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Product Features

m System on a Chip (SoC)

— Integrated Intel® Architecture (1A) processor
and chipset (MCH/ICH) technology

— Extensive integration of standard Intel
architecture communications interfaces
provide cost, power and board area savings
(Gigabit Ethernet (GbE), Time Division
Multiplexing (TDM)* Processing, Security
Services Unit (SSU),™ and Acceleration
Services Units (ASU)i)

® SKU Support!

— Embedded: Intel architecture compatibility
and high-speed interfaces (GbEs, PCI
Express®)

— Application Services: Security — Packet
security compatibility and IP Telephony packet
security, TDM, and High-Level Data Link
Control (HDLC)

= Intel Architecture Processor
— Low-power and high-performance architecture

based on Intel Architecture (1A-32) processor

— Three operating frequency SKUs:

- 600 MHz, 1066 MHz, or 1200 MHz

— 256 KB L2 data coherent cache (2 way)

m Integrated Memory Control Hub (IMCH) and
Integrated 1/0 Control Hub (I11CH) Compatible
— Enhanced DMA (EDMA) controller
— Two SATA Genl or Gen2 interfaces
— Two USB 1.1 or USB 2.0 ports
— Two integrated, 16550-compatible UARTs
— LPC 1.1 interface
— Serial Peripheral Interface (SPI)T
— Two SMBus 2.0 compliant interfaces
— GPIOs
— Watchdog Timer
— One 32/64-bit and two 32-bit high-precision

event timers

m Acceleration Services Unit (ASU)i
— High performance accelerator on-chip engines

for packet processing

— Support capabilities for commonly used
protocol implementations such as TCP/IP, UDP,
IPSec, SSL, NAT, and SRTP

m Security Services Unit (SSU)ji
— High-performance on-chip Crypto Accelerator
— Support capabilities for commonly used

cryptographic protocol implementations

T Intel recommends using the SPI for Pre-boot firmware
due to the reduced availability of LPC FWH.

¥ Feature must be enabled with EP80579 software. Refer
to the EP80579 software documentation for more
information.

intel.

Single-Channel Double-Data-Rate (DDR)

SDRAM Memory

— Supports DDR2 at 400/533/667/800 MT/s

— Supports 32 or 64-bit interfaces

— Error correction code (ECC); single-bit correct/
double-bit detect (SEC/DED) coverage

— Addressable from Intel architecture processor
and PCI Express

Three Gigabit Ethernet MACs

— Three 10/100/1000 ports with RGMII/RMII
interfaces

— MDIO interface for external PHY configuration

— Serial EEPROM interface supports network
boot and wake-on LAN

Industry Standard PCI Express Interface

— Supports 1x8, 2x4, or 2x1 configurations as a
root complex

Integrated Serial ATA (SATA) Host Controllers
— Independent DMA operation on two ports

— Data transfer rates up to 3.0 Gb/s

— Alternate Device ID

Integrated High-speed Serial Interface (TDM)i
— Supports up to 12 external T1/E1 and codecs
— Supports up to 128 HDLC channels

Local Expansion Bus (LEB)

— Supports up to eight chip selects

— 25-bit address and 16-bit data

— Supports HPI-8 and HPI-16

Dual Controller Area Network (CAN)

— Supports two CAN 2.0b interfaces

Single Synchronous Serial Port (SSP)
Compatible

IEEE 1588-2008 Hardware Assistance

— Supports two GbE and two CAN interfaces

— Time master/target support

1088-Ball FCBGA package

— Dimensions of 37.5 mm x 37.5 mm

— 1.092-mm solder ball pitch

— Lead-free only — RoHS 5/6 compliant
Typical Applications

— Embedded, Security and/or IP Telephony
applications

1. For complete information about product features and SKUs, please refer to Chapter 47.0, “SKUs, Power Savings and Pre-Boot

Firmware”.
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Offset 00000008h:
Offset 0000000Ch:
Offset 00000010h:
Offset 00000014h:
Offset 00000020h:

Command

Offset 00000024h:
Offset 00000028h:
Offset 0000002Ch:
Offset 00O0000AOhN:

Control

Offset 000000A4h:
Offset 00O0000A8h:
Offset 00O0O000AChH:
Offset 000000BON:
Offset 000000B4h:
Offset 000000B8h:
Offset 000000BCh:

Buffer Status Indicators
ErrorStatus - Error Status Indicators
Command - Operating MOdes. .......c.iiiiiiiii i
Config - CAN Configuration Register
TxMessageControl[0-7] - Transmit Message Control and

TxMessagelD[0-7] - Transmit Message ID
TxMessageDataHigh[0-7] - Transmit Message Data High
TxMessageDatalLow[0-7] - Transmit Message Data Low.............
RxMessageControl[0-15] - Receive Message Command and

RxMessagelD[0-15] - Receive Message ID..........ccovvviiviiinnnnnen.
RxMessageDataHigh[0-15] - Receive Message Data High...........
RxMessageDatalLow[0-15] - Receive Message Data Low............
RxMessageAMR[0-15] - Receive Message AMR .........coooiiviian...
RxMessageACR[0-15] - Receive Message ACR........ccoooevviieian...
RxMessageAMR_Data[0-15] - Receive Message AMR Data
RxMessageACR_Data[0-15] - Receive Message ACR Data..........

Bus M, Device 6, Function 0: Summary of SSP CSRS .....cciiiiiiiii i

Offset 00h: SSCRO - SSP Control Register O Details
Offset 04h: SSCR1 - SSP Control Register 1 Details
Motorola* SPI Frame Formats for SPO and SPH Programming
- SSP Status Register Details
Offset OCh: SSITR - SSP Interrupt Test Register Details

Offset 08h: SSSR

Offset 10h: SSDR

- SSP Data Register Details

Channel Mapping t0 INterfaces . ... oo
Clock Synchronization Protocol FIOW. ...

Transparent Clock
IEEE1588 Version

Message Decoding for V1

Message decoding

PTP Frame ldentification

Synchronization Protocol FIOW ........ .o
1 and IEEE1588-2008 PTP Message Formats

for IEEE1588-2008

Timestamping ConfigUIratioNs . ... e

Addend Values.....

Bus M, Device 7, Function 0: Summary of IEEE 1588 TSYNC CSRS......ccccevviiiivinnnnnn.

Offset 0000h:
Offset 0004h:
Offset 0008h:
Offset 000Ch:
Offset 0010h:
Offset 0014h:
Offset 0018h:
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Offset 0024h:
Offset 0028h:
Offset 002Ch:
Offset 0030h:
Offset 0034h:
Offset 0038h:
Offset 003Ch:
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TS_SysTimeHi Register
TS_TrgtLo Register
TS_TrgtHi Register
TS_ASMSLo Register
TS_ASMSHi Register
TS_AMMSLo Register
TS_AMMSHi Register

Offset 0040h: TS_Ch_Control[0-7] - Time Synchronization Channel Control
Register (Per Ethernet Channel)
Offset 0044h: TS_CH_EVENT[0-7] - Time Synchronization Channel Event
Register Per Ethernet Channel)
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Changed the following signal names:
= EX_REQ_GNT# to Reserved 19
e EX_SLAVE_CS# to Reserved 20
= EX_GNT_REQ# to NC57
= EX_WAIT# to NC58
= EX_WDTXFER to NC59
Corrected signal name:
e SIU_CST1 to SIU_CST1#
= SIU_CST2 to SIU_CST2#
Updated:
* Section Product Features
e Table 1-4, “Glossary Table”
* Table 2-1, “EP80579 External Interface Summary”
e Table 5-32, “Summary of Local Expansion Bus Error Conditions”
* Table 6-5, “Powergood Reset Timings”
= Section 6.3.2.1, “Transitioning Between Power States”
* Section 11.4.6, “RCOMP”
* Section 16.5.1.64, “Offset 268h: DDRIOMC2 - DDR 10 Mode Control Register 2”
= Section 23.1.1.5, “PI - Programming Interface Register”
e Section 37.5.11.6.3, “Checksum Word Calculation”
= Section 42.5, “Register Summary”
* Table 42-7, “EXP_TIMING_CS[1-7] - Expansion Bus Timing Registers”
e Table 42-9, “EXP_PARITY_STATUS - Expansion Bus Parity Status Register”
* Table 42-10, “LEB Performance Calculation - Estimated AIOC Latencies”
= Table 48-24, “Expansion Bus Signals”
= Table 48-22, “Gigabit Ethernet Interface Signals” with signal name changes

* Figure 49-28, “LPC Valid Delay from Rising Clock Edge Diagram” and Figure 49-32, “I1CH Clock

(CLK14) Timing Diagram” with signal hame corrections
* Table 49-10, “Power Management DC Input Characteristics” PWRBTN# pin
* Table 49-11, “Power Management DC Output Characteristics” PWRBTN# pin
= Table 49-36, “SMBus DC Input Characteristics” Intruder# pin
* Table 49-37, “SMBus DC Output Characteristics” Intruder# pin
= Table 49-106, “IMCH Reset Signals DC Input Characteristics” CLK100

(Continued Next Page)
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Date Revision | Description

Added:

« Industrial temperatures to Chapter 49.0, “Electrical Specifications” and Chapter 50.0, “Thermal
Specifications and Design Considerations”

The following changes were made due to defeaturing LEB Mastering:
= Section 2.2, “Signaling Architecture”
= Table 2-1, “EP80579 External Interface Summary” - LEB Description
 Table 2-4, “Summary of Communication” - removed “LEB Master”
e Table 3-7, “Address Space Sizes of AlIOC-attached Devices” - removed LEB row
= Note E in Table 3-11, “PCI Configuration Header Support for Type O Headers in AIOC Devices”
= Section 4.2.2, “Other Agents” - fourth bullet removed “master”
= Table 5-32, “Summary of Local Expansion Bus Error Conditions” - Notes description

= Removed rows in Table 7-67, “Bus M, Device 8, Function 0: Summary of Local Expansion Bus
Registers Mapped Through CSRBAR PCI Memory BAR"” containing LEB content
August 003 = Removed LEB content from Section 36.3, “Local Expansion Bus Interface (LEB)”
2009 = Removed content from Section 42.0, “Local Expansion Bus Controller”
«“EXP_MST_CONTROL - Expansion Bus Control Register”
«“EXP_LOCKO - Expansion Bus Lock Register”
«“Offset DO500010h: CMD_TRNS1_WI[O0-3] - Command Translation Window Register “
= Removed LEB content from Section 42.1, “Overview” and Section 42.2, “Feature List”
= Removed LEB content from Figure 42-1, “Expansion Bus Controller”
= Removed LEB content and also “Inbound Transfers” , “Arbitration”, “Expansion Bus Inbound Timing
Diagrams” and “External Expansion Bus Timing Diagram” content from Section 42.4, “Theory of
Operation”
= Removed Table 42-16 and Section 42.5.2.6
Removed:
Removed two rows with D30/D31 content from Table 1-4, Section 6.1.2.3.1, “lIICH”, Table 28-9, and
from PCIRST# description in Table 48-28.
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Added:
= Chapter 28.0, “IA-32 Core Interface”

Updated:
* Figure 6-1, “Powergood and Reset Interface”
* Table 49-12, “Power Sequencing Signal Timings”
= Table 16-26, “Offset 9Ch: DEVPRES - Device Present Register”
= Table 16-40, “Offset F6h: IMCH_TST2 - IMCH Test Byte 2 Register”
e Section 22.1, “Overview”
= Text in Section 35.12.1.9, “Offset 14h: MMBAR — Expansion Bus Base Address Register”
e Text in Section 42.5.1.2, “EXP_TIMING_CS[1-7] - Expansion Bus Timing Registers”
e Figure 42-2, “Chip Select Address Allocation When There Are no 32-MByte Devices Programmed”
* Figure 42-4, “Chip Select Address Allocation when a 32 Mbyte device is programmed”
* Figure 48-3, “FCBGA Package — Bottom View”
« Table 48-24, “Expansion Bus Signals”
002 e Table 48-29, “Reserved Pin List”
e Table 48-30, “No Connect Pin List”
e Table 49-7, “Maximum Supply Current Embedded SKU”
e Table 49-11, “Power Management DC Output Characteristics”
e Table 49-36, “SMBus DC Input Characteristics”
* Table 49-38, “SMBus DC Clock Specification”
e Table 49-48, “SPI DC Output Characteristics”
e Table 49-67, “DC Output Characteristics: RMIlI Mode of Operation”
* Table 49-82, “EEPROM Timing Values”
* Table 49-84, “TDM DC Output Characteristics”
= Table 49-89, “LEB DC Output Characteristics”
« Table 49-93, “CAN DC Output Characteristics”
e Table 49-95, “SSP DC Output Characteristics”
= Table 49-99, “IEEE 1588-2008 Hardware Assist DC Output Characteristics”
= Table 49-101, “IICH Miscellaneous Signals DC Output Characteristics”
* Table 49-108, “JTAG DC Output Specifications (BPM4_PRDY_OUT)”
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December
2008

Intel® EP80579 Integrated Processor Product Line Datasheet August 2009
90 Order Number: 320066-003US




Introduction and Overview, Volume
1 of 6

Order Number: 320066-003US



®
l n tel Intel® EP80579 Integrated Processor

Intel® EP80579 Integrated Processor Product Line Datasheet August 2009
92 Order Number: 320066-003US



. ®
Intel® EP80579 Integrated Processor l n te l)

1.0

Introduction

1.1

1.2

Note:

August 2009

Introduction

The Intel® EP80579 Integrated Processor product line is made of up of the Intel®
EP80579 Integrated Processor and the Intel® EP80579 Integrated Processor with
Intel® QuickAssist Technology. The Intel® EP80579 Integrated Processor product line is
an integrated System On a Chip (SoC). The Intel® EP80579 Integrated Processor with
Intel® QuickAssist Technology architecture combines Intel Architecture (1A)-based
communications processors, a memory hub controller (IMCH), an 1/0 architecture
(11CH), and high speed 1/0 interfaces (PCl Express*, Gigabit Ethernet). The Intel®
EP80579 Integrated Processor with Intel® QuickAssist Technology also features high-
performance packet processing and security capabilities. The Intel® EP80579
Integrated Processor product line architecture is designed to provide best-in-class
processing performance, stringent power usage, and reasonable cost targets while
maintaining IA implementation and providing the required 1/0 throughput.

The intended audience for this document is architects, hardware/software design
engineers or designer who may need specific technical information for the development
and programming of the EP80579 integrated processor SoC. This document is also
intended for an audience that has a thorough understanding of 1A-32 microprocessor,
memory controller and 1/0 architectures as well as a basic understanding of system
software architectures (operating system and pre-boot firmware).

Document Organization

The Intel® EP80579 Integrated Processor product line is referred to as the "EP80579".
In cases where the features are specific to a given processor we will use Intel®
EP80579 Integrated Processor or Intel® EP80579 Integrated Processor with Intel®
QuickAssist Technology.

This document first provides an overview of the Intel® EP80579 Integrated Processor
product line architecture. The overview chapter provides a block diagram and defines
the ’s external and internal interfaces. This is followed by a functional description of the
following blocks:

* IA Complex (including the 1A-32 core, IMCH and IICH).

= Acceleration and 170 Complex (including ASU, SSU, and high-speed 1/0 interfaces
such as Gigabit Ethernet and TDM).

= Test and Debug information, including JTAG.
« Technical Specifications (SKUs, Packaging, Electrical and Thermal).
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Table 1-1.

Intel® EP80579 Integrated Processor

Referenced Documents and Related Websites

Visit the Intel® EP80579 Integrated Processor product line Website for other

information:

http://www.intel.com/go/SoC

Referenced Documents

Document Title

Location

Advanced Configuration and Power Interface (ACPI)
Specification

http://www.acpi.info/

Enhanced Host Controller Specification (EHCI and UHCI)

http://www.intel.com/technology/USB/spec.htm/

IEEE 1149.1: IEEE Standard Test Access Port and
Boundary-Scan Architecture

http://ieeexplore.ieee.org

IEEE 1588:Precision Clock Synchronization Protocol for
Networked Measurement and Control Systems

http://ieeexplore.ieee.org

Intel Architecture Software Developer’s Manual, Volumes
1-3

http://developer.intel.com/design/pentium4/
manuals/index_new.htm#sdm_voll

Intel Corporation, Advanced Host Controller Interface
Specification for Serial ATA

http://www.intel.com/technology/serialata/
ahci.htm

Intel Corporation, Enhanced Host Controller Interface
Specification for Universal Serial Bus

http://www.intel.com/technology/usb/
ehcispec.htm

Intel Corporation, Low Pin Count (LPC) Interface
Specification

http://www.intel.com/design/chipsets/industry/
Ipc.htm

Intel Corporation, Multiprocessor Specification

http://www.intel.com/design/archives/processors/
pro/docs/242016.htm

Intel Corporation, Universal Host Controller Interface
(UHCI) Specification

http://www.intel.com/technology/usb/
ehcispec.htm

Intel Corporation, Universal Serial Bus (USB)
Specification

http://www.intel.com/technology/usb/spec.htm

Intel Corporation, USB2 Debug Device Functional
Specification

http://www.intel.com/technology/usb/download/
DebugDeviceSpec_R090.pdf

Intel® 82093AA 1/0 Advanced Programmable Interrupt
Controller (1/0 APIC)

http://www.intel.com/design/chipsets/specupdt/
290710.htm?iid=search&

Intel® EP80579 Integrated Processor product line
Platform Design Guide

http://www.intel.com/go/SoC

Intel® EP80579 Integrated Processor product line
Specification Update

http://www.intel.com/go/SoC

Intel® EP80579 Integrated Processor product line
Thermal/Mechanical Design Guide

http://www.intel.com/go/SoC

JEDEC Specification

http://www.jedec.org/default.cfm

Low Pin Count Specification (LPC)

http://www.intel.com/design/chipsets/industry/
Ipc.htm

Serial ATA Specification

http://www.serialata.org/specifications.asp

SMBus Specification

http://www.smbus.org/specs/

Universal Host Controller Specification (EHCI and UHCI)

http://www.intel.com/technology/USB/spec.htm/

Universal Serial Bus Specification

http://www.usb.org/developers/docs/
http://www.intel.com/technology/USB/spec.htm/
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http://www.jedec.org/default.cfm
http://www.intel.com/go/SoC
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Table 1-2. Related Websites

Specification or Technology Website

AC’97 Rev 2.2 Specification http://developer.intel.com/ial/scalableplatforms/

audio/index.htm #97spec/

ACPI and related specifications http://www.acpi.info/spec.htm

AT Attachment-6 with Packet Interface (ATA/ATAPI-6) | http://T13.org (T13 1410D)

BIOS Boot Specifications

http://www.phoenix.com/en/customer-+services/
white+papers-specs/

Communication and Network Riser Rev 1.2 http://developer.intel.com/technology/cnr/
Specification download.htm

Front Panel 1/0 Connectivity Design Guide http://www.formfactors.org/DeveloperResources.asp
PCI and PCI Express™ related specifications http://www.pcisig.com/specifications

PIRQ Routing Table Information http://www.microsoft.com/whdc/archive/pciirg.mspx

Power Management Specifications

http://www.microsoft.com/whdc/resources/respec/
specs/pmref/default.mspx

1.4 Acronyms

This section describes acronyms that are used throughout this document.

Table 1-3. Acronym Table

Term

Description

ACPI

Advanced Configuration and Power Interface Specification, an industry specification of the
common interfaces enabling robust operating system (OS)-directed motherboard device
configuration and power management of both devices and entire systems.

AHCI

Advanced Host Controller Interface, an industry specification of the interface between
memory and SATA devices.

AIO

IMCH A-unit 1/0 Mux Leg

AlIOC

Acceleration and 1/0 Complex

AMC

Audio/Modem Codec

ARP

Address resolution protocol

ASF

Alert Specification Format. This is the next generation of “Alert on LAN*” implementation.

ASU

Acceleration Services Unit

BAR

PCI Base Address Register used to define the base and limit of an 1/0 or memory region
assigned to a PCI device.

BER

Bit Error Rate

BGA

Ball Grid Array

CM

Coherent Memory

CMC

Common Mode Choke

CMI

Core (IA-32 core) interface, Memory controller hub, 170 controller hub

CNR

Communications and Networking Riser

CRC

See Cyclic Redundancy Check in Table 1-4.

CSMA/CD

Carrier Sense Multiple Access/Carrier Detect

DDP

Direct Data Placement Protocol

DDR

DDR SDRAM (Double Data Rate Synchronous Dynamic Random Access Memory) is a
system memory technology.
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Table 1-3. Acronym Table

Intel® EP80579 Integrated Processor

Term Description
DED Double-bit Error Detect
DMA See Direct Memory Access in Table 1-4.
Double Word. A legacy reference to 32 bits of data on a naturally aligned four-byte
Dw boundary (i.e. the least significant two bits of the byte address are b00). This is a legacy
term used by PCI and must not be used other than in that context.
ECC Error Checking and Correction
EDMA Enhanced DMA
EMI Electro Magnetic Interference
EMTS Electrical Mechanical Thermal Specification used for processor specifications.
EOP/EOF End Of Packet / End Of Frame
ESD Electrostatic Discharge
EXP A generic designation for the 1/0 interconnect technology also known as PCl Express*.
FRU Field Replaceable Unit
FS Full-speed. Refers to USB.
FSB Front Side Bus (a common external interface for IA processors)
FWH F_irmware Hub. A non-volatile memory device used to store the system BIOS/pre-boot
firmware.
GbE Gigabit Ethernet controller
GMII Gigabit MII
HBA Host Bus_ Adapter - necessary w_hen cor’m_ecting a peripheral to a computer that doesn’t
have native support for that peripheral’s interface.
HCD Host Controller Device - USB interface for programmers
HECBASE PCI Express* Enhanced Configuration Base Register
High Precision Event Time (HPET) - The I1A-PC HPET Architecture defines a set of timers
HPET that can be us_ed by th_e_ op_erating system. Th_e timers are d_e_fined s_uch_ that the OS may
be able to assign specific timers to be used directly by specific applications. Each timer
can be configured to generate a separate interrupt.
HSI High Speed Interface. Refers to USB.
1/0 1. Input_/Output. 2. When use_d as a qualifietj _to a transaction type, specifies that
transaction targets Intel Architecture™ specific 1/0 space (e.g., 1/0 read).
1A Intel Architecture instruction set commonly known as “x86”
IA-CPU IA-CPU, IA Complex and IA Processor are the same terminology
ICH 1/0 Controller Hub, ICH and IICH are interchangeable for entire document
1ICH Integrated 1/0 Controller Hub, ICH and IICH are interchangeable for entire document
IMCH Integrated Memory Controller Hub, MCH and IMCH are interchangeable for the entire
document
INTx Legacy PCI interrupt architecture that encodes interrupts on one of four side-band signals
(INTA, INTB, INTC, and INTD).
IP Internet Protocol
ISA See Industry Standard Architecture in Table 1-4
LEB Local Expansion Bus, or LE Bus
LML Latency Measurement Logic
LPC Low Pin Count
LS Low-speed. Refers to USB.
LSb Least Significant Bit
Intel® EP80579 Integrated Processor Product Line Datasheet August 2009
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Table 1-3. Acronym Table

Term

Description

LSB

Least Significant Byte

MCH

Memory Controller Hub, MCH and IMCH are interchangeable for the entire document

Ml

Media Independent Interface (16 pins per port)

MMIO

Memory Mapped 1/0

MMR

Memory Mapped Register

MSb

Most Significant Bit

MSB

Most Significant Byte

MSI

Message-signaled interrupt that encodes interrupts as an in-band 32-bit write transaction.

MTBF

Mean Time Between Failures

NCM

Non Coherent Memory

NIC

Network interface controller

NOS

Network Operating System

NSI

North South Interface. The designation for the proprietary, internal high-speed serial
interconnect between the IMCH and the 1ICH.

0s

Operating System.

OSPM

Operating System directed Power Management

P2P

See Peer-to-Peer in Table 1-4

PB

Packet Buffer

PBM

Packet Buffer Memory

PCI

Peripheral Component Interconnect Local Bus. A 32- or 64-bit bus with multiplexed
address and data lines that is primarily intended for use as an interconnect mechanism
within a system between processor/memory and peripheral components or add-in cards.

PCM

Pulse Code Modulation

PEC

Packet Error Checking. This is an SMBUS 2.0 feature.

PHY

Physical Layer Device

POC

Power-on-configuration

RASUM

Reliability, Availability, Serviceability, Usability, and Manageability, which are all important
characteristics of servers.

RCBA

Root Complex Base Address register at D31:FO:RegFOh. It specifies the physical address
of the CMI Configuration Space. Also used in RCBA + offset xxxxh or RCBA + xxxxh
(where xxxxh is the offset) to indicate register location in the CMI Configuration Space.

RCRB

Root Complex Register Block, as defined in the PCI Express* Specification v1.0a. In the
IICH context, it refers to a part of the CMI Configuration Space (see RCBA, above).

RDMA

Remote Direct Memory Access

RFL

Receive FIFO Level

RGMII

Reduced GMII

RMI1

Reduced MII (7 pins per port)

RMW

Read-Modify-Write operation

RTC

Real-Time Clock

RTCRESET#

Signal that resets the RTC well (but does not clear the RTC RAM memory contents).

RX

Receive

SATA

Serial Advanced Technology Attachment

SATA*

Serial ATA, an industry specification of the interface for storage controllers and devices.
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Table 1-3.

1.5

Intel® EP80579 Integrated Processor

Acronym Table
Term Description
SEC Single-bit Error Correct
Single Error Correct/Double Error Detect - A specific data protection algorithm that
SEC/DED distributes data and ECC across 144 bits. Enables correction of single bit errors. Allows
detection of double bit errors.
SOP/SOF Start Of Packet / Start Of Frame
SMM System Management Mode
SPD Serial Presence Detect
SSuU Security Services Unit
STR Suspend To Ram
TAP Test Access Port used for testability and debug of the component.
X Transmit
TCO Total Cost of Ownership
TCP Transmission Control Protocol
TDM Time Division Multiplexed
TDR Time Domain Reflectometry
TFL Transit FIFO Level
TID See Transaction Identifier in Table 1-4
UsB Universal Serial Bus
VCMI IA-32 core, 1A-32 Core interface, Memory controller hub, 1/0 controller hub
VLAN Virtual Local Area Network
WDT Watch Dog Timer
Glossary

This section presents a glossary for this document.

Table 1-4. Glossary Table (Sheet 1 of 5)
Term Definition
uBGA Micro Ball Grid Array

AIOC Direct (AD)

AIOC Direct (AD) memory regions are not coherent with IA caches when accessed from AIOC
agents. Accesses to these memory regions enter the memory system through the Memory
Controller avoiding the IMCH. Memory regions that are not coherent with 1A caches need not
be accessible to the IA CPU.

Agent

A logical device connected to a bus or shared interconnect that can either initiate accesses or
be the target of accesses.

ALT Access Mode

Mode to allow the reading of write-only registers, usually used when saving/restoring register
content for power management sleep state implementations.

Anti-Etch Any plane-split, void or cutout in a Ve or GND plane is referred to as an anti-etch.
Asserted Signal is set to a level that represents logical true.
1. An event that causes a change in state with no relationship to a clock signal. 2. When
Asynchronous applied to transactions or a stream of transactions, a classification for those that do not require
service within a fixed time interval.
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Glossary Table (Sheet 2 of 5)

Term

Definition

Atomic operation

A series of two or more transactions to a device by the same initiator which are guaranteed to
complete without intervening accesses by a different master. Most commonly required for a
read-modify-write (RMW) operation.

Block Locking

Ability to lock the FWH’s blocks to write-protect, read-protect, or open state.

Buffer

1. A random access memory structure. 2. The term 1/0 buffer is also used to describe a low-
level input receiver and output driver combination.

Cx States

Processor power states (Cx states) are processor power consumption and thermal
management states within the global working state, GO.

« CO: Processor power state - While the processor is in this state, it executes instructions.

= C1: Processor power state - This power state has the lowest latency. The hardware latency
in this state must be low enough that the operating software does not consider the latency
aspect of the state when deciding whether to use it.

= C2: Processor power state - This state offers improved power savings over the C1 state.
The worst-case hardware latency for this state is provided via the ACPI system firmware
and operating software can use this information to determine when the C1 state should be
used instead of the C2 state.

* C3: Processor power state - This state is not supported. The C3 state offers improved
power savings over the C1 and C2 states. The worst-case hardware latency for this state is
provided via the ACPI system firmware and the operating software can use this information
to determine when the C2 state should be used instead of C3 state. While in the C3 state,
the processor’s caches maintain state but ignore any snoops.

Cache Line

The unit of memory that is copied to and individually tracked in a cache. Specifically, 64 bytes
of data or instructions aligned on a 64-byte physical address boundary.

Cfg

Used as a qualifier for transactions that target PCI configuration address space.

Character

The raw data Byte in an encoded system (i.e., the 8b value in a 8b/10b encoding scheme). This
is the meaningful quantum of information to be transmitted or that is received across an
encoded transmission path.

CMI

1A-32 Core interface, Memory controller hub, 1/0 controller hub

Coherent (C)

Transactions that ensure that the processor’s view of memory through the cache is consistent
with that obtained through the 1/0 subsystem. In EP80579 integrated processor, Coherent (C)
memory regions are coherent with IA caches when accessed from AIOC agents. Accesses to
these memory regions enter the memory system through the IMCH. Memory regions that are
coherent with IA caches must be accessible to the IA CPU.

The distinct phases, cycles, or packets that make up a transaction. Requests and Completions

Command are referred to generically as Commands.
A packet, phase, or cycle used to terminate a Transaction on a interface, or within a
Completion component. A Completion will always refer to a preceding Request and may or may not include

data and/or other information.

Core Power Well

Main system power, turns off in S3 — S5

Cyclic Redundancy Check

A number derived from, and stored or transmitted with, a block of data in order to detect
corruption. By recalculating the CRC and comparing it to the value originally transmitted, the
receiver can detect some types of transmission errors.

Deasserted

Signal is set to a level that represents logical false.

Deferred Transaction

A processor bus Split Transaction. The requesting agent receives a Deferred Response which
allows other transactions to occur on the bus. Later, the response agent completes the original
request with a separate Deferred Reply transaction.

Delayed Transaction

A transaction where the target retries an initial request, but unknown to the initiator, forwards
or services the request on behalf of the initiator and stores the completion or the result of the
request. The original initiator subsequently reissues the request and receives the stored
completion.

Direct Memory Access

Method of accessing memory on a system without interrupting the processors on that system.

Downstream

Describes commands or data flowing away from the processor-memory complex and toward 1/
O. The terms Upstream and Downstream are never used to describe transactions as a whole.
(e.g. Downstream data may be the result of an Outbound Write, or an Inbound Read. The
Completion to an Inbound Read travels Downstream.)
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Table 1-4. Glossary Table (Sheet 3 of 5)
Term Definition
A connection or channel that allows data or messages to be transmitted in opposite directions
Full Duplex .
simultaneously.
Gb/s Gigabits per second (109 bits per second)
GB/s Gigabytes per second (10° bytes per second)

Global visibility

An operation is said to be globally visible when all side-effects of the operation are visible to
every observer in the system. For example, a write to some resource (e.g., memory location,
control register, etc.) R achieves global visibility when a read of R by all other agents is
guaranteed to return the new value.

Gx States

Global system states (Gx states) apply to the entire system and are visible to the user.

= G3: Mechanical off - A computer state that is entered and left by a mechanical switch. It is
implied by the entry of this off state through a mechanical means that no electrical current
is running through the circuitry and that it can be worked on without damaging the
hardware or endangering service personnel.

= G2/S5: Soft Off - A computer state where the computer consumes a minimal amount of
power.

= G1: Sleeping - A computer state where the computer consumes a small amount of power,
user mode threads are not being executed, and the system “appears” to be off (from an
end user’s perspective, the display is off, and so on).

= GO: Working - A computer state where the system dispatches user mode (application)
threads and they execute. In this state, peripheral devices are having their power state
changed dynamically.

Half Duplex

A connection or channel that allows data or messages to be transmitted in either direction, but
not simultaneously.

Implicit Writeback

A snoop-initiated data transfer from the bus agent with the modified Cache Line to the memory
controller due to an access to that line.

Inbound

A transaction where the request destination is the processor-memory complex and is sourced
from 1/0. The terms Inbound and Outbound refer to transactions as a whole and never to
Requests or Completions in isolation. (e.g., an Inbound Read generates Downstream data,
whereas an Inbound Write has Upstream data. Even more confusing, the Completion to an
Inbound Read travels Downstream.)

Industry Standard Architecture

A 16-bit bus architecture associated with the IBM AT motherboard designed to connect
motherboard circuitry to expansion card devices that is now considered Legacy.

The source of requests. [IBA] An agent sending a request packet on 3GIO is referred to as the

Initiator Initiator for that Transaction. The Initiator may receive a completion for the Request. [3G10]
A special legacy mode to support ISA-based devices which have been integrated into the
ISA Regime chipset. It opens a dedicated channel from the peripheral device to the processor bus. While in
9 this mode, the legacy device is granted exclusive accesses to memory and the ability to use
Tenured Transactions.
A classification of transactions or a stream of transactions that require service within a fixed
Isochronous X :
time interval.
Lane A set of differential signal pairs, one pair for transmission and one pair for reception. A by-N
Link is composed of N Lanes.
A level of abstraction commonly used in interface specifications as a tool to group elements
Layer related to a basic function of the interface within a layer and to identify key interactions
between layers.
Functional requirements handed down from previous chipsets, or PC compatibility
Legacy p
requirements from the past.
Link The collection of two Ports and their interconnecting Lanes. A Link is a dual simplex
communications path between two components.
LPC Bus Low Pin Count connection used to connect to the super 1/0 device.
Master A device or logical entity that is capable of initiating transactions. A Master is any potential
Initiator.
Mbyte/s Megabytes per second (108 bytes per second)
Mem Used as a qualifier for transactions that target memory space. (For example, a Mem read to 1/

0)
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Table 1-4. Glossary Table (Sheet 4 of 5)
Term Definition
Metastability A characteristic of flip flops that describes the state where the output becomes non-

deterministic. Most commonly caused by a setup or hold time violation.

Multi Media Timer (MMT)

See High Precision Event Timer (HPET) in Table 1-3.

Non-Coherent

Transactions that may cause the processor’s view of memory through the cache to be different
than that obtained through the 1/0 subsystem.

North Usually refers to bridges. The bridge or device that is closer to the processor-memory complex.
Refers to the order in which signals and/or memory accesses to different locations must reach
Ordering global visibility to ensure some behavior. Note that this excludes the “ordering” necessary to
prevent data hazards which are accesses to the same location.
A transaction where the request destination is 1/0 and is sourced from the processor-memory
complex. The terms Inbound and Outbound refer to transactions as a whole and never to
Outbound Requests or Completions in isolation. (For example, an Outbound Read generates Upstream
data, whereas an Outbound Write has Downstream data. Even more confusing, the Completion
to an Outbound Read travels Upstream.)
OWord 128 bits of data on a naturally aligned sixteen-byte boundary (e.g., the least significant four
bits of the byte address are b”0000”). This is the native size of the IMCH datapath.
Packet The indivisible unit of data transfer and routing, consisting of a header, data, and CRC.
PCI Reset PCIRST#. This is the secondary PCI Bus reset signal. It is a logical OR of the primary interface

PLTRST# signal and the state of the Secondary Bus Reset bit.

Peer-to-Peer

Transactions that occur between two devices independent of memory or the processor.

Platform Reset

IICH asserts PLTRST# to reset devices that reside on the primary PCI bus. The IICH asserts
PLTRST# during power-up and when a hard reset sequence is initiated through the CF9h
register. PLTRST# is driven inactive a minimum of 1 ms after both PWROK and VRMPWRGD are
driven high. PLTRST# is driven for a minimum of 1 ms when initiated through the CF9h
register.

Plesiochronous

From Greek, meaning almost synchronous. Describes signals that have the same nominal
digital rate, but are synchronized on different clocks. Any variation in rate is constrained within
specified limits, which allows a device to process the data signal without buffer underflow or
overflow by making periodic compensating adjustments that repeat or delete dummy data bits.
However, there is no limit to the phase difference that can accumulate between the signals over
time.

1. Logically, an interface between a component and a PCI Express* Link.

Port 2. Physically, a group of Transmitters and Receivers located on the same chip that define a
Link.
A Transaction that is considered complete by the initiating agent or source before it actually
completes at the Target of the Request or destination. All agents or devices handling the
Posted Request on behalf of the original Initiator must then treat the Transaction as being system
visible from the initiating interface all the way to the final destination. Commonly refers to
memory writes.
Push Model Method of messaging or data transfer that predominately uses writes instead of reads.
Queue A first-in first-out (FIFO) structure.
1. The Agent that receives a Packet across an interface regardless of whether it is the ultimate
Receiver destination of the packet. 2. More narrowly, the circuitry required to convert incoming signals
from the physical medium to more perceptible forms.
Request A packet, phase, or cycle used to initiate a Transaction on a interface, or within a component.
The contents or undefined states or information that are not defined at this time. Using any
Reserved reserved area is not permitted. Reserved register bits must be set to 0. However, when stated,

there may be specific instances where a reserved register is either non-zero, or there may be a
requirement to make it non-zero.

Resume Power Well

Trickle from power supply, only turns off when power is disconnected from wall.

Resume Reset

Signal that resets the parts of the I1ICH in the resume power well, generated when the trickle
supply turns on.

RTC Power Well

Powered by a coin cell battery and only turns off when the battery is drained. Powers the RTC
and some resume events.
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Term

Definition

Sx States

Sleeping states (Sx states) are types of sleeping states within the global sleeping state, G1.

« Sb5: Soft Off state. The main memory power plane is shut down in addition to the clock
synthesizer and core well power planes for the processor and CMI. The CMI resume well is
still powered.

* S4: Sleeping state - This state is only used to transition to or from the S5 state. The S4
state is not a supported power management state in CMI.

* S3: Suspend to RAM (STR) state - The clock synthesizer and core well power planes for the
processor and CMI are shut down, but the main memory power plane and the CMI resume
well remain active. All clocks from synthesizers are shut down during the S3 state.

= S0: Awake state - Power Management state when all power planes are active.

Simplex

A connection or channel that allows data or messages to be transmitted in one direction only.

SMBus

System Management Bus. A two-wire interface through which various system components may
communicate.

Snooping

A means of ensuring cache coherency by monitoring all memory accesses on a common multi-
drop bus to determine if an access is to information resident within a cache.

South

Usually refers to bridges. The bridge or device that is further from the processor-memory
complex.

South Port

The PCI Express* downstream root port(s) on the IICH.

Split Lock Sequence

A sequence of transactions that occurs when the target of a lock operation is split across a
processor bus data alignment or Cache Line boundary, resulting in two read transactions and
two write transactions to accomplish a read-modify-write operation.

Split Transaction

A transaction that consists of distinct Request and Completion phases or packets that allow use
of bus, or interconnect, by other transactions while the Target is servicing the Request.

An expanded and encoded representation of a data Byte in an encoded system (e.g., the 10b

Symbol value in a 8b/10b encoding scheme). This is the value that is transmitted over the physical
medium.
Symbol Time The amount of time required to transmit a symbol.
Target A device that responds to bus Transactions. The agent receiving a request packet is referred to

as the Target for that Transaction.

Tenured Transaction

A transaction that holds the bus or interconnect until complete, effectively blocking all other
transactions while the Target is servicing the Request.

Transaction

An overloaded term that represents an operation between two or more agents that can be
comprised of multiple phases, cycles, or packets.

Transaction ldentifier

A multi-bit field used to uniquely identify a transaction. Commonly used to relate a Completion
with its originating Request in a Split Transaction system.

Transmitter

1. The Agent that sends a Packet across an interface regardless of whether it was the original
generator of the packet. 2. More narrowly, the circuitry required to drive signals onto the
physical medium.

Describes commands or data flowing toward the processor-memory complex and away from 1/
O. The terms Upstream and Downstream are never used to describe transactions as a whole.

Upstream (For example, Upstream data may be the result of an Inbound Write, or an Outbound Read.
The Completion to an Outbound Read travels Upstream.)
VCMI 1A-32 core, 1A-32 Core interface, Memory controller hub, 1/0 controller hub
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2.0 Architectural Overview

2.1 Overview

This chapter provides an overview of the Intel® EP80579 Integrated Processor product
line architecture. Section 2.1.1, “Block Summary” gives a high-level summary for each
of the major blocks and their internal interfaces. Section 2.1.2, “External Interfaces”
reviews the EP80579’s external chip interfaces.

The block diagrams in Figure 2-1 and Figure 2-1 show the major EP80579 blocks.

2.1.1 Block Summary

e The EP80579 1A-32 core runs at 600, 1066, and 1200 MHz with an internal 400 or
533 MHz front-side bus (FSB) interface. The 1A-32 core features a 256 Kilobyte 2-
way level 2 cache (L2).

e The EP80579 IMCH provides the main path to memory for the 1A-32 core and all
peripherals that perform coherent 1/0 (e.g. PCl Express*, the IICH to coherent
memory). The IMCH includes the four channel DMA engine as well as a PCI
Express™® root complex with 1x8, 2x4, or 2x1 interfaces. The memory controller
operates at 200-266-333-400 MHz, depending on external DDR and SKU
configuration. Depending on SKU, the EP80579 supports a single channel, 64-bit
with ECC, memory controller for external DDR-2 memory (400, 533, 667, and 800
MHz). The EP80579 also supports a 32-bit with ECC mode for cost-sensitive
applications.

= The EP80579 1ICH provides a set of PC platform-compatible 1/0 devices that
include two SATA1.0/2.0, one USB1.1/2.0 host controller supporting two USB
ports, and two serial 16550 compatible UART interfaces. The 1ICH complex
interfaces to the MCH through the “NSI” internal bus interface.

e The EP80579 Acceleration and 1/0 Complex (AIOC) supports three Gigabit
Ethernet media access controllers, MDIO, Local Expansion Bus (LEB), two
Controller Area Network (CAN) interfaces, IEEE1588 (2-GbE and 2-CAN ports), and
SSP. In addition some SKU have three high-speed serial TDM interfaces that
provide up to 12 T1/E1. ASU and SSU provide the high performance packet
processing and accelerate common security capability.
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Intel® EP80579 Integrated Processor Block Diagram

Figure 2-1.
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Intel® EP80579 Integrated Processor with Intel® QuickAssist Technology

Figure 2-2.
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External Interfaces

Table 2-1 summarizes the key features of the external interfaces.

EP80579 External Interface Summary

Name Qty. Description
Single channel memory controller with an ECC enabled 64-bit interface that,
External DDR depending on SKU, supports external DDR-2 memory (400, 533, 667 and 800
Memor 1 MHz). Minimum memory size is 128 MB (in 32 bit mode). Maximum memory size
Y is 4GB. The EP80579 integrated processor also supports a 32-bit mode (with
ECC) for cost-sensitive applications.
*
PCI (E)ég{;zss 1 Supports 1x8, 2x4, or 2x1 configurations as a root complex.
Gigabit Ethernet 3 10/100/1000 Gigabit Ethernet MACs with RGMII/RMII interface. Two of the three
9 ports support IEEE 1588 hardware assist.
8.192 MHz high-speed synchronous serial TDM interfaces that support up to 12
TDM 3 T1/E1 links (SKU dependent) with Intel software driver provided for HDLC
support.
Local EBﬁp;ansmn 1 25/16-bit 80MHz local expansion bus with 8 programmable chip selects.
Universal Serial Bus 2.0 host controller interface, supports two USB ports (shared
USB 2.0 1 .
with USB1.1 ports)
USB 1.1 1 Universal Serial Bus 1.1 host controller interface, supports two USB ports (shared
: with USB2.0 ports)
Low Pin Count Bus (LPC) interface to attached PC compatible boot flash memory
LPC 1
up to 64MB.
SPI 1 Serial Peripheral Interface (SPI).
GPIO 36 Programmable General Purpose 1/0 (GPIO) pins. Note, Intel recomends using this
interface to boot from. Of the 36pins, many have alternate functions defined.
SMBus/12C 2 12C compatible SMBus2.0 connections.
UART > 16550 compatible asynchronous serial ports that support data rate of at least
115Kbits/sec.
SATA 2 SATA1.0 or 2.0 used to attached external hard drives.
SSP 1 Synchronous Serial Port
CAN 2 Controller Area Network interfaces.
MDIO 1 MDIO interface to support the ethernet interfaces.
IEEE-1588 1 IEEE-1588 Hardware Assist
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Table 2-2.

Table 2-3.

2.2

Table 2-4.
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Frequencies and Gear Ratios

This section discusses frequencies and gear ratios.

The 1A core used in the EP80579 is an 1A-32 core, and can run at frequencies between
600 and 1200 MHz (actually supported CPU frequencies vary by SKU, see

Chapter 47.0, “SKUs, Power Savings and Pre-Boot Firmware”). Based on divider ratios
in its PLL design, the 1A-32 core imposes a 6:1 minimum core/bus frequency ratio. This
limits maximum FSB frequency to 400 or 533 MHz front-side bus (FSB) interface.

The 1A-32 core/FSB frequency combinations supported are listed in Table 2-2.

1A-32 core / FSB Frequency Ratios (depends on SKU and configuration)

1A-32 core FSB Ratio
[MHZ] [MHZ]
600 400 6:1
1066 533 8:1
1200 533 9:1

Table 2-3 summarizes the memory controller clock ratios.

Memory Controller Frequencies

D[E'F\zmtjlztick DDR Technology
200 DDR2-400
266 DDR2-533
333 DDR2-667
400 DDR2-800

Signaling Architecture
As defined in Table 2-4, the EP80579 supports communication between the IA, AIOC

devices (ASU, SSU, internal 1/0 devices) and externally attached bus master (PCI
Express™® through different memory types using a variety of operations.

Summary of Communication

Targeted Memory Type?
Operation Agent
External DRAM External DRAM
(Coherent) (AIOC Direct)
7 X xP
ASU X X
Read, Write
PCI-E DMA, EDMA X xb
GbE X X
1A X -
ASU X X
Atomic
PCI-E DMA, EDMA - -
GbE - -

a. “X” cells are supported with normal or MMIO accesses and “-” cells are not supported.
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b. Agents in the 1A-32 core may access AIOC-Direct memory (non-coherent) via uncacheable 1, 2 or 4-byte 1A
loads/store, 1A MMX 8-byte MOVQ instructions or 64-byte DMA transfers. While such 1A-32 core accesses to
AlOC-Direct memory are not ordered with respect to other ASU memory traffic, the AIOC-Direct memory
supports limited one-way communication in which IA agent (or the Internal PCI agent) is the sole writer and
the internal PCI agent (or the IA agent) views such memory locations as read-only. Hardware will ensure that
self-aligned 1,2, 4, 8 and 64-byte updates will be atomically visible to all readers.

The EP80579 allows signaling to occur between IA, AIOC complex, and externally-
attached agents in the appropriate native signaling format.

The EP80579 supports basic producer/consumer behavior between agents.

Because the AIOC complex devices are exposed to the IA platform as PCI devices, they
follow PCI ordering semantics when interacting with IA. This enables two fundamental
producer/consumer models in coherent memory: the polled and interrupt methods.

For the Polled method:
1. Producer writes data to location “X” in Coherent Memory.
2. Producer sets flag to location “Y” in Coherent Memory
3. Consumer waits for flag to be set in Coherent Memory
4. Consumer read data from location “X” in Coherent Memory
To ensure this behavior, agents generating traffic into the IMCH must ensure that the

writes originating from an agent are globally observable in the same order. In the
above case X and Y must be globally observable in the same order.

For the Interrupt method:
1. Producer writes data to location “X” in Coherent Memory.
2. Producer generates an interrupt to Consumer (asynchronous signal)

3. Consumer reads interrupt status from Producer’s address space. Consumer waits
for read to complete before issuing the next transaction.

4. Consumer reads data from location “X” in Coherent Memory

To ensure this behavior, an MMIO read issued to the PCI device (item 3 above) after a
write that originated from this PCI device (item 1 above) must not complete out of
order. The read completion must push ahead (flush) the write.

Also the MMIO read (item 3 above) should be to a location that is in the device. In the
EP80579, it should not be to the PCI configuration registers but the device registers
pointed to by the PCI BARL. This ensures that IA device driver software for the
EP80579 is not required to include explicit memory fence operations to enable
producer-consumer synchronization for interrupt handling. Examples:

1. GigE < IA : GIigE placing received data in coherent DRAM and interrupting IA, IA
issuing a GigE CSR read, whose read completion must serialize the received DRAM
data stream.

2. TDM < IA : TDM placing received data in coherent DRAM, then interrupting the IA,
then IA gets a pointer to the data. An IA pointer dereference from the IA must see
the TDM DRAM data.

3. ASU < IA : ASU placing data in coherent DRAM, then interrupting the IA, then IA
gets a pointer to the data. An IA pointer dereference from the IA must see the ASU
DRAM data.

1. The reason for this requirement is that the MCH config bus used to access the PCI configuration registers does not serialize

the EP80579 internal PCI bus.
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For communication using memory that is not coherent with the IA processor caches, or
for direct communication between AIOC agents (e.g. between ASU, TDM, and GigE
devices), the EP80579 may require software to insert explicit fencing operations to
ensure correct producer/consumer behavior. Details are discussed in Chapter 4.0,

“Signaling”.
2.3 DMA and Peer-to-Peer Data Transfers
The EP80579 provides multiple DMA and DMA-like features that are summarized here:
< IMCH EDMA Engine: The four channel IMCH “Enhanced DMA” (EDMA) engine
which supports DWORD aligned DMA. The EDMA engine supports memory-to-
memory and memory-to-PCle transfers. Read DMA granularity ranges from 1 byte
to 4 Kilobytes. Write DMA granularity ranges from 1 to 256 bytes. The EDMA engine
supports different source/target byte alignments that are important for packet
processing, and is only programmable via IA PCI configuration space with
completions signaled via IA interrupts. The EDMA engine can support burst data
movement between “AlOC-direct memory” and IA coherent memory.
< 1ICH DMA: Supports IICH agents to/from memory, this is only used by USB and
SATA.
e LPC DMA: Supports LPC agents. See Chapter 20.0, “LPC DMA”.
* No Peer-to-Peer Reads: The IMCH does not support peer-to-peer reads.
Table 2-5 lists the supported DMA and peer-to-peer data transfer options.
Table 2-5. DMA and Peer-to-Peer Data Transfer Options
1\%533@ Operation Source Destination Initiator Owner (Software)
1 PCI DMA read DRAM PCI Ex device PCI Ex Device 1A device driver
2 PCI DMA write PCI Ex Device DRAM PCI Ex Device IA device driver
3 AIOC read DRA(’;" or AlOC AIOC device (GE) Device IA, ASU
evice
4 AIOC write AIOC device DRAM or(Aelé))C device Device IA, ASU
5 AlIOC 3rd party read DRAM AIOC device (SSU) ASU ASU
6 AIOC 3rd party write | AIOC device (SSU) DRAM ASU ASU
7 Peer—tg:;zer PCI Not Supported
s Peer-to-Peer PCI AIOC Master or PCI PCI Ex Device only AIOC Master AIOC Master Device
Write Ex Device or PCI Ex Device Driver
9 Mem-to-Mem DRAM DRAM EDMA Engine 1A
Mem-to-Memory PCI Ex or AIOC )
10 Mapped 10 DRAM device EDMA Engine 1A
§8
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3.0

Platform Memory and Device Configuration

3.1

3.1.1

August 2009

Overview

This chapter presents the views of the major address spaces and device configuration
structures as seen by various internal and external agents. Three related aspects are
covered:

< The memory maps seen by various internal and external agents.

= The endianness seen by various agents and mechanisms the EP80579 uses to allow
communication between agents with different endianness expectations.

« The PCI configuration infrastructure, which the EP80579 exposes through its
memory maps.

Configuration Objectives

The EP80579 device and configuration model operates in a system-on-a-chip
environment and blends the architectures of many disparate components into a unified
whole. The major goals for the device configuration and access architecture include:

= Provide a configuration and access model that is aligned with existing IA platform
algorithms.

« Support a unified address space model.

The 1A-32 core is the primary agent responsible for device configuration. This is true
across all supported SKUs.

To provide device configuration and operation capabilities that are aligned with the 1A
platform, the EP80579 uses the existing PCI infrastructure to expose on-die software-
visible sub-blocks as devices on the PCI fabric. Figure 3-1 presents a logical overview
of this organization.
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Figure 3-1.

3.1.2

Table 3-1.
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Device-Centric Logical View of EP80579 Devices
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Bridge DRAM || EDMA ez PCI-to-PCI Bridge
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IA CPU <<PC>BUS<SZU> | < >

ASU * ¢ GbE

IMCH / lICH Devices AIOC Devices

The on-die IMCH and IICH devices materialize on PCI bus 0 while the AIOC devices
materialize on PCI bus “M” that is behind a transparent PCI-to-PCI bridge on PCI bus O
(the bus that the internal IMCH and IICH devices use). For simplicity, the figure does
not show external devices.

Terminology and Conventions

Throughout this chapter, we will use the generic term “device” to refer to either a PCI
device or a function of a PCI device. The text will be explicit when the distinction
between device and function is important.

Addresses are always in hexadecimal and broken into 16-bit segments, for example,
0_FEED BEEF. When the distinction is important and not obvious, addresses are
subscripted with “V”, “P”, or “S” for virtual, physical, or system address spaces,
respectively.

The EP80579 addresses its DRAM in units of 8-byte quadwords. Before assigning byte

addresses to the byte lanes in DRAM, we will refer to the locations as byte lane A
through H as Table 3-1 illustrates.

Main Memory DRAM Organization

Byte Byte Byte Byte Byte Byte Byte Byte

Address Lane H Lane G Lane F Lane E Lane D Lane C Lane B Lane A

0 OH 0G OF OE ob ocC oB OA

8H 8G 8F 8E 8Dh 8C 8B 8A

16 16H 16G 16F 16E 16D 16C 16B 16A

The byte located in address 0, lane A is referred to as OA, the byte in address O lane B
is OB, etc.
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1A Platform Infrastructure

The IMCH and IICH blocks (which, along with the 1A-32 core, are collectively referred
to as the VCMI) in the EP80579 provide an IA platform infrastructure with respect to
endianness, address spaces and memory maps, configuration, etc.

This section focuses on the IA views and expectations around the endianness, address
spaces and memory maps, and configuration for a basic 1A platform. The EP80579
operates within this framework. These discussions highlight how and where the
EP80579 differs from the framework. For additional detailed information on the IA
infrastructure in the EP80579 specifically, see Section 9.0, “CMI Introduction”, which
discusses the IMCH implementation.

1A Platform View of Endianness

All memory in an EP80579 platform is little-endian to match requirements and
expectations of an IA platform. The byte lanes (see Table 3-1 on page 112) are
connected from the memory interface to the IMCH such that little-endian 1A-32 core
sees “byte 0” of a quad-word in memory in byte lane A and “byte 7” of a quad-word in
memory in byte lane H.

Consider the following C code:

char ¢, *cp; // 1 byte

short s, *sp; // 2 bytes

long 1, *1lp; // 4 bytes

long long 11, *1lp; // 8 bytes

cp = sp = 1lp = 1llp = (void *) 0x8; // QW address 1
c = *Cp;

S = *sp;

1 = *lp;

11 = *1lp;

Executing this code on the 1A-32 core in an EP80579 yields the following results:

c == 8A

s == 8B8A

1 == 8D8CS8BSA

11 == BHBGBFB8EBDS8CS8BSA

Where the right-hand values in these results use the notation that Table 3-1 on
page 112 in Section 3.1.2 describes to identify the byte lanes and address.
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1A Platform View of Configuration

Because the IMCH and IICH blocks in the EP80579 come from an IA heritage, the
EP80579 exposes much of the functionality in these blocks through a PCI
infrastructure. The EP80579 extends this PCI infrastructure to expose the functionality
in the AIOC, as Section 3.7, “PCl Configuration” on page 119 describes.

Before describing how the AIOC integrates with the 1A-based IMCH and II1CH blocks, it
is helpful to consider how the PCI exposes IMCH and IICH functionality. Logically, the
software-visible sub-blocks of the IMCH and I1CH materialize as PCI devices and
functions® on PCI bus 0 of the system through three independent address spaces:

= Configuration Space: Each function of each device has at least 256B of
configuration space that is mapped to a fixed location by the platform (PCI
Express* devices can provide for larger configuration spaces). This space provides
system software with basic information on the device and allows for device-
independent configuration.

 Memory-Mapped 1/0 (MMIQO) and 1/0 Spaces: Each function of each device
can request up to six MMIO and 1/0 regions of device-specified sizes to be mapped
into physical address space through base address registers in the configuration
header. System software selects the base address of each region. These spaces
support device-specific operation such as access to device-specific control
registers.

Of the thirty-two possible device slots on bus 0O, five slots are reserved for software-
visible blocks in the EP80579 IMCH and IICH and remainder are unused.

In general, the IMCH claims configuration accesses (i.e., those accesses that target
configuration space) to device numbers 0, 1, 2, and 3 of bus 0 and routes configuration
accesses to the remaining devices to the IICH over an internal NSI interface using Type
0 PCI configuration transactions? (see Section 13.2, “Platform Configuration Structure
Conceptual Overview” and Section 13.3, “Routing Configuration Accesses”. In the
EP80579 design, transactions to bus 0 devices that are sent through NSI to the IICH
and unclaimed by the IICH will master abort.

Figure 3-2 presents a logical view of the EP80579 infrastructure for the software-visible
blocks in the 1ICH and IMCH.

1. Except where the distinction is important, this document uses the term “device” to refer to both devices and functions in the
PCI sense of these words.

2. Configuration transactions take the Type 1 form while in transit through the PCI fabric to their destination bus; upon reaching
their destination bus, they become Type O transactions.
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Figure 3-2. Logical Overview of the CMI PCI Infrastructure
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Table 3-2 summarizes the address space requirements (both in memory and 1/0 space)
of the IMCH and IICH.
Table 3-2. Basic CMI Platform Address Space Requirements for IMCH and 1I1CH Devices
PCI M
Unit Block em, Size Register
170
Dev. Fn.
SMRBASE (see Section 16.1.1.9, “Offset
0 Northbridge Mem 4KB 14h: SMRBASE - System Memory RCOMP
0 Base Address Register”)
1 DRAM, Error Handling N/A N/A
T EDMALBAR (see Section 16.3.1.9, “Offset
(2) 1 6] EDMA Mem 4KB 10h: EDMALBAR - EDMA Low Base
= Address Register”
> 0 PCI-Express (HSI AO) N/A N/A
x8 or x4
3 0 PCI—Exprej‘s1 (HSI A1) N/A N/A
P USBIOBAR (see Section 25.1.1.9,
2 0 Use 1.1 170 328 “USBIOBAR - Base Address Register™)
29
MBAR (see Section 26.2.1.10, “Offset 10h:
7 UsSB 2.0 Mem 1KB MBAR - Memory Base Address Register”)

August 2009
Order Number: 320066-003US

Intel® EP80579 Integrated Processor Product Line Datasheet

115




intel.

Intel® EP80579 Integrated Processor

Table 3-2. Basic CMI Platform Address Space Requirements for IMCH and II1CH Devices
0 LPC/SPI N/A N/A
PCMDBA (see Section 23.1.1.8, “Offset
1/0 8B 10h: PCMDBA — Primary Command Block
Base Address Register™)
PCTLBA (see Section 23.1.1.9, “Offset
1/0 4B 14h: PCTLBA — Primary Control Block Base
Address Register”)
SCMDBA (see Section 23.1.1.10, “Offset
1/0 8B 18h: SCMDBA — Secondary Command
2 SATA ‘
31 Block Base Address Register”)
1/0 4B SCTLBA
LBAR (see Section 23.1.1.12, “Offset 20h:
1/0 16B LBAR — Legacy Bus Master Base Address
Register”)
ABAR (see Section 23.1.1.13, “Offset 24h:
Mem ke ABAR — AHCI Base Address Register”)
3 SMBUS N/A N/A
The IMCH and IICH devices in the EP80579 on PCI bus O allocate 18KB of memory
space above and beyond the PCI L allocations in Figure 3-2 and 72B of 1/0 space
through PCI BARs (this memory could be allocated in the “open” regions in Figure 3-2).
This table does not include any memory regions that external devices (i.e., those
attached to a IMCH PCI Express* port) or AIOC devices might allocate.
In addition to the IMCH and IICH devices, the EP80579 includes an 1A-32 core that
provides MSRs and other configuration structures.
3.3 High-Level Views
This section presents an overview of some of the general characteristics of the agents
that the various EP80579 memory maps expose.
3.3.1 Characteristics of External System Memory (DRAM)
The address spaces in the EP80579 expose up to 4GB of physical system memory, in
the form of DRAM, to be accessed by both on- and off-die agents.
Table 3-3. Memory Regions
. Accesses to System Memory by AIOC
Region Managed By Agents Coherent with 1A Caches? Contents
1A O/S 1A O/S v IA O/S and application code
and data structures
IA/ASU Shared EP80579 Driver? v IA and AIOC shared data
(Coherent) structures
AIOC data structures; 1A-32
I?Alf‘osggit::éte)d EP80579 Driver? N core may access a portion
via the EP80579 driver
a. The EP80579 Driver includes the EP80579-specific software stacks that run on the IA, ASU, etc.
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3.3.2

Of the regions in Table 3-3, the “IA/ASU Shared (Coherent)” and “IA/ASU Shared
(AlIOC-Direct)” regions are not managed by the 1A O/S. The EP80579 software expects
that the BIOS carves this memory out of the memory map early in the boot process
and sets it aside for use by the Intel® EP80579 Integrated Processor with Intel®
QuickAssist Technology software stack. As a result, the 1A O/S does not allocate,
manage, page, etc. these regions of memory.

The regions in Table 3-3 fall into one of two categories with respect to IA cache
coherency: one that is coherent with 1A caches for AIOC accesses and one that is not.
It is important to note that the coherent/non-coherent category of a region affects only
how the AIOC hardware handles a DRAM accesses. The category, in and of itself, does
not have any implications on how IA must always access the region.

The EP80579 expects that, in general, all agents in the system can access all memory,
consistent with their addressing capabilities, in the three regions that Table 3-3 lists.
Exceptions to this general rule may arise due to the size of the address space that an
agent supports or due to agent-specific aliasing of DRAM addresses onto other
structures. The following sections on the memory maps outline any agent-specific
exceptions. Finally, memory accesses that originate from the AIOC (or a device
attached to the AIOC) must honor the coherency requirements in Table 3-3 based on
the region they target. For consistency, software is expected to configure the EP80579
such that memory that the 1A-32 core cannot access is not part of regions that are
expected to be coherent with 1A caches.

Characteristics of Internal and External Memories

Table 3-4 defines the supported operations by memory type. The table uses the
following notation to indicate the behavior of the EP80579:

« “~” means the operation is not supported by the EP80579.

- “S” implies that the operation happens as a single atomic! update to memory. In
other words, either the update is observable in its entirety or not at all.

- “M” implies that the operation may happen as multiple updates to memory. In
other words, other agents can observe different parts of the affected memory
location change values in any order but the end state of the memory location will
be the desired value. This “flickering lights” effect makes such memory accesses
useless for multi-agent synchronization unless a semaphore or flag variable is used
to guard access to the shared location?.

This table only applies to aligned-to-size operations; that is, a 4-byte operation is
aligned to a 4-byte boundary, an 8-byte operation is aligned to an 8-byte boundary,
etc.)

1. In the sense that it cannot be divided into multiple smaller writes.
2. Note that in guarding the location, visibility of the new flag must imply that the “flickering” has stopped.
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Supported Operations by Memory Type

Operation 1A-32 core AIOC Agents
size Coherent
Type (1A WB AlOC-Direct? Coherent AlOC-Direct?
Bytes
Cacheable)
1 S S — —
2 S S — —
4 S S S M
8 S S S S
Read, Write
16 S M M M
32 - — M M
64 S M M
128 - — M M
1 S M — —
Atom Read- 2 S M — —
Modify-Write
(Semaphore) 4 S M S S
8 S M — —

a. AIOC-Direct is a feature of the Intel® EP80579 Integrated Processor with Intel® QuickAssist Technology SKU.

Characteristics of Device Configuration

To be able to leverage existing IA BIOS, O/S, and power management software, the
EP80579’s configuration mechanisms follow existing IA platform approaches. Of the
four major components of the EP80579:

= The IA-32 core can use normal IA platform configuration algorithms.
e The IMCH and IICH can use normal IA platform configuration algorithms.

= To interoperate with normal IA platform configuration algorithms, the AIOC must be
configured by the IA processor.

With the EP80579, the boot and configuration process is:

4. The 1A boots from a FLASH device on the IICH SPI (LPC) interface. System
software discovers and configures the devices on PCI bus 0 in the IMCH/IICH.

5. System software discovers and configures the devices behind the Transparent PCI-
to-PClI bridge into the AIOC. This may amount to allocating memory regions
specified by the BARs?.

6. System software configures other buses on the system.
Once this process completes, the EP80579 is ready for operation.

It may be necessary for software to re-order the devices on bus 0 in the IMCH/IICH/
AIOC to ensure that the AIOC can obtain the resources it needs. Since enumeration
involves either a depth-first or a breadth-first traversal of the device tree from device
zero (depending on the implementation of the platform PCI enumeration and discovery
code), the system may not be able to honor a request for a large memory region from
an AIOC device if this device is enumerated late in the process due to a large device
number. This issue is not unique to the EP80579 and is handled in whatever fashion
standard IA platform software handles such resource issues.

1. A 32-bit BAR can request a single memory size that is a power of 2 from 16B to 2GB according to the PCI specification.
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3.4 Memory Map for IA-Attached Agents

There are two constraints in the EP80579 CMI and Memory Controller designs:
= The 1A-32 core only supports 32-bit physical addresses.
= The Memory Controller supports at most 4GB of physical memory.

This discussion focuses on the perspective of an IA-attached agent; Section 3.5,

“Memory Map for AIOC-Attached Devices” on page 119 provides similar discussion for
AlOC-attached agents.

Table 3-6. Device Exposure from an IA-attached Memory Map Perspective

Device to Access Materlal_lzes Notes
In Region

= PCI BAR(s) set by IA O/S or BIOS specify address mapping(s).

PCle GigE MACs = |1A-32 core configures through 170 or PCI enhanced config spaces.
IMCH/IICH AIOC PCI L - Reads, config space access between 1/0 agents not supported.
devices

= Region is at least 128MB per definition of TOLM, see Section
16.1.1.30, “Offset C4h: TOLM - Top of Low Memory Register”.

« Contains IA/ASU Shared (AIOC-Direct) region from Table 3-3.
= MENCBASE and MENCLIMIT registers define address range.

= 1A caches not coherent with AIOC accesses to this region.

= Must include all DRAM that is inaccessible to the 1A-32 core.

DRAM AD

DRAM

« Contains I/A O/S, IA/ASU Shared (Coherent) regions from
Table 3-3.

« |A caches coherent with AIOC accesses to this region.
« Cannot include any DRAM that is inaccessible to the 1A-32 core.

DRAM C

3.5 Memory Map for A10OC-Attached Devices
AlOC-attached agents support several independent target IDs that provide
independent address spaces. Table 3-7 summarizes, the addressing capabilities of
AIOC agents range from 25 to 32-bits.

Table 3-7. Address Space Sizes of AlIOC-attached Devices

Address Space Size [b] Devices
32 Gigabit Ethernet MACs
32 ASU, SSU, TDM, SSP, CAN, 1588
3.6 Endianness

The EP80579 operates in an IA platform environment that is little-endian.

3.7 PCI1 Configuration
This section presents an overview of the implementation that integrates the AIOC and
memory controller with the IA PCI infrastructure for configuration.

« PCI mechanisms (configuration space, memory-mapped 1/0 spaces, and 1/0O
spaces) expose state for configuration.

= The IA-32 core performs all system configuration and initialization.
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The 1A-32 core configures the AIOC, IMCH and IICH using standard IA platform
algorithms (i.e., PCl-based discovery, enumeration, and configuration) with
modifications for the specific mix of functionality that the EP80579 CPU, IMCH, and
IICH instantiations provide.

1A software configures external PCle devices in the EP80579 using normal PCI
discovery and configuration algorithms. The device and bus numbers for external
devices are assigned by the BIOS and/or O/S during boot-time enumeration as
normal.

An EP80579-specific user driver handles interaction with external non-PCIl agents
attached to the EP80579 through its AIOC-side 1/0 interfaces. That is, the EP80579
user driver, not BIOS, will “discover” and operate any devices attached to the local
expansion bus, for example. Note that since these devices do not implement PCI
semantics, it is expected that they will not allocate MMIO regions beyond those
already allocated for the PCI view of the appropriate AIOC device.

The O/S always allocates an aperture in the memory map for any PCI device that
defines one or more BARs, even if the device is unknown to the O/S at discovery.

The PCI abstraction that the AIOC provides for its devices is primarily a software
abstraction for the purposes of configuration; the AIOC itself does not contain PCI
devices.

3.7.1 Overview

The EP80579 integrates the AIOC and memory controller into the PCI fabric as
Figure 3-3 describes. This figure presents a logical view of the system.

Figure 3-3. Attaching the AIOC to the CMI PCI Fabric (Logical Perspective)
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In this figure, PCI bus 0 originates in the IMCH and reaches internal IMCH PCI devices
through internal paths. Bus O is bridged into the IICH via an NSI interconnect and into
the AIOC. The memory controller materializes internally to the IMCH as device O of PCI
bus 0. The internal transparent bridge materializes the devices for the AIOC through a
bridged hierarchy as Figure 3-4 illustrates. In this hierarchy, a Transparent PCI-to-PClI
bridge appear on PCI bus 0 with the remaining AIOC devices materializing behind the
bridge on PCI bus M.

3.7.2 Device Tree

This section describes how the devices on the EP80579 die map onto the PCI device
tree. In general, the EP80579 exposes the structures and sub-blocks that Section 3.7.1
describes through PCI devices that materialize behind a transparent bridge on bus 0.
Figure 3-4 presents an overview of the device tree for on-die EP80579 software-visible
sub-blocks (see also Figure 13-1, “Bus 0 Device Map” on page 348).

Figure 3-4. Overview of PCI infrastructure for On-die Devices

1
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Q PCl Bus M
<

As mentioned earlier, AIOC devices materialize on bus “M” behind a bridge on PCI bus O
where the 1A BIOS or O/S assign the secondary bus number “M” at discovery.

Devices can request space in the system memory and 1/0 address maps through BARs
in the configuration header. In general, the EP80579 materializes most device control
and status registers in memory-mapped regions allocated by a BAR. The only exception

1. The 1A BIOS and/or O/S assigns the specific bus number during PCI discovery and enumeration.
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lies in the standard PCI configuration, status, and capability registers that PCI requires
which materialize only in PCI configuration space. The AIOC devices that lie behind the
bridge allocate by either the BIOS or OS to their regions of address and 1/0 space
within a contiguous region of address space that the bridge claims. It is assumed that
system software configures the aperture for the bridge to be large enough to cover all
of the address space that the devices behind the bridge request.

The remainder of this section summarizes the device tree that the EP80579
implements. This summary includes a mapping between PCI devices and the EP80579
blocks along with the value of the device ID, class code, and a summary of the
resources (i.e., registers, memory, etc.) that each device requests.

Table 3-9 summarizes the PCI devices that the IMCH and IICH materialize.

Table 3-9. IMCH and 11CH PCI Device Summary
PCI
Device Name EPLjBr?ifgg Devi str?jt:eDr Resources?
B/D/FP | BSpP® e
Memomﬁ%’mo”er IMCH 0/0/0 | 060000h | 5020h 1'2’:’;2’5'6’ MBAR (4KB and 4KB)
Error Reporting IMCH | 07071 | FFooooh | s5021h | 123456
EDMA EDMA 0/1/0 | 088000h 5023h 1,2,3,4.5,6, MSI, MBAR (4KB)
PCI-Ex Port O PEAO 0/2/0 | 060400h 5024h 1’2’:;'2’5'6’ PM, MSI
PCI-Ex Port 1 PEAL | 0/3/0 | 060400h | 5025h | 123456, 1oy us)
PCI-to-PCI Bridge IMCH 0/4/0 | 060400h 5037h 1’2’%%’5'6’
USB 1.1 Controller USB1.1 0/29/0| 0CO300h 5033h 1’2’:;'2’5'6’ IOBAR (32B)
1,2,3,4,5,6,
USB 2.0 Controller UsSB2.0 |0/29/7| 0C0320h 5035h PM, MBAR (1KB)
LPC/SPI LPC/SPI |0/ 31 /0| 060100h 5031h 1,2,3,4.5,6, IOBAR (128B, 64B)
01018Ah, | 5028h,
010601h, 5029h, 1,2,3,4,5,6, | PM, MSI, IOBAR (8B, 8B, 4B,
SATA SATA 0/31/2 010401h, 502Ah, 7,8 4B, 16B), MBAR (1KB)
010401h% | 502Bh®
SMBus SMBUS 0/31/3| 0CO500h 5032h 1’2’%%’5'6’ I0BAR (32B)
a. “MBAR” is a memory space BAR, “IOBAR” is an 1/0 space BAR, “PM” is a power management capability, and
“MSI” is an MSI capability.
b. PCI bus number, device number, and function number.
c. PCI base class code, subclass code, and programming interface PCI configuration register values.
d. SATA SC and PI values depends on the SATA mode and map value settings.
e. SATA DID value depends on the SATA mode settings.
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Table 3-10. AIOC PCI Device Summary

PCI
Device Name Epli?ifgg Devi I\ISErLrJ1t:eDr Resources?
B/D/FP | BspP¢ el‘gce
5040h 2.4,6,8
5041h 1,3,7,5
GigE MAC 0 GbEO |M/0/0 | 020000h 'I’cl\)/léx;SI,szsg, MBAR (128KB),
5042h Reservedd ( )
5043h Reserved®
5044h 2.4,6,8
5045h 1,3,7,5
GigE MAC 1 GbE1 |M/1/0 |020000n fg"é/_(‘ff'ézsg' MBAR (128KB),
5046h Reserved® (32B)
5047h Reserved®
5048h 2,4,6,8
5049h 1,3,7,5
GigE MAC 2 GbE2 |M/2/0 | 020000n fgﬂéﬁff"gzsg' MBAR (128KB),
504Ah Reserved® ( )
504Bh Reserved®
MDIO MDIO |M/37/0 | FFooooh | s503en | 1234567 by MBAR (4KB)
CAN Interface 0 | CANO | M/4/0 |ocosooh| so039n | 1234567 oy msi, ST, MBAR (4KB)
CAN Interface 1 | CAN1 | M /570 |0C0900h | 503Ah 1'2’3";5'6'7 PM, MSI, ST, MBAR (4KB)
ssp ssP | M/670 | 078000n | s038h | 12:3456.7 oy Msi, ST, MBAR (4KB)
IEEE 1588 1588 |M/77/0 | 111000n | 503cCh 1'2’3";’5'6'7 PM, MSI, ST, MBAR (4KB)
Local Expansion 1,2,3,4,5,6,7 | PM, MSI, ST, MBAR (4KB and
b LEBus |M/8/0 | 068000h | 503Dh & O B5aNIES
502Ch 2.4,6,8
502Dh 1,3,7,5
ASU ASU |M7/97/0 | 0B400OK PM, MSI, ST, MBAR (8KB,
co2Eh | Reservedd | 16KB, 16KB, and 4KB)
502Fh Reserved®
Reserved Reserved M /(;LO / 088000h 503Fh 1’2’3’%5’6’7 Reserved
TDM M | M7 117 | oBaoooh | s04ch 1,3,5,7 |PM. MSI, ST, MBAR (4KB and
0 4KB)
Reserved Reserved M /(;1'2 / 110100h 5030h 1’2’3’%’5’6’7 Reserved

a. “MBAR” is a memory space BAR, “IOBAR” is an 1/0 space BAR, “PM” is a power management capability, “MSI”
is an MSI capability, and “ST” is an EP80579 signal target capability.

PCI bus number, device number, and function number.

PCI base class code, subclass code, and programming interface PCI configuration register values.

These device IDs are reserved for future SKUs.

The size of the region that the 0-256MB MBAR requests is a multiple of 32MB between OMB and 256MB
(inclusive) based on reset-time platform configuration.

pooo

A summary of the registers, memory-mapped, and 1I/0-mapped resources that
Table 3-9 and Table 3-10 identify can be found in Section 7.0, “Register Summary”.
Detailed descriptions of these resources can be found in the chapters that cover the
relevant block.
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3.7.3 Materializing Device Structures

The EP80579 exposes AlIOC resources through standard PCI abstractions: configuration
spaces, memory-mapped 1/0 spaces, and 1/0 spaces.

Access to MMIO and 1/0 spaces are accessed through memory and 1/0 read/write
instructions, respectively. The addressing of these spaces for a given device depends
on the specific mapping that the PCI configuration header establishes through BARs.

PCI defines two mechanisms for accessing the 256B of each device/function
configuration registers located in PCI configuration space.

= PCI Mechanism: The header is accessed using 1-, 2-, or 4-byte IN and OUT
instructions that access the PCI configuration address and data 1/0 ports at
addresses 0CF8h - 0CFBh and 0CFCh - 0CFFh, respectively, in the 1A 1/0 space. This
mechanism allows access only to the 256B PCl-compatible configuration space

= PCI Express* Enhanced Mechanism: The header is accessed using 1-, 2-, or 4-byte
memory accesses to the 256MB region starting at HECBASE (0_E000_0000p by
default. This mechanism allows access to an expanded 4KB configuration space
that PCI Express™ defines (the first 256B are, by definition, the PCl-compatible
configuration space).

These mechanisms differ in the address space they use to access the header. The PCI
mechanism travels through IA 1/0 space while the PCI Express* Enhanced mechanism
travels through 1A memory space. The address format that the mechanisms use is
identical to the standard IA platform format that encodes the PCI bus, device, and
function numbers along with a register offset or number (see Section 13.6.0.1, “Offset
OCF8h: CONFIG_ADDRESS - Configuration Address Register” and Section 13.8.4,
“Enhanced Configuration FSB Address Format” for details).

For either access method, the hardware in the AIOC that implements the configuration
headers must be able to process accesses of the appropriate sizes.

3.7.4 PCI Configuration Headers

The PCI specification requires each PCI device to provide a 256B configuration space.
The first 64B of this space contains a standard PCI configuration header and the
remaining 192B contains any device-specific registers, capabilities records, etc. needed
by the function. There are two flavors of configuration headers:

« All non-bridge devices provide a PCl type O configuration headers. This form of
header is used to represent devices on the PCI fabric.

= All bridge devices provide a PCI type 1 configuration header. This form of header is
used to represent bridge devices in the PCI fabric.

Because the AIOC devices are not PCI devices, they do not fully support all PCI
configuration header fields®. The following tables describe the support in greater detail.

Table 3-11 summarizes the fields in a PCI type O header (i.e., header for non-bridge
devices) and identifies which fields the EP80579 implements for AIOC devices. The
EP80579 hardware implements the appropriate PCl semantics for all supported
registers and fields in this table.

1. Configuration headers for IMCH and IICH devices follow PCI expectations as these devices are PCI compliant.
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Table 3-11. PCI Configuration Header Support for Type O Headers in A1OC Devices (Sheet

1 of 2)
Offset Register and Field | Bit(s) | Supt.?| Acc. Notes
00h - 01h Vendor 1D 15:0 Y RO Required by PCI.
02h - 03h Device ID 15:0 Y RO Required by PCI.
Y RW | Supported in devices that can use INTXC.
Interrupt Disable 10
N RO Not supported in devices that do not use INTxY.
Fast Back-to-Back
Enable 9 N RO Not supported.
SERR# Enable 8 N RO Not supported. INTx/MSI signal AIOC errors.
Psrlty Error 6 N RO Not supported. INTx/MSI signal AIOC errors.
esponse
VGA Palette Snoop 5 N RO Not supported.
S
Q
o Mem. Write &
-q—? Inval. Enable 4 N RO Not supported.
14
04h - O5h | © Special Cycles 3 N RO Not supported.
c
g N Rw | ASU, GbE, TDM, LEB devices: Not supported®,
IS bit is implemented as RW but has no effect
8 Bus Master Enable 2
v RO All devices except ASU, GbE, TDM, LEB: these
devices cannot be bus masters.
v RW All devices except 1588; these devices each
Memory Space 1 materialize in memory space.
Enable N RO | For IEEE1588; IEEE1588 does not materialize in
memory space.
Y RW | For GbE; GbE materializes in 1/0 space.
1/0 Space Enable 0 All devices except GbE; these devices do not
N RO L
materialize in 1/0 space.
DetecEt?r?)rParlty 15 N RO Not supported; INTx/MSI signal errors.
Slgnal:zertlj’osrystem 14 N RO Not supported. INTx/MSI signal AIOC errors.
Received Master- e
Abort 13 N RO Not supported®.
Received Target- e
Abort 12 N RO Not supported®.
% Signalled Target- 11 N RO Not supported; AIOC devices do not target-
'q'rg) Abort abort.
06h - 07h | x .
»  DEVSEL Timing 10:9 N RO | Not supported.
=}
2
= N
& Mastergil;? Parity 8 N RO Not supported. INTx/MSI signal AIOC errors.
Fast Back-to-Back
Capable 7 N RO Not supported.
66MHz Capable 5 N RO Not supported.
Capabilities List 4 Y RO Setup based on capabilities exposure by device.
Y RO Supported in devices that can use INTXC.
Interrupt Status 3
N RO Not supported in devices that do not use INTxY.
08h Revision 1D 7:0 Y RO Required by PCI.
09h - 0Bh Class Code 23:0 Y RO Required by PCI.
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Table 3-11. PCI Configuration Header Support for Type O Headers in AIOC Devices (Sheet

2 of 2)
Offset Register and Field Bit(s) | Supt.?| Acc. Notes
OCh Cache Line Size 7:0 N RO Not supported.
ODh Latency Timer 7:0 N RO Not supported.
OEh Header Type 7:0 Y RO Required by PCI.
OFh BIST 7:0 N RO Not supported.
6 x Devices that materialize in 1/0 or memory
10h - 27h Base Address (x6) 31:0 Y RW | spaces will populate these slots as necessary
. based on address space needs.
28h - 2Bh CIS Pointer 31:0 N RO Not supported.
2Ch - 2Dh Subsystem VID 15:0 Y RO Required by PCI.
2Eh - 2Fh Subsystem ID 15:0 Y RO Required by PCI.
34h Capability Pointer 7:0 Y RO Setup based on capabilities exposure by device.
Y RW | Supported in devices that can use INTx.
3Ch Interrupt Line 7:0
N RO Not supported in devices that do not use INTxY.
Y RO Supported in devices that can use INTxC.
3Dh Interrupt Pin 7:0
N RO Not supported in devices that do not use INTx.
3Eh Min_Gnt 7:0 N RO Not supported.
3Fh Max_Lat 7:0 N RO Not supported.

a. Supported fields provide appropriate PCI semantics. Unsupported fields always return zero on reads unless
otherwise noted.

b. RO and RW access types indicate that the register or field supports read-only access and read/write access,
respectively.

c. AIOC devices that may signal via INTx include GbE, CAN, SSP, and IEEE1588.

d. AIOC devices that cannot signal via INTx include LEB.

e. This behavior is a deviation from the PCI specification for only the GbE and a device that can be a bus master.

Table 3-12 summarizes the fields in a PCI type 1 header (i.e., header for bridge
devices) and identifies which fields the EP80579 implements. The EP80579 hardware
implements the appropriate PClI semantics for all supported registers and fields in this

table.
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Table 3-12. PCI Configuration Header Support for Type 1 Headers in A1OC Devices (Sheet

1 of 3)
Offset Register and Field | Bit(s) | Supt.?| Acc. Notes
00h - 01h Vendor 1D 15:0 Y RO Required by PCI.
02h - 03h Device ID 15:0 Y RO Required by PCI.
Interrupt Disable 10 N RW Bridge-generated interrupts not supported.
Fast Back-to-Back
Enable 9 N RO Not supported.
Bridge delivers events that would be master
SERR# Enable 8 N RW aborts (primarily address decode) as SERR#.
&w’ Psrlty Error 6 N RW | Not supported. INTx/MSI signal AIOC errors.
2 esponse
o
& VGA Palette Snoop 5 N RO Not supported.
04h - 05h 'g
Mem. Write &
IS
g Inval. Enable 4 N RO Not supported.
8 Special Cycles 3 N RO Not supported.
Bus Master Enable 2 RW Not supported®.
Memory Space 1 N RW Bridge itself does not expose any non-standard
Enable registers via memory space.
1/0 Space Enable 0 N RW Brlc_jge |tse_lf does not expose any non-standard
registers via 1/0 space.
DetecEt?r?)rParlty 15 N RO Not supported. INTx/MSI signal AIOC errors.
Slgnal:zertlj’osrystem 14 N RO Not supported. INTx/MSI signal AIOC errors.
Received Master- ¢
Abort 13 N RO Not supported®.
Received Target- c
= Abort 12 N RO Not supported®.
3
-% Signalled Target- 11 N RO Not supported; AIOC devices do not target-
(9]
06h - 07h | @ Abort abort.
2]
% DEVSEL Timing 10:9 N RO Not supported.
S
&5 N
Mastergil;? Parity 8 N RO Not supported. INTx/MSI signal AIOC errors.
Fast Back-to-Back
Capable 7 N RO Not supported.
66MHz Capable 5 N RO Not supported.
Capabilities List 4 Y RO Setup based on capabilities exposure by bridge.
Interrupt Status 3 N RO Bridge-generated interrupts not supported.
08h Revision ID 7:0 Y RO Required by PCI.
09 - 0Bh Class Code 23:0 Y RO Required by PCI.
OCh Cache Line Size 7:0 N RO Not supported.
ODh Latency Timer 7:0 N RO Not supported.
OEh Header Type 7:0 Y RO Required by PCI.
OFh BIST 7:0 N RO Not supported.
2 x Not supported. Bridge does not expose non-
10h - 17h Base Address (x2) 31:0 N RO standard registers via BAR.
18h Primary Bus Number 7:0 Y RW | Required by PCI.
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Table 3-12. PCI Configuration Header Support for Type 1 Headers in AIOC Devices (Sheet

2 of 3)
Offset Register and Field Bit(s) | Supt.? Acc.p Notes
19h Secﬁﬂ?ﬁggf”s 7:0 Y RW | Required by PCI.
1Ah S”b‘l’\lrmg;er Bus 7:0 Y RW |Required by PCI.
1Bh Seco”dTai‘xe';atency 7:0 Y RO |Not Supported.
1ch 1/0 Base 7:0 v RW Supported, AIOC devices materialize in 1/0
. space.
1Dh 1/0 Limit 7:0 v RW Supported, AIOC devices materialize in 1/0
. space.
Detected Parity d / . |
Error 15 N RO Not supported. INTx/MSI signal AIOC errors.
Recelvsﬁosrystem 14 N RO Not supported. INTx/MSI signal AIOC errors
8  Received Master-
% 13 N RO | Not supported®.
lqa;’ Abort
¥  Received Target-
) 12 N RO | Not supported®.
1Eh - 1Fh é Foon
- g8 -
U; Slgnagicf);arget— 11 N RO Secondary-side devices cannot target-abort.
&
2 DEVSEL Timing 10:9 N RO Not supported.
o
(8] .
$ Masterg’?;? Parity 8 N RO Not supported. INTx/MSI signal AIOC errors.
Fast ?:Zcpka_g?(;BaCk 7 N RO | Not supported.
66MHz Capable 5 N RO Not supported.
20h - 21h Memory Base 15:0 v RW Supported, AIOC devices materialize in memory
) space.
o ) Supported, AIOC devices materialize in memory
22h - 23h Memory Limit 15:0 Y RW space.
24h - 25h | Prefetch Memory Base | 15:0 RWY | Prefetchable memory devices not supported.
26h - 27h | Prefetch Memory Limit | 15:0 RWY | Prefetchable memory devices not supported.
28h - 2Bh P{S;%t?éiff 31:0 N RWY | Prefetchable memory devices not supported.
2Ch - 2Fh P{S;?gré‘zlgt 31: 0 N RWY | Prefetchable memory devices not supported.
30h - 31h | 1/0 Base (upper 16b) | 15:0 N RO 1/0 spaces larger than 64KB not supported.
32h - 33h | I/0O Limit (upper 16b) | 15:0 N RO 1/0 spaces larger than 64KB not supported.
34h Capability Pointer 7:0 Y RO Setup based on capabilities exposure by bridge.
38h - 3Bh | Expansion ROM Base 31:0 N RO Not supported.
3Ch Interrupt Line 7:0 N RO Bridge-generated interrupts not supported.
3Dh Interrupt Pin 7:0 N RO Bridge-generated interrupts not supported.
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Table 3-12. PCI Configuration Header Support for Type 1 Headers in A1OC Devices (Sheet

3 of 3)
Offset Register and Field Bit(s) | Supt.?| Acc. Notes
Discard Timer
SERR# Enable 11 N RO Not supported.
Discard Timer
Status 10 N RO Not supported.
Secont_iary Discard 9 N RO Not supported.
Timeout
S - .
% PrlmTai;}'/eglustcard 8 N RO Not supported.
k=)
Q
 Fast Back-to-Back
S5 Enable 7 N RO Not supported.
3Eh - 3Fh ‘E
8 Secogg?.g Bus 6 N RW | Not supported.
(]
o
kel Bridge delivers events that would be master
o Master Abort Mode 5 Y RO aborts (primarily address decode) as SERR#.
VGA Enable 3 RW Not supported.
ISA Enable 2 RW | Not supported.
SERR# Enable 1 RW | Not supported.
Parity Error 0 N RW | Not supported.

Response

a. Supported fields provide appropriate PCI semantics. Unsupported fields always return zero on reads unless
otherwise noted and need not provide PCl semantics.
b. RO and RW access types indicate that the register or field supports read-only access and read/write access,
respectively.

c. This is a known deviation from the PCI specification since the bridge can be a bus master.

d. This is a deviation from the PCI specification since this register should be RO on bridges that do not support
prefetchable regions. The registers are RW for compatibility with the base IP. Software is expected to set these
fields to indicate an empty region since no secondary-side devices (i.e., bus M) request prefethcable memory.

For additional details on the headers for AIOC devices, see Section 35.3.1, “Description
of PCI Configuration Header Space”.

The specific portion of the 256B PCI configuration space that is active in a device
depends on the needs of the specific device. In general, a device requires far less than
256B of storage to implement a typical configuration space. Regions of the 256B
configuration space that are not required are reserved and need only support default
behavior compliant with the PCI specification:
All PCI devices must treat Configuration Space write operations to reserved
registers as no-ops; that is, the access must be completed normally on the bus and
the data discarded. Read accesses to reserved or unimplemented registers must be
completed normally and a data value of O returned.
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4.0 Signaling

4.1 Overview

This chapter presents an overview of the inter-agent signaling mechanisms supported

along with the implications on transaction ordering necessary to support producer/

consumer software algorithms. This chapter concentrates primarily signaling for
functional, not error, purposes while Section 5.0, “Error Handling” provides additional
discussion on error signaling.

The EP80579 signaling model operates in a system-on-a-chip environment and must
blend the signaling architectures of many disparate components into a unified whole.

= Allow signaling between IA agents (i.e., the 1A-32 core, IMCH, IICH, and external

PCI-Express-attached devices) and AIOC agents.
= Support producer/consumer relationships between agents in the IA or AIOC.

« Provide compatibility with existing IA signaling mechanisms for internal IMCH/11CH
agents and external devices.

« Provide compatibility with 1A platform signaling semantics and abstractions.

There are two tightly related parts to the signaling model:

= The signaling mechanism determines how takes a signal from a source agent,

performs any necessary translation, and delivers it to a target agent in a form the

target can understand.

= The ordering mechanism determines how orders a given signal from a source agent
with respect to the data stream that the source agent produces to meet ordering

requirements.

Figure 4-1. Logical Overview of Signaling Architecture

PCI PEIEX

Device(s) -

EP80579
AlIOC
IA Complex Signal |/~ Internal
(CPU, IMCH, lICH) Bridging PCI
1 Agents
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The IA complex attaches to the AIOC through a transparent PCI-to-PCI Bridge. Within
the AIOC, the “Signal Bridge” block in Figure 4-1 represents the hardware in the AIOC,
that converts signaling between the AIOC and IA domains and presents the appropriate
abstractions to agents on either side of the bridge.

Terminology and Conventions

Throughout this section, we use the following terminology:

= Global visibility: An operation is said to be globally visible when all side-effects of
the operation are visible to every observer in the system. For example, a write to
some resource (e.g., memory location, control register, etc.) R achieves global
visibility when a read of R by all other agents is guaranteed to return the new
value.

= Ordering: Ordering refers to the order in which signals and/or memory accesses to
different locations must reach global visibility to ensure some behavior. Note that
this excludes the “ordering” necessary to prevent data hazards which are accesses
to the same location.

= Signal: A message sent between agents to indicate some condition of interest. A
signal may be an interrupt, a memory write, etc. This section uses the term when
the specific transport medium is not important.

Existing Signaling Capabilities

There are several agents in the EP80579 that can be both the source and the target of
a “signal”: the 1A-32 core and accelerators in the AIOC. In addition, there are several
other agents in the EP80579 that can be the source of a signal: devices in the IMCH or
IICH, the error reporting hardware, the Gigabit Ethernet MAC, the SSP interface, the
CAN interfaces, the IEEE 1588 interface, externally-attached PCI-Express devices, and
externally-attached local expansion bus devices (via GPIO or INTx interrupts). This
section summarizes the existing signaling capabilities of each of these agents.

When discussing signaling, this section classifies all signals into one of two general
categories:

= Ordered signals must maintain a particular relationship with the data stream. For
example, a MAC signals a CPU with an ordered signal after the MAC finishes writing
inbound packet data to memory.

= Unordered signals need not maintain a particular relationship with the data stream.
For example, memory interface hardware signals a CPU with an unordered signal
when the interface encounters an uncorrectable memory error.

Signals of either type may participate in producer/consumer operations between
agents; however, the operation can use only ordered signals if the producer/consumer
operation involves the data stream?. Finally, note that this classification refers
specifically to the data stream; signals may also be ordered with respect to other
events (e.g., data being available in a local device buffer).

1. For producer/consumer operation to work correctly, software and hardware must be able to establish ordering relationships
between various events in the operation. Such a relationship cannot be established between the data stream and a signal that
is unordered with respect to the data stream.
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4.2.1 1A-32 core/Platform

The 1A-32 core supports two inbound signaling mechanisms that the EP80579 can use
to accept signals from other agents: a legacy interrupt (INTX) and a message-signaled
interrupt (MSI). The INTx mechanism encodes an interrupt on one of four out-of-band
interrupt signals that drive interrupt controllers in the IA platform. The MSI mechanism
encodes an interrupt as an in-band 32-bit write to a memory-mapped location. When
the platform observes a write to an MSI location, it generates an interrupt to the CPU.
The operating system or system software specifies, in large part, the data value that
travels with an MSI; the device has limited ability to change or modify this value in the
PCI MSI model.

The IA platform also supports signaling for errors through events that the platform
eventually maps onto interrupts, such as SERR or SMI. Section 5.0, “Error Handling”
discusses these mechanisms in further detail. These mechanisms are not used in
functional inter-agent signaling.

4.2.1.1 MSI and INTx Signaling

The EP80579 supports both MSI and INTx mechanisms to interoperate with 1A platform
system software since not all operating systems or devices support MSls. The PCI
configuration header of each device indicates the capabilities of the device (i.e., if it can
generate an MSI, which pin it uses in INTx mode, etc.) and also allows system software
to specify the signaling mechanism the device should use when the device is capable of
both MSI and INTx signaling. Further, when signaling the IA platform, software must
tolerate “warts” of the IA signaling model such as spurious interrupts, etc.

For outbound signaling from the 1A-32 core to other agents, the EP80579 relies on
memory writes to MMIO locations to transport signals or 1A can issue an MMIO read to
a device CSR.

4.2.1.2 GPI1O Signaling

The EP80579 provides the ability to configure a subset of its GPIO pins as interrupts.
GPIO pins 16-21, 23-25, 27, 28, 30, 31, 33, 34, and 40 can function in either an
interrupt mode or as a GPIO. Each of these GPIO pins can be connected to a single
input on the APIC when software configures the GPIO as an interrupt. These pins are
then available to external devices, such as a device attached to the Local Expansion
Bus, for use as signals. The EP80579 handles signals arriving through a GPIO interrupt
are handled like all other interrupts connected to the APIC. For additional information,
see the GPIO material in Section 22.0, “General Purpose 1/0: Bus 0O, Device 31,
Function 0”.

4.2.2 Other Agents

The remaining agents that are relevant to the EP80579 signaling model can only signal
in the outbound direction; that is, they only generate signals from the agent into
EP80579. These agents operate as follows:

< IMCH, IICH, and externally-attached PCI devices generate IA platform INTx or MSI
signals based on PCI device and platform configuration. PClI mechanisms such as
SERR can also support error reporting (see Section 5.0, “Error Handling”).

« Gigabit Ethernet MAC generates a side-band interrupt signal.
= CAN, SSP, and IEEE 1588 Interfaces generate side-band interrupt signals.

- Externally-attached Local Expansion Bus devices generate side-band interrupt
signals. These signals are not carried on the Local Expansion bus itself but rather
are presented to the 1A-32 core through GPIO pins that the system configures to
generate signals.
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Figure 4-2.
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Inter-Agent Signaling

Signals may originate from a number of sources within the system but may only target
one of the on-die agents in the EP80579: the 1A-32 core or AIOC accelerator. This
section considers inter-agent signaling mechanisms available in the EP80579. This
material looks at signaling in isolation.

Because the EP80579 integrates devices from several different fabrics, signaling
between different agents may require bridge functionality to convert signals between
the various existing capabilities that Section 4.2, “Existing Signaling Capabilities” on
page 132 describes. Figure 4-2 presents a logical view of the flow of signals through
the EP80579.

Logical View of Signhaling Flow

. I

Signal Bridge

Destination
Agent

Source
Agent

In- or side-band Signal for Destination
signal from Agent in Destination
Source Agent Format

In this model, a signal originates from a source agent as an in- or side-band signal.
Depending on the specific situation, the signal may either reach the destination directly
or through a signal bridge. The signal bridge in EP80579 does not provide any
mechanism to ensure that a destination agent responds to a given inbound signal. As a
result, software must be able to keep up with the signaling rates if catching and
processing every signal is a requirement. If software is unable to keep up with the
signaling rate, one or more signals can be dropped.

Table 4-1 summarizes the cross product of the combinations of producer and consumer
agents that EP80579 supports for signaling between agents. This table identifies the
types of signaling allowed as well as any bridging that the EP80579 hardware must
provide to support signaling between the indicated agents.

Supported Inter-Agent Signaling

On-Die Signal Consumer
Signal Bridging
1A-32 core

1A-32 core Not Supported?

IMCH, IICH Devices PCI MSI / INTXx via PCI

GIigE MAC Side band: PCI MSI / INTx

SSP Side band: PCI MSI / INTx
CAN Side band: PCI MSI / INTx
1588 Side band: PCI MSI / INTx

Signal Producer

ErrorsP? Side band: PCI MSI / INTx

External PCI Express* Device PCI MSI / INTx via PCI

External Local Expansion Bus Device MSI / INTx via GPIO

a. Support not required since there is only one such agent in an EP80579.
b. This includes signaling for errors in the memory controller, local expansion bus, etc.
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4.3.1

4.3.2

Figure 4-3.

intel)

In this table, “:” and “via” indicates bridged and direct paths for the signaling (see
Figure 4-2), respectively. All EP80579 hardware that inter-operates with IA platform
structures for signaling, such as the signal bridge, operate in 1A physical address space.
This allows it to access IA platform devices, such as the LAPIC that are accessed via
MMIO reads and writes in the PCI L memory region.

The next two sections cover the various signaling scenarios that are represented in the
cells of Table 4-1: signaling that travels around the bridge and that is bridged from a
side band signal.

Signaling that Travels Around the Signal Bridge

For signaling that does not need to travel through the signal bridge, the EP80579 does
not require any specific signaling support. In these cases, the signaling occurs over an
existing path. For example, an interrupt from a IICH USB controller would travel over

the existing I1ICH INTx or MSI path based on device configuration.

Signaling that is Bridged from a Side-Band Source Signal

The majority of signaling scenarios in Table 4-1 that require bridging are conversions
between side band signals and a signal that targets the 1A-32 core. The EP80579 uses
a centralized agent, the signal bridge to perform this conversion. One or more side-
band signals arrive at the signal bridge from each AIOC device that is capable of
signaling. The bridge is responsible for generating the appropriate outbound signal to
either an ASU device or the 1A-32 core. Figure 4-3 presents an overview of the signal
bridge hardware for a subset of the EP80579 AIOC devices.

Signal Bridging

Signal Bridge

AIOC -
AlIOC =
GbE O ?
AIOC 7

MSI ASU

mar C, mdr Z

Signal Target

mask My, data ? | =
mask My, data S
mask My, data ? 1A

mask My, data? | L| ——— Mg (), f(2) —>

B INT<n> ———
mar ?, mdr ?

mar A, mdr X
11 INTb

Logically, the signal bridge consists of the MSI and Signal Target capability records from
the PCI configuration headers for the AIOC devices. The MSI capability record for a
device includes a message address register (mar in Figure 4-3) and Message data
register (mdr in Figure 4-3) that indicate the address and data for the MSI as per the
PCI definition of this capability. The Signal Target capability record for a device includes
a mask that determines how the bridge steers the signal, data which identifies
additional signaling data, and a status that indicates which side-band signal(s) has
been asserted!. The Signal Target capability is a vendor-specific capability record
whose format the EP80579 defines.

In the example show in Figure 4-3, side band signals arrive from Gigabit Ethernet MAC
and other AIOC agents. These agents correspond to AIOC PCI devices. Here, the GbE
agent generates a signal that the signal bridge delivers as an MSI to IA based on the

1. The status is not shown in Figure 4-3.
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4.3.2.1

configuration in the MSI and Signal Target capability records in the PCI configuration
header. These records allow the signal bridge to determine how to handle an inbound
signal from a device.

All side band signals from a given source are collected at the signal bridge. For
example, a source may provide interrupt lines and error condition lines that cause the
EP80579 to send a signal when any one is asserted. Sets of side band signals are then
associated with each AIOC PCI device that can signal. When a given side band signal
asserts, the signal bridge looks up the MSI and Signal Target capability records in the
PCI configuration header that corresponds to the device. These resources tell the signal
bridge how and where to deliver the outbound signal:

= If the masks in the Signal Target capability record indicate the signal should be
delivered to the 1A-32 core, the signal bridge sends an MSI or INTx signal to the IA-
32 core.

— If the PCI configuration header selects MSI messaging, the signal bridge
generates an MSI transaction from the device that generates the signal to the
IA-32 core in accordance with the MSI capability record.

— If the PCI configuration header selects INTx messaging, the signal bridge
generates an INTx transaction to the 1A-32 core.

The status register in the Signal Target Capability provides the state of the side-band
signals associated with a given AIOC PCI device to help software disambiguate the
source of the signal.

Targeting the 1A-32 core with a Bridged Signal

To remain compatible with existing IA software stacks, EP80579 hardware supports the
PCI MSI and legacy INTx signaling mechanisms into the CMI in response to signals
targeting the 1A-32 core.

= MSI enable field selects the signaling mechanism an MSI-capable device uses:
— INTx legacy mode.
— MSI mode.

= MSI capability record specifies how IA system software wants MSl-capable devices
to signal the 1A-32 core through a message address and message data register.

= Interrupt pin and line registers specify the interrupt pin and line that the hardware
uses for legacy INTx mode.

= Interrupt disable bit in the command register specifies whether or not the device
generates any signals.

Based on the PCI abstraction, these are per-device fields that are logically associated
with a given device and that all devices that can signal the 1A-32 core must implement.

Software is free to mix signal delivery mechanisms at the device level. For example, it
may configure the EP80579 such that the Gigabit Ethernet MACs signal through MSls
while the remaining AIOC devices signal through INTx.

When device X signals the 1A-32 core, it consults the PCI configuration header for
device X to determine how to deliver the signal to IA (i.e., via MSI or INTx). For
signaling via MSI, the header identifies the address and data value in the MSI
transaction. Hardware builds the 32-bit data value for the MSI transaction from the
contents of the PCI MSI Message Data Register, mdr, according to the PCI semantics.
Specifically, the data value sent in the MSI to IA is:

e Bits 31:16 are zero.

« Bits 15:0 are mdr, the value of the PCI MSI Data Register in the PCI configuration
header of the source devicel.
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The address is given directly by the PCI MSI Message Address Register, mar. Finally, the
source of the MSI transaction is set to the bus/device/function number of the device
that generates the signal.

For signaling via INTX, the header identifies the interrupt line and pin that the EP80579
should use. In this case, hardware generates the appropriate transactions for INTx
upstream into the CMI. Since the INTx mechanism cannot transport any information
beyond the fact that a signal occurred, the EP80579 needs to expose enough device
state to the software stack, via device-specific control register(s), to allow software to
be able to determine both the source and cause of the interrupt. Such state would be in
addition to the generic interrupt state that each PCI device provides through its PCI
configuration header as per the PCI specification

To integrate with the existing IMCH/IICH, the signal bridge in the EP80579 will
generate four INTx signals that it tracks based on the interrupt state of the blocks from
the AIOC that can generate signals. These four INTx signals are provided to interrupt
hardware in the IA platform hardware where they are ORed with similar signals from
other agents and converted into the appropriate signaling to the 1A-32 core. This
hardware will also provide a signal back to the IMCH that indicates when the local INTx
state can be deasserted.

In addition to generating any transaction(s) necessary to send the signal to the IA, the
AIOC must preserve the semantics of PCI interrupts and signals with respect to the
state in the PCI configuration headers for the AIOC devices.

= Signaling to the I1A-32 core by a device should operate in accordance with the MSI
mode and configuration in the MSI capability record.

= Signaling to the 1A-32 core by a device must be disabled when the interrupt disable
bit in the PCI command register is set

= The interrupt status bit in the PCI status register should reflect the status of an
INTx signal.

This preserves the PCI abstraction for AIOC devices.

8§88

1. This assumes that the device requests exactly one message in the PCI MSI capability record [PCI_3].
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5.0

Error Handling

51

52

521
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Overview

This section presents an overview of the error handling mechanisms that the EP80579
provides. The intent of this discussion is to provide a broad background to error
handling on the chip. Register definitions and other error handling details can be found
in the discussions of the relevant units throughout this document.

EP80579 View of Error Reporting

This section describes the guiding principles on which the error logging and reporting
registers are based for the EP80579. For the purposes of this discussion, an “error” is
an exceptional condition that is beyond the control of the EP80579 hardware or
software and might result in data corruption or data loss. This definition does not cover
“functional” errors that are not beyond the control of the EP80579. For example, this
section discusses double-bit ECC errors as they involves data corruption that occurs
through no overt action of the EP80579; it does not cover an underflow error on a ring
since this is a functional condition that can be managed in software to avoid data loss.

Hardware Capabilities

With respect to their error handling capabilities, the blocks on the EP80579 can be
divided into three groups: the IA blocks (including the 1A-32 core, IMCH exclusive of
the memory interface, 11ICH), the memory controller interface, and the AIOC blocks.
Generally speaking,

= The IA blocks (see Section 5.3, “Error Reporting by the IMCH” on page 141 and
Section 5.4, “Error Reporting by the IICH” on page 149) use the FERR/NERR and
PCI error reporting infrastructures.

< The memory controller block (see Section 5.5, “Error Reporting by the System
Memory Controller” on page 153) uses the FERR/NERR error reporting
infrastructure.

= The AIOC blocks (see Section 5.6, “Error Reporting by AIOC Devices” on page 155)
use their existing error reporting infrastructures that are “bridged” into the 1A-32
core to report errors to IA through PCI signals (i.e., INTx or MSI depending on
device configuration). These blocks do not support other PCI error reporting
capabilities such as SERR or the IMCH FERR/NERR architecture.

This organization allows an EP80579 system to use standard IA platform reporting
abstractions and algorithms throughout the IA portion of the chip (including the
memory controller). AIOC devices then use PCI INTx or MSI signaling to present their
error handling within the IA infrastructure. Utilizing signaling in this fashion implies that
the responsibility for error handling in AIOC devices resides with Intel provided AIOC
device drivers in the EP80579 software stack.

Intel® EP80579 Integrated Processor Product Line Datasheet

Order Number: 320066-003US 139



Intel® EP80579 Integrated Processor

The EP80579 hardware, where appropriate, supports two general capabilities for error
handling. The first is support for data “poisoning” to propagate errors through the chip.
The second is support for mechanisms to allow software to inspect the cause of the
error.

To allow software to inspect the error, each unit in the EP80579 that is capable of
detecting errors typically provides hardware support to:

= Log sufficient information for software to determine what the error was along with
relevant details on the error.

« Disable error detection and reporting.

= Report if more than one error occurred. At a minimum, the unit will note that a
second error occurred. Optionally, a unit may gather additional information on
subsequent errors such as the type(s) of errors or other relevant details.

A given unit need not support all of these capabilities.To illustrate these capabilities,
consider the EP80579 DRAM interface. DRAM on the EP80579 is protected by ECC, so,
on a read with a double-bit error, the memory controller reports an error. The memory
controller can poison the data return value to inform future consumers of the data that
the data is bad.

For software, registers in the memory controller provide the ability to mask this error
along with logging registers that captures the address that was being read when the
error was encountered. On an unmasked double-bit error, the logging register captures
the address and the memory controller signals the 1A-32 core through the FERR/NERR
infrastructure. The error address register is locked at this point, so subsequent errors
will not overwrite it until software handles the error and unlocks the registers by writing
a register to clear the error condition. The memory controller provides a “next error”
register that can capture information on other unmasked errors that occur before
software clears the double-bit error condition.

In general, the CMI will attempt to route requests based on their understanding of the
address space layout of the platform (that is, the amount of installed physical DRAM,
attached PCI Express™ devices, etc.). There are several tables throughout the EAS that
define how various parts of the chip handle this routing task:

e Section 10.1, “Overview” and Section 10.2, “IMCH Responses to EDMA
Transactions” describes how the IMCH responses to transactions from the EDMA
engine.

= The memory controller does not perform bounds checking on addresses, error
handling behavior is determined by the upstream agents that pass the request to
the memory controller as Section 5.5.1, “Handling Out-of-Bounds Addresses” on
page 154 describes.

The IA portion uses the standard IA mechanisms to handle cases where this routing
encounters errors (e.g., accessing an unpopulated region of memory). These cases
cause aborts and are escalated through the normal error handling paths. On errors in
requests arriving from the memory target, the IMCH will drop writes (i.e., not forward
them into the IMCH) and poison data returns for reads through the appropriate push/
pull data error signals. These error conditions are reported through IMCH error
reporting registers.
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52.2

53

53.1

Software Usage Model

The software responsibilities for error handling are split between BIOS and system/
application software. The manner in which the software uses the capabilities that the
hardware provides depends on the specific software stack under consideration.

In general, BIOS does not establish a usage model for error handling. Its primary
responsibility is to configure the error handling registers throughout the EP80579 in a
manner consistent with the needs of system and application software. The EP80579
reference BIOS provides this level of support. However, in general, a BIOS
implementation may also log information on error events reported via SMIL. In this
case, BIOS populates data structures in SMBIOS? that an operating system can later
retrieve.

Generally speaking, the software is more interested in seeing an error rather than the
specific location where it is sent. The usage model from the system or application
perspective depends on the manner in which the hardware reports the event to the
system along with the specific error event. There are two general types of reporting
that one can consider: through a kernel-trapped signal and through a non-kernel-
trapped signal. A particular error event need be reported through at least one of these
mechanisms.

When the hardware reports an error event through a signal that the OS kernel handles
on its own (e.g., MCERR, SERR, etc.), the operating system takes whatever corrective
action it implements for the signal: bug check, panic, halt, reboot, event logging, clean
up and continue, etc. In this case, the OS kernel establishes the usage model. This
approach is only applicable to the IA and memory controller blocks since the AIOC
devices can only report error events through INTx or MSI signals that the OS kernel
passes off to the appropriate driver software rather than handle in the kernel.

When the hardware reports an error event error through a signal that the software
outside of the OS kernel handles on its own (e.g., INTx, MSI, etc.), it is the
responsibility of driver or other non-kernel software to take corrective action. All AIOC
agents fall into this category since their hardware uses only INTx or MSI for error
reporting. In this case, it is the responsibility of the driver software to establish the
error handling usage model. Typically, the action the driver takes in response to an
error event will match those taken by the OS kernel: panic, clean up and continue, etc.

Error Reporting by the IMCH

See Section 14.2, “Exception Handling” and Section 14.3, “Error Conditions Signaled”
for further discussion on IMCH error handling.

Overview of the First and Next Error Architecture

The IMCH provides a “first” and “next” error architecture wherein errors accumulate
locally in unit-level first/next error registers that the IMCH aggregates into global first/
next error registers. Once a unit records an error event in its “first” error register, it will
record all subsequent errors in its “next” error register until software clears the error
condition in the first error register. The error events are then classified into “fatal” and
“non-fatal” groups for reporting through the global first and next error registers. The
architecture allows software to mask individual error events at the unit level. In
addition, through per-unit registers, software can configure the hardware to report the
error event through 1A SMI, SCI, SERR, or MCERR signals.

1. This approach only works for error events that the EP80579 can report through SMI. Specifically, this approach would not
work for error events from AIOC agents which cannot report through SMI in the EP80579.

2. System Management BIOS (SMBIOS) is a specification to lay out data structures and access methods in a BIOS which
provides for storage and retrieval of information about the PC in question
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The actions taken by the hardware in response to an error event depends on the
manner in which software has configured the IMCH to report the error. For unmasked
events that the IMCH signals through SMI, SCI, or SERR, the IMCH presents the error
to the 1A-32 core indirectly through the IICH. In these cases, the IMCH sends an error
message to the IICH (via NSI) that IICH interrupt logic handles by signaling the 1A-32
core through an interrupt. For unmasked events that the IMCH signals through MCERR,
the IMCH directly presents the error to the 1A-32 core (via FSB). In this case, the IMCH
directly signals the 1A-32 core through the MCERR protocol on the FSB.

After receiving the message, software will query the global IMCH error registers (see
Section 5.3.2, “Global Error Events”) to determine which IMCH unit is responsible for
the error. With that information, software can query the unit that generated the event
to determine the specific cause.

53.2 Global Error Events
Table 5-1 summarizes the error events that the IMCH captures in its GLOBAL_FERR and
GLOBAL_NERR error registers (see Section 16.2.1.12, “Offset 40h: GLOBAL_FERR -
Global First Error Register” and Section 16.2.1.13, “Offset 44h: GLOBAL_NERR - Global
Next Error Register”). Each of these events rolls up one or more unmasked error events
from an individual IMCH unit. To determine the specific error event that causes a
signal, software consults the unit-specific error registers that Table 5-1 indicates. The
global registers provide summary information only; masking takes place at the unit
level.
Table 5-1. Summary of IMCH Global Error Conditions
Event Fatality@ Unit-Specific Notes
Registers
DRAM_FERR, . .
DRAM Controller Fatal Error Fatal DRAM_NERR Fatal error in DRAM interface.
FSB_FERR, Fatal error on internal CPU/IMCH FSB
FSB Fatal Error Fatal FSB_NERR interface.
NSI_FERR, Fatal error on internal IMCH/IICH NSI
NSI Fatal Error Fatal NSI_NERR interface.
EDMA_FERR,
DMA Fatal Error Fatal EDMA_NERR Fatal error from DMA controller.
PCI Express* Port A1, AO Fatal Fatal PEAFERR, Fatal error from PCIl Express* Port Al
Error PEANERRP (PEAL) or AO (PEAO).
. BUF_FERR, Non-fatal error in posted memory write
Buffer Unit Non-Fatal Error Non-Fatal BUF_NERR buffer.
DRAM_FERR, : .
DRAM Controller Non-Fatal Error Non-Fatal DRAM_NERR Non-fatal error in DRAM interface.
FSB_FERR, Non-fatal error on internal CPU/IMCH
FSB Non-Fatal Error Non-Fatal FSB_NERR FSB interface.
NSI_FERR, Non-fatal error on internal IMCH/IICH
NSI Non-Fatal Error Non-Fatal NSI_NERR NS| interface.
EDMA_FERR,
DMA Non-Fatal Error Non-Fatal EDMA_NERR Non-fatal error from DMA controller.
PCI Express™ Port A1, AO Non-Fatal Non-Eatal PEAFERR, Non-fatal error from PCIl Express* Port
Error PEANERR” Al (PEAL1) or AO (PEAO).
a. Fatal versus non-fatal classification for reporting through GLOBAL_FERR and GLOBAL_NERR.
b. Each port has its own independent PEAFERR and PEANERR registers in the PCI configuration space for the port
controller device.
Intel® EP80579 Integrated Processor Product Line Datasheet August 2009
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Section 5.3.3, Section 5.3.4, Section 5.3.5, Section 5.3.6, Section 5.3.7, and
Section 5.3.8 discuss the specific per-unit events that the IMCH hardware captures and
rolls up into the global conditions that Table 5-1 lists.

Unit-Level Errors from the Buffer Unit

The IMCH buffer unit captures error events from the memory system coherent Posted
Memory Write Buffer (PMWB) in the BUF_FERR and BUF_NERR registers. The buffer
unit reports an error event to the 1A-32 core through SCI, SMI, SERR, or MCERR signals
based on the settings in the BUF_SCICMD, BUF_SMICMD, BUF_SERRCMD, and
BUF_MCERRCMD registers. Software can independently configure the specific signal
that each buffer unit error event uses.

Table 5-2 summarizes the error conditions that the PMWB can generate.

Summary of IMCH Buffer Unit Error Conditions

Event Type Fatality® Reports via® Notes
DRAM to PMWB SCI, MCERR, | Parity error detected on read from
Parity Uncorrectable | Non-Fatal SMI, or SERR | DRAM agent by PMWB.
System Bus or 1/0 Uncorrectable Non-Eatal SCI, MCERR, | Parity error detected on write to PMWB
to PMWB Parity SMI, or SERR | from system bus or 1/0 agent.
PMWB to System Uncorrectable Non-Fatal SCI, MCERR, | Parity error detected on data to the
Bus Parity SMI, or SERR | system bus.
PMWB to DRAM SCI, MCERR, | Parity error detected when PMWB is
Parity Uncorrectable | Non-Fatal SMI, or SERR | flushed to DRAM.

a. Fatal versus non-fatal classification for reporting through GLOBAL_FERR and GLOBAL_NERR.
b. Based on BUF_SCICMD, BUF_SMICMD, BUF_SERRCMD, and BUF_MCERRCMD register values.

Table 5-3 summarizes the capabilities of the IMCH buffer unit error handling for each of
the features that the unit is expected to provide.

Summary of IMCH Buffer Unit Error Reporting Capabilities

Feature Implementation

The BUF_EMASK (see Section 16.2.1.29, “Offset 74h: BUF_EMASK - Memory Buffer Error
Enabling and Mask Register”), BUF_SCICMD, BUF_SMICMD, BUF_SERRCMD, and BUF_MCERRCMD
Masking Error registers enable and mask error reporting.

Reporting The PCICMD register (see Section 16.2.1.3, “Offset 04h: PCICMD - PCI Command
Register”) also enables and masks SERR signals.

IMCH does not capture error logging information beyond the event flags in the BUF_FERR,
Logging Details | BUF_NERR and PCISTS (see Section 16.2.1.4, “Offset 06h: PCISTS - PCI Status Register™)

registers.
Reporting Multiple | The BUF_NERR register captures “next” errors. This register indicates up to one additional
Errors error (beyond the first error) of each type.
Data Poisoning IMCH passes along error information to poison data.

Unit-Level Errors from the DRAM Interface
These errors include the error events reported by the memory controller, see Section

5.5, “Error Reporting by the System Memory Controller” on page 153 for additional
details.
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Unit-Level Errors from the FSB Interface

The FSB interface captures error events from the FSB interface that connects the 1A-32
core to the IMCH in the FSB_FERR and FSB_NERR registers. The FSB interface reports
an error event to the 1A-32 core through SCI, SMI, SERR, or MCERR signals based on
the settings in the FSB_SCICMD, FSB_SMICMD, FSB_SERRCMD, and FSB_MCERRCMD
registers. Software can independently configure the specific signal that each buffer unit
error event uses.

Table 5-4 summarizes the error conditions that the FSB can generate.

Summary of IMCH FSB Error Conditions

b

Event Type Fatality? Reports via Notes

Outgoing 1/0 Data
Parity

SCI, MCERR, | Parity error on outgoing data from 1/0

Uncorrectable Non-Fatal SMI. or SERR | subsystem.

Outgoing Memory _ SCI, MCERR, | Parity error on outgoing data from
Data Parity Uncorrectable Non-Fatal SMI, or SERR | memory subsystem.

FSB BINIT#
Detected

Electrical high-to-low transition of

C
Uncorrectable Fatal N/A BINITZ.

FSB MCERR#
Detected

SCI, MCERR, | Electrical high-to-low transition of

Uncorrectable | Non-Fatal | qy;" o "SERR | MCERR# when CMI is not driving.

Non-DRAM Lock Uncorrectable Non-Fatal SCI, MCERR, | Lock detected to memory space that
Error SMI, or SERR | does not map to DRAM.

FSB Addr. Above Uncorrectable Non-Fatal SCI, MCERR,

TOM/TOLM SMI. or SERR Address detected above TOM/TOLM.

FSB Data Parity Uncorrectable Non-Fatal N/A® Parity error on FSB detected.

FSB Addr. Strobe

c .
Glitch Detected Uncorrectable Fatal N/A Glitch detected on FSB address strobe.

FSB Data Strobe

c .
Glitch Detected Uncorrectable Fatal N/A Glitch detected on FSB data strobe.

FSB Request/Addr Uncorrectable Fatal N/AC Party error on FSB address or request

Parity signals.

a. Fatal versus non-fatal classification for reporting through GLOBAL_FERR and GLOBAL_NERR.

b. Based on FSB_SCICMD, FSB_SMICMD, FSB_SERRCMD, and FSB_MCERRCMD register values.

c. Although the IMCH supports these errors, the EP80579 will not ever generate them since its on-die FSB
implementation does not support BINIT# or parity.

Table 5-5 summarizes the capabilities of the FSB error handling for each of the features
that the unit is expected to provide.

Summary of IMCH FSB Error Reporting Capabilities

Feature Implementation

Enabling and The FSB_EMASK FSB_SCICMD, FSB_SMICMD, FSB_SERRCMD, and FSB_MCERRCMD
Masking Error registers enable and mask error reporting.
Reporting The PCICMD register also enables and masks SERR signals.

FSB does not capture error logging information beyond the event flags in the FSB_FERR,

Logging Details | g NERR and PCISTS

Reporting Multiple | The FSB_NERR register captures “next” errors. This register indicates up to one additional
Errors error (beyond the first error) of each type.

Data Poisoning FSB passes along error information to poison data.

Although the IMCH supports all of the errors Table 5-4 lists with the features in
Table 5-5, the EP80579 implementation does not take full advantage of these
capabilities since its FSB implementation does not support all of the features necessary.
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For additional discussion on the IMCH responses to transactions from the FSB interface,
see Section 10.1, “Overview”.

5.3.6 Unit-Level Errors from the NSI

The IMCH hardware captures error events from the NSI interface that connects the
IMCH to the IICH in the NSI_FERR and NSI_NERR registers. The NSI interface reports
an error event to the 1A-32 core through IA SCI, SMI, SERR, or MCERR signals based
on the settings in the NSI_SCICMD, NSI_SMICMD, NSI_SERRCMD, and
NSI_MCERRCMD registers. Software can independently configure the specific signal
that each buffer unit error event uses.

Table 5-6 summarizes the error conditions that the NSI can generate.

Table 5-6. Summary of IMCH NSI Error Conditions

Event Type Fatality® Reports viaP Notes
Unsupported Fatal, Non- SCI, MCERR,
Request Uncorrectable Fatal SMI. or SERR Unsupported request detected.
Fatal, Non- SCI, MCERR,
Malformed TLP Uncorrectable Fatal SMI. or SERR Malformed TLP detected.
Receiver Overflow | Uncorrectable Fatal SCI, MCERR, | Overflow detected n posted, non-
SMI, or SERR | posted, or completion upstream queue.
Unexpected Uncorrectable Non-Fatal SCI, MCERR, | Completion received that does not
Completion SMI, or SERR | correspond to an outstanding request.
SCI, MCERR,
Completer Abort | Uncorrectable Non-Fatal SMI. or SERR Completer abort detected.
Completion _ SCI, MCERR, | Request not completed within timeout
Timeout Uncorrectable Non-Fatal SMI, or SERR | window.
Poisoned TLP Uncorrectable Non-Fatal SCI, MCERR, | Portion of TLP data payload was
SMI, or SERR | corrupt.
Data Link Protocol SCI, MCERR, . .
Error Uncorrectable Fatal SMI. or SERR Error detected in data link protocol.
Replay Timer SCI, MCERR, ] .
Timeout Uncorrectable Non-Fatal SMI. or SERR Replay timer expired.
REPLAY_NUM SCI, MCERR,
Rollover Uncorrectable Non-Fatal SMI. or SERR Retry buffer replay counter rolled over.

SCI, MCERR, | Calculated DLLP CRC did not equal

Bad DLLP CRC Uncorrectable Non-Fatal SMI. or SERR | received value.

SCI, MCERR, | Calculated TLP CRC did not equal

Bad TLP CRC Uncorrectable Non-Fatal SMI. or SERR | received value.
. SCI, MCERR, .
Receiver Error Uncorrectable Non-Fatal SMI. or SERR Packet framing error.
Received Fatal Uncorrectable Fatal SCI, MCERR, | Fatal error message received over NSI
Error Message SMI, or SERR | link.

Received Non-
Fatal Error Uncorrectable Non-Fatal
Message

SCI, MCERR, | Non-fatal error message received over
SMI, or SERR | NSI link.
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Summary of IMCH NSI Error Conditions

Event Type Fatality® Reports viaP Notes
Corr':gfaeti;l/: (IjError Correctable Non-Fatal SS’\(; : "\)ArCISEES"? g\(l);eﬁtsalblliif."or message received
Message ’
SaryErroron | uncorrectable | - Non-ratat | S MCERR, | Perty eror detecte on datareceivd
Link Down Uncorrectable Fatal SS’\(;: "\)ArCISEESé gfﬁ;g;&?\:?ioned from DL_UP to

a. Fatal versus non-fatal classification for reporting through GLOBAL_FERR and GLOBAL_NERR.
b. Based on NSI_SCICMD, NSI_SMICMD, NSI_SERRCMD, and NSI_MCERRCMD register values.

Table 5-7 summarizes the capabilities of the NSI error handling for each of the features
that the unit is expected to provide.

Summary of IMCH NSI Error Reporting Capabilities

Feature Implementation
Enabling and The NSI_EMASK, NSI_SCICMD, NSI_SMICMD, NSI_SERRCMD, and NSI_MCERRCMD
Masking Error registers enables and masks error reporting.

Reporting The PCICMD register also enables and masks SERR signals.

NSI captures error logging information in the following registers:
« All errors: NSI_FERR, NSI_NERR, and PCISTS capture event flags.
« Poisoned TLP: PCISTS captures event flags.
= Received fatal/non-fatal/correctable error messages: NSI_ERRSID.

All of the logging information that the NSI captures relates to the “first” error with the
exception of NSI_NERR.

Logging Details

Reporting Multiple
Errors

The NSI_NERR register captures “next” errors. This register indicates up to one additional
error (beyond the first error) of each type.

Data Poisoning NSI passes along error information to poison data.

For additional discussion on the IMCH responses to transactions from the NSI interface,
see Section 10.1, “Overview”.

Unit-Level Errors from the EDMA Engine

The IMCH EDMA unit captures error events from the EDMA engine in the EDMA_FERR
and EDMA_NERR registers (The EDMA unit reports an error event to the 1A-32 core
through IA SCI, SMI, SERR, or MCERR signals based on the settings in the
EDMA_SCICMD, EDMA_SMICMD, EDMA_SERRCMD, and EDMA_MCERRCMD registers.
Software can independently configure the specific signal that each EDMA unit error
event uses.

Table 5-8 summarizes the error conditions that the EDMA can generate.

Summary of IMCH EDMA Error Conditions

Event Type Fatality® Reports viaP Notes
NDAR Addressing _ SCI, MCERR, | Descriptor pointer is of incorrect type
Error Uncorrectable Non-Fatal SMI, or SERR | or range for channels 0-3.

NDAR Alignment _ SCI, MCERR, | Descriptor pointer is not aligned to an
Error Uncorrectable Non-Fatal SMI, or SERR |8 DW boundary for channels 0-3.
Source Address Uncorrectable Non-Fatal SCI, MCERR, | Source address does not comply with

Error SMI, or SERR | source type or range for channels 0-3.
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Summary of IMCH EDMA Error Conditions

b

Event Type Fatality® Reports via Notes
. Destination address does not comply
Destination SCI, MCERR, Ny N .
Address Error Uncorrectable Non-Fatal SMI. or SERR with destination type or range for

channels 0-3.

SCI, MCERR, | Parity error during read of source data

Parity Error Uncorrectable Non-Fatal SMI, or SERR | from system memory for channels 0-3.

SCI, MCERR, | Write to RO descriptor registers when

Write Error Uncorrectable Non-Fatal SMI, or SERR | DMA in normal mode for channels 0-3.

a. Fatal versus non-fatal classification for reporting through GLOBAL_FERR and GLOBAL_NERR.
b. Based on EDMA_SCICMD, EDMA_SMICMD, EDMA_SERRCMD, and EDMA_MCERRCMD register values.

Table 5-9 summarizes the capabilities of the EDMA error handling for each of the
features that the unit is expected to provide.

Summary of IMCH EDMA Error Reporting Capabilities

Feature Implementation

Enabling and The EDMA_EMASK, EDMA_SCICMD, EDMA_SMICMD, EDMA_SERRCMD, and
Masking Error EDMA_MCERRCMD registers enables and masks error reporting.

Reporting The PCICMD register also enables and masks SERR signals.

EDMA does not capture error logging information beyond the event flags in the

Logging Details | e\ FERR, EDMA_NERR and PCISTS.

Reporting Multiple | The EDMA_NERR register captures “next” errors. This register indicates up to one
Errors additional error (beyond the first error) of each type.

Data Poisoning EDMA passes along error information to poison data.

For additional discussion on the IMCH responses to transactions from the EDMA engine,
see Section 10.1, “Overview” and Section 10.2, “IMCH Responses to EDMA
Transactions”.

Unit-Level Errors from PCI Express™ Ports AO and Al

The IMCH PCI Express* Port Controllers capture error events from the port AO and Al
controllers in per-port registers. The register set provides two parallel error reporting
mechanisms, one that reports standard errors defined by the PCI Express™*
specification and a second that reports errors that are specific to the EP80579 PCI
Express* implementation (and thus, outside of the standard PCI Express™ errors).

The PCI Express* controllers capture errors required by the PCI Express* base
specification in the UNCERRSTS and CORERRSTS registers. The controllers capture
EP80579-specific errors in the PEAUNITERR register. The errors from both sets of
errors are aggregated in the PEAFERR and PEANERR registers. The PCI Express*
controllers report an error event to the 1A-32 core through IA SCI, SMI, SERR, or
MCERR signals based on the settings in the PEAERRDOCMD register.

Table 5-10 summarizes the error conditions that the PCI-Express can generate.
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Table 5-10. Summary of IMCH PCI-Express Error Conditions
Event Type Fatality® Reports viaP Notes
Un;ggﬁgged Uncorrectable UNCERRSEV® Ssl\(i: (’\)ArCISEERE}’? Request type unsupported.
ECRC Error Uncorrectable UNCERRSEV® SS’\(;: "\)ArCISEERR"? Error in ECRC.
Malformed TLP Uncorrectable | UNCERRSEV® SS,\(;: ('\)ArCISEERR}’? Malformed TLP, like it says...
Receiver Overflow | Uncorrectable UNCERRSEV® Ssl\(i: (’\)ArCISEERE}’? Overflow on upstream queue.
nexgectr | uncormectale | Uncermseve | S MCEER, | Received compleion trat does o
Completer Abort | Uncorrectable | UNCERRSEV® SS’\(;: "\)ArCISEERR"? ’ijgge;\;%jn:?nqguﬁéagilates
Ct%?r:qpégﬂtt)n Uncorrectable UNCERRSEV® Ssl\(i: (’\)ArCISEERE}’? Timeout.
P':r'g;’(‘)’ C%?Etrrr‘(’)'r Uncorrectable | UNCERRSEV® Ss’a: (’\)/'rC'SEEREé
Poisoned TLP Uncorrectable | UNCERRSEV® SS’\(;: "\)ArCISEERR"? TLP data payload corrupt.
Data Link Protocol | Uncorrectable | UNCERRSEV® Ssl\(i: (’\)ArCISEERE}’? ﬁﬁrlfqlb'\éﬁCK has incorrect sequence
U”gggﬁgged Uncorrectable | UNCERRSEV® Ss’a: (’\)/'rC'SEEREé
U”;Zgﬁgge" Uncorrectable | UNCERRSEV® ssﬁ: PRIy
U”;Zgﬁgged Uncorrectable | UNCERRSEV® Ssﬁ: MCERR,
Replay Timer Correctable Non-Fatal Ssl\(i: ZArCISEERI';I’? Replay timer expired.
REE'{)ﬁZVeNrUM Correctable Non-Fatal SS’\(;: "\)ArCISEERR"? Retry buffer counter rolled over.
Bad DLLP Status Correctable Non-Fatal Ssl\(i: (’\)ArCISEERE}’? f':eocr:i’\)/:fje?/atl)s;ép CRC does not match
Bad TLP status Correctable Non-Fatal Ssl\(i : ZArCISEERIEI’? (r:eocr:i’\)/gt‘jeij/a-ll-bz.CRC does not match
Receiver Error Correctable Non-Fatal SS’\(;: "\)Arcgggé Received 8b/10b error.
LLE Protocol Error | Uncorrectable Non-Fatal Ssl\(i: (’\)ArCISEERE}’? '(I;?grs-action layer detected protocol
Link Down Error Uncorrectable Fatal Ssl\(i: ZArCISEERIEI’? Ei[\l_(ljtga:/r\}?\:fions from DL_UP to
Downstream _Data Uncorrectable Non-Fatal SCI, MCERR, | Parity error occurred in downstream
Queue Parity SMI, or SERR | data queue.
Sﬁzgﬁk Uncorrectable Non-Fatal Ssl\(i: (’\)ArCISEERE}’? SMB CLK low greater than 25ms.
Unexopnecst’\e;l(é NAK Uncorrectable Non-Fatal Ssl\(i: ZArCISEERSé Unexpected NAK on SMB.
SMB Arbitration Uncorrectable Non-Fatal SS’\(;: "\)Arcgggé SMB lost bus arbitration.

a. Fatal versus non-fatal classification for reporting through GLOBAL_FERR and GLOBAL_NERR.
b. Based on PEAERRDOCMD register value.
c. Severity is set by the UNCERRSEV register.
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Table 5-11 summarizes the capabilities of the PCI-Express error handling for each of
the features that the unit is expected to provide.

Table 5-11. Summary of IMCH PCIl-Express Error Reporting Capabilities

54

54.1

August 2009

Feature Implementation

Enabling and The UNCERRMSK, UNCEDMASK, CORERRMSK, COREDMASK, RPMERRSTS, PEAMASKERR,
Masking Error RPERRCMD, and PEAERRDOCMD registers enables and masks error reporting.

Reporting The PCICMD register also enables and masks SERR signals.

PCI Express™ controllers captures error logging information in the following registers:
= RPMERRSTS errors: ERRSID captures requester IDs.
« Errors with Header Capture: HDRLOGO, HDRLOG1, HDRLOG2, and HDRLOG3 captures
the first four 32-bit words of the headers.
This information is in addition to the status information in UNCERRSTS, CORERRSTS,
RPMERRSTS, PEAFERR, and PEANERR.

Logging Details

Reporting Multiple | The PEANERR and RPERRMSTS registers captures “next” errors. This register indicates up
Errors to one additional error (beyond the first error) of each type.

Data Poisoning PCI Express™ controllers pass along error information to poison data.

See Section 16.4, “PCl Express™* Port A Standard and Enhanced Registers: Bus 0,
Devices 2 and 3, Function 0” for additional details.

For additional discussion on the IMCH responses to transactions from the PCI Express>
ports, see Section 10.1, “Overview”.

Error Reporting by the II1CH

The EP80579 IICH devices rely on the PCI error reporting architecture to reporting
errors. In this architecture, details on the errors are logged in the PCI status register
from the per-device PCI configuration header. A parity or other severe system error
causes the device to generate an IA SERR signal.

Errors that occur on the NSI bus between the IMCH and IICH report through the
NSI_FERR and NSI_NERR infrastructure as Section 5.3.1, “Overview of the First and
Next Error Architecture” on page 141 and Section 5.3.6, “Unit-Level Errors from the
NSI” on page 145 describe.

On the IICH backbone, IICH devices must rely entirely on the SERR signal that the
device generates on an error event to report the error. The 1ICH does not provide any
other capability (such as data poisoning) that would allow a consumer of IICH data to
note an error. As a result, an IICH device can return erroneous data on a request.

The remainder of this section describes the error handling capabilities of the units in
the IICH.

SMBus Interface

The IICH provides a SMBus controller that can generate an interrupt or SMI on error
events and can also use the PCI SERR infrastructure to report errors. The HCFG register
selects either SMI or interrupt signaling; parity and system errors always signal
through SERR. Table 5-12 summarizes the error conditions that the controller reports.
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Table 5-12. Summary of SMBus Interface Error Conditions

Table 5-13.
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Table 5-14.

Table 5-15.
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Event Type Fatality® Reports via Notes
Device Error Uncorrectable Fatal Interrupt, SMIP | Device error.
Bus Error Uncorrectable Fatal Interrupt, SMIP | Bus error.
T':rzirigc?;:; Uncorrectable Fatal Interrupt, SMIP | Bus transaction failed.
Parity Error Uncorrectable Fatal SERR Parity error detected.
System Error Uncorrectable Fatal SERR System error detected.

a. “Fatal” events result in data loss or data corruption that the unit cannot repair, “Non-Fatal” events do not.
b. Based on HCFG register values.

Table 5-13 summarizes the capabilities of the SMBus controller error handling for each
of the features that the unit is expected to provide.

Summary of SMBus Controller Error Reporting Capabilities

Feature

Implementation

Enabling and Masking Error
Reporting

The CMD and USBINTR registers enables and masks error reporting.

Logging Details

The USB 1.1 interface captures the type of event detected in the DSR,

HSTS, and AUXS registers.

Reporting Multiple Errors

The SMBus interface does not capture multiple events.

Data Poisoning

1ICH backbone does not support data poisoning.

For additional details on error handling in the SMBus controller, see Section 24.0,
“SMBus Controller Functional Description: Bus 0, Device 31, Function 3”.

LPC Interface

The 1ICH provides a LPC interface that uses the PCl SERR infrastructure to report
errors. Table 5-14 summarizes the error conditions that the controller reports.

Summary of LPC Interface Error Conditions

Event Type Fatality? Reports via Notes
Parity Error Uncorrectable Fatal SERR Parity error detected.
System Error Uncorrectable Fatal SERR System error detected.

a. “Fatal” events result in data loss or data corruption that the unit cannot repair, “Non-Fatal” events do not.

Table 5-15 summarizes the capabilities of the LPC interface error handling for each of
the features that the unit is expected to provide.

Summary of LPC Interface Error Reporting Capabilities

Feature Implementation
Enabling and
Masking Error The CMD register supports error enabling and masking.
Reporting
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Table 5-15.

5.4.3

Table 5-16.

Table 5-17.
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Summary of LPC Interface Error Reporting Capabilities

Feature

Implementation

Logging Details

The LPC interface captures the type of event detected in the STS register.

Reporting Multiple
Errors

The LPC interface does not capture multiple events.

Data Poisoning

IICH backbone does not support data poisoning.

For additional details on error handling in the LPC interface, see Section 19.0, “LPC
Interface: Bus 0, Device 31, Function 0”.

USB 1.1 Interface

The IICH provides a USB 1.1 controller that can generate an interrupt on error events
and can also use the PCI SERR infrastructure to report errors. Table 5-16 summarizes
the error conditions that the controller reports.

Summary of USB 1.1 Interface Error Conditions

Event Type Fatality® Reports via Notes
Host Controller Consistency check by host controller
Process Error Uncorrectable Fatal Interrupt fails while processing a TD.
Host System Error | Uncorrectable Fatal Interrupt Serlous_ error_durlng host system
access involving HC module.
USB Error Uncorrectable Fatal Interrupt grsrgrtransactlon completion ended in
Parity error on read completion
Parity Error Uncorrectable Fatal SERR returned to host controller or UHCI
register write.

a. “Fatal” events result in data loss or data corruption that the unit cannot repair, “Non-Fatal” events do not.

Table 5-17 summarizes the capabilities of the USB 1.1 controller error handling for each
of the features that the unit is expected to provide.

Summary of USB 1.1 Interface Error Reporting Capabilities

Feature Implementation

Enabling and

Masking Error The CMD and USBINTR registers supports error enabling and masking.
Reporting

Logging Details

The USB 1.1 interface captures the type of event detected in the DSR and USBSTS
registers.

Reporting Multiple
Errors

The USB 1.1 interface does not capture multiple events, error events cause the interface
to halt operation until serviced by software.

Data Poisoning

IICH backbone does not support data poisoning.

For additional details on error handling in the USB 1.1 controller, see Section 25.0,
“USB (1.1) Controller: Bus 0, Device 29, Function 0”.

USB 2.0 Interface

The IICH provides a USB 2.0 controller that can generate an interrupt on error events
and can also use the PCI SERR infrastructure to report errors. Table 5-18 summarizes
the error conditions that the controller reports.
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Table 5-18. Summary of USB 2.0 Interface Error Conditions

Table 5-19.

545

Table 5-20.
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Event Type Fatality® Reports via Notes
Host System Error | Uncorrectable Fatal Interrupt Serlous_ error_durlng host system
access involving HC module.
USB Error Uncorrectable Fatal Interrupt gﬁgrtransactlon completion ended in

Parity Error Uncorrectable Fatal SERR Parity error on USB read completion.
Parity error on address, command, or

System Error Uncorrectable Fatal SERR data, or unsuccessful completion of
ECH-initiated read.

a. “Fatal” events result in data loss or data corruption that the unit cannot repair, “Non-Fatal” events do not.

Table 5-19 summarizes the capabilities of the USB 2.0 controller error handling for each
of the features that the unit is expected to provide.

Summary of USB 2.0 Interface Error Reporting Capabilities

Feature Implementation

Enabling and Masking Error

Reporting The CMD and USB20INTR registers supports error enabling and masking.

The USB 2.0 interface captures the type of event detected in the DSR

Logging Details and USB20STS registers.

The USB 2.0 interface does not capture multiple events, error events

Reporting Multiple Errors cause the interface to halt operation until serviced by software.

Data Poisoning 11CH backbone does not support data poisoning.

For additional details on error handling in the USB 2.0 controller, see Section 26.0,
“USB 2.0 Host Controller: Bus 0, Device 29, Function 7”.

SATA Interface

The IICH provides a SATA interface that can generate an interrupt on error events and
can also use the PCIl PERR infrastructure to report errors. Table 5-20 summarizes the
error conditions that the controller reports.

Summary of SATA Interface Error Conditions

Event Type Fatality® Reports via Notes
HOStEBr;‘ngatal Uncorrectable Fatal Interrupt Unrecoverable host bus error
HOStE%l:grData Uncorrectable Fatal Interrupt Uncorrectable data error.
Interlfza:(r:ngatal Uncorrectable Fatal Interrupt Fatal error on SATA interface.
Interface Non- Uncorrectable Non-Fatal Interrupt Non-fatal error on SATA interface.

Fatal Error
Parity Error Uncorrectable Fatal SERR Parity error detected on interface.

a. “Fatal” events result in data loss or data corruption that the unit cannot repair, “Non-Fatal” events do not.

Table 5-21 summarizes the capabilities of the SATA controller error handling for each of
the features that the unit is expected to provide.
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Table 5-21.

5.4.6

Table 5-22.

Table 5-23.
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Summary of SATA Interface Error Reporting Capabilities

Feature Implementation

Enabling and

Masking Error The CMD and PIE[0-3] registers support error enabling and masking.
Reporting

Logging Details | The SATA interface captures the type of event detected in the STS and PIS[0-3] registers.

Reporting Multiple

Errors The SATA interface does not capture multiple events.

Data Poisoning IICH backbone does not support data poisoning.

For additional details on error handling in the SATA interface, see Section 23.0, “SATA:
Bus 0O, Device 31, Function 2”.

Serial 170 Interface

The IICH provides a serial 1/0 interface that can generate an interrupt on error events.
Table 5-22 summarizes the error conditions that the serial 1/0 interface captures.

Summary of Serial 1/0 Interface Error Conditions

Event Type Fatality? Reports via Notes
Framing Error Uncorrectable Fatal Interrupt Received character missing stop bit.
Parity Error Uncorrectable Fatal Interrupt Received character has parity error.
Overrun Error Uncorrectable Fatal Interrupt Receive buffer over-written.

a. “Fatal” events result in data loss or data corruption that the unit cannot repair, “Non-Fatal” events do not.

Table 5-23 summarizes the capabilities of the thermal sensor error handling for each of
the features that the unit is expected to provide.

Summary of Serial 170 Interface Error Reporting Capabilities

Feature Implementation

Enabling and Masking Error

Reporting The IER and LCR registers supports error enabling and masking.

The serial 1/0 interface captures the type of event detected in the IIR and

Logging Details LSR registers.

Reporting Multiple Errors The serial 1/0 interface does not capture multiple events.

N/A

Data Poisoning

For additional details on error handling in the serial 1/0 interface, see Section 33.0,
“Serial 1/0 Unit and Watchdog Timer”.

Error Reporting by the System Memory Controller

The memory controller interfaces with memory to provide data movement to and from
DRAM along the AIOC-direct and coherent paths to memory. The memory controller is
designed to conform to the IMCH first and next error handling architecture that Section
5.3.1, “Overview of the First and Next Error Architecture” on page 141 describes. The
memory controller reports its unit-level first/next error events through the DRAM_FERR
and DRAM_NERR registers in the memory controller (see Section 11.5, “Error
Handling™). The flow of memory controller errors matches the IMCH behavior for its
other errors as Section 5.3.1 describes.
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Handling Out-of-Bounds Addresses

The memory controller does not perform any bounds checking on system addresses
that it receives from other agents. As a result, the behavior of the EP80579 in response
to an access to a DRAM location that is outside the range of populated memory
depends on the source of the transaction and the path it takes through the device.
There are two paths of relevance to this discussion: the Coherent path through the
IMCH and the AIOC-Direct path directly to the memory controller.

Accesses to locations above top of memory along the Coherent path (from either AIOC
agents via the AlOC-interface, the 1A-32 core, or other agents attached to the CMI
through PCI Express*, etc.) will be aborted by the IMCH. The specific manner of the
abort depends on whether the transaction originates from the 1A-32 core or a AIOC
agent.

Access to locations above top of memory along the AIOC-Direct path (from the AIOC
Memory Target) are not aborted or otherwise trapped by default. The results of such
transactions are undefined and may alias onto populated memory regions. As a result,
software must program the EP80579 so that it can never generate an AIOC-Direct
system address above TOM. The Memory Target provides the ability to log range errors
(and optionally halt the AIOC master that generated the transaction).

IMCH - Memory Controller

The memory controller can notify the 1A-32 core of memory-related error events
through SCI, SMI, SERR, or MCERR signals based on the settings in the
DRAM_SCICMD, DRAM_SMICMD, DRAM_SERRCMD, and DRAM_MCERRCMD registers
(see Section 11.0, “System Memory Controller”). Software can configure the specific
signal used for each error event independently.

Table 5-24 summarizes the error conditions that the memory controller captures. Note

that the memory controller always reports errors through the non-fatal classification in
the error reporting registers.

Summary of Memory Controller Error Conditions

b

Event Type Fatality® Reports via Notes
Uncorrectable SCI, MCERR, . .

Write Error Uncorrectable Fatal SMI. or SERR Write of poisoned data to DRAM.
Uncorrectable SCI, MCERR, .

Read Error Uncorrectable Fatal SMI. or SERR Error during normal demand reads.
Uncorrectable SCI, MCERR Memory scrubber encountered an
Scrubber Data Uncorrectable Fatal ! i Y

Error SMI, or SERR | uncorrectable error.
Correctable Read SCI, MCERR, | Hardware will correct and report if
Error Correctable Non-Fatal SMI, or SERR | appropriately configured
Error Threshold Status Non-Fatal SCI, MCERR, | Count of single- or double-bit errors
Detect SMI, or SERR | exceeds a programmable threshold.
Memory Test Status Non-Fatal SCI, MCERR, | Status event to indicate when memory
Complete SMI, or SERR | test hardware completes testing.

a. “Fatal” events result in data loss or data corruption that the unit cannot repair, “Non-Fatal” events do not. This
can differ from the fatal/non-fatal classification for reporting through GLOBAL_FERR and GLOBAL_NERR.
b. Based on DRAM_SCICMD, DRAM_SMICMD, DRAM_SERRCMD, and DRAM_MCERRCMD register values.

Table 5-25 summarizes the capabilities of the memory controller error handling for
each of the features that the unit is expected to provide.
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Table 5-25. Summary of Memory Controller Error Reporting Capabilities

Feature Implementation
hﬁgzsi';”gEar?gr The DRAM_EMASK, DRAM_SCICMD, DRAM_SMICMD, DRAM_SERRCMD, and
Repogr]ting DRAM_MCERRCMD registers enable and mask error reporting.

Memory Controller captures additional error logging information in the following registers:
= Uncorrectable read errors: DRAM_DED_ADD.
= Uncorrectable scrubber data errors: DRAM_SCRB_ADD.
= Correctable read errors: DRAM_SECF_ADD, DRAM_SECF_SYNDROME,
DRAM_SECN_ADD, DRAM_SECN_SYNDROME.
= Error threshold detect: RANKTHREX, THRESH_SECO, THRESH_SEC1, THRESH_DED,
DRAM_SEC_RO, DRAM_SEC_R1, DRAM_DED_RO, DRAM_DED_R1.
Additional logging information is not captured for the remaining errors in Table 5-24.
With the exception of DRAM_SECN_ADD and DRAM_SECN_SYNDROME, all of the logging
information that the memory controller captures relates to the “first” error.

Logging Details

Reporting Multiple | The DRAM_NERR register captures the “next” errors seen by the memory controller. This
Errors register indicates up to one additional error (beyond the first error) of each type.

Memory Controller passes along error information to poison data both on inbound (from

Data Poisoning memory) data and outbound (to memory) data.

For additional details on error handling in the memory controller, see Section 11.5,
“Error Handling”.

5.6 Error Reporting by A10C Devices

The AIOC devices continue to use the native error reporting infrastructure that each
unit provides. Primarily, this infrastructure relies on one or more side-band error
signals from each AIOC device that can signal an error along with parity protection on
key interfaces. The AIOC native error reporting mechanisms are then bridged into the
PCI framework that the EP80579 uses to expose AIOC devices to IA. Although AIOC
devices present a PCI interface to IA, they do not implement PCI error reporting
capabilities such as SERR. As a result, the native signals from the AIOC devices are
bridged onto PCI INTx or MSI signals. This implies that the driver software provides all
error handling for AIOC units?.

The following sections describe the error reporting for each of the AIOC units along with
transaction responses. The per-unit presentations are organized by the PCI device in
which the units materialize.

56.1 Gigabit Ethernet MAC

The Gigabit Ethernet MAC units each signal error conditions through three interrupt
signals: Functional O, Functional 1, and Error. Software uses the IMSO, IMS1, and IMS2
configuration registers in a Gigabit Ethernet MAC to map error conditions onto the
Functional 0, Functional 1, and Error interrupt signals, respectively. Depending on the
configuration, error and functional events may share an interrupt (e.g., software may
configure the functional 1 interrupt to signal both error and functional events);
typically, software will configure a MAC to deliver its error events separately through
only the error interrupt.

Table 5-26 summarizes the error conditions that the Gigabit Ethernet MAC captures.

1. If PCI abstractions such as SERR were used, this would not be the case. Platform and/or O/S software would also be involved
in error handling for the devices even if the involvement is limited to generating a blue screen.
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Summary of Gigabit Ethernet MAC Error Conditions

Event Type Fatality® Reports viaP Notes

Statistic Register ERR, FNO, or Double-bit ECC error in a statistic

ECC Error Uncorrectable Fatal FN1 Interrupts | register.
Internal Memory ERR, FNO, or Parity or double-bit ECC error in an
Uncorrectable Fatal .

Error FN1 Interrupts |internal memory.

DMA Packet Buffer Uncorrectable Fatal ERR, FNO, or Double-bit ECC error during read from
Error FN1 Interrupts | DMA packet buffer on Tx or Rx.

DMA Tx Desc. ECC ERR, FNO, or Double-bit ECC error during read from
Error Uncorrectable Fatal FN1 Interrupts | DMA transmit descriptor.

DMA Rx Desc. ECC Uncorrectable Fatal ERR, FNO, or Double-bit ECC error during read from
Error FN1 Interrupts | DAM receive descriptor.

a. “Fatal” events result in data loss or data corruption that the unit cannot repair, “Non-Fatal” events do not.
b. Based on settings in IMSO, IMS1, and IMS2 registers.

Table 5-27 summarizes the capabilities of the Gigabit Ethernet MAC error handling for
each of the features that the unit is expected to provide.

Summary of Gigabit Ethernet MAC Error Reporting Capabilities

Feature Implementation
The IMSO, IMS1, and IMS2 interrupt mask set registers and the IMCO, IMC1, and IMC2
Enabling and interrupt mask clear registers support error enabling and masking.
Masking Error When software configures the GbE to deliver errors on their own interrupt, the SMIA and
Reporting SMME registers from the signal target capability in the PCI configuration header for a GbE

MAC can also support error enabling and masking.

Logging Details

The SINT register from the signal target capability in the PCI configuration header for a
GbE MAC provides read-only access to the state of the interrupt signals from a GbE MAC.

Additional logging information is not captured for the other errors in Table 5-26.

Reporting Multiple
Errors

Individual status bits in the GbE ICRO, ICR1, and ICR2 interrupt cause registers are set as
conditions occur. The unit can indicate at most one outstanding error at any time.

Data Poisoning

GDbE passes along error information to poison data.

See Section 37.6, “GbE Controller Register Summary” and Section 37.5.12, “Error
Handling” for additional details.

CAN Interface

The CAN units signal error conditions through two interrupt signals. The CAN unit

shares one interrupt between functional signaling duties (e.g., signaling that a message
was received) and error reporting, while the second interrupt reports only parity errors.
Status and enable registers in the CAN operate and control signaling functionality in the
CAN such as error reporting.

Table 5-28 summarizes the error conditions that the CAN captures.
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Table 5-28. Summary of CAN Error Conditions
Event Type Fatality® Reports via Notes
CRC Check Error | Uncorrectable Fatal CAN System | Mismatch between received and
Interrupt computed CRC.
Acknowledge Error | Uncorrectable Fatal CAN System Improperly formatted ACK slot.
Interrupt
Form Error Uncorrectable Fatal C'?N System Improperly formatted fixed-form field.
nterrupt
Bit Error Uncorrectable Fatal CAN System M_lsmatch between monitored and sent
Interrupt bit value.
CAN System | Improperly formatted message from
Stuff Error Uncorrectable Fatal Interrupt Start of Frame to CRC delimiter.
Parity error in interface SRAM.
Clearing the parity error requires a
CAN SRAM Parity CAN Parity reset of the CAN interface. Please see
Uncorrectable Fatal . X . -
Error Interrupt section on CAN interrupts in Section
39.2, “Feature List” on page 1569 for
more details.
a. “Fatal” events result in data loss or data corruption that the unit cannot repair, “Non-Fatal” events do not.
Table 5-29 summarizes the capabilities of the CAN error handling for each of the
features that the unit is expected to provide.
Table 5-29. Summary of CAN Error Reporting Capabilities
Feature Implementation
The CAN interrupt enable register supports error enabling and masking.
Enab_ling and The SMIA and SMME registers from the signal target capability in the PCI configuration
Masking Error header for the CAN units also supports error enabling and masking. Using these registers
Reporting to mask the CAN System Interrupt masks both error and functional events since the CAN
units use this interrupt to signal both error and functional conditions.
The SINT register from the signal target capability in the PCI configuration header for a
Logging Details | CAN unit provides read-only access to the state of the interrupt signals from a CAN unit.
CAN does not log additional details on errors.
Reporting Multiple | Individual status bits in CAN interrupt status register are set as conditions occur. The unit
Errors can indicate at most one outstanding error of each type at any time.
Data Poisonin CAN does not require support for data poisoning. Errors during transactions cause the
9 transaction to abort and an error event to be signaled.
See Section 39.6, “Register Summary” and Section 39.5.2, “Error Handling” for
additional details.
5.6.3 SSP Interface

The SSP unit signals error conditions through a single interrupt signal. The SSP block
shares this interrupt between functional duties (e.g., transmit FIFO service request)
and error reporting duties. Software is expected to use status registers in the SSP to
determine the cause of a signal.

Table 5-30 summarizes the error condition that the SSP captures.
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Table 5-30.

Table 5-31.

56.4

Table 5-32.
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Summary of SSP Error Conditions

Event Type Fatality® Reports via Notes
Functional ] ] ; .
Receiver Overrun | Uncorrectable Fatal SSP Interrupt Re(cj:glve SIZO is full, any incoming data
(ROR) is discarded.

a. “Fatal” events result in data loss or data corruption that the unit cannot repair, “Non-Fatal” events do not.

Table 5-31 summarizes the capabilities of the SSP error handling for each of the
features that the unit is expected to provide.

Summary of SSP Error Reporting Capabilities

Feature Implementation
SSP does not provide the ability to enable or mask the interrupt from an ROR error
. condition.
Enabling and . . I ) .
Masking Error The SMIA and SMME registers from the signal target capability in the PCI configuration
Reporting header for the SSP unit also support error enabling and masking. Using these registers to

mask the SSP Interrupt masks both error and functional events since the SSP unit uses
this interrupt to signal both error and functional conditions.

Logging Details

The SINT register from the signal target capability in the PCI configuration header for the
SSP unit provides read-only access to the state of the interrupt signals from SSP.

SSP does not log additional details on its errors.

Reporting Multiple
Errors

SSP can only generate a single error. The unit can indicate at most one outstanding error
at any time.

Data Poisoning

SSP error conditions result in loss of data and system interrupt. There is no need to poison
in these cases.

See Section 40.4, “Register Summary”and Section 40.3.2, “Error Handling” for
additional details.

Local Expansion Bus

The Local Expansion Bus unit signals error conditions from the interface into the
EP80579 through a single interrupt signal that is used exclusively for errors. In
addition, this unit signals errors from the internal bridge through a separate interrupt.

Table 5-32 summarizes the error conditions that the local expansion bus captures.

Summary of Local Expansion Bus Error Conditions

Event Type Fatality? Reports via Notes
. LEB Parity Parity error on outbound read from the
Parity Error Uncorrectable Fatal Error Interrupt | EP80579.

a. “Fatal” events result in data loss or data corruption that the unit cannot repair, “Non-Fatal” events do not.

Table 5-33 summarizes the capabilities of the local expansion bus error handling for
each of the features that the unit is expected to provide.
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Table 5-33. Summary of Local Expansion Bus Error Reporting Capabilities

Feature Implementation
i LEB device provides the following registers to support error enabling and masking:
Enabling and - Errors from LEB: EXP_TIMING_CS[0-7].
Masking Error . . o i .
Reporting The SMIA and SMME registers from the signal target capability in the PCI configuration

header for the LEB also support error masking and enabling.

Logging Details

The SINT register from the signal target capability in the PCI configuration header for the
LEB provides read-only access to the state of the interrupt signals from the LEB.

LEB device captures additional error logging information in the following registers:
- LEB parity errors: EXP_PARITY_STATUS.

Reporting Multiple
Errors

LEB device reports additional errors as follows:
= LEB errors

Data Poisoning

LEB pass along error information to poison data.

See Section 42.5, “Register Summary”.

5.6.5 IEEE 1588, and GCU

The IEEE 1588 and GCU in the AIOC do not signal any non-functional error conditions.
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6.0 Reset and Power Management

This chapter describes the Intel® EP80579 Integrated Processor reset and power
management.

6.1 Reset and Powergood Distribution

This section discusses the detailed sequencing of how power and clocking signals must
be applied to bring the EP80579 out of reset.

6.1.1 Types of Reset
The EP80579 has four types of reset: Power-good (cold) reset, Hard reset, CPU-only

reset, and Targeted 1/0 subsystem reset(s). Each of these reset subclasses have
unique effects and is described in Table 6-1.

Table 6-1. Types of Reset and Wake-up from Power Saving States

Effect of Reset on following blocks
Type Mechanism
IMCH/
CPU 11CH AlIOC PCI-E DDR

Power-good Input pin Reset Reset Reset Reset Reset

Hard Input pin Reset Reset Reset Reset Reset

Software (SW) Write to 1/0 port CF9 Reset Reset Reset Reset Reset

Controlled

Internal to the EP80579.

CPU-only Generated by IMCH Reset -N/A -N/A -N/A -N/A

S3 -> S0 Wake Event Reset Reset Reset Reset -N/A

S4/S5->S0 Wake Event Reset Reset Reset Reset Reset
6.1.1.1 Powergood Implementation

The initial boot from when the power supplies are energized is facilitated by the
Powergood mechanism. The voltage sources from all platform power supplies are
routed to a system component which tracks them as they ramp-up, asserting platform
powergood (CPU_VRD_PWR_GD and SYS_PWR_OK) after a fixed interval (nominally 99
ms) after the last voltage reference has stabilized. Powergood signals are propagated
asynchronously to dedicated IICH, IMCH, and 1A-32 core inputs. Generally, the devices
on AIOC fabric including the AIOC reset block do not receive a powergood signal. The
exception is the GbE MAC devices (see Section 6.1.2.3.5, “GbE MAC”).

Table 6-2 summarizes the power wells and external voltages required by the EP80579.
More detailed power supply pin information can be found in Table 6-3.
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Table 6-2. Power Wells and External Voltages
Power Nominal Components
Well Voltage p
1.0-1.3V | IA Processor: IA-CPU
12V Core Logic (IMCH, 1ICH, ASU, SSU, TDM, GbE MAC1, GbE MAC2), SATA pads, PCI-E
: pads, Local Expansion Bus
Core 1.8V PCI-E PLL, DDR2 pads. Note: 0.9V are generated from 1.8V
2.5V RMII/RGMII
3.3V SATA, PCI-E
5.0V 5V tolerance reference
1.2V 11CH, USB pads, DDR2 core logic, GbE MACO, USB core logic and pads
2.5V RMII/RGMII
Suspend
3.3V USB pads, RMII/RGMII pads
5.0V 5V sustain reference
RTC 3.3V RTC
6.1.1.2 Hard Reset Implementation
A hard reset is initiated by the IICH via the PLTRST# as a result various S-state wake
events or other reset signal assertions. PLTRST# is driven to the IMCH and is
propagated from there to the reset block for AIOC fabric. The reset block in the AIOC
fabric is responsible for resetting the individual blocks.
IMCH propagates a hard reset to the FSB and subordinate PCI Express* subsystems.
The FSB components are reset via the CPURST# (internal signal) signal, while the PCI
Express* subsystems through PCIRST#.
6.1.1.3 Software Controlled Reset
Software may cause a full system reset through a write to the Reset Control Register
located at 1/0 port CF9. See also Section 6.1.1.4, “CPU Only Reset Implementation” for
software controlled CPU only reset mechanisms.
6.1.1.4 CPU Only Reset Implementation
For power management, error conditions and other reasons, the EP80579 supports a
targeted CPU only reset semantic. This mechanism eliminates system reset at large
when the CPU function (such as clock gearing selection) must be updated during
initialization. It only affects the 1A-32 core. Other blocks such as IICH, IMCH, AIOC
complex are not reset. It is controlled by IMCH.
The IA-32 core can also be reset via the assertion of its INIT# pin which may be
accomplished by several conditions including a software write to the Reset Control
Register in 1ICH. Asserting the INIT# pin on the 1A-32 core invokes a response similar
to that of asserting CPURST#. The major difference is that during an INIT, the internal
caches, MSRs, MTRRs, and FPU state are left unchanged (although, the TLBs and BTB
are invalidated as with a hardware reset). When INIT is signaled while the processor is
in virtual-8086 mode, the processor leaves virtual-8086 mode and enters real-address
mode. An INIT provides a method for switching from protected to real-address mode
while maintaining the contents of the internal caches.
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6.1.1.5

6.1.1.6

6.1.2

6.1.2.1

6.1.2.2
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S-state Wake Events

Wake events for the various ACPI sleep states cause a hard reset to the EP80579 (See
Section 27.6.3, “Exiting Sleep States” ). Wake on LAN, supported by the GbE MACs,
leverages mechanisms provided for GPl and PME wake events.

Targeted Reset Implementation

The targeted reset is provided for hot-plug events, as well as for port specific error
handling under MCA or SMI software control.

A targeted reset may be requested by setting bit six (Secondary Bus Reset) of the
Bridge Control register (D2, FO, offset 3Eh) in the target root port device. Setting this
bit crashes the Link Training and Status State machine (LTSSM) of the target port to
the reset state, where it issues at least 1024 TS1 ordered sets with the reset bit
asserted. This propagates an in-band “hot” reset to the downstream device, and
consequently force an equivalent reset to any devices further downstream. This reset is
identical to a general hard reset from the perspective of destination PCl Express*
device.

Platform Reset and Powergood

This section describes the reset and powergood external platform interfaces.

Platform Powergood

The EP80579 receives two powergood signals from the platform. The first is
CPU_VRD_PWR_GD and the other is SYS_PWR_OK. SYS_PWR_OK is asserted after a
fixed delay from the time that CPU_VRD_PWR_GD goes active and indicates that power
has been stable for at least 99 ms. The EP80579 inputs PWRGD, PWROK, and
SYS_PWR_OK are connected to the SYS_PWR_OK platform signal. CPU_VRD_PWR_GD
and SYS_PWR_OK distribution inside the EP80579 is discussed in Section 6.1.2.3,
“Reset and Powergood Distribution”. Refer to Figure 6-1 for the block diagram showing
CPU_VRD_PWR_GD and SYS_PWR_OK interfaces.

Platform Reset

The EP80579 receives two reset signals from the platform. The first one is SYS_RESET
which includes the reset button on the platform. The second is Resume Reset which is
used for resetting the 11CH resume well after power is restored from a power failure.
Reset distribution inside the EP80579 is discussed in Section 6.1.2.3, “Reset and
Powergood Distribution”. Refer to the Figure 6-1, for a block diagram showing the reset
interface.
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Figure 6-1. Powergood and Reset Interface
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6.1.2.3 Reset and Powergood Distribution

6.1.2.3.1

Intel® EP80579 Integrated Processor Product Line Datasheet
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The EP80579 reset follows a general path through the IICH to the IMCH and out to the
rest of the chip.

11CH

1ICH plays the central role in reset and powergood distribution to the whole chip. 1ICH
receives two powergood signals from the platform (CPU_VRD_PWR_GD and
SYS_PWR_OK). The assertion of these signals starts the reset sequence for the
EP80579.

IICH generates the central reset signal (known as PLTRST#) that initiates the reset of
the rest of the chip. PLTRST# is received by IMCH. IICH also generates PCIRST# signal
for resetting the PCI device. PCIRST# is similar to PLTRST# except that PCIRST# can

be asserted using a CSR.

IICH also generates the powergood (CPUPWRGD#) signal for 1A-32 core.

August 2009
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I1ICH Signals

Inputs
VRMPWRGD - Voltage Regulator PowerGood: This signal is directly connected
to the platform signal, CPU_VRD_PWR_GD and signifies that the voltage
regulator is stable.
PWROK - IICH Power Okay: This signal is directly connected to the platform
signal, SYS_PWR_OK. When asserted, PWROK is an indication to the IICH that
power has been stable for at least 99 ms and that PCICLK has been stable for
at least 1 mS. PWROK can be driven asynchronously. When PWROK is inactive,
the I1ICH asserts PLTRST#.
SYS_RESET# - System Reset: This signal initiates a system reset and causes
PLTRST# to go active. SYS_RESET# must be asserted for at least 100ms.
System reset cannot occur again until SYS_RESET# has been detected
inactive, and the system is back to a full SO state with PLTRST# inactive. If bit
3 of the Reset Control Register is set then the assertion of SYS_RESET# will
result in a full power cycle reset.
RSMRST# - Resume Well Reset: This signal resets the IICH resume power
plane logic when power is reapplied after a power failure. If the AFTERG3_EN
bit in the General Power Management Configuration 3 Register (D31 FO Offset
A4) is set to O, IICH transitions the system from G3 (mechanical off) to SO
state and causes the assertion of the PLTRST# output. If AFTERG3_EN is 1, the
system will transition to S5 state.
RTEST# - RTC Well Test: This signal is tied to the platform RTCRST# signal.
Normally it is held high (to VccRTC), but can be driven low on the tester or
motherboard to test the RTC well. RTEST# resets some bits in the RTC well that
are otherwise not reset by PLTRST# or RSMRST#. An external RC circuit on the
RTCRST# signal creates a time delay such that RTCRST# will go high some
time after the battery voltage is valid. The RC time delay must be in the 10-20
ms range. This allows detection when a new battery has been installed. Unless
entering a XOR Chain test mode, the RTEST# input must always be high when
all other non-RTC power planes are on.

Outputs
CPUPWRGD - CPU PowerGood: This signal is the logical AND of the IICH
VRMPWRGD and PWROK input signals. This signal is connected to the
processor's powergood input to indicate when the processor power is valid.

PLTRST# - Platform Reset: This signal is asserted by SYS_RESET#,
RSMRESET#, or software. The IICH asserts PLTRST# to reset devices on the
platform (e.g., SIO, FWH, LAN, IMCH, IDE, TPM, etc.) during power-up
(CPU_PWRGD de-asserted) and when software initiates a hard reset sequence
through the Reset Control register. The IICH drives PLTRST# active a minimum
of 1 ms when initiated through the Reset Control register. The IICH de-asserts
PLTRST# a minimum of 1 ms after CPU_PWRGD is driven high.

PCIRST# - PCI Reset: This is the secondary PCI bus reset signal. This signal is
asserted a small number of PCI clocks after PLTRST# or can be asserted
independently by the Secondary Bus Reset bit.

6.1.2.3.2 IMCH

IMCH plays a crucial role in the reset sequence for 1A-32 core. IMCH receives the
powergood signal (SYS_PWR_OK) from the platform. The IICH PLTRST# drives the
IMCH RSTIN# input. IMCH drives the CPURST# (internal signal) while it is in the reset.
IMCH works with I1ICH to initialize the NSI link between IICH and IMCH. Once the
central reset (PLTRST#) is de-asserted, IMCH de-asserts the CPURST# (internal
signal).
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6.1.2.3.3

6.1.2.3.4

6.1.2.3.5

IMCH can also configure some aspects of the 1A-32 core at Power On. IMCH drives
these configuration settings before CPURST# (internal signal) assertion based on the
contents of its Power-On Configuration Register (D8, FO, offset COh).

IMCH Signals
Inputs
PWRGD - IMCH PowerGood: This signal is directly connected to the platform
signal, SYS_PWR_OK. When asserted, PWRGD is an indication to the IMCH that
power has been stable for at least 99 ms. When PWRGD is inactive, the IMCH
asserts its CPURST# (internal signal) outputs.

RSTIN# - IMCH Reset: This signal is directly connected to the I1ICH PLTRST#
output. When RSTIN is active, the IMCH asserts its CPURST# (internal signal)
output.

I1A-32 core

Early in the cold reset (powergood) sequence, the 1A-32 core voltage regulator drives a
default voltage to the 1A-32 core to read the fuses containing the 1A-32 core FSB
frequency requirements. The EP80579 then drives its BSEL pin to the appropriate value
which is latched by the platform when it is known to be stable. The platform uses the
BSEL information to update the 1A-32 core voltage regulator to the appropriate
operating voltage prior to the assertion of CPU_VRD_PWR_GD. The platform also uses
the value of BSEL to drive the clock generator to the correct reference clock (BCLK)
frequency.

Reset and configuration for 1A-32 core is done by IICH and IMCH. Reset for 1A-32 core
starts when IMCH asserts CPURST# (internal signal) and IICH asserts CPUPWRGD. The
assertion of both of these signals initiates the PLL locking process for the 1A-32 core. All
the flops and internal states are reset during the reset process. The processor’s PLL
locks before CPURST# (internal signal) is de-asserted. CPURST# (internal signal)
needs to be asserted for at least 1ms and not more than 10ms (processor spec).The
IA-32 core receives power-on configuration values on its address pins during CPURST#
(internal signal).

IMCH

The IMCH receives the central reset (PLTRST#) from IICH. Clocks to DIMMs are
disconnected till BIOS configures the DIMMs. Memory controller core logic boots at the
default frequency as driven by the BSEL pin. Based on the DDR type and frequency
memory controller needs to re-lock itself at the DDR frequency once BIOS has read the
DDR.

GbE MAC

There are three GbE MAC devices. Each GbE receives the internal system reset. Each
GbE also receives a power OK signal from the platform that is also used as a reset.
GDbEO receives this signal via the GBE_AUX_PWR_GOOD external pin. GbE1 and GbE2
receive this signal via the SYS_PWR_OK external pin. The SYS_PWR_OK pin is
connected to the SYS_PWR_OK platform signal which is also connected to the PWROK
and PWRGD pins. The GBE_AUX_PWR_GOOD pin should be connected to SYS_PWR_OK
when no auxiliary power supply is used. If an auxiliary supply is used for GbEO, then
GBE_AUX_PWR_GOOD should be connected to the power good signal from that power
supply (this signal is subject to the timing requirements documented in Figure 6-4,
“Power Rail Sequence Timings (Sustain Well Power Management)” on page 170).

Under all circumstances, GbEO MUST be powered by either the system supply or the
auxiliary supply. Likewise, GBE_AUX_PWR_GOOD MUST be connected to the
corresponding power good signal. GbEO must be powered to enable operation of either
GbE1 or GbE2.
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6.1.3 EP80579 Power Sequencing and Reset Sequence
The following diagrams show the reset sequencing.
Figure 6-2. Reset Sequence
Reference Clock
Stable (from
clock generator)
@ @ CPURST#
@ PLTRST# de-asserted
CPU_PWRG de-asserted
CRU asserted
Clock Reset Re-steer [DPR
Stable Microcode to BIOS Initialization
v Execution
I fiCH ICH |\ 1ch MCH CPU >
A A A @
CPU udrst Memory pontroller
ESB and de-asserted Initialization
Core
Clock:
srg&; All the blocks
except the IA
CPU come out
of reset
PWROK
VRMPWRGD PWRGD
p Applied | CPU_VRD_PWR_GD SYS_PWR_OK
to"é“,igos";’g'e (from platform) (from platform)
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. The EP80579 receives power and drives its BSEL and V_SEL pins.

CPU_VRD_PWR_GD, SYS_PWR_OK (platform signals) are not asserted. PLTRST#,
and CPURST# (internal signal) are asserted.

CPU_VRD_PWR_GD is asserted (Platform signal). Internal signal name is
VRMPWRGD.

External Reference Clock provided from platform is stable, and is supplied to the
EP80579 internal PLLs to generate required internal clocks. Voltage regulator
output is modified to correspond to BSEL and V_SEL values.

The EP80579 CRU PLL locks.

SYS_PWR_OK (platform signal) == PWROK/PWRGD internal signal asserted
10 and Core PLLs lock on the CPU.

IICH de-asserts PLTRST#

IMCH de-asserts udrstb (internal reset unit). All EP80579 blocks except the 1A-32
core come out of reset.

IMCH de-asserts CPURST# (internal signal) CPU executes the reset micro-code
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Table 6-3. EP80579 Power Supply Pins

':I/gﬂ’;gael TX?;:Z?EG Package Pin Supply Types Description
WELL = CORE
0.9V (PDR2) +/-5% VTTDDR DDR DDR termination voltage
1.0V@600MHz
1.3V@1066/ +/-2% VCCVC 1A-32 core 1A-32 core power
1200MHz
VCCA[1] 1A-32 core 1A-32 core PLL1 power
VCCA[2] 1A-32 core I1A-32 core PLL2 power
CRU, CRU_PAD, DDR,
PCI, Express, SATA
VCCUSB12 usB2 Digital power
VCCAUSB12 UsB2 Analog power
VCCAHPLL CRU Analog PLL power
VCCAPEOPLL12 PCI-Express PLL digital power
1.2v +/-5% VCCAPLL SATA Analog PLL power
VCCAPE PCI-Express Receiver analog power
VCCAPE PCI-Express Receiver analog power
VCCAPE PCI-Express T'ans”;i;tﬁ; Z2nalog
VCCARX SATA Analog receiver power
VCCATX SATA Analogpg;zgfmltter
VCCRPE PCI-Express Receiver digital power
VCCSATA SATA SATA power
VCC18 DDR DDR 10 power
1.8 V (DDR2) /5% VCC18 TRNG TRNG power
VCCTMP18 Thermal Sensor Thermal sensor power
VCCAPEOPLL18 PCI-Express PLL VRM power
25V +/-5% VCC25 GBE GBE 10
CRU_PAD, Expansion
VCC33 Bus, IMCH_PAD, MISC 10 power
10
VCCGBE33 GBE 3.3V tolerance reference
3.3V +/-5% VCCSATA33 SATA SATA power
VCCABG3P3_USB usB2 Analog bandgap power
VCCABGP033 PCI-Express Bandgap analog power
VCCASATABG3P3 SATA Analog bandgap power
Expansion Bus, MISC
5V +/-5% VCC50 10, CRU_PAD, 5V tolerance reference
IMCH_PAD

WELL = SUSPEND
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Table 6-3. EP80579 Power Supply Pins
':I/gﬂ];gil T\(;:);:Zgie Package Pin Supply Types Description
VCC1P2_USBSUS usB2 1.2V USB sustain power
1.2V +/-5% VCCSUS1 IMCH_PAD RTC core sustain power
VCCSUS1 GBE Core GBE sustain power
25V +/-5% VCCSUS25 GBE Sustain GBE power
VCCPSUS USB2, IMCH_PAD USB and sgvcve'ro sustain
3.3V +/-5% -
VCCGBEPSUS GBE Sustain 3.3V folerance
5V +/-5% VCC50_SUS IMCH_PAD, USB2 5V sustain reference
WELL = RTC
3.3 +/-5% VCCPRTC IMCH_PAD Real Time Clock power
Figure 6-3 illustrates the sequence that power rails should follow as they are brought
up at Power On.
Figure 6-3. EP80579 Rail Power On Sequence

August 2009

VCCPRTC? /

Suspend 5.0V

Suspend 3.3V

Suspend 2.5V

Suspend 1.2V

PS_ON#?

Core 3.3V

Core 5.0V

o =
B%
e/

Core 1.2V

IA-32 core 1.0V - 1.3V

Figures 6-4, 6-5, 6-6, and 6-7 accompanied by Table 6-4, Table 6-5, and Table 6-6
show the relationship between the power supply rails and key reset signals upon
EP80579 power-up. In Figures 6-4 and 6-5, the terms “Core” and “Suspend” refer to
the power wells that Table 6-2 on page 162 describes.
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Figure 6-4. Power Rail Sequence Timings (Sustain Well Power Management)
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Figure 6-5. Power Rail Sequence Timing (No Sustain Well Power Management)
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Table 6-4. Power Rail Sequence Signal Timings
Sym Parameter Min Max Units Notes
t200 VCCPRTC active to RTCRST# inactive 18 - ms
t201 Suspend 5 V active to Suspend 3.3 V active 0 - ms 1
t202 Suspend 3.3 V active to Suspend 2.5 V active 0 - ms 2
t203 Suspend 2.5 V active to Suspend 1.2 V active 0 — ms 3
t204 Suspend supplies active to RSMRST# inactive 10 - ms
t205 VCCPRTC supply active to Suspend supplies active 0 - ms 4
t209 Core 5 V active to Core 3.3 V active 0 — ms 1
NOTES:
1. The 5 V supply must power up before its associated 3.3 V supply within 0.3 V, and must power down after the 3.3 V supply
within 0.3V.

2. Ensure the following: a) Suspend 3.3 V must power up before Suspend 2.5 V or after Suspend 2.5 within 0.3 V, b) Suspend
2.5 V must power down before Suspend 3.3 V or after Suspend 3.3 V within 0.3 V.

3. Ensure the following: a) Suspend 2.5 V must power up before Suspend 1.2 V or after Suspend 1.2 V within 0.3 V, b) Suspend
1.2 V must power down before Suspend 2.5 V or after Suspend 2.5 V within 0.3 V.

4. The VccSus supplies must never be active while the VCCPRTC supply is inactive.

5. Ensure the following a) Core 3.3 V must power up before Core 2.5 V or after Core 2.5 V within 0.3 V, b) Core 2.5 V must
power down before Core 3.3 V or after Core 3.3 V within 0.3 V.

6. Ensure the following: a) Core 2.5 V must power up before Vccl.2 V or after Core 1.2 V within 0.3 V, b) Core 1.2 V must power
down before Core 2.5 V or after Core 2.5 V within 0.3 V.
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Table 6-4. Power Rail Sequence Signal Timings
Sym Parameter Min Max Units Notes
t210 Core 3.3 V active to Core 2.5 V active 0 — ms 5
t211 Core 2.5 V active to Core 1.2 V active 0 ms 6
t212 Suspend supplies active to Core supplies active 0 - ms 4
t213 All core supplies active to SYS_PWR_OK (platform signal) active 99 - ms
NOTES:

1. The 5 V supply must power up before its associated 3.3 V supply within 0.3 V, and must power down after the 3.3 V supply
within 0.3V.
2. Ensure the following: a) Suspend 3.3 V must power up before Suspend 2.5 V or after Suspend 2.5 within 0.3 V, b) Suspend
2.5 V must power down before Suspend 3.3 V or after Suspend 3.3 V within 0.3 V.
3. Ensure the following: a) Suspend 2.5 V must power up before Suspend 1.2 V or after Suspend 1.2 V within 0.3 V, b) Suspend
1.2 V must power down before Suspend 2.5 V or after Suspend 2.5 V within 0.3 V.
4. The VccSus supplies must never be active while the VCCPRTC supply is inactive.
5. Ensure the following a) Core 3.3 V must power up before Core 2.5 V or after Core 2.5 V within 0.3 V, b) Core 2.5 V must
power down before Core 3.3 V or after Core 3.3 V within 0.3 V.
6. Ensure the following: a) Core 2.5 V must power up before Vccl.2 V or after Core 1.2 V within 0.3 V, b) Core 1.2 V must power
down before Core 2.5 V or after Core 2.5 V within 0.3 V.

Figure 6-6.

Powergood Reset Sequence
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Table 6-5. Powergood Reset Timings

Timing Description Value
Tan VRMPWRGD/ CPU_VRD_PWR_GD assertion to Reference Clock Stable 2 ms
T VRMPWRGD/ CPU_VRD_PWR_GD assertion to SYS_PWR_OK (platform signal) 99
ac H ms
assertion
SYS_PWR_OK (platform signal) assertion to CPU_PWRGD assertion
Ted (CPU_PWRGD is logical AND of VRMPWRGD/ CPU_VRD_PWR_GD and logic delay
SYS_PWR_OK)
Tdf CPU_PWRGD assertion to PLTRST# de-assertion 1ms
1 ms + CPU_RST_DONE
B ) transaction delay (max 10,000 PCI-
i RSTIN# deassertion to CPURST# (internal signal) de-assertion e clocks) + CPU_RST_DONE
capture timer (min 2000 reference
clocks)
Tij CPURST# (internal signal) de-assertion to POC invalid 2 reference clocks

Figure 6-7. Hard Reset Sequence
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Hard Reset Timings

Timing Description Value
Tad Minimum SYS_RESET assertion duration 100 ms
1 ms + CPU_RST_DONE
transaction delay (max
. H H . 10,000 PCl-e clocks) +
Tag RSTIN# deassertion to CPURST# (mternal S|gnal) de-assertion CPU_RST_DONE capture
timer (min 2000 reference
clocks)
Tgh CPURST# (internal signal) de-assertion to POC invalid 2 reference clocks

Intel® EP80579 Integrated Processor Product Line Datasheet

174

August 2009
Order Number: 320066-003US



Intel® EP80579 Integrated Processor

6.2

Figure 6-8.

August 2009

intel.

BIOS Boot Flow (Initialization)

After hardware reset of the EP80579 and once IA -32 core has executed the reset
micro-code, the IA 32 core resteers to reset vector (OXFFFF_FFFQ) and starts fetching
from BIOS code boot rom. BIOS starts execution from the reset vector regardless of
whether wake is from S3, S4, or S5. To determine that it is S3 resume, BIOS checks
the SUS_TYP field in the power management controller. If it is not S3, then normal boot
occurs. If it is S3, then BIOS also checks the power failure bits (PWRBTNOR_STS,
PWR_FLR, PWROK_FLR). If these are set to one, then memory contents cannot be
relied on and normal boot is followed. If it is an S3 resume and the power failure bits
are not set, then the S3 boot path is followed. The normal boot path is that used for
cold reset and for S4/S5 resume. From a BIOS perspective there is no difference
between S4 and S5. The following steps describe the boot sequence after reset before

handover to OS.

BIOS Boot Flow (Cold Boot, S3/54->S0)

Hard Reset

1) CPU POC

R

2) Read/Retrieve
Memory CFG

3) Initialize
Memory

J

4) Shadow BIOS

5) Configure PCI-
Express Ports.

J

6) Enumerate PCI

8) Interrogate and
Clear Error Regs

9) APIC
Configuration

10) Enable SMM

Pass to OS (cold reset) o
context recovery (S3/S4-
>S0)

This step is automatic and precedes any software influence on chipset configuration.
Power-On-Configuration is propagated across the FSB.

* On cold reset, BIOS reads the SPD registers in DIMM via SMBus. BIOS finds the DDR
type, DDR frequency and configures the gearing ratio. BIOS uses the information to
programDRA, DRB, DRC and DRT registers in IMCH. BIOS enables the DDR clock.

* On S3->S0, BIOS retrieves the memory table intact from non-volatile memory, and
uses that information directly to program DRA, DRB, DRC, and DRT registers.

*On cold reset, BIOS calibrates and configures IMCH and DDR. BIOS may also run
diagnostic tests on populated memory at this point to verify no ill-effects from reset.
Initialize all populated memory to all "0"s with good ECC codes. If desired, BIOS may also
run diagnostic tests on populated memory at this point to verify no ill-effects from reset.

* On S3->S0, BIOS retrieves the prior configuration.

BIOS copies required BIOS code up from the FWH via ICH to the desired location in
main memory. Program the PAM registers to reflect the correct shadowing settings.

* For cold reset, BIOS reads the PCI-Express port configuration register and configure
ports which are successfully trained.

* For S3/S4->S0, BIOS retrieves the expected PCI-Express port configuration from
NVRAM/Disk. BIOS must then read the PCI-Express port status registers, configure the
ports which successfully trained, and update the MCH configuration map (device present
bits) to reflect MCH environment.

BIOS execute a standard PCI scan in incrementing BUS and DEVICE number order,
program primary/secondary/subordinate bus# registers, and aggregate the total memory
required for each logical PCI-Express port. At the end of this step, the PCI 10, M, PM,
TOLM, and HPCIM registers should be properaly configured to reflect allocated 1/O and
MMIO space.

At this point BIOS has access to all the error reporting information in the system.

BIOS programs the APIC configuration registers in the MCH to allocate message space in
the processor/chipset reserved space. Identical configuration must be propagated to all
capable expander devices found during enumeration.

BIOS programs the desired SMM size, location, and configuration. At the end of this step,
set the MCH control register bit to lock-down the memory map. This prevents viruses
from reprogramming the memory configuration to compromise SMM space.
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6.2.1

6.2.2

6.2.3

Memory Configuration

As described in the flow chart, one of the first actions of the BIOS is to configure main
memory. This section describes the memory configuration sequence of BIOS.

At reset the memory controller disables the output clock reference drivers for all DIMM
slots, which prevents them from locking at the wrong frequency, and then relocking
after this step in the initialization process.

Memory controller core logic boots at a factory set default frequency as is indicated by
the BSEL Pin. The BIOS must first set the DDR frequency and ratio via the DRC register
because the memory controller needs to re-lock itself at the desired DDR frequency.

BIOS configures the DDR frequency by reading the FSB frequency value from a
processor internal MSR and DDR2 circuitry and sets the DDR Speed bits [3:0] of the
DRC register (dO, f0O, offset 7Ch).

Once the correct frequencies have been selected BIOS updates CKDIS (dO, fO, offset
8Ch), such that only populated ranks of populated DIMM slots receive output clocks
from the memory controller.

Using the DDR SPD data, BIOS programs the IMCH DRA and DRB registers for proper
translation of physical addresses to DDR row, bank, and column addresses.

BIOS further configures the DDR configuration, timing, and impedance compensation
settings to enable reliable communication between the IMCH and the DDR DIMM
devices. The DRT registers (dO, fO, offsets 78h and 64h) defaults settings can be found
in Section 11.0, “System Memory Controller”.

BIOS further performs DDR calibration, memory initialization, and optional MemBIST.

At this stage BIOS is aware of the total amount of memory populated in the system,
and may generate the starting value for the top of memory (TOM) register setting.
BIOS will generally want to complete at least a rudimentary memory test sequence
(next step) prior to finalizing the memory size information reported to the operating
system.

For memory initialization details refer to Section 11.0, “System Memory Controller”.

Wake from S3/S4/S5 are also described in the Figure 6-8

Memory Initialization

At this point in the boot sequence memory contains random data from power-on, and
would therefore generate non-deterministic ECC errors on read accesses. To zero-out
memory and initialize all locations with good ECC, the memory controller provides a
hardware engine which will walk all populated DRAM space issuing cache-line sized
writes with all zeroes as data.

Boot from Network

Booting from network on Intel platforms is supported by PXE. PXE (Preboot eXecution
Environment) is an existing open industry specification for network clients to
automatically download software images and configuration parameters. The PXE client
software is typically implemented as a BIOS Option ROM that is executed during the
preboot phase of the client system. This Option ROM (OpROM) implements a sufficient
network stack to perform all of the necessary network operations to boot an operating
system. This OpROM image is written assuming IA-32 architecture and instruction set.
Also, each OpROM image is modified specifically for a given Network Interface
Controller (NIC).
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Figure 6-9.
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The BIOS must first establish an environment suitable for execution of the PXE OpROM.
This environment must provide the following:

= System memory sufficient for C-code execution. This memory will be used to load/
execute OpROM code, implement a call stack and data storage. In addition system
memory must be available for loading/execution of OS.

= BIOS runtime services sufficient for OpROM execution. These services are typically
provided by system BIOS and allow the PXE OpROM to be implemented for
platform independence.

« The PCI sub-system is enumerated with allocation of system memory space, 10
space and interrupts completed. This will establish the address location of
resources accessed by the OpROM code during execution.

After OpROM initialization, the code remains in memory and waits until the BIOS
reaches the point at which the OS-boot process begins. When a GbE is selected for
boot, code in the OpROM wiill be used to initiate communication with a server to supply
the images required for boot. After these images are loaded execution control passes
from the BIOS to the images loaded in memory. This transition concludes the Preboot
phase and enters in to the OS-boot phase.

Power Management

Power Management States

Global System Power States and Transitions

, ’Id'oagm HDD CD -ROM CPL :

Power ]. |
- |
@ |

I

GO (50)
Working

Sleeping

From a user-visible level, the system can be thought of as being in one of the states
shown in Figure 6-9. In general use, computers alternate between the Working and
Sleeping states. In the Working state, the computer is used to do work. User-mode
application threads are dispatched and running. Individual devices can be in low-power
(Dx) states and processors can be in low-power (Cx) states if they are not being used.
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Any device the system turns off because it is not actively in use can be turned on with
short latency. (What “short” means depends on the device. An LCD display needs to
come on in sub-second times, while it is generally acceptable to wait a few seconds for
a printer to wake.)

Precise definitions for Gx, Dx, Sx and Cx states are given in Table 6-7, Table 6-8,
Table 6-9, and Table 6-10.

Table 6-7. Global Power States

Global

Power State Description

A computer state that is entered and left by a mechanical means (for example, turning off the
system's power through the movement of a large red switch). Various government agencies

G3 and countries require this operating mode. It is implied by the entry of this off state through a
Mechanical mechanical means that no electrical current is running through the circuitry and that it can be
Off worked on without damaging the hardware or endangering service personnel. The OS must be

restarted to return to the Working state. No hardware context is retained. Except for the real-
time clock, power consumption is zero.

A computer state where the computer consumes a minimal amount of power. No user mode or
system mode code is run. This state requires a large latency in order to return to the Working
state. The system's context will not be preserved by the hardware. The system must be
restarte