92h register, or based on the A20GATE input being active.

Speed Strap: During the reset sequence, the Intel® ICH5 drives A20M# high if the
corresponding bit is set in the FREQ_STRP register.

A20M# o

CPU Sleep: This signal puts the processor into a state that saves substantial power
CPUSLP# O compared to Stop-Grant state. However, during that time, no snoops occur. The
ICH5 can optionally assert the CPUSLP# signal when going to the S1 state.

Numeric Coprocessor Error: This signal is tied to the coprocessor error signal on
the processor. FERR# is only used if the ICH5 coprocessor error reporting function is
enabled in the General Control Register (Device 31:Function 0, Offset DO, bit 13). If
FERR# is asserted, the ICH5 generates an internal IRQ13 to its interrupt controller
unit. It is also used to gate the IGNNE# signal to ensure that IGNNE# is not asserted
FERR# to the processor unless FERR# is active. FERR# requires an external weak pull-up
to ensure a high level when the coprocessor error function is disabled.

NOTE: FERR# can be used in some states for notification by the processor of
pending interrupt events. This functionality is independent of the General
Control Register bit setting.

Ignore Numeric Error: This signal is connected to the ignore error pin on the
processor. IGNNE# is only used if the ICH5 coprocessor error reporting function is
enabled in the General Control Register (Device 31:Function 0, Offset DO, bit 13). If
FERR# is active, indicating a coprocessor error, a write to the Coprocessor Error
IGNNE# 0 Register (FOh) causes the IGNNE# to be asserted. IGNNE# remains asserted until
FERR# is negated. If FERR# is not asserted when the Coprocessor Error Register is
written, the IGNNE# signal is not asserted.

Speed Strap: During the reset sequence, ICH5 drives IGNNE# high if the
corresponding bit is set in the FREQ_STRP register.

Initialization: INIT# is asserted by the ICH5 for 16 PCI clocks to reset the processor.
INIT# O ICH5 can be configured to support processor BIST. In that case, INIT# will be active
when PCIRST# is active.

CPU Interrupt: INTR is asserted by the ICHS5 to signal the processor that an
interrupt request is pending and needs to be serviced. It is an asynchronous output
INTR 0 and normally driven low.

Speed Strap: During the reset sequence, ICH5 drives INTR high if the
corresponding bit is set in the FREQ_STRP register.

Non-Maskable Interrupt: NMI is used to force a non-Maskable interrupt to the
processor. The ICH5 can generate an NMI when either SERR# or IOCHK# is
asserted. The processor detects an NMI when it detects a rising edge on NMI. NMl is
NMI 0 reset by setting the corresponding NMI source enable/disable bit in the NMI Status
and Control Register.

Speed Strap: During the reset sequence, ICH5 drives NMI high if the corresponding
bit is set in the FREQ_STRP register.

System Management Interrupt: SMI# is an active low output synchronous to
SMI# (0] PCICLK. It is asserted by the ICH5 in response to one of many enabled hardware or
software events.

Stop Clock Request: STPCLK# is an active low output synchronous to PCICLK. It
is asserted by the ICH5 in response to one of many hardware or software events.
When the processor samples STPCLK# asserted, it responds by stopping its internal
clock.

STPCLK# o
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Table 14. Processor Interface Signals (Sheet 2 of 2)

Name Type Description

Keyboard Controller Reset CPU: The keyboard controller can generate INIT# to
the processor. This saves the external OR gate with the ICH5’s other sources of
INIT#. When the ICH5 detects the assertion of this signal, INIT# is generated for
RCIN# 16 PCI clocks.

NOTE: The ICH5 will ignore RCIN# assertion during transitions to the S3, S4, and
S5 states.

A20 Gate: A20GATE is from the keyboard controller. The signal acts as an
A20GATE alternative method to force the A20M# signal active. It saves the external OR gate
needed with various other PClsets.

CPU Power Good: This signal should be connected to the processor's PWRGOOD
CPUPWRGD/ input. This is an open-drain output signal (external pull-up resistor required) that
GPI049 oD represents a logical AND of the ICH5’s PWROK and VRMPWRGD signals.

This signal may optionally be configured as a GPO.

213 SMBus Interface

Table 15. SM Bus Interface Signals

Name Type Description

SMBDATA //OD | SMBus Data: External pull-up is required.

SMBCLK 1/OD | SMBus Clock: External pull-up is required.

SMBALERT#/
GPIO11

SMBus Alert: This signal is used to wake the system or generate SMI#. If not used

I for SMBALERTH#, it can be used as a GPI.

2.14 System Management Interface

Table 16. System Management Interface Signals

Name Type Description

Intruder Detect: This signal can be set to disable system if box detected open.
INTRUDER# This signal’s status is readable, so it can be used like a GPI if the Intruder Detection
is not needed.

System Management Link: SMBus link to optional external system management
ASIC or LAN controller. External pull-ups are required. Note that SMLINKO
corresponds to an SMBus Clock signal, and SMLINK1 corresponds to an SMBus
Data signal.

SMLINK[1:0] I/0D

SMLink Alert: This signal is an output from the Intel® ICHS to either the integrated
LINKALERT# I/OD | ASF or an external management controller in order for the LAN’s SMLINK slave to
be serviced.
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2.15 Real Time Clock Interface

Table 17. Real Time Clock Interface

Name Type Description
RTCXA1 Special Crystal Input 1: This signal is connected to the 32.768 kHz crystal. If no external
p crystal is used, then RTCX1 can be driven with the desired clock rate.
. Crystal Input 2: This signal is connected to the 32.768 kHz crystal. If no external
RTCX2 Special crystal is used, then RTCX2 should be left floating.

2.16 Other Clocks

Table 18. Other Clocks

Name Type Description
Oscillator Clock: Used for 8254 timers. Runs at 14.31818 MHz. This clock is
CLK14 | . >
permitted to stop during S3 (or lower) states.
48 MHz Clock: Used to run the USB controller. Runs at 48 MHz. This clock is
CLK48 | . ;
permitted to stop during S3 (or lower) states.
CLK66 | 66 MHz Clock: Used to run the hub interface. Runs at 66 MHz. This clock is
permitted to stop during S3 (or lower) states.
CLK100P 100 MHz Differential Clock: These signals are used to run the SATA controller.
The clock runs at 100 MHz. This clock is permitted to stop during S3 (or lower)
CLK100N
states.
217 Miscellaneous Signals

Table 19. Miscellaneous Signals

Name

Type

Description

INTVRMEN

Internal Voltage Regulator Enable: This signal enables the internal 1.5 V
Suspend regulator. It connects to VccRTC.

SPKR

Speaker: The SPKR signal is the output of counter 2 and is internally “ANDed”

with Port 61h bit 1 to provide Speaker Data Enable. This signal drives an external

speaker driver device, which in turn drives the system speaker. Upon PCIRST#,

its output state is 0.

NOTE: SPKRis sampled at the rising edge of PWROK as a functional strap. See
Section 2.21.1 for more details. There is a weak integrated pull-down
resistor on SPKR pin.

RTCRST#

RTC Reset: When asserted, this signal resets register bits in the RTC well.
NOTES:
1. Unless entering the XOR Chain Test Mode, the RTCRST# input must always
be high when all other RTC power planes are on
2. In the case where the RTC battery is not functional or missing on the platform,
the RTCRST# pin must rise before the RSMRST# pin.

TPO

Test Point 0: This signal must have an external pull-up to VccSus3_3.

TP1

Test Point 1: This signal is not implemented and should be routed to a test point.

TP2

Test Point 2: This signal is not implemented and should be routed to a test point.
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2.18 AC-Link

Table 20. AC-Link Signals

Name Type Description
AC_RST# O AC ’97 Reset: Master hardware reset to external codec(s).
AC_SYNC (@) AC ’97 Sync: 48 kHz fixed rate sample sync to the codec(s).
AC BIT CLK | AC ’97 Bit Cl_ocl_(: 12.288 MHz serial data clock gene_rated by the external
- = Codec(s). This signal has an integrated pull-down resistor (see Note below).
AC ’97 Serial Data Out: Serial TDM data output to the codec(s).
AC_sbout O | NOTE: AC_SDOUT is sampled at the rising edge of PWROK as a functional
strap. See Section 2.21.1 for more details.
AC_SDIN[2:0] | AC ’97 Serial Data In 2:0: Serial TDM data inputs from the three codecs.

NOTE: An integrated pull-down resistor on AC_BIT_CLK is enabled when either:
- The ACLINK Shutoff bit in the AC’97 Global Control Register (See Section 15.2.8) is set to 1, or
- Both Function 5 and Function 6 of Device 31 are disabled.
Otherwise, the integrated pull-down resistor is disabled.

219 General Purpose 1/O

Table 21. General Purpose 1/O Signals (Sheet 1 of 2)

Name Type Description

GPI049 oD Eiéa?jz\ﬁROéjlt;ut only. Processor I/F power well. Can instead be used as

GPlO48 O Fixed as Output only. Main power well. Can instead be used as GNT4#.
GPIO[47:42] N/A | Not implemented.

GPlO41 | Fixed as Input only. Main power well. Can be used instead as LDRQ1#.

GPIO40 | Fixed as Input only. Main power well. Can be used instead as REQ4#.
GPIO[39:35] N/A | Not implemented.

GPI0O34 1/0 | Can be input or output. Main power well. Not multiplexed.

GPIO33 N/A | Not implemented.

GPI1032 1/0 | Can be input or output. Main power well. Not multiplexed.

GPIO[31:29] N/A | Not implemented.

GPIl0[28:27] 1/0 | Can be input or output. Resume power well. Not multiplexed.

GPl1026 1/0 | Not implemented.
GPlO25 1/0 | Can be input or output. Resume power well. Not multiplexed.
GPl1024 1/0 | Can be input or output. Resume power well.
GPlO23 O Fixed as output only. Main power well.
GPl022 OD | Fixed as output only. Main power well.
GPlO21 (@) Fixed as output only. Main power well.
Intef® 82801EB ICH5 / 82801ER ICH5R Datasheet 63

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/4640914/FW82801BA_S_L5FC.html

Signal Description

Table 21. General Purpose I/O Signals (Sheet 2 of 2)

Name Type Description
GP1020 (0] Fixed as output only. Main power well.
GPIO19 (0] Fixed as output only. Main power well.
GPIO18 (0] Fixed as output only. Main power well.
GPIO[17:16] o Fixed as Output only. Main power well. Can be used instead as PC/PCI GNT[A:BJ#.

: GPIO17 can also alternatively be used for PClI GNT5#. Integrated pull-up resistor.
GPIO[15:14] | Fixed as Input only. Resume power well. Can be used instead as OC[7:6]#.
GPIO[13:12] | Fixed as Input only. Resume power well. Not multiplexed.

GPIO11 | Fixed as Input only. Resume power well. Can be used instead as SMBALERT#.
GPI0[10:9] | Fixed as Input only. Resume power well. Can be used instead as OC[5:4]#.
Fixed as Input only. Resume power well. Not multiplexed. This GPIO is recommended
GPIOS for use as the Communications Streaming Architecture (CSA) PME# signal to provide
Wake-On-LAN capabilities. The GPI_INV bit corresponding to GPIO8 must be set in
order to achieve the correct polarity in the General Purpose Event 0 Status Register.
GPIO7 | Fixed as Input only. Main power well. Not multiplexed.
GPIO6 | Fixed as Input only. Main power well.
GPIO[5:2] | Fixed as Input only. Main power well. Can be used instead as PIRQ[E:H]#.
GPIO[1:0] | Fixed as Input only. Main power well. Can be used instead as PC/PCI REQ[A:BJ#.
' GPIO1 can also alternatively be used for PCl REQ5#.

NOTE: GPIO[0:7] are 5 V tolerant. GPIO[8:49] not 5 V tolerant.
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intel.

2.20 Power and Ground

Table 22. Power and Ground Signals

Name Description
3.3 V supply for core well I/0 buffers (18 pins). This power may be shut off in S3, S4, S5 or
Vce3_3
G3 states.
Veel 5 1.5V supply for core well logic and hub interface logic (25 pins). This power may be shut off
= in S3, S4, S5, or G3 states.
Reference for 5 V tolerance on core well inputs (2 pins). This power may be shut off in S3,
V5REF
S4, S5, or G3 states.
HIREF 350 mV analog input for hub interface (1 pin).
This power is shut off in S3, S4, S5, and G3 states.
3.3 V supply for resume well /O buffers (10 pins). This power is not expected to be shut off
VccSus3_3 .
= unless the system is unplugged.
1.5V supply for resume well logic (1 pin). This power is not expected to be shut off unless
AC power is not available.
NOTE:
VccSus1_5_A | 1. This voltage plane is generated internally
2. Do not connect the three sets of VccSus1_5_x signal groups on the Intel® ICH5
together. Each group needs to be independently connected to its corresponding
decoupling capacitor for optimum noise isolation.
1.5V supply for resume well logic (3 pins). This power is not expected to be shut off unless
AC power is not available.
NOTE:
VccSus1_5_B | 1. This voltage plane is generated internally
2. Do not connect the three sets of VccSus1_5_x signal groups on the ICH5 together. Each
group needs to be independently connected to its corresponding decoupling capacitor
for optimum noise isolation.
1.5 V supply for resume well logic (2 pins). This power is not expected to be shut off unless
AC power is not available.
NOTE:
VccSus1_5_C | 1. This voltage plane is generated internally
2. Do not connect the three sets of VccSus1_5_x signal groups on the ICH5 together. Each
group needs to be independently connected to its corresponding decoupling capacitor
for optimum noise isolation.
Reference for 5 V tolerance on resume well inputs (1 pin). This power is not expected to be
V5REF_Sus -
shut off unless the system is unplugged.
3.3V (can drop to 1.0 V min. in G3 state) supply for the RTC well (1 pin). This power is not
expected to be shut off unless the RTC battery is removed or completely drained.

VccRTC NOTE: Implementations should not attempt to clear CMOS by using a jumper to pull
VccRTC low. Clearing CMOS in an ICH5-based platform can be done by using a
jumper on RTCRST# or GPI, or using SAFEMODE strap.

1.5 V supply for core well logic (1 pin). This signal is used for the USB PLL. This power may

VecUSBPLL | b shut off in S3, S4, S5, or G3 states.
1.5 V supply for core well logic (2 pins). This signal is used for the SATA PLL. This power

VecSATAPLL may be shut off in S3, S4, S5, or G3 states.
Powered by the same supply as the processor I/O voltage (3 pins). This supply is used to

V_CPU_IO - . . ; '
- - drive the processor interface signals listed in Table 14.
Vss Grounds (119 pins).
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2.21

2.211

Pin Straps

Functional Straps

The following signals are used for static configuration. They are sampled at the rising edge of
PWROK to select configurations, and then revert later to their normal usage. To invoke the
associated mode, the signal should be driven at least four PCI clocks prior to the time it is sampled.

Table 23. Functional Strap Definitions

66

Signal

Usage

When Sampled

Comment

AC_SDOUT

Safe Mode

Rising Edge of
PWROK

The signal has a weak internal pull-down. If the signal is
sampled high, the Intel® ICH5 will set the processor speed
strap pins for safe mode. Refer to the processor
specification for speed strapping definition. The status of
this strap is readable via the SAFE_MODE bit (bit 2, D31:
FO, Offset D4h).

GNTA#

Top-Block
Swap
Override

Rising Edge of
PWROK

The signal has a weak internal pull-up. If the signal is
sampled low, this indicates that the system is strapped to
the “top-block swap” mode (ICHS5 inverts A16 for all cycles
targeting FWH BIOS space). The status of this strap is
readable via the Top_Swap bit (bit 13, D31: FO, Offset
D4h). Note that software will not be able to clear the Top-
Swap bit until the system is rebooted without GNTA# being
pulled down.

GNTS5#/
GNTB /
GPIO17

Reserved

This signal has a weak internal pull-up.

NOTE: This signal should not be pulled low.

TP1

Reserved

This signal has a weak internal pull-down.

NOTE: This signal should not be pulled high.

AC_SYNC

Reserved

This signal has a weak internal pull-down.

LINKALERT#

Reserved

This signal requires an external pullup resistor.

SPKR

No Reboot

Rising Edge of
PWROK

The signal has a weak internal pull-down. If the signal is
sampled high, this indicates that the system is strapped to
the “No Reboot” mode (ICH5 will disable the TCO timer
system reboot feature). The status of this strap is readable
via the NO_REBOOT bit (bit 1, D31: FO, Offset D4h).

Downloaded from Elcodis.com electronic components distributor

Intel® 82801EB ICH5 / 82801ER ICH5R Datasheet



http://elcodis.com/parts/4640914/FW82801BA_S_L5FC.html

u
I ntGI ® Signal Description

2.21.2 External RTC Circuitry

To reduce RTC well power consumption, the ICH5 implements an internal oscillator circuit that is
sensitive to step voltage changes in VccRTC. Figure 2 shows a schematic diagram of the circuitry
required to condition these voltages to ensure correct operation of the ICHS5 RTC.

Figure 2. Example External RTC Circuit

VecSus3_3 > X veerte

—L 1uF
—
. = » X RTCex2

100 ke 32.768 kHz —— R1
Xtal _|_ 10 MQ
. o X rrCxt

o [
; 15pF:|T: 15pF:|::

Vbatt =
0.1 uF

IX] RTCRsT#

NOTE: C1 and C2 depend on crystal load.

2.21.3 Power Sequencing Requirements

2.21.31 V5REF / Vcc3_3 Sequencing Requirements

VS5REF is the reference voltage for 5 V tolerance on inputs to the ICHS5. VSREF must be powered
up before Vee3 3, or after Vee3 3 within 0.7 V. Also, VSREF must power down after Vee3 3, or
before Vee3 3 within 0.7 V. The rule must be followed in order to ensure the safety of the ICHS. If
the rule is violated, internal diodes will attempt to draw power sufficient to damage the diodes from
the Vee3 3 rail. Figure 3 shows a sample implementation of how to satisfy the VSREF/3.3 V
sequencing rule.

This rule also applies to the standby rails, but in most platforms, the VecSus3 3 rail is derived from
the VccSusS rail; therefore, the VecSus3 3 rail will always come up after the VeeSus) rail. As a
result, VSREF Sus will always be powered up before VecSus3 3. In platforms that do not derive
the VeeSus3 3 rail from the VecSusS rail, this rule must be comprehended in the platform design.

Figure 3. Example V5REF Sequencing Circuit

Vee3 3 5V Supply
1KQ
Schottky
Diode I TuF
To System 5VREF To System
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2.21.3.2 3.3 V/1.5V Standby Power Sequencing Requirements
There is an integrated 1.5 V standby regulator that is used to power the resume well of the ICHS.

Due to the use of this internal regulator, there are no power sequencing requirements for associated
3.3 V/1.5 V (standby or core) rails of the ICHS.

2214 Test Signals

2.21.41 Test Mode Selection

When PWROK is active (high) for at least 76 PCI clocks, driving RTCRST# active (low) for a
number of PCI clocks (33 MHz) will activate a particular test mode a specified in Table 24.

Note: RTCRST# may be driven low any time after PCIRST is inactive. Refer to Chapter 21 for a detailed
description of the ICHS test modes.

Table 24. Test Mode Selection

Number of PCI Clocks RTCR§T# driven low after Test Mode
PWROK active
<4 No Test Mode Selected
4 XOR Chain 1
5 XOR Chain 2
6 XOR Chain 3
7 XOR Chain 4
8 All “Z”
9-13 Reserved. DO NOT ATTEMPT
14 Long XOR
15-42 Reserved. DO NOT ATTEMPT
43-51 No Test Mode Selected
52 XOR Chain 6
53 XOR Chain 4 Bandgap
>53 No Test Mode Selected
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Intel® ICH5 Power Planes and
Pin States 3

3.1 Power Planes

Table 25. Intel® ICH5 Power Planes

Plane Description
Main /O Vce3_3: Powered by the main power supply. When the system is in the S3, S4, S5, or
(3.3V) G3 state, this plane is assumed to be shut off.
Main Logic Vce1_5: Powered by the main power supply. When the system is in the S3, S4, S5, or
(1.5V) G3 state, this plane is assumed to be shut off.
Resume /O VccSus3_3: Powered by the main power supply in S0-S1 states. Powered by the

trickle power supply when the system is in the S3, S4, or S5 state. Assumed to be shut

(3.3 V Standby) off only when in the G3 state (system is unplugged).

VccSus1_5: Powered by the main power supply in S0-S1 states. Powered by the
trickle power supply when the system is in the S3, S4, or S5 state. Assumed to be shut
off only when in the G3 state (system is unplugged).

These planes are generated from the integrated VRM.

Resume Logic
(1.5 V Standby)

Processor I/F V_CPU_IO: Powered by the main power supply via processor voltage regulator. When
(0.8~1.75V) the system is in the S3, S4, S5, or G3 state, this plane is assumed to be shut off.

VccRTC: When other power is available (from the main supply), external diode coupling
RTC will provide power to reduce the drain on the RTC battery. The batter is assumed to
operate from 3.3 V down to 1.0 V.
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3.2 Integrated Pull-Ups and Pull-Downs

Table 26. Integrated Pull-Up and Pull-Down Resistors

Signal Resistor Type Nominal Value Notes
AC_BITCLK pull-down 20 kQ 1,9
AC_RST# pull-down 20 kQ 2,9
AC_SDIN[2:0] pull-down 20 kQ 2
AC_SDOUT pull-down 20 kQ 2,8,9
AC_SYNC pull-down 20 kQ 2,8,9
EE_DIN pull-up 20 kQ 3
EE_DOUT pull-up 20 kQ 3
EE_CS pull-up 20 kQ 3
GNT[B:AJ#/ GNT5# / ~
GPIO[17:16] pull-up 20 kQ 3,8
LAD[3:0]# / FB[3:0]# pull-up 20 kQ 3
LDRQ[1:0] / GP1041 pull-up 20 kQ 3
LAN_RXD[2:0] pull-up 10 kQ 4
LAN_CLK pull-down 100 kQ 5
PME# pull-up 20 kQ 3
PWRBTN# pull-up 20 kQ 3
PDD7 / SDD7 pull-down 11.5 kQ 6
PDDREQ / SDDREQ pull-down 11.5 kQ 6
SPKR pull-down 20 kQ 2,8
TP1 pull-down 20 kQ 2,8
USBI7:0] [P,N] pull-down 15 kQ 7

NOTES:
1. Simulation data shows that these resistor values can range from 10 kQ to 40 kQ.
2. Simulation data shows that these resistor values can range from 9 kQ to 50 kQ.
3. Simulation data shows that these resistor values can range from 15 kQ to 35 kQ.
4. Simulation data shows that these resistor values can range from 7.5 kQ to 16 kQ.
5. Simulation data shows that these resistor values can range from 45 kQ to 170 kQ.
6. Simulation data shows that these resistor values can range from 5.7 kQ to 28.3 kQ.
7. Simulation data shows that these resistor values can range from 14.25 kQ to 24.8 kQ.
8. The pull-up or pull-down on this signal is only enabled at boot/reset for strapping function.
9. The pull-down on this signal is enabled when the ACLINK Shutoff bit in the AC ‘97 Global Control Register is
setto 1.
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3.3 IDE Integrated Series Termination Resistors

Table 27 shows the ICHS IDE signals that have integrated series termination resistors.

Table 27. IDE Series Termination Resistors

Signal Integrated Series Termination Resistor Value

PDDI[15:0], SDD[15:0], PDIOW#, SDIOW#,
PDIOR#, SDIOR#, PDREQ, SDREQ,
PDDACK#, SDDACK#, PIORDY, SIORDY, approximately 33 Q (See Note)
PDA[2:0], SDA[2:0], PDCS1#, SDCS1#,
PDCS3#, SDCS3#, IRQ14, IRQ15

NOTE: Simulation data indicates that the integrated series termination resistors are a nominal 33 Q but can
range from 21 Q to 75 Q.

3.4 Output and I/O Signals Planes and States

Table 28 shows the power plane associated with the output and 1/O signals, as well as the state at
various times. Within the table, the following terms are used:

“High-Z2” Tri-state. ICHS5 not driving the signal high or low.

“High” ICHS is driving the signal to a logic 1

“Low” ICHS is driving the signal to a logic 0

“Defined” Driven to a level that is defined by the function (will be high or low)
“Undefined” ICHS is driving the signal, but the value is indeterminate.

“Running” Clock is toggling or signal is transitioning because function not stopping
“Off” The power plane is off, so ICHS is not driving

Note that the signal levels are the same in S4 and S5.
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Table 28. Power Plane and States for Output and I/O Signal (Sheet 1 of 3)

) Power During4 Immediately4
Signal Name Plane PCIRST# 5I after PCIRST? / S1 S3 S4/S5
RSMRST# RSMRST#
PCI Bus

AD[31:0] Main 1/0 High-Z Undefined Defined Off Off

C/BE[3:0}# Main 1/0 High-Z Undefined Defined Off Off

DEVSEL# Main 1/0 High-Z High-Z High-Z Off Off

FRAME# Main 1/0 High-Z High-Z High-Z Off Off

GNTI[4:0]# Main 1/0 High High High Off Off

High-Z with
GNT[A:BJ# Main 1/0 Internal Pull- High High Off Off
Up

IRDY#, TRDY# Main 1/0 High-Z High-Z High-Z Off Off

PAR Main 1/0 High-Z Undefined Defined Off Off

PCIRST# Resume 1/0 Low High High Low Low

PERR# Main 1/0 High-Z High-Z High-Z Off Off

PLOCK# Main 1/0 High-Z High-Z High-Z Off Off

STOP# Main 1/0 High-Z High-Z High-Z Off Off

LPC Interface
LADI[3:0] Main 1/0 High High High Off Off
LFRAME# Main 1/0 High High High Off Off
LAN Connect and EEPROM Interface
EE_CS Resume 1/O High Running Defined Defined Defined
EE_DOUT Resume 1/0 High High Defined Defined Defined
EE_SHCLK Resume 1/0 Low Running Defined Defined Defined
LAN_RSTSYNC Resume 1/O High Low Defined Defined Defined
LAN_TXD[2:0] Resume 1/0 Low Low Defined Defined Defined
IDE Interface

PDAJ[2:0], SDA[2:0] Main 1/0 Undefined Undefined Undefined Off Off

PDCS1#, PDCS3# Main 1/0 High High High Off Off

PEBB[%:%]]‘, Ss%%[[ls%?]’ Main 1/0 High-Z High-Z High-Z off off

PDD7, SDD7 Main 1/0 Low Low Low Off Off

PDDACK#, SDDACK# Main 1/0 High High High Off Off

PDIOR#, PDIOW# Main 1/0 High High High Off Off

SDCS1#, SDCS3# Main 1/0 High High High Off Off

SDIOR#, SDIOW# Main 1/0 High High High Off Off
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Intel® ICH5 Power Planes and Pin States

) Power During4 Immediately4
Signal Name Plane PCIRST# é after PCIRST? / S1 S3 S4/S5
RSMRST# RSMRST#
SATA Interface
zAA-I'I:Q(:Iiz 2212?:;(2 Main 1/0 High-Z High-Z Defined Off Off
SATARBIAS Main 1/0 High-Z High-Z Defined Defined Defined
SATALED# Main 1/0 Low High-Z Defined Off Off
Interrupts
PIRQ[A:HJ# Main I/O High-Z High-Z High-Z Off Off
SERIRQ Main 1/0 High-Z High-Z High-Z Off Off
USB Interface
USBP[7:0][P,N] Resume 1/0 Low Low Low Low Low
USBRBIAS Resume 1/0 High-Z High-Z Defined Defined Defined
Power Management
SLP_S3# Resume 1/0 Low High High Low Low
SLP_S4# Resume 1/0 Low High High High Low
SLP_S5# Resume 1/0 Low High High High Low
SUS_STAT# Resume 1/0 Low High High Low Low
SUSCLK Resume 110 Running
Processor Interface
A20M# CPU I/O See Note 1 High High Off Off
CPUPWRGD CPU I/O See Note 3 High-Z High-Z Off Off
CPUSLP# CPU I/O High High Defined Off Off
IGNNE# CPU I/O See Note 1 High High Off Off
INIT# CPU I/O High High High Off Off
INTR CPU I/O See Note 1 Low Low Off Off
NMI CPU I/O See Note 1 Low Low Off Off
SMI# CPU I/O High High High Off Off
STPCLK# CPU I/O High High Low Off Off
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Table 28. Power Plane and States for Output and I/O Signal (Sheet 3 of 3)
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) Power During4 Immediately4
Signal Name Plane PCIRST# 5I after PCIRST? / S1 S3 S4/S5
RSMRST# RSMRST#
SMBus Interface
SMBCLK, SMBDATA | Resume I/O High-Z High-Z Defined Defined Defined
System Management Interface
SMLINK]1:0] Resume 1/0O High-Z High-Z Defined Defined Defined
LINKALERT# Resume 1/0 High-Z High-Z Defined Defined Defined
Miscellaneous Signals
Low with
SPKR Main 1/0 Internal Pull- Low Defined Off Off
Down
AC ’97 Interface
AC_RST# Resume 1/O Low Low CBczltd(l-ITiZi(;t Low Low
AC_SDOUT Main 1/O Low Running Low Off Off
AC_SYNC Main 1/0 Low Running Low Off Off
Multiplexed GPIO Signals
High-Z with
GPIO[17:16] Main 1/0 Internal Pull- High High Off Off
Up
GPI0O48 Main 1/0 High High High Off Off
GPI049 CPU I/O See Note 6 High-Z High-Z Off Off
Unmultiplexed GPIO Signals
GPIO18 Main 1/0 High See Note 2 Defined Off Off
GPIO[20:19] Main I/0 High High Defined Off Off
GP1021 Main 1/0 High High Defined Off Off
GPI022 Main 1/0 High-Z High-Z Defined Off Off
GPI1023 Main 1/0 Low Low Defined Off Off
GP1024 Resume 1/0O High High Defined Defined Defined
GPI025 Resume 1/0O High High Defined Defined Defined
GPIO[28:27] Resume 1/0 High High Defined Defined Defined
GPI032 Main 1/0 High High Defined Off Off
GPIO34 Main 1/0 High High Defined Off Off
NOTES:

1. ICH5 sets these signals at reset for processor frequency strap.

2. GPIO18 will toggle at a frequency of approximately 1 Hz when the ICH5 comes out of reset

3. CPUPWRGD is an open-drain output that represents a logical AND of the ICH5's VRMPWRGD and PWROK
signals, and thus will be driven low by ICH5 when either VRMPWRGD or PWROK are inactive. During boot,
or during a hard reset with power cycling, CPUPWRGD will be expected to transition from low to High-Z.

[ N& N

expected to transition from low to High-Z.
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3.5 Power Planes for Input Signals

Table 29 shows the power plane associated with each input signal, as well as what device drives the
signal at various times. Valid states include:

High

Low

Static: Will be high or low, but will not change
Driven: Will be high or low, and is allowed to change
Running: For input clocks

Table 29. Power Plane for Input Signals (Sheet 1 of 2)

Signal Name Power Well Driver During Reset S1 S3 S5

A20GATE Main I/O External Microcontroller Static Low Low

AC_BIT_CLK Main 1/0 AC '97 Codec Low Low Low
AC_SDIN[2:0] Resume 1/0 AC '97 Codec Low Low Low
CLK14 Main 1/0 Clock Generator Running Low Low
CLK48 Main 1/0 Clock Generator Running Low Low
CLK66 Main Logic Clock Generator Running Low Low

CLK100P ) ) )

CLK100N Main Logic Clock Generator Running Low Low
EE_DIN Resume 1/0 EEPROM Component Driven Driven Driven
FERR# CPU /O Processor Static Low Low

GPIO[1:0] Main 1/10 External Circuit Driven Low Low

GPIO[5:2] Main 1/0 External Circuit Driven Driven Driven

GPIO[10:9] Resume 1/10 External Pull-Ups Driven Driven Driven
GPIO11 Resume 1/0 External Pull-Up Driven Driven Driven
GPIO[15:14] Resume 1/0 External Pull-Ups Driven Driven Driven

GPI1040 Main I/0 External Circuit Driven Low Low

GPI1041 Main 1/0 External Circuit High Low Low
INTRUDER# RTC External Switch Driven Driven Driven
INTVRMEN RTC External Pull-up Driven Driven Driven

IRQ[15:14] Main I/0 IDE Device Static Low Low

LAN_CLK Resume 1/0 LAN Connect Component Driven Driven Driven

LAN_RST# Resume 1/0 External RC Circuit High High High
LAN_RXD[2:0] Resume 1/0 LAN Connect Component Driven Driven Driven

LDRQO# Main 1/0 LPC Devices High Low Low
LDRQ1# Main I/0 LPC Devices High Low Low
OCI[7:0}# Resume 1/0 External Pull-Ups Driven Driven Driven
PCICLK Main 1/0 Clock Generator Running Low Low

PDDREQ Main /O IDE Device Static Low Low
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®
Table 29. Power Plane for Input Signals (Sheet 2 of 2)
Signal Name Power Well Driver During Reset S$1 S3 S5
PIORDY Main I/O IDE Device Static Low Low
PME# Resume 1/0 Internal Pull-Up Driven Driven Driven
PWRBTN# Resume 1/0 Internal Pull-Up Driven Driven Driven
PWROK RTC System Power Supply Driven Low Low
RCIN# Main 1/0 External Microcontroller High Low Low
REQ[5:0]# Main 1/0 PCI Master Driven Low Low
REQ[B:AJ# Main 1/0 PC/PCI Devices Driven Low Low
RI# Resume 1/0 Serial Port Buffer Driven Driven Driven
RSMRST# RTC External RC Circuit High High High
RTCRST# RTC External RC Circuit High High High
SATAORXP,
SATAORXN ) ) ) ) ) )
SATATRXP, Main Logic SATA Device Driven Driven Driven
SATATRXN
SATARBIAS# Main Logic External Pull-Down Driven Driven Driven
SDDREQ Main I/O IDE Device Static Low Low
SERR# Main 1/0 PCI Bus Peripherals High Low Low
SIORDY Main I/O IDE Device Static Low Low
SMBALERT# Resume 1/0 External Pull-Up Driven Driven Driven
SYS_RESET# Resume 1/0 External Circuit Driven Driven Driven
THRM# Main 1/0 Thermal Sensor Driven Low Low
THRMTRIP# CPU I/O Thermal Sensor Driven Low Low
USBRBIAS# Resume 1/0 External Pull-Down Driven Driven Driven
VRMPWRGD Main 1/10 Processor Voltage Regulator High Low Low
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Intel® ICH5 and System Clock Domains

Intel® ICH5 and System Clock

Domains

4

Table 30 shows the system clock domains. Figure 4 shows the assumed connection of the various
system components, including the clock generator. For complete details of the system clocking
solution, refer to the system’s clock generator component specification.

Table 30. Intel® ICH5 and System Clock Domains

Clock Domain Frequency Source Usage
ICH5 Main Clock . . .
CLK100 100 MHz Generator Differential clock pair used for SATA.
ICH5 Main Clock .
CLKE6 66 MHz Generator Hub I/F, Processor I/F. Shut off during S3 or below.
) Free-running PCI Clock to the Intel® ICH5. This clock
ICH5 33 MHz Main Clock remains on during SO and S1 state, and is expected to
PCICLK Generator ;
be shut off during S3 or below.
System PCI 33 MHz Main Clock PCI Bus,_ LPC I/F. These only go to external PCIl and
Generator LPC devices.
ICH5 48 MHz Main Clock Super 1/0, USB controllers. Expected to be shut off
CLK48 Generator during S3 or below.
ICH5 14.31818 MHz Main Clock Used for ACPI timer and high-precision event timers.
CLK14 ’ Generator Expected to be shut off during S3 or below.
ICH5 , AC-link. Generated by AC '97 codec. Can be shut by
AC_BIT_CLK 12.288 MHz AC 97 Codec codec in D3. Expected to be shut off during S3 or below.
LAN_CLK 5 to 50 MHz LAN Connect | Generated by thg LAN Connect component. Expected
Component to be shut off during S3 or below.
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Figure 4. Conceptual System Clock Diagram
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Functional Description 5

This chapter describes the functions and interfaces of the ICHS.

5.1 Hub Interface to PCI Bridge (D30:F0)

The hub interface to PCI bridge resides in PCI Device 30, Function 0 on bus #0. This portion of the
ICHS5 implements the buffering and control logic between PCI and the hub interface. The
arbitration for the PCI bus is handled by this PCI device. The PCI decoder in this device must
decode the ranges for the hub interface. All register contents are lost when core well power is
removed.

5.1.1 PCI Bus Interface

The ICHS5 PCI interface provides a 33 MHz, PCI Local Bus Specification, Revision 2.3-compliant
implementation. All PCI signals are 5 V tolerant (except PME#). The ICHS integrates a PCI arbiter
that supports up to six external PCI bus masters in addition to the internal ICHS requests.

Note that most transactions targeted to the ICHS first appear on the external PCI bus before being
claimed back by the ICHS. The exceptions are I/O cycles involving USB, IDE, SATA, and AC ’97.
These transactions complete over the hub interface without appearing on the external PCI bus.
Configuration cycles targeting USB, IDE, SATA, or AC ’97 appear on the PCI bus. If the ICHS is
programmed for positive decode, the ICHS claims the cycles appearing on the external PCI bus in
medium decode time. If the ICHS5 is programmed for subtractive decode, the ICHS claims these
cycles in subtractive time. If the ICHS is programmed for subtractive decode, these cycles can be
claimed by another positive decode agent out on PCI. This architecture enables the ability to boot
off of a PCI card that positively decodes the boot cycles. In order to boot off a PCI card it is
necessary to keep the ICHS in subtractive decode mode. When booting off a PCI card, the

BOOT _STS bit (bit 2, TCO2 Status Register) will be set.

Note: The ICHS5’s AC °97, IDE and USB controllers cannot perform peer-to-peer traffic.

Note: PCI Bus Masters should not use memory area locations as a target if that area is programmed to
anything but Read/Write.

Note: PCI configuration write cycles, initiated by the processor, with the following characteristics are
converted to a Special Cycle with the Shutdown message type.
* Device Number (AD[15:11])= 11111
* Function Number (AD[10:8]) = 111
* Register Number (AD[7:2]) = 000000
e Data=00h

* Bus number matches secondary bus number
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Note: If the processor issues a locked cycle to a resource that is too slow (e.g., PCI), the ICHS does not
allow upstream requests to be performed until the cycle completes. This may be critical for
isochronous buses that assume certain timing for their data flow (e.g., AC 97 or USB). Devices on
these buses may suffer from underrun if the asynchronous traffic is too heavy. Underrun means that
the same data is sent over the bus while ICHS5 is not able to issue a request for the next data. Snoop
cycles are not permitted while the front side bus is locked.

Note: Locked cycles are assumed to be rare. Locks by PCI targets are assumed to exist for a short
duration (a few microseconds at most). If a system has a very large number of locked cycles and
some that are very long, the system will definitely experience underruns and overruns. The units
most likely to have problems are the AC 97 controller and the USB controllers. Other units could
get underruns/overruns, but are much less likely. The IDE controller (due to its stalling capability
on the cable) should not get any underruns or overruns.

5.1.2 PCl-to-PCI Bridge Model

From a software perspective, the ICHS contains a PCI-to-PCI bridge. This bridge connects the hub
interface to the PCI bus. By using the PCI-to-PCI bridge software model, the ICHS can have its
decode ranges programmed by existing plug-and-play software such that PCI ranges do not
conflict with AGP and graphics aperture ranges in the Host controller.

51.3 IDSEL to Device Number Mapping

When addressing devices on the external PCI bus (with the PCI slots), the ICH5 asserts one address
signal as an IDSEL. When accessing device 0, the ICHS asserts AD16. When accessing Device 1,
the ICHS asserts AD17. This mapping continues all the way up to device 15 where the ICHS
asserts AD31. Note that the ICHS’s internal functions (AC *97, IDE, USB, SATA and PCI Bridge)
are enumerated like they are on a separate PCI bus (the hub interface) from the external PCI bus.
The integrated LAN controller is Device 8 on the ICH5’s PCI bus, and hence it uses AD24 for
IDSEL.

5.1.4 SERR# Functionality

There are several internal and external sources that can cause SERR#. The ICHS can be
programmed to cause an NMI based on detecting that an SERR# condition has occurred. The NMI
can also be routed to instead cause an SMI#. Note that the ICHS does not drive the external PCI bus
SERR# signal active onto the PCI bus. The external SERR# signal is an input into the ICHS5 driven
only by external PCI devices. The conceptual logic diagrams in Figure 5 and Figure 6 illustrate all
sources of SERR#, along with their respective enable and status bits. Figure 7 shows how the ICHS
error reporting logic is configured for NMI# generation.
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Figure 5. Primary Device Status Register Error Reporting Logic
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Figure 6. Secondary Status Register Error Reporting Logic
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Figure 7. NMI# Generation Logic
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5.1.5 Parity Error Detection

The ICHS can detect and report different parity errors in the system. The ICH5 can be programmed
to cause an NMI (or SMI# if NMI is routed to SMI#) based on detecting a parity error. The
conceptual logic diagram in Figure 7 details all the parity errors that the ICHS can detect, along
with their respective enable bits, status bits, and the results.

For hub interface-to-PCI data packets, with MCH’s that generate HI parity, the ICHS provides the
ability to generate bad parity on all data driven by the ICHS when bad data parity was detected on
hub interface. This prevents PCI agents that are capable of checking parity from taking corrupted
data unknowingly. This state can be entered due to either hub interface-to-PCI write data or hub
interface-to-PCI read completion data. This mode is enabled by D30.F0.50h.bit 19 and reported in
D30.F0.92h.bit 0.

Note: The HP_ Unsupported bit (D30:F0:40h bit 20) must be cleared for any of the parity checking enable
bits to have any effect.

Note: 1f NMIs are enabled, and parity error checking on PCI is also enabled, then parity errors will cause
an NMI. Some operating systems will not attempt to recover from this NMI, since it considers the
detection of a PCI error to be a catastrophic event.
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5.1.6 Standard PCI Bus Configuration Mechanism

The PCI Bus defines a slot based “configuration space” that allows each device to contain up to
eight functions with each function containing up to 256, 8-bit configuration registers. The PCI
Local Bus Specification, Revision 2.3 defines two bus cycles to access the PCI configuration space:
Configuration Read and Configuration Write. Memory and I/O spaces are supported directly by the
processor. Configuration space is supported by a mapping mechanism implemented within the
ICHS. The PCI Local Bus Specification, Revision 2.3 defines two mechanisms to access
configuration space, Mechanism 1 and Mechanism 2. The ICHS only supports Mechanism 1.

Configuration cycles for PCI Bus 0 devices 2 through 31, and for PCI Bus numbers greater than 0
are sent towards the ICHS from the host controller. The ICHS compares the non-zero Bus Number
with the Secondary Bus Number and Subordinate Bus number registers of its PCI-to-PCI bridge to
determine if the configuration cycle is meant for primary PCI or a downstream PCI bus.

Note: Configuration writes to internal devices, when the devices are disabled, are illegal and may cause
undefined results.

5.1.6.1 Type 0 to Type 0 Forwarding

When a Type 0 configuration cycle is received on hub interface to any function other than EHCI or
AC ’97, the ICHS forwards these cycles to PCI and then reclaims them. The ICHS uses address bits
ADJ[15:13] to communicate the ICHS device numbers in Type 0 configuration cycles. If the Type 0
cycle on hub interface specifies any device number other than 29, 30 or 31, the ICHS will not set
any address bits in the range AD[31:11] during the corresponding transaction on PCI. Table 31
shows the device number translation.

Table 31. Type 0 Configuration Cycle Device Number Translation

Device # in Hub Interface AD[31:11] during Address Phase of
Type 0 Cycle Type 0 Cycle on PCI
0 through 28 0000000000000000_00000b
29 0000000000000000_00100b
30 0000000000000000_01000b
31 0000000000000000_10000b

The ICHS logic generates single DWord configuration read and write cycles on the PCI bus. The
ICHS generates a Type 0 configuration cycle for configurations to the bus number matching the
PCI bus. Type 1 configuration cycles are converted to Type 0 cycles in this case. If the cycle is
targeting a device behind an external bridge, the ICHS runs a Type 1 cycle on the PCI bus.

5.1.6.2 Type 1 to Type 0 Conversion

When the bus number for the Type 1 configuration cycle matches the PCI (Secondary) bus number,
the ICHS converts the address as follows:

1. For device numbers 0 through 15, only 1 bit of the PCI address [31:16] is set. If the device
number is 0, AD16 is set; if the device number is 1, AD17 is set; etc.

2. The ICHS always drives Os on bits AD[15:11] when converting Type 1 configurations cycles
to Type 0 configuration cycles on PCI.

3. Address bits [10:1] are also be passed unchanged to PCI.
4. Address bit 0 is changed to 0.
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5.1.7 PCI Dual Address Cycle (DAC) Support

The ICHS supports Dual Address Cycle (DAC) format on PCI for cycles from PCI initiators to
main memory. This allows PCI masters to generate an address up to 44 bits. The size of the actual
supported memory space is determined by the memory controller and the processor.

The DAC mode is only supported for PCI adapters and USB EHC, and is not supported for any of
the internal PCI masters (IDE, LAN, USB UHC, AC °97, 8237 DMA, etc.).

When a PCI master wants to initiate a cycle with an address above 4 G, it follows the following
behavioral rules (See PCI Local Bus Specification, Revision 2.3, Section 3.9 for more details):

1. On the first clock of the cycle (when FRAME# is first active), the peripheral uses the DAC
encoding on the C/BE# signals. This unique encoding is: 1101.

2. Also during the first clock, the peripheral drives the AD[31:0] signals with the low address.

3. On the second clock, the peripheral drives AD[31:0] with the high address. The address is
right justified: A[43:32] appear on AD[12:0]. The value of AD[31:13] is expected to be 0;
however, the ICHS ignores these bits. C/BE# indicate the bus command type (memory read,
memory write, etc.)

4. The rest of the cycle proceeds normally.

5.2 LAN Controller (B1:D8:FO0)

The ICHS5’s integrated LAN controller includes a 32-bit PCI controller that provides enhanced
scatter-gather bus mastering capabilities and enables the LAN controller to perform high-speed
data transfers over the PCI bus. Its bus master capabilities enable the component to process high
level commands and perform multiple operations; this lowers processor utilization by off-loading
communication tasks from the processor. Two large transmit and receive FIFOs of 3 KB each help
prevent data underruns and overruns while waiting for bus accesses. This enables the integrated
LAN controller to transmit data with minimum interframe spacing (IFS).

The ICHS integrated LAN controller can operate in either full-duplex or half-duplex mode. In full-
duplex mode the LAN controller adheres with the /EEE 802.3x Flow Control Specification. Half
duplex performance is enhanced by a proprietary collision reduction mechanism.

The integrated LAN controller also includes an interface to a serial (4-pin) EEPROM. The
EEPROM provides power-on initialization for hardware and software configuration parameters.

From a software perspective, the integrated LAN controller appears to reside on the secondary side
of the ICH5’s virtual PCI-to-PCI bridge (see Section 5.1.2). This is typically Bus 1, but may be
assigned a different number, depending upon system configuration.

84 Intel® 82801EB ICH5 / 82801ER ICH5R Datasheet

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/4640914/FW82801BA_S_L5FC.html

intel.

The following summarizes the ICH5 LAN controller features:

Functional Description

* Compliance with Advanced Configuration and Power Interface and PCI Power Management
standards

¢ Support for wake-up on interesting packets and link status change

* Support for remote power-up using Wake on LAN* (WOL) technology

* Deep power-down mode support

* Support of Wired for Management (W{fM) Revision 2.0
* Backward compatible software with 82550, 82557, 82558 and 82559
* TCP/UDP checksum off load capabilities

* Support for Intel’s Adaptive Technology

5.21 LAN Controller Architectural Overview

Figure 8 is a high-level block diagram of the ICHS integrated LAN controller. It is divided into
four main subsystems: a Parallel subsystem, a FIFO subsystem, and the Carrier-Sense Multiple
Access with Collision Detect (CSMA/CD) unit.

Figure 8. Integrated LAN Controller Block Diagram
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5.21.1 Parallel Subsystem Overview

The parallel subsystem is broken down into several functional blocks: a PCI bus master interface, a
micromachine processing unit and its corresponding microcode ROM, and a PCI Target Control/
EEPROM/ interface. The parallel subsystem also interfaces to the FIFO subsystem, passing data
(such as transmit, receive, and configuration data) and command and status parameters between
these two blocks.

The PCI bus master interface provides a complete interface to the PCI bus and is compliant with
the PCI Local Bus Specification, Revision 2.3. The LAN controller provides 32 bits of addressing
and data, as well as the complete control interface to operate on the PCI bus. As a PCI target, it
follows the PCI configuration format which allows all accesses to the LAN controller to be
automatically mapped into free memory and I/O space upon initialization of a PCI system. For
processing of transmit and receive frames, the integrated LAN controller operates as a master on
the PCI bus, initiating zero wait-state transfers for accessing these data parameters.

The LAN controller control/status register block is part of the PCI target element. The control/
status register block consists of the following LAN controller internal control registers: System
Control Block (SCB), PORT, EEPROM Control and Management Data Interface (MDI) Control.

The micromachine is an embedded processing unit contained in the LAN controller that enables
Adaptive Technology. The micromachine accesses the LAN controller’s microcode ROM, working
its way through the opcodes (or instructions) contained in the ROM to perform its functions.
Parameters accessed from memory, such as pointers to data buffers, are also used by the
micromachine during the processing of transmit or receive frames by the LAN controller. A typical
micromachine function is to transfer a data buffer pointer field to the LAN controller’s DMA unit
for direct access to the data buffer. The micromachine is divided into two units, Receive Unit and
Command Unit which includes transmit functions. These two units operate independently and
concurrently. Control is switched between the two units according to the microcode instruction
flow. The independence of the Receive and Command units in the micromachine allows the LAN
controller to execute commands and receive incoming frames simultaneously, with no real-time
processor intervention.

The LAN controller contains an interface to an external serial EEPROM. The EEPROM is used to
store relevant information for a LAN connection such as node address, as well as board
manufacturing and configuration information. Both read and write accesses to the EEPROM are
supported by the LAN controller. Information on the EEPROM interface is detailed in

Section 5.2.3.
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5.21.2 FIFO Subsystem Overview

The ICH5 LAN controller FIFO subsystem consists of a 3-KB transmit FIFO and 3-KB receive
FIFO. Each FIFO is unidirectional and independent of the other. The FIFO subsystem serves as the
interface between the LAN controller parallel side and the serial CSMA/CD unit. It provides a
temporary buffer storage area for frames as they are either being received or transmitted by the
LAN controller, which improves performance:

* Transmit frames can be queued within the transmit FIFO, allowing back-to-back transmission
within the minimum Interframe Spacing (IFS).

* The storage area in the FIFO allows the LAN controller to withstand long PCI bus latencies
without losing incoming data or corrupting outgoing data.

* The ICHS LAN controller’s transmit FIFO threshold allows the transmit start threshold to be
tuned to eliminate underruns while concurrent transmits are being performed.

* The FIFO subsection allows extended PCI zero wait-state burst accesses to or from the LAN
controller for both transmit and receive frames since the transfer is to the FIFO storage arca
rather than directly to the serial link.

* Transmissions resulting in errors (collision detection or data underrun) are retransmitted
directly from the LAN controller’s FIFO, increasing performance and eliminating the need to
re-access this data from the host system.

* Incoming runt receive frames (in other words, frames that are less than the legal minimum
frame size) can be discarded automatically by the LAN controller without transferring this
faulty data to the host system.

5.21.3 Serial CSMA/CD Unit Overview

The CSMA/CD unit of the ICH5 LAN controller allows it to be connected to the 82562ET/EM/EZ/
EX 10/100 Mbps Ethernet LAN Connect components. The CSMA/CD unit performs all of the
functions of the 802.3 protocol such as frame formatting, frame stripping, collision handling,
deferral to link traffic, etc. The CSMA/CD unit can also be placed in a full-duplex mode that
allows simultaneous transmission and reception of frames.
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5.2.2 LAN Controller PCI Bus Interface

As a Fast Ethernet controller, the role of the ICHS integrated LAN controller is to access
transmitted data or deposit received data. The LAN controller, as a bus master device, initiates
memory cycles via the PCI bus to fetch or deposit the required data.

To perform these actions, the LAN controller is controlled and examined by the processor via its
control and status structures and registers. Some of these control and status structures reside in the
LAN controller and some reside in system memory. For access to the LAN controller’s Control/
Status Registers (CSR), the LAN controller acts as a slave (in other words, a target device). The
LAN controller serves as a slave also while the processor accesses the EEPROM.

5.2.2.1 Bus Slave Operation

The ICHS integrated LAN controller serves as a target device in one of the following cases:

* Processor accesses to the LAN controller System Control Block (SCB) Control/Status
Registers (CSR)

* Processor accesses to the EEPROM through its CSR
* Processor accesses to the LAN controller PORT address via the CSR

* Processor accesses to the MDI control register in the CSR

The size of the CSR memory space is 4 Kbyte in the memory space and 64 bytes in the I/O space.
The LAN controller treats accesses to these memory spaces differently.

Control/Status Register (CSR) Accesses

The integrated LAN controller supports zero wait-state single cycle memory or I/O mapped
accesses to its CSR space. Separate BARs request 4 KB of memory space and 64 bytes of I/O space
to accomplish this. Based on its needs, the software driver uses either memory or I/O mapping to
access these registers. The LAN controller provides four valid KB of CSR space that include the
following elements:

¢ System Control Block (SCB) registers
* PORT register

* EEPROM control register

¢ MDI control register

¢ Flow control registers

In the case of accessing the Control/Status Registers, the processor is the initiator and the LAN
controller is the target.

Read Accesses: The processor, as the initiator, drives address lines AD[31:0], the command and
byte enable lines C/BE[3:0]# and the control lines IRDY# and FRAME#. As a slave, the LAN
controller controls the TRDY# signal and provides valid data on each data access. The LAN
controller allows the processor to issue only one read cycle when it accesses the CSR, generating a
disconnect by asserting the STOP# signal. The processor can insert wait-states by deasserting
IRDY# when it is not ready.
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Write Accesses: The processor, as the initiator, drives the address lines AD[31:0], the command
and byte enable lines C/BE[3:0]# and the control lines IRDY# and FRAME#. It also provides the
LAN controller with valid data on each data access immediately after asserting IRDY#. The LAN
controller controls the TRDY# signal and asserts it from the data access. The LAN controller
allows the processor to issue only one I/O write cycle to the Control/Status Registers, generating a
disconnect by asserting the STOP# signal. This is true for both memory mapped and I/O mapped
accesses.

Retry Premature Accesses

The LAN controller responds with a Retry to any configuration cycle accessing the LAN controller
before the completion of the automatic read of the EEPROM. The LAN controller may continue to
Retry any configuration accesses until the EEPROM read is complete. The LAN controller does
not enforce the rule that the retried master must attempt to access the same address again in order to
complete any delayed transaction. Any master access to the LAN controller after the completion of
the EEPROM read is honored.

Error Handling

Data Parity Errors: The LAN controller checks for data parity errors while it is the target of the
transaction. If an error was detected, the LAN controller always sets the Detected Parity Error bit in
the PCI Configuration Status register, bit 15. The LAN controller also asserts PERR#, if the Parity
Error Response bit is set (PCI Configuration Command register, bit 6). The LAN controller does
not attempt to terminate a cycle in which a parity error was detected. This gives the initiator the
option of recovery.

Target-Disconnect: The LAN controller prematurely terminate a cycle in the following cases:

¢ After accesses to its CSR

¢ After accesses to the configuration space
System Error: The LAN controller reports parity error during the address phase using the SERR#
pin. If the SERR# Enable bit in the PCI Configuration Command register or the Parity Error
Response bit are not set, the LAN controller only sets the Detected Parity Error bit (PCI
Configuration Status register, bit 15). If SERR# Enable and Parity Error Response bits are both set,

the LAN controller sets the Signaled System Error bit (PCI Configuration Status register, bit 14) as
well as the Detected Parity Error bit and asserts SERR# for one clock.

The LAN controller, when detecting system error, claims the cycle if it was the target of the
transaction and continues the transaction as if the address was correct.

Note: The LAN controller reports a system error for any error during an address phase, whether or not it
is involved in the current transaction.
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5.2.2.2 Bus Master Operation

As a PCI Bus Master, the ICHS integrated LAN controller initiates memory cycles to fetch data for
transmission or deposit received data and for accessing the memory resident control structures. The
LAN controller performs zero wait-state burst read and write cycles to the host main memory. For
bus master cycles, the LAN controller is the initiator and the host main memory (or the PCI host
bridge, depending on the configuration of the system) is the target.

The processor provides the LAN controller with action commands and pointers to the data buffers
that reside in host main memory. The LAN controller independently manages these structures and
initiates burst memory cycles to transfer data to and from them. The LAN controller uses the
Memory Read Multiple (MR Multiple) command for burst accesses to data buffers and the
Memory Read Line (MR Line) command for burst accesses to control structures. For all write
accesses to the control structure, the LAN controller uses the Memory Write (MW) command. For
write accesses to data structure, the LAN controller may use either the Memory Write or Memory
Write and Invalidate (MWI) commands.

Read Accesses: The LAN controller performs block transfers from host system memory in order
to perform frame transmission on the serial link. In this case, the LAN controller initiates zero
wait-state memory read burst cycles for these accesses. The length of a burst is bounded by the
system and the LAN controller’s internal FIFO. The length of a read burst may also be bounded by
the value of the Transmit DMA Maximum Byte Count in the Configure command. The Transmit
DMA Maximum Byte Count value indicates the maximum number of transmit DMA PCI cycles
that will be completed after an LAN controller internal arbitration.

The LAN controller, as the initiator, drives the address lines AD[31:0], the command and byte
enable lines C/BE[3:0]# and the control lines IRDY# and FRAME#. The LAN controller asserts
IRDY# to support zero wait-state burst cycles. The target signals the LAN controller that valid data
is ready to be read by asserting the TRDY# signal.

Write Accesses: The LAN controller performs block transfers to host system memory during
frame reception. In this case, the LAN controller initiates memory write burst cycles to deposit the
data, usually without wait-states. The length of a burst is bounded by the system and the LAN
controller’s internal FIFO threshold. The length of a write burst may also be bounded by the value
of the Receive DMA Maximum Byte Count in the Configure command. The Receive DMA
Maximum Byte Count value indicates the maximum number of receive DMA PCI transfers that
will be completed before the LAN controller internal arbitration.

The LAN controller, as the initiator, drives the address lines AD[31:0], the command and byte
enable lines C/BE[3:0]# and the control lines IRDY# and FRAME#. The LAN controller asserts
IRDY# to support zero wait-state burst cycles. The LAN controller also drives valid data on
AD[31:0] lines during each data phase (from the first clock and on). The target controls the length
and signals completion of a data phase by deassertion and assertion of TRDY#.
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Cycle Completion: The LAN controller completes (terminates) its initiated memory burst cycles
in the following cases:

* Normal Completion: All transaction data has been transferred to or from the target device
(for example, host main memory).

¢ Backoff: Latency Timer has expired and the bus grant signal (GNT#) was removed from the
LAN controller by the arbiter, indicating that the LAN controller has been preempted by
another bus master.

* Transmit or Receive DMA Maximum Byte Count: The LAN controller burst has reached
the length specified in the Transmit or Receive DMA Maximum Byte Count field in the
Configure command block.

* Target Termination: The target may request to terminate the transaction with a target-
disconnect, target-retry, or target-abort. In the first two cases, the LAN controller initiates the
cycle again. In the case of a target-abort, the LAN controller sets the Received Target-Abort bit
in the PCI Configuration Status field (PCI Configuration Status register, bit 12) and does not
re-initiate the cycle.

* Master Abort: The target of the transaction has not responded to the address initiated by the
LAN controller (in other words, DEVSEL# has not been asserted). The LAN controller simply
deasserts FRAME# and IRDY# as in the case of normal completion.

* Error Condition: In the event of parity or any other system error detection, the LAN
controller completes its current initiated transaction. Any further action taken by the LAN
controller depends on the type of error and other conditions.

Memory Write and Invalidate

The LAN controller has four Direct Memory Access (DMA) channels. Of these four channels, the
Receive DMA is used to deposit the large number of data bytes received from the link into system
memory. The Receive DMA uses both the Memory Write (MW) and the Memory Write and
Invalidate (MWI) commands. To use MWI, the LAN controller must guarantee the following:

* Minimum transfer of one cache line.
* Active byte enable bits (or BE[3:0]# are all low) during MWI access.

* The LAN controller may cross the cache line boundary only if it intends to transfer the next
cache line too.

To ensure the above conditions, the LAN controller may use the MWI command only under the
following conditions:

* The Cache Line Size (CLS) written in the CLS register during PCI configuration is 8 or 16
DWords.

* The accessed address is cache line aligned.

* The LAN controller has at least 8 or 16 DWords of data in its receive FIFO.

* There are at least 8 or 16 DWords of data space left in the system memory buffer.

* The MWI Enable bit in the PCI Configuration Command register, bit 4, should is set to 1b.
* The MWI Enable bit in the LAN Controller Configure command should is set to 1b.
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If any one of the above conditions does not hold, the LAN controller uses the MW command. If a
MWI cycle has started and one of the conditions is no longer valid (for example, the data space in
the memory buffer is now less than CLS), then the LAN controller terminates the MWI cycle at the
end of the cache line. The next cycle is either a MW or MWI cycle, depending on the conditions
listed above.

If the LAN controller started a MW cycle and reached a cache line boundary, it either continues or
terminates the cycle depending on the Terminate Write on Cache Line configuration bit of the LAN
Controller Configure command (byte 3, bit 3). If this bit is set, the LAN controller terminates the
MW cycle and attempts to start a new cycle. The new cycle is a MWI cycle if this bit is set and all
of the above listed conditions are met. If the bit is not set, the LAN controller continues the MW
cycle across the cache line boundary if required.

Read Align

The Read Align feature enhances the LAN controller’s performance in cache line oriented systems.
In these particular systems, starting a PCI transaction on a non-cache line aligned address may
cause low performance.

To resolve this performance anomaly, the LAN controller attempts to terminate transmit DMA
cycles on a cache line boundary and start the next transaction on a cache line aligned address. This
feature is enabled when the Read Align Enable bit is set in the LAN Controller Configure
command (byte 3, bit 2).

If this bit is set, the LAN controller operates as follows:

* When the LAN controller is almost out of resources on the transmit DMA (that is, the transmit
FIFO is almost full), it attempts to terminate the read transaction on the nearest cache line
boundary when possible.

¢ When the arbitration counter’s feature is enabled (i.e., the Transmit DMA Maximum Byte
Count value is set in the Configure command), the LAN controller switches to other pending
DMASs on cache line boundary only.

Note:

1. This feature is not recommended for use in non-cache line oriented systems since it may cause
shorter bursts and lower performance.

2. This feature should be used only when the CLS register in PCI Configuration space is set to 8
or 16.

3. The LAN controller reads all control data structures (including Receive Buffer Descriptors)
from the first DWord (even if it is not required) in order to maintain cache line alignment.

Error Handling

Data Parity Errors: As an initiator, the LAN controller checks and detects data parity errors that
occur during a transaction. If the Parity Error Response bit is set (PCI Configuration Command
register, bit 6), the LAN controller also asserts PERR# and sets the Data Parity Detected bit

(PCI Configuration Status register, bit 8). In addition, if the error was detected by the LAN
controller during read cycles, it sets the Detected Parity Error bit (PCI Configuration Status
register, bit 15).
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5.2.2.3 PCI Power Management

Enhanced support for the power management standard, PCI Local Bus Specification, Revision 2.3,
is provided in the ICHS integrated LAN controller. The LAN controller supports a large set of
wake-up packets and the capability to wake the system from a low power state on a link status
change. The LAN controller enables the host system to be in a sleep state and remain virtually
connected to the network.

After a power management event or link status change is detected, the LAN controller wakes the
host system. The sections below describe these events, the LAN controller power states, and
estimated power consumption at each power state.

Power States

The LAN controller contains power management registers for PCI, and implements four power
states, DO through D3, which vary from maximum power consumption at DO to the minimum
power consumption at D3. PCI transactions are only allowed in the DO state, except for host
accesses to the LAN controller’s PCI configuration registers. The D1 and D2 power management
states enable intermediate power savings while providing the system wake-up capabilities. In the
D3 cold state, the LAN controller can provide wake-up capabilities. Wake-up indications from the
LAN controller are provided by the Power Management Event (PME#) signal.

* DO Power State

The device is fully functional in the DO power state. In this state, the LAN controller receives
full power and should be providing full functionality. In the LAN controller the DO state is
partitioned into two substates, DO Uninitialized (DOu) and DO Active (D0a).

DOu is the LAN controller’s initial power state following a PCI RST#. While in the DOu state,
the LAN controller has PCI slave functionality to support its initialization by the host and
supports Wake on LAN mode. Initialization of the CSR, Memory, or I/O Base Address
Registers in the PCI Configuration space switches the LAN controller from the DOu state to
the DOa state.

In the DOa state, the LAN controller provides its full functionality and consumes its nominal
power. In addition, the LAN controller supports wake on link status change

(see Section 5.2.2.5). While it is active, the LAN controller requires a nominal PCI clock
signal (in other words, a clock frequency greater than 16 MHz) for proper operation. The LAN
controller supports a dynamic standby mode. In this mode, the LAN controller is able to save
almost as much power as it does in the static power-down states. The transition to or from
standby is done dynamically by the LAN controller and is transparent to the software.

* DI Power State

In order for a device to meet the D1 power state requirements, as specified in the Advanced
Configuration and Power Interface, Version 2.0b Specification, it must not allow bus
transmission or interrupts; however, bus reception is allowed. Therefore, device context may
be lost and the LAN controller does not initiate any PCI activity. In this state, the LAN
controller responds only to PCI accesses to its configuration space and system wake-up events.

The LAN controller retains link integrity and monitors the link for any wake-up events (e.g.,
wake-up packets or link status change). Following a wake-up event, the LAN controller asserts
the PME# signal.
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* D2 Power State

The ACPI D2 power state is similar in functionality to the D1 power state. In addition to D1
functionality, the LAN controller can provide a lower power mode with wake-on-link status
change capability. The LAN controller may enter this mode if the link is down while the LAN
controller is in the D2 state. In this state, the LAN controller monitors the link for a transition
from an invalid to a valid link.

The sub-10 mA state due to an invalid link can be enabled or disabled by a configuration bit in
the Power Management Driver Register (PMDR). The LAN controller will consume in

D2 <10 mA, regardless of the link status. It is the LAN Connect component that consumes
much less power during link down; hence, the LAN controller in this state can consume

<10 mA.

* D3 Power State

In the D3 power state, the LAN controller has the same capabilities and consumes the same
amount of power as it does in the D2 state. However, it enables the PCI system to be in the B3
state. If the PCI system is in the B3 state (in other words, no PCI power is present), the LAN
controller provides wake-up capabilities. If PME is disabled, the LAN controller does not
provide wake-up capability or maintain link integrity. In this mode the LAN controller
consumes its minimal power.

The LAN controller enables a system to be in a sub-5 Watt state (low-power state) and still be
virtually connected. More specifically, the LAN controller supports full wake-up capabilities
while it is in the D3 cold state. The LAN controller is in the ICH5 resume well, which enables
it to provide wake-up functionality while the PCI power is off.

5.2.2.4 PCI Reset Signal

The PCIRST# signal may be activated in one of the following cases:
* During S3-S5 states
* Due to a CFOh reset

If PME is enabled (in the PCI power management registers), PCIRST# assertion does not affect
any PME related circuits (in other words, PCI power management registers and the wake-up packet
would not be affected). While PCIRST# is active, the LAN controller ignores other PCI signals.
The configuration of the LAN controller registers associated with ACPI wake events is not affected
by PCIRST#.

The integrated LAN controller uses the PCIRST# or the PWROK signal as an indication to ignore
the PCI interface. Following the deassertion of PCIRST#, the LAN controller PCI Configuration

Space, MAC configuration, and memory structure are initialized while preserving the PME# signal
and its context.
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5.2.2.5 Wake-Up Events

There are two types of wake-up events: “Interesting” Packets and Link Status Change. These two
events are detailed below.

Note: 1If the Wake on LAN bit in the EEPROM is not set, wake-up events are supported only if the PME
Enable bit in the Power Management Control/Status Register (PMCSR) is set. However, if the
Wake on LAN bit in the EEPROM is set, and Wake on Magic Packet* or Wake on Link Status
Change are enabled, the Power Management Enable bit is ignored with respect to these events. In
the latter case, PME# would be asserted by these events.

“Interesting” Packet Event

In the power-down state, the LAN controller is capable of recognizing “interesting” packets. The
LAN controller supports pre-defined and programmable packets that can be defined as any of the
following:

* ARP Packets (with Multiple IP addresses)

* Direct Packets (with or without type qualification)

* Magic Packet

* Neighbor Discovery Multicast Address Packet (‘ARP’ in IPv6 environment)
* NetBIOS over TCP/IP (NBT) Query Packet (under IPv4)

¢ Internetwork Package Exchange* (IPX) Diagnostic Packet

This allows the LAN controller to handle various packet types. In general, the LAN controller
supports programmable filtering of any packet in the first 128 bytes.

When the LAN controller is in one of the low power states, it searches for a predefined pattern in
the first 128 bytes of the incoming packets. The only exception is the Magic Packet, which is
scanned for the entire frame. The LAN controller classifies the incoming packets as one of the
following categories:

* No Match: The LAN controller discards the packet and continues to process the incoming
packets.

* TCO Packet: The LAN controller implements perfect filtering of TCO packets. After a TCO
packet is processed, the LAN controller is ready for the next incoming packet. TCO packets
are treated as any other wake-up packet and may assert the PME# signal if configured to do so.

* Wake-up Packet: The LAN controller is capable of recognizing and storing the first 128 bytes
of a wake-up packet. If a wake-up packet is larger than 128 bytes, its tail is discarded by the
LAN controller. After the system is fully powered-up, software has the ability to determine the
cause of the wake-up event via the PMDR and dump the stored data to the host memory.

Magic Packets are an exception. The Magic Packets may cause a power management event
and set an indication bit in the PMDR; however, it is not stored by the LAN controller for use
by the system when it is woken up.

Link Status Change Event
The LAN controller link status indication circuit is capable of issuing a PME on a link status
change from a valid link to an invalid link condition or vice versa. The LAN controller reports a

PME link status event in all power states. If the Wake on LAN bit in the EEPROM is not set, the
PME# signal is gated by the PME Enable bit in the PMCSR and the CSMA Configure command.
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5.2.2.6 Wake on LAN* (Preboot Wake-Up)

The LAN controller enters Wake on LAN mode after reset if the Wake on LAN bit in the EEPROM
is set. At this point, the LAN controller is in the DOu state. When the LAN controller is in Wake on
LAN mode:

* The LAN controller scans incoming packets for a Magic Packet and asserts the PME# signal
for 52 ms when a 1 is detected in Wake on LAN mode.

* The Activity LED changes its functionality to indicates that the received frame passed
Individual Address (IA) filtering or broadcast filtering.

¢ The PCI Configuration registers are accessible to the host.

The LAN controller switches from Wake on LAN mode to the DOa power state following a setup of
the Memory or I/O Base Address Registers in the PCI Configuration space.

5.2.3 Serial EEPROM Interface

The serial EEPROM stores configuration data for the ICHS integrated LAN controller and is a
serial in/serial out device. The LAN controller supports a 64-register or 256-register size EEPROM
and automatically detects the EEPROM’s size. The EEPROM should operate at a frequency of at
least 1 MHz.

All accesses, either read or write, are preceded by a command instruction to the device. The
address field is six bits for a 64-register EEPROM or eight bits for a 256-register EEPROM. The
end of the address field is indicated by a dummy 0 bit from the EEPROM, which indicates the
entire address field has been transferred to the device. An EEPROM read instruction waveform is
shown in Figure 9.

Figure 9. 64-Word EEPROM Read Instruction Waveform
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The LAN controller performs an automatic read of seven words (Oh, 1h, 2h, Ah, Bh, Ch, and Dh)
of the EEPROM after the deassertion of Reset.
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5.2.4

5.2.4.1

5.2.4.2

5.2.4.3

Functional Description

CSMA/CD Unit

The ICHS integrated LAN controller CSMA/CD unit implements both the IEEE 802.3 Ethernet
10 Mbps and IEEE 802.3u Fast Ethernet 100 Mbps standards. It performs all the CSMA/CD
protocol functions (e.g., transmission, reception, collision handling, etc.). The LAN controller
CSMA/CD unit interfaces to the 82562ET/EM/EZ/EX 10/100 Mbps Ethernet through the ICHS’s
LAN Connect interface signals.

Full Duplex

When operating in full-duplex mode, the LAN controller can transmit and receive frames
simultaneously. Transmission starts regardless of the state of the internal receive path. Reception
starts when the platform LAN Connect component detects a valid frame on its receive differential
pair. The ICHS integrated LAN controller also supports the IEEE 802.3x flow control standard,
when in full-duplex mode.

The LAN controller operates in either half-duplex mode or full-duplex mode. For proper operation,
both the LAN controller CSMA/CD module and the discrete platform LAN Connect component
must be set to the same duplex mode. The CSMA duplex mode is set by the LAN Controller
Configure command or forced by automatically tracking the mode in the platform LAN Connect
component. Following reset, the CSMA defaults to automatically track the platform LAN Connect
component duplex mode.

The selection of duplex operation (full or half) and flow control is done in two levels: MAC and
LAN Connect.

Flow Control

The LAN controller supports IEEE 802.3x frame-based flow control frames only in both full
duplex and half duplex switched environments. The LAN controller flow control feature is not
intended to be used in shared media environments.

Flow control is optional in full-duplex mode and is selected through software configuration. There
are three modes of flow control that can be selected: frame-based transmit flow control, frame-
based receive flow control, and none.

Address Filtering Modifications

The LAN controller can be configured to ignore 1 bit when checking for its Individual Address
(IA) on incoming receive frames. The address bit, known as the Upper/Lower (U/L) bit, is the
second least significant bit of the first byte of the IA. This bit may be used, in some cases, as a
priority indication bit. When configured to do so, the LAN controller passes any frame that
matches all other 47 address bits of its IA, regardless of the U/L bit value.

This configuration only affects the LAN controller specific IA and not multicast, multi-IA or
broadcast address filtering. The LAN controller does not attribute any priority to frames with this
bit set, it simply passes them to memory regardless of this bit.
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52.4.4  VLAN Support

The LAN controller supports the IEEE 802.1 standard VLAN. All VLAN flows will be
implemented by software. The LAN controller supports the reception of long frames, specifically
frames longer than 1518 bytes, including the CRC, if software sets the Long Receive OK bit in the
Configuration command. Otherwise, “long” frames are discarded.

5.2.5 Media Management Interface

The management interface allows the processor to control the platform LAN Connect component
via a control register in the ICHS integrated LAN controller. This allows the software driver to
place the platform LAN Connect in specific modes (e.g., full duplex, loopback, power down, etc.)
without the need for specific hardware pins to select the desired mode. This structure allows the
LAN controller to query the platform LAN Connect component for status of the link. This register
is the MDI Control Register and resides at offset 10h in the LAN controller CSR. The MDI
registers reside within the platform LAN Connect component, and are described in detail in the
platform LAN Connect component’s datasheet. The processor writes commands to this register and
the LAN controller reads or writes the control/status parameters to the platform LAN Connect
component through the MDI register.

5.2.6 TCO Functionality

The ICHS integrated LAN controller supports management communication to reduce Total Cost of
Ownership (TCO). The SMBus is used as an interface between the ASF controller and the
integrated TCO host controller. There are two different types of TCO operation that are supported
(only one supported at a time), they are 1) Integrated ASF Control or 2) external TCO controller
support. The SMLink is a dedicated bus between the LAN controller and the integrated ASF
controller (if enabled) or an external management controller. An EEPROM of 256 words is
required to support the heartbeat command.

5.2.6.1 Advanced TCO Mode
The Advanced TCO functionalities through the SMLink are listed in Table 32.

Table 32. Advanced TCO Functionality

Power State TCO Controller Functionality
Transmit
Set Receive TCO Packets
DO nominal Receive TCO Packets

Read ICHS5 status (PM & Link state)
Force TCO Mode

DO functionality plus:

Dx (x>0) Read PHY registers

Dx functionality plus:
Force TCO Mode | Config commands
Read/Write PHY registers

Note: For a complete description on various commands, see the Total Cost of Ownership (TCO) System
Management Bus Interface Application Note (AP-430).

98 Intel® 82801EB ICH5 / 82801ER ICH5R Datasheet

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/4640914/FW82801BA_S_L5FC.html

u
I ntGI o Functional Description

Transmit Command during Normal Operation

To serve a transmit request from the TCO controller, the ICHS5 LAN controller first completes the
current transmit DMA, sets the TCO Request bit in the PMDR register (see Section 7.2), and then
responds to the TCO controller’s transmit request. Following the completion of the TCO transmit
DMA, the LAN controller increments the Transmit TCO statistic counter (described in

Section 7.2.14). Following the completion of the transmit operation, the ICHS increments the
nominal Transmit statistic counters, clears the TCO Request bit in the PMDR register, and resumes
its normal transmit flow. The receive flow is not affected during this entire period of time.

Receive TCO

The ICH5 LAN controller supports receive flow towards the TCO controller. The ICHS can
transfer only TCO packets, or all packets that passed MAC address filtering according to its
configuration and mode of operation as detailed below. While configured to transfer only TCO
packets, it supports Ethernet type II packets with optional VLAN tagging.

Force TCO Mode: While the ICHS is in the force TCO mode, it may receive packets (TCO or all)
directly from the TCO controller. Receiving TCO packets and filtering level is controlled by the set
Receive enable command from the TCO controller. Following a reception of a TCO packet, the
ICHS increments its nominal Receive statistic counters as well as the Receive TCO counter.

Dx>0 Power State: While the ICHS is in a powerdown state, it may receive TCO packets or all
directly to the TCO controller. Receiving TCO packets is enabled by the set Receive enable
command from the TCO controller. Although TCO packet might match one of the other wake up
filters, once it is transferred to the TCO controller, no further matching is searched for and PME is
not issued. While receive to TCO is not enabled, a TCO packet may cause a PME if configured to
do so (setting TCO to 1 in the filter type).

DO Power State: At DO power state, the ICHS may transfer TCO packets to the TCO controller. At
this state, TCO packets are posted first to the host memory, then read by the ICHS, and then posted
back to the TCO controller. After the packet is posted to TCO, the receive memory structure (that is
occupied by the TCO packet) is reclaimed. Other than providing the necessary receive resources,
there is no required device driver intervention with this process. Eventually, the ICHS increments
the receive TCO static counter, clears the TCO request bit, and resumes normal control.

Read ICHS5 Status (PM and Link State)

The TCO controller is capable of reading the ICHS power state and link status. Following a status
change, the ICHS asserts LINKALERT# and then the TCO can read its new power state.

Set Force TCO Mode

The TCO controller put the ICHS into the Force TCO mode. The ICHS is set back to the nominal
operation following a PCIRST#. Following the transition from nominal mode to a TCO mode, the
ICHS aborts transmission and reception and loses its memory structures. The TCO may configure
the ICHS before it starts transmission and reception if required.

Note: The Force TCO is a destructive command. It causes the ICHS to lose its memory structures, and
during the Force TCO mode the ICHS ignores any PCI accesses. Therefore, it is highly
recommended to use this command by the TCO controller at system emergency only.
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5.3 Alert Standard Format (ASF)

The ASF controller collects information from various components in the system (including the
processor, chipset, BIOS, and sensors on the motherboard) and sends this information via the LAN
controller to a remote server running a management console. The controller also accepts
commands back from the management console and drives the execution of those commands on the
local system.

The ASF controller is responsible for monitoring sensor devices and sending packets through the
LAN controller SMBus (System Management Bus) interface. These ASF controller alerting
capabilities include system health information such as BIOS messages, POST alerts, OS failure
notifications, and heartbeat signals to indicate the system is accessible to the server. Also included
are environmental notification (e.g., thermal, voltage and fan alerts) that send proactive warnings
that something is wrong with the hardware. The packets are used as Alert (S.0O.S.) packets or as
“heartbeat” status packets. In addition, asset security is provided by messages (e.g., “cover tamper”
and “CPU missing”) that notify of potential system break-ins and processor or memory theft.

The ASF controller is also responsible for receiving and responding to RMCP (Remote
Management and Control Protocol) packets. RMCP packets are used to perform various system
APM commands (e.g., reset, power-up, power-cycle, and power-down). RMCP can also be used to
ping the system to ensure that it is on the network and running correctly and for capability
reporting. A major advantage of ASF is that it provides these services during the time that software
is unable to do so (e.g., during a low-power state, during boot-up, or during an OS hang) but are not
precluded from running in the working state.

The ASF controller communicates to the system and the LAN controller logic through the SMBus
connections. The first SMBus connects to the host SMBus controller (within the ICHS) and any
SMBus platform sensors. The SMBus host is accessible by the system software, including software
running on the OS and the BIOS. Note that the host side bus may require isolation if there are non-
auxiliary devices that can pull down the bus when un-powered. The second SMBus connects to the
LAN controller. This second SMBus is used to provide a transmit/receive network interface.

The stimulus for causing the ASF controller to send packets can be either internal or external to the
ASF controller. External stimuli are link status changes or polling data from SMBus sensor
devices; internal events come from, among others, a set of timers or an event caused by software.

The ASF controller provides three local configuration protocols via the host SMBus. The first one
is the SMBus ARP interface that is used to identify the SMBus device and allow dynamic SMBus
address assignment. The second protocol is the ASF controller command set that allows software
to manage an ASF controller compliant interface for retrieving info, sending alerts, and controlling
timers.

ICHS provides an input and an output EEPROM interface. The EEPROM contains the LAN
controller configuration and the ASF controller configuration/packet information.
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5.3.1 ASF Management Solution Features/Capabilities

¢ Alerting
— Transmit SOS packets from SO0-SS5 states
— System Health Heartbeats

— SOS Hardware Events
- System Boot Failure (Watchdog Expires on boot)
- LAN Link Loss
- Entity Presence (on ASF power-up)
- SMBus Hung
- Maximum of eight Legacy Sensors
- Maximum of 128 ASF Sensor events

— Watchdog Timer for OS lockup/System Hang/Failure to Boot
— General Push support for BIOS (POST messages)
* Remote Control
— Presence Ping Response
— Configurable Boot Options
— Capabilities Reporting
— Auto-ARP Support

— System Remote Control
- Power-Down
- Power-Up
- Power Cycle
- System Reset

— State-Based Security — Conditional Action on WatchDog Expire
* ASF Compliance

— Compliant with the Alert Standard Format (ASF) Specification, Version 1.03
- PET Compliant Packets
- RMCP
- Legacy Sensor Polling
- ASF Sensor Polling
- Remote Control Sensor Support

* Advanced Features / Miscellaneous
— SMBus 2.0 compliant

— Optional reset extension logic (for use with a power-on reset)
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5.3.2

Note:

5.3.2.1

5.3.2.2

5.3.2.3

5.3.24

5.3.2.5

5.3.3

Note:

102

ASF Hardware Support

ASF requires additional hardware to make a complete solution.

If an ASF compatible device is externally connected and properly configured, the internal ICHS
ASF controller will be disabled. The external ASF device will have access to the SMBus controller.

82562EM/EX

The 82562EM/EX Ethernet LAN controller is necessary. This LAN controller provides the means
of transmitting and receiving data on the network, as well as adding the Ethernet CRC to the data
from the ASF.

EEPROM (256x16, 1 MHz)

To support the ICHS ASF solution, a larger, 256x16 1 MHz, EEPROM is necessary to configure
defaults on reset and on hard power losses (software un-initiated). The ASF controller shares this
EEPROM with the LAN controller and provides a pass through interface to achieve this. The ASF
controller expects to have exclusive access to words 40h through F7h. The LAN controller can use
the other EEPROM words. The ASF controller will default to safe defaults if the EEPROM is not
present or not configured properly (both cause an invalid CRC).

Legacy Sensor SMBus Devices

The ASF controller is capable of monitoring up to eight sensor devices on the main SMBus. These
sensors are expected to be compliant with the Legacy Sensor Characteristics defined in the Alert
Standard Format (ASF) Specification, Version 1.03.

Remote Control SMBus Devices

The ASF controller is capable of causing remote control actions to Remote Control devices via
SMBus. These remote control actions include Power-Up, Power-Down, Power-Cycle, and Reset.
The ASF controller supports devices that conform to the Alert Standard Format (ASF)
Specification, Version 1.03., Remote Control Devices.

ASF Sensor SMBus Devices

The ASF controller is capable of monitoring up to 128 ASF sensor devices on the main SMBus.
However, ASF is restricted by the number of total events which may reduce the number of SMBus
devices supported. The maximum number of events supported by ASF is 128. The ASF sensors are
expected to operate as defined in the Alert Standard Format (ASF) Specification, Version 1.03.

ASF Software Support

ASF requires software support to make a complete solution. The following software is used as part
of the complete solution.

¢ ASF Configuration driver / application

* Network Driver

¢ BIOS Support for SMBIOS, SMBus ARP, ACPI

¢ Sensor Configuration driver / application

Contact your Intel Field Representative for the Client ASF Software Development Kit (SDK) that
includes additional documentation and a copy of the client ASF software drivers. Intel also
provides an ASF Console SDK to add ASF support to a management console.
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5.4 LPC Bridge (w/ System and Management Functions)
(D31:FO0)

The LPC Bridge function of the ICHS resides in PCI Device 31:Function 0. In addition to the LPC
bridge function, D31:F0 contains other functional units including DMA, Interrupt controllers,
Timers, Power Management, System Management, GPIO, and RTC. In this chapter, registers and
functions associated with other functional units (power management, GPIO, USB, IDE, etc.) are
described in their respective sections.

5.4.1 LPC Interface

The ICHS implements an LPC interface as described in the Low Pin Count Interface Specification,
Revision 1.1. The LPC interface to the ICHS is shown in Figure 10. Note that the ICHS implements
all of the signals that are shown as optional, but peripherals are not required to do so.

Figure 10. LPC Interface Diagram

PCIl Bus
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PCI PCI PCI PCI
'CLK vRST# vSERIRQ PME#

| LAD[3:0] . (Y
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54.1.1 LPC Cycle Types

The ICHS5 implements all of the cycle types described in the Low Pin Count Interface
Specification, Revision 1.0. Table 33 shows the cycle types supported by the ICHS.

Table 33. LPC Cycle Types Supported

Cycle Type Comment
Memory Read Single: 1 byte only
Memory Write Single: 1 byte only

1 byte only. Intel® ICH5 breaks up 16- and 32-bit processor cycles into multiple 8-bit

VO Read transfers. See Note 1 below.
. 1 byte only. ICH5 breaks up 16- and 32-bit processor cycles into multiple 8-bit
1/0 Write
transfers. See Note 1 below.
DMA Read Can be 1, or 2 bytes
DMA Write Can be 1, or 2 bytes

Bus Master Read Can be 1, 2, or 4 bytes. (See Note 2 below)
Bus Master Write Can be 1, 2, or 4 bytes. (See Note 2 below)

NOTES:

1. For memory cycles below 16 MB that do not target enabled flash BIOS ranges, the ICH5performs standard
LPC memory cycles. It only attempts 8-bit transfers. If the cycle appears on PCI as a 16-bit transfer, it
appears as two consecutive 8-bit transfers on LPC. Likewise, if the cycle appears as a 32-bit transfer on PCI,
it appears as four consecutive 8-bit transfers on LPC. If the cycle is not claimed by any peripheral, it is
subsequently aborted, and the ICHS5 returns a value of all 1s to the processor. This is done to maintain
compatibility with ISA memory cycles where pull-up resistors would keep the bus high if no device responds.

2. Bus Master Read or Write cycles must be naturally aligned. For example, a 1-byte transfer can be to any
address. However, the 2-byte transfer must be word aligned (i.e., with an address where A0=0). A DWord
transfer must be DWord aligned (i.e., with an address where A1and A0 are both 0).

5.41.2 Start Field Definition

Table 34. Start Field Bit Definitions

Bits[3:0]

Encoding Definition

0000 Start of cycle for a generic target

0010 Grant for bus master 0

0011 Grant for bus master 1

1111 Stop/Abort: End of a cycle for a target.

NOTE: All other encodings are RESERVED.
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5413 Cycle Type / Direction (CYCTYPE + DIR)

The ICHS5 always drives bit 0 of this field to 0. Peripherals running bus master cycles must also
drive bit 0 to 0. Table 35 shows the valid bit encodings.

Table 35. Cycle Type Bit Definitions

Bits[3:2] Bit1 Definition
00 0 I/0 Read
00 1 I/0 Write
01 0 Memory Read
01 1 Memory Write
10 0 DMA Read
10 1 DMA Write
1 x Res%rved. If a peripheral performing a bus master cycle generates this value, the
Intel® ICH5 aborts the cycle.

541.4 SIZE
Bits[3:2] are reserved. The ICHS always drives them to 00. Peripherals running bus master cycles
are also supposed to drive 00 for bits 3:2; however, the ICHS5 ignores those bits. Bits[1:0] are
encoded as listed in Table 36.

Table 36. Transfer Size Bit Definition

Bits[1:0] Size
00 8-bit transfer (1 byte)
01 16-bit transfer (2 bytes)
10 Reserved. The _Intel® I_CH5 ne_ver_drives this combination. If a peripheral running a bus
master cycle drives this combination, the ICH5 may abort the transfer.
11 32-bit transfer (4 bytes)
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5.4.1.5 SYNC

Valid values for the SYNC field are shown in Table 37.

Table 37. SYNC Bit Definition

Bits[3:0] Indication
Ready: SYNC achieved with no error. For DMA transfers, this also indicates DMA request
0000 - ;
deassertion and no more transfers desired for that channel.
0101 Short Wait: Part indicating wait-states. For bus master cycles, the Intel® ICH5 does not use
this encoding. Instead, the ICH5 uses the Long Wait encoding (see next encoding below).
0110 Long Wait: Part indicating wait-states, and many wait-states will be added. This encoding

driven by the ICH5 for bus master cycles, rather than the Short Wait (0101).

Ready More (Used only by peripheral for DMA cycle): SYNC achieved with no error and
1001 more DMA transfers desired to continue after this transfer. This value is valid only on DMA
transfers and is not allowed for any other type of cycle.

Error: Sync achieved with error. This is generally used to replace the SERR# or IOCHK#
signal on the PCI/ISA bus. It indicates that the data is to be transferred, but there is a serious
error in this transfer. For DMA transfers, this not only indicates an error, but also indicates
DMA request deassertion and no more transfers desired for that channel.

1010

NOTE: All other combinations are RESERVED.

5.4.1.6 SYNC Time-Out

There are several error cases that can occur on the LPC interface. Table 38 indicates the failing case
and the ICHS response.

Table 38. Intel® ICH5 Response to Sync Failures

Possible Sync Failure Intel® ICH5 Response

Intel®ICH5 starts a Memory, 1/0, or DMA cycle, but no device drives a valid
SYNC after 4 consecutive clocks. This could occur if the processor tries to
access an /O location to which no device is mapped.

ICH5 aborts the cycle after
the fourth clock.

ICH5 drives a Memory, /O, or DMA cycle, and a peripheral drives more than 8
consecutive valid SYNC to insert wait-states using the Short (0101b) encoding | Continues waiting
for SYNC. This could occur if the peripheral is not operating properly.

ICH5 starts a Memory, 1/0, or DMA cycle, and a peripheral drives an invalid ICH5 aborts the cycle when
SYNC pattern. This could occur if the peripheral is not operating properly or if the invalid Sync is
there is excessive noise on the LPC I/F. recognized.

There may be other peripheral failure conditions; however, these are not handled by the ICHS.

5.4.1.7 SYNC Error Indication

The SYNC protocol allows the peripheral to report an error via the LAD[3:0] = 1010b encoding.
The intent of this encoding is to give peripherals a method of communicating errors to aid higher
layers with more robust error recovery.

If the ICHS was reading data from a peripheral, data will still be transferred in the next two nibbles.
This data may be invalid, but it must be transferred by the peripheral. If the ICHS5 was writing data
to the peripheral, the data had already been transferred.
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In the case of multiple byte cycles (e.g., for memory and DMA cycles) an error SYNC terminates
the cycle. Therefore, if the ICHS is transferring 4 bytes from a device, if the device returns the error
SYNC in the first byte, the other three bytes will not be transferred.

Upon recognizing the SYNC field indicating an error, the ICHS treats this the same as IOCHK#
going active on the ISA bus.

5.41.8 LFRAME# Usage
Start of Cycle

For Memory, I/0, and DMA cycles, the ICHS asserts LFRAME# for one clock at the beginning of
the cycle (Figure 11). During that clock, the ICHS drives LAD[3:0] with the proper START field.

Figure 11. Typical Timing for LFRAME#

e LML L
LFRAME#m \_/7

LAD[3:0] | st / JADDR | TAR fSyno| Data | raq \ Start/

1 CYCTYPE 1-8 2 1-n 2 2 1
Clock Dir & Size Clocks Clocks Clocks Clocks Clocks Clock

Abort Mechanism

When performing an Abort, the ICH5 drives LFRAME# active for four, consecutive clocks. On the
fourth clock, it drives LAD[3:0] to 1111b.

Figure 12. Abort Mechanism

LCLK
77
LFRAME#m \ /

LAD[3:0] \ Start/ XADDRXTAR XSy/rlch Peripheral must / Chipset will

CYCTYPE f stop driving drive high
Dir & Size Too many
Syncs causes
timeout

The ICHS performs an abort for the following cases (possible failure cases):

* ICHS starts a Memory, I/O, or DMA cycle, but no device drives a valid SYNC after four
consecutive clocks.

* ICHS starts a Memory, I/0O, or DMA cycle, and the peripheral drives an invalid SYNC pattern.
* A peripheral drives an illegal address when performing bus master cycles.

* A peripheral drives an invalid value.
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54.1.9 1/10 Cycles

For I/O cycles targeting registers specified in the ICHS’s decode ranges, the ICHS performs I/O
cycles as defined in the Low Pin Count Interface Specification, Revision 1.1. These are 8-bit
transfers. If the processor attempts a 16-bit or 32-bit transfer, the ICHS breaks the cycle up into
multiple 8-bit transfers to consecutive I/O addresses.

Note: If the cycle is not claimed by any peripheral (and subsequently aborted), the ICHS returns a value
of all 1s (FFh) to the processor. This is to maintain compatibility with ISA I/O cycles where pull-up
resistors would keep the bus high if no device responds.

5.4.1.10 Bus Master Cycles

The ICHS5 supports Bus Master cycles and requests (using LDRQ#) as defined in the Low Pin
Count Interface Specification, Revision 1.1. The ICHS5 has two LDRQ# inputs, and thus supports
two separate bus master devices. It uses the associated START fields for Bus Master 0 (0010b) or
Bus Master 1 (0011D).

Note: The ICHS does not support LPC Bus Masters performing I/O cycles. LPC Bus Masters should only
perform memory read or memory write cycles.

54.1.11 LPC Power Management
LPCPD# Protocol

Same timings as for SUS STAT#. Upon driving SUS STAT# low, LPC peripherals drive LDRQ#
low or tri-state it. ICHS shuts off the LDRQ# input buffers. After driving SUS_STAT# active, the
ICHS drives LFRAME# low, and tri-states (or drive low) LAD[3:0].

Note: The Low Pin Count Interface Specification, Revision 1.1 defines the LPCPD# protocol where there
is at least 30 us from LPCPD# assertion to LRST# assertion. This specification explicitly states
that this protocol only applies to entry/exit of low power states which does not include
asynchronous reset events. The ICHS asserts both SUS STAT# (connects to LPCPD#) and
PCIRST# (connects to LRST#) at the same time when the core logic is reset (via CF9h, PWROK,
or SYS RESETH#, etc.). This is not inconsistent with the LPC LPCPD# protocol.

5.4.1.12 Configuration and Intel® ICH5 Implications

LPC I/F Decoders

To allow the I/O cycles and memory mapped cycles to go to the LPC interface, the ICHS includes
several decoders. During configuration, the ICH5 must be programmed with the same decode
ranges as the peripheral. The decoders are programmed via the Device 31:Function 0 configuration
space.

Note: The ICHS cannot accept PCI write cycles from PCI-to-PCI bridges or devices with similar
characteristics (specifically those with a “Retry Read” feature which is enabled) to an LPC device
if there is an outstanding LPC read cycle towards the same PCI device or bridge. These cycles are
not part of normal system operation, but may be encountered as part of platform validation testing
using custom test fixtures.

Bus Master Device Mapping and START Fields

Bus Masters must have a unique START field. In the case of the ICHS5 that supports 2 LPC bus
masters, it drives 0010 for the START field for grants to bus master #0 (requested via LDRQO#)
and 0011 for grants to bus master #1 (requested via LDRQ1#.). Thus, no registers are needed to
configure the START fields for a particular bus master.
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5.5 DMA Operation (D31:F0)

The ICHS supports two types of DMA: LPC, and PC/PCI. DMA via LPC is similar to ISA DMA.
LPC DMA and PC/PCI DMA use the ICH5’s DMA controller. The DMA controller has registers
that are fixed in the lower 64 KB of I/O space. The DMA controller is configured using registers in
the PCI configuration space. These registers allow configuration of individual channels for use by
LPC or PC/PCI DMA.

The DMA circuitry incorporates the functionality of two 82C37 DMA controllers with seven
independently programmable channels (Figure 13). DMA controller 1 (DMA-1) corresponds to
DMA channels 0-3 and DMA controller 2 (DMA-2) corresponds to channels 5—7. DMA channel 4
is used to cascade the two controllers and defaults to cascade mode in the DMA Channel Mode
(DCM) Register. Channel 4 is not available for any other purpose. In addition to accepting requests
from DMA slaves, the DMA controller also responds to requests that software initiates. Software
may initiate a DMA service request by setting any bit in the DMA Channel Request Register to a 1.

Figure 13. Intel® ICH5 DMA Controller

Channel 0— Channel 4
Channel 1—p] Channel 5—p]
DMA-1 DMA-2
Channel 2—p] Channel 6—p]
Channel 3—p] Channel 7—p]

Each DMA channel is hardwired to the compatible settings for DMA device size: channels [3:0]
are hardwired to 8-bit, count-by-bytes transfers, and channels [7:5] are hardwired to 16-bit,
count-by-words (address shifted) transfers.

ICHS provides 24-bit addressing in compliance with the ISA-Compatible specification. Each
channel includes a 16-bit ISA-Compatible Current Register which holds the 16 least-significant
bits of the 24-bit address, an ISA-Compatible Page Register which contains the eight next most
significant bits of address.

The DMA controller also features refresh address generation, and autoinitialization following a
DMA termination.
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5.5.1 Channel Priority

For priority resolution, the DMA consists of two logical channel groups: channels 0-3 and
channels 4-7. Each group may be in either fixed or rotate mode, as determined by the DMA
Command Register.

DMA 1/0 slaves normally assert their DREQ line to arbitrate for DMA service. However, a
software request for DMA service can be presented through each channel's DMA Request Register.
A software request is subject to the same prioritization as any hardware request. See the detailed
register description for Request Register programming information in the Section 9.2.

5.5.1.1 Fixed Priority

The initial fixed priority structure is as follows:

High priority Low priority

0,123 5,6,7

The fixed priority ordering is 0, 1, 2, 3, 5, 6, and 7. In this scheme, channel 0 has the highest
priority, and channel 7 has the lowest priority. Channels [3:0] of DMA-1 assume the priority
position of channel 4 in DMA-2, thus taking priority over channels 5, 6, and 7.

5.5.1.2 Rotating Priority

Rotation allows for "fairness" in priority resolution. The priority chain rotates so that the last
channel serviced is assigned the lowest priority in the channel group (0-3, 5-7).

Channels 0-3 rotate as a group of 4. They are always placed between channel 5 and channel 7 in
the priority list.

Channel 5-7 rotate as part of a group of 4. That is, channels (5-7) form the first three positions in
the rotation, while channel group (0-3) comprises the fourth position in the arbitration.

5.5.2 Address Compatibility Mode

When the DMA is operating, the addresses do not increment or decrement through the High and
Low Page Registers. Therefore, if a 24-bit address is 01 FFFFh and increments, the next address is
010000h, not 020000h. Similarly, if a 24-bit address is 020000h and decrements, the next address
is 02FFFFh, not 01 FFFFh. However, when the DMA is operating in 16-bit mode, the addresses still
do not increment or decrement through the High and Low Page Registers but the page boundary is
now 128 K. Therefore, if a 24-bit address is 01 FFFEh and increments, the next address is 000000h,
not 0100000h. Similarly, if a 24-bit address is 020000h and decrements, the next address is
03FFFEh, not 02FFFEh. This is compatible with the 82C37 and Page Register implementation
used in the PC-AT. This mode is set after CPURST is valid.
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Table 39.

Table 40.
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Summary of DMA Transfer Sizes

Table 39 lists each of the DMA device transfer sizes. The column labeled “Current Byte/Word
Count Register” indicates that the register contents represents either the number of bytes to transfer
or the number of 16-bit words to transfer. The column labeled “Current Address Increment/
Decrement” indicates the number added to or taken from the Current Address register after each
DMA transfer cycle. The DMA Channel Mode Register determines if the Current Address Register
will be incremented or decremented.

Address Shifting When Programmed for 16-Bit
1/0 Count by Words

DMA Transfer Size
. . Current Byte/Word Count Current Address
DMA Device Date Size And Word Count Register Increment/Decrement
8-Bit I/0, Count By Bytes Bytes 1
16-Bit I/0O, Count By Words (Address Shifted) Words 1

The ICHS maintains compatibility with the implementation of the DMA in the PC AT that used the
82C37. The DMA shifts the addresses for transfers to/from a 16-bit device count-by-words. Note
that the least significant bit of the Low Page Register is dropped in 16-bit shifted mode. When
programming the Current Address Register (when the DMA channel is in this mode), the Current
Address must be programmed to an even address with the address value shifted right by one bit.
The address shifting is shown in Table 40.

Address Shifting in 16-Bit /O DMA Transfers

Output 8-Bit /0 Programmed Address 16-Bit /O Programmed Address
Address (Ch 0-3) (Ch 5-7)
(Shifted)
A0 A0 0
A[16:1] A[16:1] A[15:0]
A[23:17] A[23:17] A[23:17]

NOTE: The least significant bit of the Page Register is dropped in 16-bit shifted mode.

Autoinitialize

By programming a bit in the DMA Channel Mode Register, a channel may be set up as an
autoinitialize channel. When a channel undergoes autoinitialization, the original values of the
Current Page, Current Address and Current Byte/Word Count Registers are automatically restored
from the Base Page, Address, and Byte/Word Count Registers of that channel following TC. The
Base Registers are loaded simultaneously with the Current Registers by the microprocessor when
the DMA channel is programmed and remain unchanged throughout the DMA service. The mask
bit is not set when the channel is in autoinitialize. Following autoinitialize, the channel is ready to
perform another DMA service, without processor intervention, as soon as a valid DREQ is
detected.
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5.5.5 Software Commands

There are three additional special software commands that the DMA controller can execute. The
three software commands are:

* Clear Byte Pointer Flip-Flop

* Master Clear

¢ Clear Mask Register

They do not depend on any specific bit pattern on the data bus.

5.5.5.1 Clear Byte Pointer Flip-Flop

This command is executed prior to writing or reading new address or word count information to/
from the DMA controller. This initializes the flip-flop to a known state so that subsequent accesses
to register contents by the microprocessor will address upper and lower bytes in the correct
sequence.

When the host processor is reading or writing DMA registers, two Byte Pointer flip-flops are used;

one for channels 0—3 and one for channels 4-7. Both of these act independently. There are separate
software commands for clearing each of them (0Ch for channels 0-3, 0D8h for channels 4-7).

5.5.5.2 DMA Master Clear
This software instruction has the same effect as the hardware reset. The Command, Status,
Request, and Internal First/Last Flip-Flop registers are cleared and the Mask register is set. The
DMA controller enters the idle cycle.

There are two independent master clear commands; 0Dh that acts on channels 0-3, and ODAh that
acts on channels 4-7.

5.5.5.3 Clear Mask Register

This command clears the mask bits of all four channels, enabling them to accept DMA requests.
1/0 port 00Eh is used for channels 0—3 and I/O port 0DCh is used for channels 4-7.
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5.6 PCI DMA

ICHS provides support for the PC/PCI DMA protocol. PC/PCI DMA uses dedicated REQUEST
and GRANT signals to permit PCI devices to request transfers associated with specific DMA
channels. Upon receiving a request and getting control of the PCI bus, ICH5 performs a two-cycle
transfer. For example, if data is to be moved from the peripheral to main memory, ICHS first reads
data from the peripheral and then writes it to main memory. The location in main memory is the
Current Address Registers in the 8237.

ICHS supports up to two PC/PCI REQ/GNT pairs, REQ[A:B]# and GNT[A:B]#. A 16-bit register
is included in the ICHS Function 0 configuration space at offset 90h. It is divided into seven 2-bit
fields that are used to configure the seven DMA channels. Each DMA channel can be configured to
one of two options:

e LPC DMA

* PC/PCI style DMA using the REQ/GNT signals
It is not possible for a particular DMA channel to be configured for more than one style of DMA;
however, the seven channels can be programmed independently. For example, channel 3 could be
set up for PC/PCI and channel 5 set up for LPC DMA.
The ICHS5 REQ[A:B]# and GNT[A:B]# can be configured for support of a PC/PCI DMA
Expansion agent. The PCI DMA Expansion agent can then provide DMA service or ISA Bus

Master service using the ICH5 DMA controller. The REQ#/GNT# pair must follow the PC/PCI
serial protocol described below.

5.6.1 PCI DMA Expansion Protocol

The PCI expansion agent must support the PCI expansion Channel Passing Protocol defined in
Figure 14 for both the REQ# and GNT# pins.

Figure 14. DMA Serial Channel Passing Protocol

PCICLK
GNT# \Start/ BitO . Bit2 \

The requesting device must encode the channel request information as shown above, where
CHO-CH?7 are one clock active high states representing DMA channel requests 0-7.

ICHS encodes the granted channel on the GNT# line as shown above, where the bits have the same
meaning as shown in Figure 14. For example, the sequence [start, bit 0, bit 1, bit 2=0,1,0,0] grants
DMA channel 1 to the requesting device, and the sequence [start, bit 0, bit 1, bit 2=0,0,1,1] grants
DMA channel 6 to the requesting device.
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All PCI DMA expansion agents must use the channel passing protocol described above. They must
also work as follows:

¢ Ifa PCI DMA expansion agent has more than one request active, it must resend the request
serial protocol after one of the requests has been granted the bus and it has completed its
transfer. The expansion device should drive its REQ# inactive for two clocks and then transmit
the serial channel passing protocol again, even if there are no new requests from the PCI
expansion agent to ICHS. For example: If a PCI expansion agent had active requests for DMA
channel 1 and channel 5, it would pass this information to ICHS through the expansion
channel passing protocol. If after receiving GNT# (assume for CH5) and having the device
finish its transfer (device stops driving request to PCI expansion agent) it would then need to
re-transmit the expansion channel passing protocol to inform ICHS that DMA channel 1 was
still requesting the bus, even if that was the only request the expansion device had pending.

¢ Ifa PCI DMA expansion agent has a request go inactive before ICHS asserts GNT#, it must
resend the expansion channel passing protocol to update ICHS5 with this new request
information. For example: If a PCI expansion agent has DMA channel 1 and 2 requests
pending it sends them serially to ICHS5 using the expansion channel passing protocol. If,
however, DMA channel 1 goes inactive into the expansion agent before the expansion agent
receives a GNT# from ICHS5, the expansion agent MUST pull its REQ# line high for one clock
and resend the expansion channel passing information with only DMA channel 2 active. Note
that ICHS does not do anything special to catch this case because a DREQ going inactive
before a DACK# is received is not allowed in the ISA DMA protocol and, therefore, does not
need to work properly in this protocol either. This requirement is needed to be able to support
Plug-n-Play ISA devices that toggle DREQ# lines to determine if those lines are free in the
system.

¢ If a PCI expansion agent has sent its serial request information and receives a new DMA
request before receiving GNT# the agent must resend the serial request with the new request
active. For example: If a PCI expansion agent has already passed requests for DMA channel 1
and 2 and sees DREQ 3 active before a GNT is received, the device must pull its REQ# line
high for one clock and resend the expansion channel passing information with all three
channels active.

The three cases above require the following functionality in the PCI DMA expansion device:
¢ Drive REQ# inactive for one clock to signal new request information.

¢ Drive REQ# inactive for two clocks to signal that a request that had been granted the bus has
gone inactive.

* The REQ# and GNT# state machines must run independently and concurrently (i.e., a GNT#
could be received while in the middle of sending a serial REQ# or a GNT# could be active
whi