82371AB PCI-TO-ISA / IDE
XCELERATOR (PliX4)

Supported Kits for both Pentium®and
Pentium® [l Microprocessors

— 82430TX ISA Kit

— 82440LX ISA/DP Kit

Multifunction PCI to ISA Bridge .

— Supports PCl at 30 MHz and 33 MHz

— Supports PCl.Rev 2.1 Specification

— Supports Full ISA or Extended 1/0
(EIO) Bus

— Supports Full Positive Decode or
Subtractive Decode of PCI.

— Supports ISA and EIO at 1/4 of PCI =
Freguency

Supports both Mobile and Desktop

Deep Green Environments

— 3.3V Operation with 5V Tolerant
Buffers

— Ultra-low Power for Mobile
Environments Support [ ]

— Power-On Suspend, Suspend to
RAM, Suspend to Disk, and Soft-
OFF System States

— All Registers Readable and
Restorable for Proper Resume
from 0.V Suspend

Power Management Logic

— Global and Local Device
Management

— Suspend and Resume Logic

— Supports Thermal Alarm

— Support for External
Microcontroller

— Full Support for Advanced
Configuration and Power Interface
(ACPI) Revision 1.0 Specification
and OS Directed Power .
Management

Integrated IDE Controlier
—- Independent Timing of up to
4 Drives n
— PIO Mode 4 and Bus Master IDE -
Transfers up to 14 Mbytes/sec
— Supports “Ultra DMA/33”
Synchronous DMA Mode Transfers
up to 33 Mbytes/sec

— Integrated 16 x 32-bit Buffer for IDE
PCI Burst Transfers

— Supports Glue-less “Swap-Bay”
Option with Full Electrical isolation

" Enhanced DMA Controller

— Two 82C37 DMA Controllers

— Supports PCl DMA with 3 PC/PCI
Channels and Distributed DMA
Protocols (Simultaneoustly)

— Fast Type-F DMA for Reduced PCi
Bus Usage

Interrupt Controller Based on Two
82C59 ‘
-— 15 Interrupt Support

"— Independently. Programmable for

Edge/Level Sensitivity
— Supports Optional /O APIC
~— Serial Interrupt Input

Timers Based on 82C54
— System Timer, Refresh Request,
Speaker Tone Output

uUsB

— Two USB 1.0 Ports for Serial
Transfers at 12 or 1.5 Mbit/sec

— Supports Legacy Keyboard and
Mouse Software with USB-based
Keyboard and Mouse

— Supports UHCI Design Guide

SMBus

— Host Interface Allows CPU to
Communicate Via SMBus

~— Slave Interface Allows External
SMBus Master to Control Resume
Events

Real-Time Clock

— 256-byte Battery-Back CMOS SRAM
— Includes Date Alarm

— Two 8-byte Lockout Ranges

Microsoft Win95* Compliant
324 mBGA Package
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The 82371AB PCI ISA IDE Xcelerator (PliX4) is a multi-function PCI device implementing a PCi-to-1SA bridge
function, a PCI {DE function, a Universal Serial Bus host/hub function, and an Enhanced Power Management
function. As a PCI-0-ISA bridge, PliX4 integrates many . common. /O functions found in 1SA-based PC
systems—two 82C37 DMA Controllers, two B2C59 Intefrupt Controllers, an 82C54 Timer/Counter, and a Real
Time Clock. In addition to compatible transfers, each DMA channel supports Type F transfers. PlX4 also
contains full support for both PC/PCl and Distributed DMA protocols implementing PCl-based DMA. The
Interrupt Controller has Edge or Leval sensitive programmable inputs and fully supports the use of an external
10 Advanced Programmable Interript Controller (APIC) and Serial Interrupts. Chip select decpding is provided
for BIOS, Real Time Clock, Keyboard Controller, second external microcontrofier, as welt as two Programmable
Chip Selacts. PHX4 providés full Plug and Play compatibility. PlIX4 can be configured as & Subtractive Decode
bridge or as a Positive Decode bridge. This allows the use of a subtractive decode PCl-to-PCl bridge such as
the Intel 380FB PClset which implements a PCHISA docking station environment.

PliX4 supports two IDE connectors for up to four IDE devices providing an interface for IDE hard disks and CD
ROMs. Up to four IDE devices can be supported in Bus Master mode. PHX4 contains support for “Ultra DMA/33"
synchronous DMA compatible devices.

PlX4 contains a Universal Serial Bus (USB) Host Controller that is Universal Host Controlier interface (UHCI)
compatible. The Host Controller's root hub has two programmable USB ports.

PliX4 supports Enhanced Power Management, including full Clock Control, Device Management for up to
14 devices, and Suspend and Resume logic with Powar On Suspend, Susperid to RAM or Suspend to Disk, It
fully supports Operafing ‘System Directed Power Management via the Advanced Configuration and Power
Interface: (ACP1) specification. PiIX4 integrates both a System Management Bus (SMBus)-Host and Slave
interface for serial.communication with other devices.
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1.0. ARCHITECTURAL OVERVIEW

PiiX4 is a muiti-function PC! device that integrates many system-level functions. Figure 1 shows an example
system block diagram using PiIX4.

intgl.

Host qu
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Ultra DMA/33
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P «——> SMBus
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4 ‘ Audiol KBD FOC, 1”& | BIOS!
ISA/EIO Bus
(3.3V; 5V Tolerant) v

pixd. sys

PCl to ISA/EIO Bridge

Figure 1. PtiX4 System Block Diagram

PiX4 is compatible with the PCI Rev 2.1 specification, as well as the IEEE 996 specification for the ISA (AT)
bus. On PCI, PlIX4 operates as a master for various internal modules, such as the USB controlier, DMA
controller, IDE bus master controller, distributed DMA masters, and on behalf of ISA masters. PiiX4 operates as
a slave for its internal registers or for cycles that are passed to the ISA or EIO buses. All internal registers are

positively decoded.
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PlIX4 can be configured for a full ISA bus or a subset of the ISA bus called the Extended 10 (EIO) bus. The use
of the EIO bus allows unused signals fo be configured as general purpose inputs and outputs. PlIX4 can directly
drive up 1o five ISA slots without external data or address buffering. ‘it also provides. byte-swap logic, /O
recovety support, wait-state generation, and SYSCLK generation. X-Bus chip selects are provided for Keyboard
Controller, BIOS, Real Time Clock, a second microcontroller, as well as two programmable chip selacts.

PliX4 can be configured as either a subtractive decode PCI to ISA bridge or as a positive decode bridge. This
gives a system designer the option of placing another subtractive decode bridge in the system (e.g., an Intel
380FB Dock Set). o

IDE Interface (Bus Master capability and synchronous DMA Mode)

The fast IDE interface supports up to four IDE devices providing an interface for IDE hard disks and CD ROMs.
Each IDE device can have independent timings. The IDE interface supports PIO {DE transfers up to 14
Mbytes/sec and Bus Master IDE transfers up to 33 Mbytes/sec. it does not consume any ISA DMA resources.
The IDE interface integrates 16x32-bit buffers for optimal transfers.

PliX4's 1DE system contains two independent IDE- signal channels. They can be electrically isclated
independently, affowing for the implementation of a “giueless” Swap Bay. They can be configured o the standard
primary and secondary channels (four devices) or primary drive 0 and primary drive 1 channels (two devices).
This allows fiexibility in system design and device power management.

Compatibility Modules (DMA Controlier, Timer/Counters, Interrupt Controlier)

The DMA controller incorporates the logic of two 82C37 DMA controllers, with seven independently
programmable channels. Channels [0:3] are hardwired to 8-bit, count-by-byte transters, and channels [5:7] are
hardwired to 16-bit, count-by-word transfers. Any two of the seven DMA channels can be programmed to
suppont fast Type-F transfets. The DMA controller also generates the 1SA refresh cycles.

The DMA controller supports two separate methods for handling legacy DMA via the PCl bus. The PC/PCI
protocol alfows PCi-based peripheralsto initiate DMA cycles by encoding requests and grants via three PC/PCI
REQ#/GNT# pairs. The second method, Distributed DMA, allows reads and- writes to 82C37 registers to be
distributed to other PC! devices. The two methods can be enabled concurrently. The ‘serial interrupt scheme
typicaily associated with Distributed DMA is also supported.

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

PlIX4 provides an I1SA-Compatible interrupt controller that incorporates the functionality of two 82C59 interrupt
controllers. The -two' interrupt’ controllers are cascaded so that 14 external and two internal interrupts are
possible. In ‘addition, PIX4 supports a serial interrupt scheme. PiIIX4 provides full support forthe use of an
external IO APIC.

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

Enhanced Universal Serial Bus (USB) Controlier

The PliX4 USB controller provides enhanced support for the Universal Host Controller Interface (UHCI). This
includes support that allows legacy software to use a USB-based keyboard and mouse.
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RTC

PiIX4 contains. a Motorola* MC146818A-compatible real-time clock with 256 bytes of battery-backed RAM. The
real-time clock performs two key functions: keeping track of the time of day and storing system data, even when
the system is powersed down. The RTC operates on a 32.768-kHz crystal and a separate 3V lithium battery that
provides up to 7 years of protection.

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

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

GPIO and Chip Selects

Various general purpose inputs and outputs are provided for custom system design. The number of inputs and
outputs varies depending on PliX4 configuration. Two programmable chip selects are provided which allows the
designer to place devices on the X-Bus without the need for external decade logic.

Pentium® and Pentium® Il Processor Interface

The PliX4 CPU interface allows connection to all Pentium and Pentium i processors. The Sleep mode for the
Pentium 1l processors is also supported.

Enhanced Power Management

PiIX4's power management functions include enhanced clock control, local and global monitoring suppont for 14
individual devices, and various low-power (suspend) states, such as Power-On Suspend, Suspend-to-DRAM,
and Suspend-to-Disk. A hardware-based thermal management circuit permits software-independent entrance to
low-powsr states. PHX4 has dedicated pins to monitor various extemnal events (e.g., interfaces to a notebook lid,
suspend/rasume button, battery low indicators, etc.). PlIX4 contains full support for the Advanced Configuration
and Power Interface (ACPI) Specification.

System Management Bus (SMBus)

PiiX4 containg an SMBus Host interface that allows the CPU fo communicate with SMBus slaves and an SMBus
Slave interface that allows external masters to activate. power management events,

Configurability
PlIX4 provides a wide range of system configuration options. This includes full 16-bit /O decode on internal

modules, dynamic disable on all the internal modules, various peripheral decode options, and many options on
system configuration.
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2.0. SIGNAL DESCRIPTION

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

The "#" symbol at the end of a signal name indicates that the active, or asserted state occurs when the signal is
at a low voltage level: When “4#” is not present after the signal name, the signal is asserted when at the high
voltage lavel.

The terms assertion and negation are used exclusively. This is done to avoid confusicn when working with a
mixture of “active low" and “active high” signal. The term assert, or. assertion indicates that a signal is active,
independent of whether that level is represented by a high or low voltage. The term negate, or negation indicates
that a signal is inactive.

Certain signals have different functions, depending on the configuration programmed in the PCl configuration
space. The signal whose function is being described is in bold font. Some of the signals are multiplexed with
General Purpose Inputs and Outputs. The default configuration and control bits for each are described in Table 1
and Table 2. :

Each output signal description includes the value of the signal During Reset, After Reset, and During POS.
During Reset refers to when the PCIRST# signal is asseried. After Reset is immediately after negation of
PCIRST# and the signal may change value anytime thereafter. The term High-Z means tri-stated. The term
Undefined means the signal could be high, low, tri-stated, ‘or in some in-between level. Some of the power
management signals are reset with the RSMRST# ‘input signal. The functionality of these signails during
RSMRST# assertion is described in the Suspend/Resume and Power Plane Control section.

The /O butfer types are shown below:

Buffer Type  Description
i input only signal

o} totemn pole output

O bi-direction, tri-state input/output pin

sitfs sustained tri-state

oD open drain

i’0D input/open drain output is a standard input buffer with an open drain output

\ This is not a standard signal. It is a power supply pin.

3.3v/2.5v indicates the buffer is 3.3V or 2.5V only, depending on the voltage (3:3V or 2.5V) connected to
VeeX pins.

3.3V/5V Indicates that the outputis 3.3V and input is 3.3V receiver with 5V tolerance.

5V Indicates 3.3V receiver with 5V tolerance.

All 3V output signals can drive 5V TTL inputs. Most of the 3V input signals are 5V tolerant. The 3V input signals
which are powered via the RTC or Suspend power planes should not exceed their power supply voltage (see
Power Planes chapter for additional information). The open drain (OD) CPU interface signals should be pulled up
to the CPU interface signal voltage.
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2.1. PlIX4 Signals

2.1.1. PC1 BUS INTERFACE

Name Type Description

AD[31:0] | VO |PCIADDRESS/DATA. AD[31:0}is a multiplexed address énd data bus. During the first
clock of a transaction, AD[31:0] contain a physical byte address (32 bits). During
subsequent clocks, AD[31:0] contain data.

A PliX4 Bus transaction consists of an address phase followed by one or more data
phases. Littie-endian byte ordering is used. AD[7:0] define the least significant byte
(LSB) and AD[31:24] the most significant byte (MSB).

When PliX4 is a Target, AD{31:0] are inputs during the address phase of a transaction.
During the following data phase(s), PlIX4 may be asked to supply data on AD[31:0] for
a PCl read, or accept data for a PCl write.

As an Initiator, PlIX4 drives a valid address on AD[31:2] and 0 on AD{1:0] during the
address phase, and drives write or latches read data on AD{31:0] during the data
phase.

During Reset: High-Z After Reset: High-Z During POS: High-Z

C/BE#{3:0] /O . | BUS COMMAND AND BYTE ENABLES. The command and byte enable signals are
multiplexsd on the same PCH pins. During the address phase of a transaction,
C/BE[3:0}# define the bus command. During the data phase C/BE[3:0}# are used as
Byte Enables. The Byte Enables determine which byte lanes carry meaningful data.
C/BEO# applies to byte 0, C/BE1# to byte 1, etc. PIIX4 drives C/BE[3:0H as an Initiator
and monitors C/BE[3:0]# as a Target.

During Reset: High-Z After Reset: High-Z During POS: High-Z

CLKRUN# 70 | CLOCK RUN#, This signal is used to communicate to PCI peripherals that the PCl
clock wili be stopped. Peripherals can assert CLKRUN# to request that the PCI clock
be restarted or to keep it from stopping. This function follows the protocol described in
the PCl Mobile Design Guide, Revision 1.0.

During Reset: Low After Reset: Low During POS: High

DEVSEL# /O | DEVICE SELECT. PliX4 asserts DEVSEL# to claim a PCl transaction through positive
decoding or subtractive decoding (if enabled). As an output, PliX4 asserts DEVSEL#
when it samples IDSEL active in configuration cycles to PIIX4 configuration registers,
PliX4 also asserts DEVSEL# when an intemal PliX4 address is decoded or when PIIX4
subtractively or positively decodes a cycle for the ISA/EIO bus or IDE device. As an
input, DEVSEL# indicates the response to a PliX4 initiated transaction and is also
sampled when deciding whether to subtractively decode the cycle. DEVSEL# is tri-
stated from the leading edge of PCIRST#. DEVSEL# ramains tri-stated untif driven by
PiiX4 as a target.

During Reset: High-Z After Reset: High-Z During POS: High-Z

FRAME# WO | CYCLE FRAME. FRAME# is driven by the current Initiator to indicate the beginning and
duration of an access. While FRAME# is asserted data transfers continue. When
FRAME# is negated the {ransaction is in the final data phase. FRAME# is an input to
PliIX4 when it is the Target. FRAME# is an output when PIIX4 is the initiator. FRAME#
remains tri-stated until driven by PlIX4 as an Initiator.

During Reset: High-Z After Reset: High-Z During POS: Higth
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Name | Type | Description

IDSEL | INITIALIZATION DEVICE SELECT. IDSEL is used as a chip select during PCI
configuration read and write cycles. PIiX4 sampies IDSEL during the address phase of
a fransaction. f IDSEL is'sampled active, and the bus command is a configuration read
or write, PlIX4 responds by asserting DEVSEL# on the next cycle.

IRDY# /O | INITIATOR READY. IRDY# indicates PI{X4's ability, as an Initiator, to complete the

current data phase of the transaction. it is used in conjunction with TRDY#. A data

phase is completed on any clock both IRDY# and TRDY# are sampled asserted. During

| a wiite, IRDY# indicates PlIX4 has valid data present on AD{31:0}. During.a read, it
indicates PIiX4 is prepared to latch data. IRDY# is aninput to PIIX4 when PHX4 is the

-} Target and an output when PlIX4 is an Initiator. IRDY# remains tri-stated until driven by

'| PliX4 as a master.

quing Reset: High-Z Aher Reset: High-Z During POS: High-Z

PAR O | CALCULATED PARITY SIGNAL. PAR is “even” parity and is calculated on 36 bits;
AD[31:0] plus C/BE[3:0}#. "Even” parity means that the number of “1"s within the

36 bits plus PAR are counted-and the sum is always éven. PAR is always caiculated on
36 bits regardiass of the valid biyte enables. PAR is generated for address and data
phases and is only guaranteed 1o be valid one PC clock afier the corresponding
address or data phase. PAR Is driven and tri-stated identically to the AD{31:0] lines
except that PAR is delayed by exactly one PCi'clock. PAR is anoutput during the
address phase (delayed one clock) for all PliX4 initiated transactions. 1t is also an
output during the data phase (delayed one clock) when PlIX4 is the iniliator of a PC|
write transaction, and when it is the Target of a read transaction.

During Reset: High-Z After Reset: High-Z During POS: High-Z

PCIRST# O | PCIRESET. PliIX4 asserts PCIRST# fo reset devices that reside on the PCl bus. Plix4
asserts PCIRST# during power-up and when a hard reset sequence is initiated through
1 the RC register. PCIRST# is driven inactive a minimum of 1 ms after PWROK is driven
active. PCIRST# is driven for a minimum of 1 ms when initiated through the RC register.
PCIRST# is driven asynchronously relative to PCICLK.

1 During Reset: Low After Reset: High During POS: High

PHOLD# O | PCIHOLD. An active low assertion indicates that PliX4 desires use of the PCI Bus.
Once the PCI arbiter has asserted PHLDA# to P1IX4, it may not negate it until PHOLD#
is negated by PiIX4: PliX4 implements the passive release mechanism by toggling
PHOLD# inactive for one PCICLK.

During Reset: High-Z After Reset: High During POS: High

PHLDA# 7| PCI HOLD ACKNOWLEDGE. An active fow assertion indicates that PlIX4 has been
granted use of the PCI Bus. Once PHLDA# is asserted,; it cannot be negated unless
PHOLD# is negated first.

SERR# 1O | SYSTEM ERROR. SERR# can be pulsed active by any PCl device that detects a
) system error condition. Upon sampling SERR# active, PlIX4 can be programmed to
generate a non-maskable interrupt (NMI) to the CPU.

During Reset: High-Z After Reset: High-Z During POS: High-Z
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Name Type ‘ Description

STOP# YO | STOP, STOP# indicates that PIIX4, as a Target, is requesting an initiator o stop the
current transaction. As an Initiator, STOP# causes PlIX4 to stop the current transaction.
STOP# is an output when PliX4 is-a Targetand an input when PliX4 is an Initiator.
STOP# is tri-stated from the leading edge of PCIRST#: STOP# remains tri-stated untit
driven by PlIX4 as a slave.

-1 During Reset: High-Z After Reset: High-Z ‘ During POS: High-Z

TRDY# O | TARGET READY. TRDY# indicates PlIX4's abifity to complete the current data phase
of the transaction. TRDY# is used In conjunction with IRDY#. A data phase is
completed when both TRDY# and IRD'Y# are sampled asserted. During a read, TRDY#
indicates that PlIX4, as a Target, has place valid data on AD[31:0]. During a write, it
indicates PlIX4, as a Target is prepared to latch data. TRDY# is an input to PlIX4 when
PliX4 is the Initiator and an output when PliX4 is a Target. TRDY# is

tri-stated from the leading edge of PCIRST#. TRDY# remains tri-stated until driven

by PlIX4 as a slave.

| During Reset: High-Z After Reset: High-Z During POS: High-Z

NOTES:
All of the signals in the host interface are described in the Pentium Processor data sheet. The preceding table
highlights P1IX4 specific uses of these signals.

21.2. ISA BUS INTERFACE

Name . | Type Description

AEN O. | ADDRESS ENABLE. AEN is asseried during DMA cycles to prevent /O slaves from
misinterpreting DMA cycles as valid I/O cycles. When negated, AEN indicates that an
/O slave may respond to address and 1/Q.commands. When asserted, AEN informs
/O resources on the ISA bus that a DMA transfer is occurring. This signal is also
driven high during P11X4 initiated refresh cycles.

_During Reset: High-Z After Reset: Low During POS: Low

BALE O | BUS ADDRESS LATCH ENABLE, BALE is asserted by PlIX4 to indicate that the
address (SA[19:0], LA[23:17]) and SBHE# signal lines are valid. The LA[{23:17]
address lines are latched on the trailing edge of BALE. BALE remains asserted
throughout DMA and ISA master cycles. ‘

During Reset: High-Z After Reset: Low During POS: Low
IOCHK#/ | | VO CHANNEL CHECK. IOCHK# can be driven by any resource on the ISA bus.
GPIO When assarted, it indicates that a parity or an uncorrectable error has occurred for

a device or memory on the ISA bus. A NMI will bé generated 1o the CPU if the NMi
generation is enabled. If the EIO bus is used, this signal becomes a general purpose
input.
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Name

Type

Description

IOCHRDY

o

VO CHANNEL READY. Resources on the ISA Bus negate IOCHRDY to indicate that
wait states are required to complete the cycle. This signal is normally high. IOCHRDY
is an input whien PHX4 owns the ISA Bus and the CPU or a PCl agent is accessing an
ISA slave, or during DMA transters. IOCHRDY is output when an extemal ISA Bus
Master owns the ISA Bus and is accessing DRAM or a PliX4 register. As a PiiX4
output, IOCHRDY is driven inactive (low) from the faling adgé of the ISA commands,
After data is available for an ISA master read or PiX4 latches the data for a write
cycle, IOCHRDY is asseried for 70 ns. After 70 ns, PliX4 floats IOCHRDY. The 70 ns
includes both the drive time and the tima it takes PliX4 to float IOCHRDY. PiiX4 does

-not drive this signal when an ISA Bus master is accessing an iSA Bus slave.
During Reset: High-Z ~  After Reset: High-Z During POS: High-Z

lI0Cs16#

16-BIT 70 CHIP SELECT. This signal is driven by /O devices on the ISA Bus to
indicate support for 16-bit [/O bus cycles.

10R#

o]

/O READ. IOR# is the command to an 1SA /O slave device that the slave may drive
data on fo the 1SA data bus (SD[15:0]). The /O slave device must hold the data valid
until after IOR#.is negated. IOR# is an output when PIIX4 owns the ISA Bus. IOR# is
aninput when an external ISA master owns the ISA Bus.

During Reset: High-Z After Reset: High During POS: High

IOW#

o

VO WRITE. IOW# is the command to an ISA 1/O slave device that the slave may latch
data from the 1SA data bus (SD[15:0]}. IOW# is an output when PIIX4 owns the ISA
Bus..IQW# is an input when an external {SA master owns the ISA Bus.

During Reset: High-Z  After Reset: High During POS: High

LA[23:17Y
GPO[7:1]

o

ISA LA[23:17]. LA[23:17} address lines allow accesses to physical memory on the
1SA Bus up to 16 Mbytes. LA[23:17] are outputs when PIIX4:owns the ISA Bus. The
LA[23:17]lines become inputs whenever an ISA master owns the ISA Bus.

f the EIO bus is used, these signals become a general purpose outpul.
During Reset: High-Z After Reset: Undefined During POS: Last LA/GPO

MEMCS16#

1o

MEMORY CHIP SELECT 16, MEMCS16# is a decode of LA[23:17] without any
qualification of the command sigrial lines. 1SA slaves that are 16-bit memory devices
drive this signal low. PliX4 ignores MEMCS16# during 1/O access cycles and refresh
cycles. MEMCS 16# is an input when PlIX4 owns the ISA Bus. PIX4 drives this signal
low during 1SA master to PCl memory cycles.

During Reset: High-Z After Reset: High-Z During POS: High-Z

MEMR#

o

MEMORY READ. MEMR# is the command to a memory slave that it may drive dafa
onto the ISA data bus. MEMR# is an output when PliX4 is a master on the 1SA Bus.
MEMR# is an input when an-ISA master, other than PlIX4, owns the ISA Bus. This
signal is also driven by PlIX4 during refresh cycles. For DMA cycles, PliX4, as a
master, asserts MEMR#.

During Reset: High-Z After Reset: High During POS: High
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Name Type Description

MEMWi 170 | MEMORY WRITE. MEMWH is the command to a memory slave that it may latch data
from the ISA data bus, MEMW4# is an output when PlIX4 owns the ISA Bus. MEMW#
is an input when an ISA master, other than PltX4, owns the ISA Bus. For DMA cycles,
PlIX4, as a master, asserts MEMW#.

| During Reset: High-Z  After Reset: High During POS: High

REFRESH# /O _ | REFRESH. As an output, REFRESH# is used by PIIX4 o indicate when a refresh
cycle is in progress. 1t should be used to enable the SA[7:0] address o the row
address inputs of all banks of dynamic mernory on the ISA Bus. Thus, when MEMR#
is asserted, the entire expansion bus dynarnic memory is refreshed. Memory slaves
must not drive any data onto the bus during refresh. As an output, this signal is driven
directly onto the ISA Bus. This signal is an output only when PiX4 DMA refresh
controlier is a master on the bus responding to an intemally generated request for
refresh.

As an input, REFRESH# is driven by 16-bit ISA Bus masters to initiate refresh cycles.
During Reset: High-Z After Reset: High During POS: High

RSTDRV O | RESET DRIVE. PiIX4 asserts RSTDRV to reset devices that reside on the ISA/EIO
‘Bus. PilX4 asserts this signal during a hard reset and during power-up, RSTDRV is
asserted during power-up and negated after PWROK is driven active. RSTDRV is
also driven active for a minimum of 1 ms if a hard reset has been programmed in the

RC register.
During Reset: High After Reset: Low During POS: Low
SA[19:0] 1o ‘SYSTEM ADDRESS[19:0]. These bi-directional address lines define the selection

with the granularity of 1 byte within the 1-Megabyte section of memary defined by the
LA[23:17} address lines. The address lines SA[19:17] that are coincident with
LA[19:17] are defined to have the same values as LA{19:17] for all memory cycles.
For I/O accesses, only SA[15:0] are used, and SA[{19:16] are undefined. SA[19:0] are
outpuls when PlIX4 owns the I1SA Bus. SA[19:0] are inputs when an external {SA
Master owns the I1SA Bus,

During Reset: High-Z After Reset: Undefined During POS: Last SA

SBHE# YO | SYSTEM BYTE HIGH ENABLE. SBHE# indicates, when asserted, that a byte is
being transferred on the upper byte (SD[15:8]) of the data bus. SBHE# is negated
during refresh cycles. SBHE# is an output when P1IX4 owns the ISA Bus. SBHE# is
an input when an external ISA master owns the I1SA Bus.

During Reset: High-Z After Reset: Undefined During POS: High

SD[15:0] /O 'SYSTEM DATA. 8D{15:0] provide the 16-bit data path for devices residing on the ISA
Bus. SD{15:8] corraspond to the high order byte and SD{7:0] correspond fo the low
order byte. SD{15:0] are undefined during refresh.

During Reset: High-Z After Reset: Undefined During POS: High-Z

SMEMR# O | STANDARD MEMORY READ. PiiX4 asserts SMEMR# to request an ISA memory
stave to drive data onto the data lines. If the access is below the 1-Mbyte range
(00000000h—-000FFFFFh) during DMA compatible, PIIX4 master, or ISA master
cycles, PlIX4 asserts SMEMR#. SMEMR# is a delayed version of MEMR#.

During Reset: High-Z After Reset: High During POS: High
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Name

Type

Description

SMEMW#

STANDARD MEMORY WRITE. PiIX4 asserts SMEMW# to request an ISA memory

- | slave to accept data from the data lines. if the access is below thé 1-Mbyte range

{00000000h=-000FFFFFh) during DMA compatible, PIIX4 master, or ISA master
cycles, PliX4 asserts SMEMW#. SMEMWH# is a delayed version of MEMWi#,

During Reset: High-Z After Reset: High During POS: High

ZEROWS#

ZERO WAIT STATES. An ISA slave asserls ZEROWS# after its address and

‘| command signals have been decoded to indicate that the cument cycle can be
shortened. A 16-bit ISA memory cycle can be reduced fo two SYSCLKs. An 8-bit
memory or /O cycle can be reduced to three SYSCLKs. ZEROWS# has no effect
during 18-bit /O cycles.

If IOCHRDY is negated and ZEROWSH# is akserted during the same clock, then
, ZEBOWS# is ignored and wait states are added as a function of IOQCHRDY.

2.1.3. X-BUS INTERFACE

Name

Type

Description

A20GATE

i

{ ADDRESS 20 GATE. This Input from the keyboard éontroﬂar is logically combined with
-j bit 1 (FAST_A20) of the Port 82 Register, which is then output via the A20M# signal.

BIOSCS#

BIOS CHIP SELECT. This chip select is driven active during read or write accesses to
enabled BIOS memory ranges. BIOSCS# Is driven combinatorially from the ISA
addrasses SA[16:0] and LA[23:17], except during DMA cycles. During DMA cycles,

| BIOSCS# is not generated.

During Reset: High After Reset: High During POS: High

KBCCS#/
GPO26

KEYBOARD CONTROLLER CRIP SELECT. KBCCS# is asserted during /O read or
write accesses to KBC locations 60h and 64h. It is driven combinatorially from the ISA
addresses SA[19:0] and LA[23:17].

I the keyboard controller does not require a separate chip select, this signal can be
programmed {0 a general purpose output.

During Reset: High After Reset: High During POS: High/GPO

MCCS#

-+ MICROCONTROLLER CHIP SELECT. MCCS# is asserted during 1/O read or write

accesses 10 10 locations 62h and 66h. It is driven combinatorially from the {SA

|addresses SA[19:0] and LA[23:17].
| During Reset: High After Reset: High During POS: High

PCSO# -
PCS1#

PROGRAMMABLE CHIP SELECTS. These active Jow chip selects are asserted for
ISA I/O cycles which are generated by PCI masters and which hit the programmable
1/0 ranges defined in the Power Management section. The X-Bus buffer sighals (XOE#
and XDIR#) are enabled while the chip select is active, (i.e., itis assumed that the
peripherat which is selected via this pin resides on the X-Bus.)

During Reset: High After Reset: High During POS: High

RCIN#

RESET CPU. This signal from the keyboard controller is used to generate an iNIT
signal to the CPU.
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Name Type : Description
RTCALE/ | O  |REAL TIME CLOCK ADDRESS LATCH ENABLE. RTCALE is used to latch.the
GPO25 appropriate memory address into the RTC. A write to port 70h with the appropriate RTC

memory address that will be written to.or read from causes RTCALE 1o be asserted.
RTCALE is asserted on falling IOW# and remains asserted for two SYSCLKs.

if the internal Real Time Clock is used, this signal can be programmed as a general

purpose output.

During Reset: Low After Reset: Low During POS: Low/GPO
RTCCS#/ ‘O | REAL TIME CLOCK CHIP SELECT. RTCCS#is asserted during read or write /O
GPO24 ) accesses 1o RTC location 71h. RTCCS# can be tied to a pair of extemnal OR gates to

generate the real time clock read and write command signals, If the internal Real Time
Clock is used, this signal can be programmed as a general purpose output.

During Reset: High After Reset: High During POS: High/GPO
XDIR#/ O. | X-BUS TRANSCEIVER DIRECTION. XDIR# is tied directly to the direction control of a
GPO22 74°245 that buffers the X-Bus data, XD[7:0]. XDIR# is asserted {driven low) for all I/0

read cycles regardiess if the accesses is 10 a PlIX4 supported device. XDIR# is
asserted for memory cycles only if BIOS or APIC space has been decoded. For PCi
master initiated read cycles, XDIR# is asserted from the falfing edge of either IOR# or
MEMR# (from MEMR# only if BIOS or APIC space has been decoded), depending on
the cycle type. For [SA master-initiated read cycles, XDiR# is asserted from the falling
edge of either {OR# or MEMR# (from MEMR# only if BIOS space has been decoded),
depending on the cycle type. When the rising edge of IOR# or MEMR# occurs, PliX4
negates XDIR#. For DMA read cycies from the X-Bus, XDIR# is driven low from
DACKx# falling and negated from DACKx# rising. At all other times, XDiR# is negated
high.

If the X-Bus not used, then this signal can be programmed to be a general purpose
output. ~ :

During Reset: High After Reset: High During POS: High/GPO

XOE#/ O | X-BUS TRANSCEIVER OUTPUT ENABLE. XOE# is tied directly to the output enable
GPO23 of a 74’245 that buffers the X-Bus data, XD[7:0], from the system data bus, SD{7:0].
XOE# is asserted anytime a PitX4 supported X-Bus device is decoded, and the devices
decode is enabled in the X-Bus Chip Select Enable Register (BIOSCS#, KBCCS#,
RTCCS#, MCCS#) or the Device Resource B (PCCSO0#) and-Device Resource C
(PCCS14#). XOE# is asserted from the falling edge of the ISA commands (IOR#, IOW#,
MEMR#, or MEMWH#) for PCI Master and ISA master-initiated cycles. XOE# is negated
from the rising edge of the ISA command signals for PCt Master initiated cycies and the
| SA[16.0] and LA[23:17) address for ISA master-initiated cycles. XOE# is not generated
during any access to an X-Bus peripheral in which its decode space has been disabled.

If'an X-Bus not used, then this signal can be programmeéd to be a general purpose
output. )

During Reset: High After Reset: High During POS: High/GPO
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2.1.4. DMA SIGNALS

Name Type Description

DACK[0,1,23#| O DMA ACKNOWLEDGE. The DACK# output lines indicate that a request for DMA
service has been granted by PHX4 or that a 16-bit master has baen granted the
DACK{S,6,7}# bus. The active level (high or low) is programmed via the DMA Command
Register. Thesa lines should be used to decode the DMA slave device with the
I0R# or IOW# line to indicate selection. If used 1o signal acceptance of a bus
master request, this signal indicates when it is legal to assert MASTER#. If the
DREQ goes inactive prior to DACK# being asserted,

the DACK# signal will not be asserted.

During Reset: High After Reset: High During POS: High
DREQ[0,1,2,3] . I DMA REQUEST. The DREQ lines are used to request DMA service from PilX4's

DMA contralier or for a 16-bit master to gain control of the ISA expansion bus. The
DREQ[S,6,7] active level {high or low) is programmed via the DMA Command Register. All

inactive to active edges of DREQ are assumed to be asynchronous. The request
must remain active until the appropriate DACKx# signal is asserted.

REQA:C#/ I ‘PC/PCI DMA REQUEST. These signals are the DMA requests for PC/PCI
GPlj2:4] protocol: They are used-by a PCl agent to request DMA services and fallow the
PC! Expansion Channel Passing protocol as defined in the PCI DMA section.

if the PC/PCI réquest is not needed, these pins can be used as general-purpose

inputs.
GNTIA:C]#/ O . [ PC/PCI DMA ACKNOWLEDGE. Thess signals are the DMA grants for PC/PC}
GPO[9:11] protocol. They are used by a PHX4 to acknowledge DMA services.and follow the

PCI Expansion Channel Passing protocol as defined inthe PCI/ DMA section. -
it the PC/PCI request is not needed, these pins.can be used as general-purpose

outputs.
During Reset: High After Reset: High During POS: High/GPO
TC (6] TERMINAL COUNT. PliX4 asserts TC to DMA siaves as a terminal count

indicator. PiiX4 asserts TC afier a new address has been output, if the byte count
1 expires with that transfer. TC remains asserted untit AEN is negated, unless AEN
is negated during an autoinitialization. TC is negated before AEN is negated during
an autoinitialization.

During Reset: Low After Reset: Low During POS: Low
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2.1.5. INTERRUPT CONTROLLER/APIC SIGNALS

Name Type Description
APICACK#/ o] APIC ACKNOWLEDGE. This active low;output signal is asserted by PlIX4 after its
GPO12 ‘internal buffers are flushed in response to the APICREQ# signal. When the /O APIC

sarnples this signal asserted it knows that PIIX4’s buffers are fiushed and thatit.can
proceed o send the APIC interrupt. The APICACK# output is synchronous to

PCICLK.

if the extemnal APIC is not used, then this is a general-purpose output.

During Reset: High After Reset: High During POS: High/GPO
APICCS#/ O | APIC CHIP SELECT. This active low output signal is asserted when the APIC Chip

GPO13 . | Select is enabled and a PCl originated cycle is positively decoded within the
programmed /O APIC address space. ‘

| the external APIC is not used, this pin is a general-purpose output.

During Reset: High After Reset: High During POS: High/GPO
APICREQ#/ I APIC REQUEST. This active low input gignal is asserted by an external ARPIC
GPI5 device prior to sending an interrupt over the APIC serial bus. When PlIX4 samples

‘this pin active it will flush its F-type DMA buffers pointing towards PCI. Once the
buffers are flushed, PHX4 asserts APICACK# which indicates o the external APIC
that it can proceed to send the APIC interrupt. The APICREQ# input must be
synchronous to PCICLK.

If the extemnal APIC is not used, this pin is a general-purpose input.

INTR OD |INTERRUPT. See CPU Interface Sigdals.
IRQY/ o INTERRUPT REQUEST 0. This output reflects the state of the internal IRQO signal
GPO14 from the system timer.
if the external APIC is not used, this pin is a general-purpose output.
; During Reset: Low After Reset: Low . - During POS: IRQO/GPO
IRQ1 | 1 |INTERRUPT REQUEST 1. IRQ1 is always edge triggered and can not be modified

by software to level sensitive. A low to high transition on IRQ1 is latched by PliX4.

IRQ1 must remain asserted until after the interrupt is acknowledged. If the input goes
inactive before this time, a default IRQ7 is reported in response to the interrupt
acknowledge cycle.
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Name

Type

Description

IRQ 3:7, 9:11,
14:15

INTERRUPT REQUESTS 3:7, 9:11, 14:15. The IRQ signals provide both system
board components and 1SA Bus /O devices with a mechanism for asynchronously
interrupting the CPU. These interrupts may be programmed for either an-edge
sensitive or a high level sensitive assertion mode. Edge sensitive is the default
configuration.

An active IRQ input must remain asserted until after the interrupt is acktwwledged. If
the input goes inactive before this time, a default IRQ7 is reported in response to the

| interrupt acknowledge cycle.

IRQB#/
GPl6

o

IRQ 8#. IRQB#H.is always an active low edge triggered interrupt and can not be
modified by software.

IRQ8# must remain asserted until after the interrupt is acknowledged. If the input
goes inactive before this time, a default IRQ7 is reported in response to the interrupt
acknowledge cycle.

If using the internal RTC, then this can be programmed as a general-purpose input. if
enabling an APIC, this signal becomes an output and must not be programmed as a
general purpose input. )

IRQSOUT#/
GPO2¢

IRQIOUTH. IRQIOUTH is used to route the internally generéted SCi and SMBus

| interrupts out of the PliX4 for connection to an external 10 APIC. If APIC is disabled,

this signal pin is a General Purpose Output.
During Reset: High After Reset: High  During POS: IRQSOUT#/GPO

IRQ 12/M

INTERRUPT REQUEST 12. In addition to providing the standard interrupt function
as dascribed in the pin description for IRQ[3:7,9:11,14:15], this pin can also be
programmed to provide the mouse interrupt function.

When the mouse interrupt function is selected, a low to high transition on this signal
is latched by PifX4 and an INTR is generated to the CPU as iRQ12. An-intemal
1RQ12 interrupt continues to be generated until a Reset or an ¥/O read access to
address 80h (falling edge of IOR#) is detected. .

PIRQ[A:DJ#

VoD
PCI

PHOGRAMMABLE INTERRUPT REQUEST. The PIRQx# signals are active low,
level sensitive, shareable interrupt inputs. They can be individually steered to I1SA
interrupts 1RQ [3:7,9:12,14:15). The USB controller uses PIRQD# as its output
signal.

SERIRQ/
GPI7

1O

SERIAL INTERRUPT REQUEST. Serial interrupt input decoder, typically used in
conjunction with the Distributed DMA protocol.

If not using serial interrupts, this pin can be used as a general-purpose input.
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2.1.6. CPU INTERFACE SIGNALS

Name Type : Description
A20M# OD | ADDRESS 20 MASK. PlIX4 asserts A20M# to the CPU based on combination of Port
92 Register, bit 1 (FAST_A20), and A20GATE input signal.
During Reset: High-Z After Reset: High-Z During POS: High-Z

CPURST OD | CPU RESET. PliX4 asserts CPURST to reset the CPU. PHX4 asserts CPURST during
‘power-up.and when a hard reset sequence is initiated through the RC register.
CPURST is driven inactive a minimum of 2. ms after PWROK is driven active. CPURST
fs driven active for a minimum of 2 ms when initiated through the RC regjster.. The
inattive edge of CPURST is driven synchronously 1o the rising edge of PCICLK. ifa
hard reset is initiated through the RC register, PliX4 resets its internal registers (in both
core and suspend wells) to their default state.

This signal is active high for Pentium processor and active-low for Pentium [} processor
as determined by CONFIG1 signal.

For values During Reset, After Reset, and During POS, see the Suspend/Resume
and Resume Control Signaling section.

FERR# i NUMERIC COPROCESSOR ERROR. This pin-functions as a FERR# signal supporting
coprocessar errors. This signat is tied to the coprocessor efror signal ont the CPU. I’
FERRY¥ is asserted, PlIX4 generates an internal IRQ13 {o its interrupt controlier unit,
PIIX4 then assents the INT output to the CPU. FERR# is also used 1o gate the IGNNE#
signal to ensure that IGNNE# is not asserted to the CPU unless FERR# is active.

IGNNE# oD - | IGNORE NUMERIC EXCEPTION. This signal is connected to the'ignore numeric
axception pin on the CPU. IGNNE# is only used if the PIiX4 coprocessor error reporting
function is enabled, if FERR# is active, indicating a coprocessor errof,

a write to the Coprocessor Error Register (FOh) causes the IGNNE# to be asserted.
IGNNE# remains asserted until FERR# is negated. if FERR# is not asserted when the
Coprocessor Error Register is written, the IGNNE# signal is not asserted.

During Reset: High-Z After Reset: High-Z During POS: High-Z

INIT OD | INITIALIZATION. INIT is asserted in response to any one of the following conditions.
When the.System Resat bit in the Reset Control Register is resetto 0 and the Reset
CPU bit toggles from 0 to 1, PliX4 initiates a soft reset by asserting iNIT. PitX4 also
asserts INIT if a Shut Down Special cycle is decoded on the PC! Bus, if the RCIN#
signal is asserted, or if a write occurs to Port 92h, bit 0. When asserted, INIT remains
asserted for-approximately 64 PCI clocks before being negated.

This signal is active high for Pentium processor and active-low for Pentium il processor
as determined by CONFIG1 signal.

Pentium Processor:

During Reset: Low After Reset: Low During POS: Low
Pentium Il Processor:
During Reset: High - After Reset: High During POS: High
INTR oD | CPU INTERRUPT. INTR is driven by PIIX4 1o signal the CPU that an interrupt request

is pending and needs to be serviced. It is asynchronous with respect to SYSCLK or
PCICLK and is always an output. The interrupt controlier must be programmed following
PCIRST# to ensure that INTR is at a known state.

During Reset: Low After Reset: Low During POS: Low
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Name

Type

Description

NMI

0D

NON-MASKABLE INTERRUPT. NM! is used to force a nonmaskable intsrrupt to the

1 CPU. PliX4 generates an NM! when either SERR# or IOCHK# is asserted, depending

on how the NMI Status and Control Register is programmed. The CPU detects an NMI

‘when it detecis a rising edge on NML. After the NMI interrupt routine processes the

interrupt, the NMI status bits in the NMI Status and Control Register are cigared by
software. The NM interrupt routine must read this register to determine thé source of
the interrupt. The NMI is reset by setting the corresponding NM| source enable/disable
bit in the NMi Status and Control Register. To anable NMt interrupts, the two NMI
enable/disable bits in the register must be set to 0, and the NMI mask bit in the NMi

 Enable/Disable and Real Time Clock Address Ragister must be setto 0. Upon

PCIRST#, this signalis dnven fow,
During Reset: Low After Reset: Low During POS: Low

SLP#

oD

SLEEP. This signal is output o the Pentium 11 processor in order to put it into Sleep
state. For Pentium processor itis a No Corinect.

During Reset: High-Z After Reset: High-Z During POS: High-Z

SMi#

oD

SYSTEM MANAGEMENT INTERRUPT. SMi# is an active low synchronous output that
is asserted by PlIX4 in response to one of many enabled hardware or software events.
The CPU recognizes the falling edge of SMi# as the highest priority interrupt in the

-system, with the exception of INIT, CPURST, and FLUSH.

During Reset: High-Z After Reset: High-Z During POS: High-Z

STPCLK# |

0D

STOP CLOCK. STPCLK# is:an active low synchronous output that is asserted by PlIX4
in response to one of many hardware or software events. STPCLK# connects directly to
the CPU and is synchronous to PCICLK.

During Reset: High-Z After Reset: High-Z During POS: High-Z
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2.1.7.

CLOCKING SIGNALS

Name

Type

Description

CLK48

-

48-MHZ CLOCK. 48-MHz clock used by the internal USB host controfier. This signal
may be stopped during suspend modes.

PCICLK

FREE-RUNNING PCI-CLOCK. A clock sighal running at 30:or 33 MHz, PCICLK
provides timing for all transactions on the PCI Bus. All other PCl signals are sampled on
the rising edge of PCICLK, and all timing parameters are defined with respect to this
‘edge. Becausea many of the circuits in PliX4 run-off the PCl-clock, this signal MUST be
Kept-active, even if the PCl bus clock is not active.

osc

1 4.3181 8-MHZ CLOCK. Clock signal used by the internal 8254 timer. This clock signal
may be stopped during suspend modes.

RTCX1,
RTCX2

e}

RTC CRYSTAL INPUTS: These connected directly to a 32.768-kHz crystal. External
capacitors are raquired. These clock inputs dre required even if the internal RTC is not
being used.

SUSCLK

|'SUSPEND CLOCK. 32.768-kHz output clock provided 1o the Host-to-PCl bridge used

for maintenance of DRAM refresh. This signal is stopped during Suspend-to-Disk and
Soft Off modes. For values During Reset, Alter Reset, and During POS, see the
‘Suspend/Resume and Resume Control Signaling section.

SYSCLK

ISA SYSTEM CLOCK. SYSCLK is the reference clock for the ISA bus. H drives the ISA
bus directly. The SYSCLK is generated by dividing PCICLK by 4, The SYSCLK
frequencies supported are 7.5 MHz and 8.33 MHz. For PCl accesses fo the ISA bus,
SYSCLK may be stretched low to synchronize BALE falling to the rsing edge of
SYSCLK.

During Reset: Running After Reset: Running During POS: Low

2.1.8.

IDE SIGNALS

Name

Type

Description

PDA[2:0]

(o]

PRIMARY DISK ADDRESS[2:0]. These signals indicate which byte in either the ATA
command block or control block is being addressed.

if the IDE signals are configured for Primary and Secondary, these signals are
connected to the corresponding signals on the Primary IDE connector.

If the IDE signals are configured for Primary 0 and Primary 1, these signals are used for
the Primary 0 connector.

During Reset: High-Z After Reset: Undefined’  During POS; PDA

PDCS1#

PRIMARY DISK CHIP SELECT FOR 1FOH--1F7H RANGE. For ATA command register
block. If the IDE signals are configured for Primary and Secondary, this output signal is
connected to the corresponding signal on the Primary IDE connector.

If the IDE signals are configured for Primary Master and Primary Slave, this signal is
used for the Primary Master connector.

During Reset: High After Reset: High During POS: High

intgl.
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Name Type Description

PDCS3# | O | PRIMARY DISK CHIP SELECT FOR 3F0-3F7 RANGE. For ATA control register block.
it the IDE signals are configured for Primary and Secondary, this output signal is
connected to the corresponding signal on the Primaty IDE connector.

If the IDE signals are configured for Primary Master and Primary Slave, this signai is
used for the Primary Master connector.

During Reset: High After Reset: High During POS: High

PDD[15:0] 110 ‘| PRIMARY DISK DATA[15:0). These signals are used to transfer data 1o or from the IDE
device. If the IDE signals are configured for Primary and Secondary, these signals are
connected to the ‘corresporiding signals on the Primary iDE connector.

I the IDE signals are configured for Primary Master and Primary Slave, this signal is
used for the Primary Master connector.

During Reset: High-Z After Reset: Undefined'  During POS: PDD

PDDACK# O | PRIMARY DMA ACKNOWLEDGE. This signal directly drives the IDE device DMACK#
signal; It is agserted by PHX4 to indicate 1o IDE DMA slave devices that a given data
transfer tycte {assertion of PDIOR# or PDIOW#) is @ DMA data transfer cycle. This
signad is used in conjunction with the PCI bus master IDE function. It is not associated
with any AT compatible DMA channel.

If the IDE signals are configured for Primary and Secondary, this signal is connected to
the corresponding signal on the Primary IDE connector.

it the IDE signals are configured for Primary Master and Primary Slave, this signal is
used for the Primary Master connector.

During Reset: High After Reset: High During POS: High

PDDREQ | PRIMARY DISK DMA REQUEST. This input signal is directly driven from the IDE
device DMARQ signal. it is asserted by the IDE device to request a data transfer, and
used in conjunction with the PCI bus master IDE function. It is not associated with any
AT compatible DMA channel.

it the IDE signals are configured for Primary and Secondary, this signal is connected to
the corresponding signal on the Primary IDE connector.

i the IDE signals are-configured for Primary Master and anary Slave, this signal is
used for the Primary Master connector.
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Name Type Description

PDIOR# Q | PRIMARY DISK IO READ. in normal IDE this is the command fo the IDE device that it
may drive data onto the PDD{15:0] lines. Data is latched by PliX4 on the negation edge
of PDIOR#. The IDE device is selected either by the ATA register file chip selects

(PDCS 14, PDCS34#) and the PDA[2:0] lines, or the IDE. DMA slave arbitration signals
{PDDACK#).

in an Uitra DMA/33 read cycle, this signal is used as DMARDY# which is negated by the
PitX4 to pause Ultra DMA/33 transfers. In an Ultra DMA/33 write cycle, this signal is
used as the STROBE signal, with the drive latching data on rising and failing edges of
STROBE.

it the IDE signals are configured for Primary and Secondary, this signal is connected to
the corresponding signal on the Primary IDE connector.

if the IDE signals are configured-for Primary Master and Primary Slave, this signal is
used for the Primary Master connector.

During Reset: High After Reset: High During POS: High .

PDIOW# O | PRIMARY DISK 10 WRITE. In normal IDE mode, this is the command to the IDE device
that it may latch data from the PDD{15:0] lines. Data.is latched by the IDE device on the
negation edge of PDIOW#. The IDE device is selected either by the ATA register file
chip setects (PDCS1#, PDCS3#) and the PDA[2:0] lines, or the IDE DMA slave
arbitration signals (PDDACK#).

For Ultra DMA/33 mode, this signal is used as the STOP signal, which is used to
terminate an Ultra DMA/33 transaction. if the IDE signals are configured for Primary and
Secondary, this signal is connected to the corresponding signal on the Primary IDE
connector.

If the 1DE signals are configured for Primary Master and Primary Slave, this signal is
used for the Primary Master connector.

| During Reset: High After Reset: High During POS: High-Z

PIORDY ] PRIMARY 10 CHANNEL READY. In normal IDE mode, this input signat is directly
driven by the corresponding IDE device IORDY signal.

In an Ultra DMA/33 read cycle, this signal is used as STROBE, with the Pi1X4 latching
data on rising and falling edges of STROBE. In an Ultra DMA/33 write cycle, this.signal
is used as the DMARDY# signal which is negated by the drive to pause Ultra DMA/33

transfers.

If the IDE signals are configured for Primary and Secondary, this signal is connected to
the corresponding signal on the Primary IDE connector.

If the IDE signals are configured for Primary Master and Primary Slave, this signal is
used for the Primary Master connector.

This is a Schmitt triggered input.
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Name

Type

Description

SDA[2:0]

'SECONDARY DISK ADDRESS[2:0]. These signals indicate which byte in either the

ATA command block or control block is being addressed. If the IDE signals are
configured for Primary and Secondary, these signals are connected to the
corresponding signals on the Secondary IDE connector.

if the IDE signals are configured for Primary Master and Primary Slave, these signals
are used for the Primary Slave connector.

During Reset: High-Z After Reset; Undefined’  During POS: SDA

sSDCS1#

SECONDARY CHIP SELECT FOR 170H-177H RANGE. For ATA command register
block. if the IDE signals are configurad for Primary and Secondary, this output signal is
connected to the corresponding signal on the Secondary IDE conneclor.

If the IDE signals-are configured for Primary Master and Primary Slave, these signals
are used for the Primary Slave connector.

During Reset: High After Reset: High During POS: High

SDCS3#

SECONDARY CHIP SELECT FOR 370H-377H RANGE. For ATA control register
block. If the IDE signals are configured for Primary and Secondary, this output signal is
connected to the corresponding signal on the Secondary IDE connector.

If the IDE signals are configured for Primary Master and Primary Slave, these signals
are used for the Primary Slave connsctor.

During Reset: High After Reset: High During POS: High-Z

SDD{15:0]

HO .

SECONDARY DISK DATA[15:0]. These signals are used io transfer data'to or from the
IDE device. i the IDE signals are configured for Primary and Secondary, these signals
are connected to the corresponding signals on the Secondary IDE connector.

If the IDE signals are configured for Primary Master and Primary Slave. these signals
are used for the Primary Slave connector.

During Reset: High-Z After Reset: Undefined’ During POS: SDD

SDDACKi#

SECONDARY DMA ACKNOWLEDGE, This signal directly drives the 1DE device
DMACK# signal. It is asserted by PlIX4 to indicate to IDE DMA slave devices thata
given data transfer cycle (assertion of SDIOR# or SDIOWH#) is.a DMA data transfer
cycle. This signal is used-in conjunction with the PCI bus master IDE function. It is not
assoclated with any AT compatibie DMA channel.

If the IDE signals are configured for Primary and Secondary, this signal is connected to
the corresponding signal on the Secondary IDE connector.

if the IDE signals are configured for Primary Master and Primary Slave, these signals
are used for the Primary Slave connector.

During Reset: High After Reset: High During POS: High
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Name Type k Description

SDDREQ ] SECONDARY DISK DMA REQUEST. This input signal.is directly driven from the IDE
device DMARQ signal. It is asserted by the IDE device to request a data transfer, and
used in conjunction with the PCI bus master IDE function. It is not associated with any
AT compatible DMA channel.

I the IDE signals are configured for Primary and Secondary, this signal is connected to
the corresponding signal on the Secondary IDE connector.

if the 1DE signatls are configured for Primary Master and Primary Slave, these signals
are used for the Primary Slave connector.

SDIOR# O | SECONDARY DISK 10 READ. In normal IDE mode, this is the command to the IDE
device that it may drive data onto the SDD[15:0] lines. Data is latched by the PiiX4 on
the negation edge of SDIOR#. The IDE device is selected either by the ATA register file
chip selects (SDCS1#, SDCS3#) and the SDA[2:0] lines, or the IDE DMA slave
arbitration signals (SDDACK#).

In an Ultra DMA/33 read cycle; this signal is used as. DMARDY# which is negated by the
PIIX4 to pause Ultra DMA/33 transfers. In an Ultra DMA/33 write cycle, this signal is
used as the STROBE signal; with the drive lafching data on rising and falling edges of
STROBE. ‘

If the IDE signals are configured for Primary and Secondary, this signal is connected to
the corresponding signal on the Secondary IDE connector.

if the IDE signals are configured for Primary Master and Primary Slave, these signals
are used for the Primary Slave connector.

During Reset: High After Reset: High During POS: High

SDiIoOw# O | SECONDARY DISK IO WRITE. In normal IDE mode, this is the command to the IDE
device that it may latch data from the SDD[15:0] lines. Data is laiched by the IDE device
on the negation edge of SDIOW#. The IDE device is selected either by the ATA register
file chip selects (SDCS1#, SDCS3#) and the SDA[2:0] lings, or the IDE DMA slave
arbitration signals (SDDACK#).

In read and write cycles this signal is used as the STOP signal, which is'uged to
terminate an Ultra DMA/33 transaction.

If the IDE signals are configured for Primary and Secondary, this signal is connected to
the corresponding signal on the Secondary IDE connector.

If the IDE signals are configured for Primary Master andPrimary Slave, these signals
are used for the Primary Slave connector.

During Reset: High After Reset: High During POS: High
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Name

Type

Description

SIORDY

"SECONDARY 10 CHANNEL READY. in normal IDE mods, this input signal is directly

driven by the corresponding 1DE device IORDY signal.

In.an Ultra DMA/33 read cycle, thig signal is used as STROBE, with the PHX4 latching
data on rising and falling edges-of STROBE. In an Ultra DMA write cycle; this signal is
used as the DMARDY# signal- which is negated by the drive to pause Ultra DMA/33
transfers.

If the IDE signals are configured for Primary and Secondary, this signal is connected to
the corresponding signal on the Secondary IDE connector.

If the IDE signals are configured for Primary Master and Primary Slave, these signals
are used for the Primary Slave connector.

This Is a Schmitt triggered input.

NOTES:

1. Aflerreset, ali undefined signals on the primary channel will defauit 1o the same values as the undefined
signals on the secondary channel.

2.1.9. UNIVERSAL SERIAL BUS SIGNALS

Name Type Description
OC[1:01# I  OVER CURRENT DETECT. These signals are used to monitor the status of the USB
power supply lines. The corresponding USB port is disabled when its over current signal
is asserted.
USBPO+, O | SERIAL BUS PORT 0. This signal pair comprises the differential data signal for USB
USBPO-- port 0.
During Reset: High-Z After Reset: High-Z During POS: High-2
USBP1+, /O | SERIAL BUS PORT 1. This signal pair comprises the differential data signal for USB
USBP1~- port 1.
During Reset: High-Z After Reset: High-Z During POS: High-Z

2.1.10. POWER MANAGEMENT SIGNALS

Name | Type ) Description
BATLOW#/ BATTERY LOW. Indicates that battery power is low. PlIX4 can be programmed to
GPI9 prevent a resume operation when the BATLOWH# signal is-asserted.
If the Battery Low function is not needed, this pin can be used as a general-purpose
input. ‘
CPU_STP# O | CPU CLOCK STOP. Active low control signal to the clock generator used to disable
GPO17 the CPU clock oulputs. If this function is not needed, then this signal can be used as

a general-purpose output.

For'values During Reset, After Reset, and During POS, see the Suspend/Resume
and Resume Control Signaling section.
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Name

Type

Description

EXTSMi#

/oD

EXTERNAL SYSTEM MANAGEMENT INTERRUPT. EXTSMi# is a falling edge
triggered input to PIIX4 indicating that an external device is requesting the system to
enter SMM mode. When enabled, a falling edge on EXTSMI# results in the assertion

‘of the SMi# signal to the CPU. EXTSMI# is an asynchronous input to PIIX4.

However, when the setup and hold times are met, it is only required to be asserted
for one PCICLK. Once riegated EXTSMI# must remain negated for at least four
PCICLKs to allow the edge detect logic to reset. EXTSMI# 15 asserted by PIIX4 in
response to SMI# being activated within the Serial IRQ function. An external pull-up
should be placed on this signal.

LD/
GPI10

LID INPUT. This signal can be used to monitor the opening and closing of the
display iid of a notebook computer. It can be used to detect both low to high
transition or a high to lbw transition and these transitions will generate an SMi# if
enabled. This input contains logic to perform a 16-ms debounce of the input signal, If
the LID function is not needed, this pin can be used as a general-purpose input.

PCIREQ[A:D}#

PCI REQUEST. Power Management input signals used to monitor PGl Master
Requests for use of the PC! bus. They are connected to the corresponding
REQ[0:3]# signals on the Host Bridge.

PCL_STP¥
GPQO18

PCl CLOCK STOP. Active low control signail to the clock generator used to disable
the PC! clock outpuis. The PliX4 free running PCICLK input must remain on. If this
function is not needed, this pin can be used as a general-purpose output.

For values During Reset, After Reset, and During POS, see the Suspend/Resume
and Resume Control Signaling section.

PWRBTN#

POWER BUTTON. Input used by power management logic to monitar extemal
system events, most typically a system on/off button or switch. This input contains
logic to perform a 16-ms debounce of the input signai.

Ri#
GPl12

RING INDICATE. input used by power management logic to monitor extemat
system events, most typically used for wake up from a modem. If this function is not
needed, then this signal can be individually used as a general-purpose input.

RSMRST#

RESUME RESET. This signal resets the intemal Suspend Well power plane Iogrc
and portions of the RTC well logic.

SMBALERT#/
GPH1

SM BUS ALERT. Input used by System Management Bus logic to generate an
interrupt (IRQ or SMI) or power management resume aevent when enabled. If this
function is not needed, this pin can be used as a general-purpose input.

SMBCLK

o

SM BUS CLOCK. System Management Bus Clock used to synchronize transfer of
data on SMBus.
During Reset: High-Z

After Reset: High-Z During POS: High-Z

SMBDATA

o

SM BUS DATA. Serial data line used to transfer data on SMBus.
During Reset: High-Z  After Reset: High-Z During POS: High-Z

SUSA#

SUSPEND PLANE A CONTROL. Control signal asserted during power
management suspend states. SUSA# is primarily used 16 control the primary power
plane. This signal is asserted during PQS, STR, and STD suspend states.

During Reset: Low After Reset:'High During POS: Low
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Name

Type

Descriptbn

susB#/
GPO15

| During Reset: Low

SUSPEND PLANE B CONTROL. Control signal asserted during power
management suspend states. SUSB# is primarily used to control the secondary
power plane. This signal is asserted during STR and STD suspend states. If the
power plane controt is not needed, this-pin can be usedas a general-purpose output.

After Reset: High During POS: High/GPO

susc#/
GPO16

‘SUSPEND PLANE C CONTROL. Contro! signal asserfed during power

management suspend states, ptimarily used-to control the tertiary power plane.
It is asserted only during STD suspend state. If the power plane control is not
needed, this pin can be used as a general-purpase output.

During Reset: Low After Reset: High During POS: High/GPO

SUS_STAT1#/
GPOQ20

SUSPEND STATUS 1. This signal is typically connectad to the Host-to-PCl bridge
and is used to provide information on host clock status. SUS_STAST1# is asserted
when the system may stop the host clock, such as Stop Clock or during POS, STR,
and STD suspend states. |f this function is not needed, this pin canbe usedas a
general-purpose output. ’

During Reset: Low After Reset: High During POS: Low/GPO

SUS_STAT2#
GPO21

SUSPEND STATUS 2. This signal will typically connect to other system peripherals

{and is used to provide information on system suspend state. It is asserted during

POS, STR, and STD suspend states. If this function is not needed, this pin can be
used as‘a general-purpose autput.

During Reset: Low After Reset: High During POS: Low/GPO

THRM#/
GPI8

THERMAL DETECT. Active low signal generated by extemal hardware to start the
Hardware Clock Throttling mode. If enabled, the extermnal hardware can force the
system 1o enter into Hardware Clock Throtie mode by asserting THRM#. This
causes PlIX4 to cycle STPCLK# at a preset programmable rate. if this function is not
needed, this pin can bs used as a general-purposs input.

GPO19

 LOW-POWER MODE FOR L2 CACHE SRAM. This signal is used to power down a

cache's data SRAMs when the clock logic places the CPU into the Stop Clock.
If this function is not needed, this pin can be used as a general-purpose output.

During Reset: Low After Reset; Low During POS: Low

2111

Some: of the General Purpose input and Oulput signals are multiplexed with-other PilX4 signals. The usage is

GENERAL PURPOSE INPUT AND OUTPUT SIGNALS

determined by the system configuration.

The default pin usage is shown.in Table 1 and Table 2. The configuration can be selected via the General

Configuration register and X-Bus Chip Select register.

Name

Type.

Description

GPI[21:0]

‘| GENERAL PURPOSE INPUTS, These input signals can be monitored via the GPIREG
register located in Function 3 (Power Management) System 10 Space af address
PMBase+30h. See Table 1 for details.
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Name | Type Description

GPO[30:0] O | GENERAL PURPOSE OUTPUTS. These output signals can be controlied via the
-1 GPIREG register located in Function 3 (Power Management) System 10 Space at
| address PMBase+34h.

it a GPO pin is not multiplexed with another signal or defaults to GPO, then its state after
reset is the reset condition of the GPOREG register. If the GPO defaults to another
“signal, then it defaults to that signal's state after reset.

The GPO pins that default to GPO remain stable after reset. The others may toggle due
to system boot or power control sequencing after raset prior to their being programmed
as GPOs.

The GPO8 signal is driven low upon removal of power from the P1iX4 core power plane,
All other GPO signals are invalid (buffers powered off).

Table 1. GPI Signals

Signal | Muitiplexed Default Control Register and Notes
Name With Bit (PCI Function 1)
GPIO IOCHK# GP! | GENCFG Available as GP! only if in EIO bus
BitO mode.
GPI1# : GPt Non-mutiplexed GPI which is always

available. This signal when used by
power management logic is active

low.
GPI{2:4] REQ[A:C]# GPI GENCFG Not available as GP! if used for
Bits 8~10 PC/PCI. Can be individually enabled,

so for instance, GPI[4] is availabie if
REQIC}# is not used.

GPI5 APICREQ# |GPI XBCS Not avaitable as GP! if using an

Bit 8 external APIC.

GPI6 IRQB# GP1 GENCFG Not available as'GP! if using external

) Bit14 RTC or external APIC.

GPI7 SERIRQ GPt GENCFG ' Not available as GP! if using Serial
Bit 16 IRQ protocol.

GPI8 THRM# THRM# GENCFG Not available as GP! if using thermal
Bit 23 monitoring.

GPI19 BATLOW# BATLOW# GENCFG Not.available as GPLif using battery
Bit 24 low feature.

GPI10O LiD# LD GENCFG Not available as GPif using LID
Bit 25 feature. :

GPI11 SMBALERT# | SMBALERT# | GENCFG Not availabie as GPI if using
Bit 15 SMBALERT feature

GPI12 Ri# Ri# GENCFG Not available if using ring indicator
Bit 27 feature

GPI[13:21] GPI Non-multiplexed GPIs which are

always -available.
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Signal Murtv:?lexed Defauit Control Register and Notes
Name ith . Bit (PCI Function 1)

GPOO GPO Non-multiplexed GPO which is
always available.

GPO[1:7] LA[17:23] GPO.. GENCFG Available as GPO only if EIO mode.

Bit0 ‘

GPO8 GPO Non-multiplexed GPO which is
always available. The GPO[8] signal
will be driven low upon removal of
power from the PIiX4 core power
plane.

GPO[9:11] | GNTJA:C}# GPO GENCFG Not available as GPO if using for

Bits {8:10] PC/PCI. Can be individually enabled,
sa GPO[11] is available if REQ[C}#
; not used.
GPO12 APICACK# GPO XBCS Not available as GPO if using
i Bit 8 external APIC.
GPO13 APICCS#  |GPO XBCS Not available as GPO if using
Bit 8 external APIC.
GPO14 1RQO GPO XBCS Not available as GPO if using
Bit8 external APIC.
GPO15 SuUsSB# SuUsB# GENCFG Not available as GPO if using for
Bit 17 power management.
GPO16 suUsC# SUSC# GENCFG Not available as GPO if using for
Bit 17 power management.
GPO17 CPU_STP# CPU_STP# GENCFG Not available as GPO if using for
Bit 18 clack control.
GPO18 PCI_STP# PCI_STP# GENCFG Not available as GPO if using for
Bit 19 clock control.
GPO19 zz 2z GENCFG Not available as GPO if using for
Bit 20 power management.
GPO20 SUS_STAT1# | SUS_STAT1# | GENCFG Not available as GPQ if using for
Bit 21 power management.
GPO21 SUS_STAT2# | SUS_STAT2# | GENCFG Not available as GPO if using for
Bit 22 power management.
GPO22 XDiR# XDIR# GENCFG Not available as GPO if using X-bus
Bit 28 transceiver.
GPO23 XOE# XOE# GENCFG Not available as GPO if using X-bus
Bit 28 transceiver.
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Table 2. GPO Signals

Signal Muitiplexed Default ‘Control Hegister and Notes
Name With Bit (PCI Function 1)
GPO24  |RTCCS# RTCCS# GENCFG Not available as GPO if using
Bit 29 external RTC that doesn't do self
decode.
GPQO25 RTCALE RTCALE GENCFG Not available as GPO if using
Bit 30 external RTC that doesn’t do self
decode.
GPO28 KBCCS# KBCCS# GENCFG Not available as GPO if using
Bit 31 external KBC that doesn't do self
decode.
GPO{27:28] GPO Non-multiplexed GPOs which are
always avafiable.
GPO29 IRQOUT# GPO XBCS Not available as GPO if using
Bit8 external APIC. This signal is used for
IRQY output in APIC mode, where it
is level triggered, active low.
GPO30 GPO Non-multiplexed GPO which is
always available.
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2.1.12, OTHER SYSTEM AND TEST SIGNALS

Name Type Description

CONFIG1 | CONFIGURATION SELECT 1. This input signal is used to select the type of
microprocessor being used-in the system. If CONFIG 1=0, the system contains a
Pentium microprocessor. f CONFIG1=1, the system contains a Pentium 1l
microprocessor. It is used to control the polarity of INIT and CPURST signals.

CONFIG2 ! CONFIGURATION SELECT 2. This input signal is used o select the positive or
subtractive decode of FFFF0000h—~FFFFFFEFh. memory address range (top 64 Kbyles).
If CONFIG[2]=0, the PIIX4 will positively decode this range. If CONFIG[2}=1, the PlIX4
will decode this range with subtractive decode timings only. The input.value of this pin
must be static and may not dynamically changs during:system operations.

PWROK i POWER OK. When asserted, PWROK is an indication.to PliX4 that power and PCICLK
have been stable for at least 1 ms. PWROK can be driven asynchroncusly. When
PWROK is negated, PlIX4 asserts CPURST, PCIRST# and ASTDRV, When PWROK is
driven active (high), PI(X4 negates CPURST, PCIRST#, and RSTDRV.

SPKR O | SPEAKER. The SPKR signal is the output of counter timer 2 and is internally “ANDed”
with Port 061h bit 1 to provide the Speaker Data Enable. This signal drives an external
speaker driver device, which in turn drives the ISA system speaker.

During Reset: Low After Reset: Low During POS: Last State .

TEST# | | TEST MODE SELECT. The test signal is used to select vatiousvt‘estkmod‘es of PliX4.
This signal must be pulled up to Vec(SUS) for normal operation.

2.1.13. POWER AND GROUND PINS

Name Type Description

Vee V | CORE VOLTAGE SUPPLY. These pins are the primary voltage supply for the PlIX4
core and 10 periphery and must be tied to 3.3V.

Vce (RTC) VvV |RTCWELL VOLTAGE SUPPLY. This pin is the supply voltage forthe RTC logic and
must be tied to 3.3V,

Vee (SUS) v SUSPEND WELL VOLTAGE SUPPLY. These pins are the primary voltage supply for
the PlIX4 suspend logic and 10 signals and must be tied to 3.3V.

Vce (USB) V | USB VOLTAGE SUPPLY. This pin is the supply voltage for the LISB input/output
buffers and must be tied to 3.3V.

VREF V | VOLTAGE REFERENCE. This pin is used to provide a 5V raference voltage for 5V safe
input buffers.

VRer must be tied to 5V in a system requiring 5V tolerance. In a 5V tolerant system, this
signal must power up before or simuitaneous to Vcc. it must power down after or
simultaneous to Vcc.

in a non-5V tolerant system (3.3V only), this signal can be tied diractly to Vcc. There are
then no sequencing requirements.

Vss V | CORE GROUND. These pins are the primary ground for PiiX4.

Vss (USB) V | USB GROUND. This pin is the ground for the USB input/output bufters.
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2.2,

Power Planes

PlX4 has three primary intemnal power planes. These power planes permit parts of PiX4 to power down to
conserve battery life. Table 3 shows the internal planes and their uses.

Tabtg 3. PiiX4 Internal Power Planes

Power Description Signals Powered vee | GND
Plane _ Pins | Pins
RTC Contains the real-time clock and 256 bytes of PWROK, RSMRST#,  |Vcc | Vss
battery-backed SRAM. This plane is always RTCX1, RTCX2 (RTC)
powered If the intemal RTC is used. if the internal
RTC is not-used, it may be connected. .
1o the suspend plane. Typically, powered via
“coin-cell” lithium battery.
The input signals attached to the RTC power
plane DO NOT SUPPORT 5 VOLT INPUT
LEVELS. These signals must not exceed Vcc
(RTC).
There:is no reset signal for this power plane.
SUSPEND | Contains the logic needed to resume-from the BATLOWH, Vee Vss
Suspend-to-Disk and Suspend-to-RAM states. CONFIG[1:2], EXTSMI# | (SUS)
This plane will typically be powered by a power GPI1, GPOS8; IRQB#,
supply which is capabte of providing a “trickle” LID, Ri#
current. SMBALERT#, SMBCLK
The input signals attached to the SUSPEND SMBDATA. PWRBTN#
Ut Sigr SUSIA:C)#, SUSCLK
power plane DO NOT SUPPORT 5 VOLT INPUT SU§{ ST}\TH o)
LEVELS. These signals must not exceed Voc TEST# '
{SUS).
This plane is reset by assertion of the RSMRST#
signat.
USB Contains the USB input/output buffers. USBPO+, USBPO- vece Vss
USBP1+, USBP1- (UsB) 1{UsB)
Core Contains all the rest of the PliX4 logic. This plane | All Other Signal Pins Vce Vss
is powered by the main system power supply. All
input signals within this plane are 5V tolerant
except FERR#. This plane is reset by negation of
the PWROK signal.
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23. Power Sequencing Requirements

There are no power sequencing requirements for the various Vec power supplies to PHX4. The VREF signal must
be tied to 5V in a system requiring 5V tolerance. In a 5V tolerant system, this signal must: power up:before or
simultaneous to Vice. 1t must power down after or simultaneous to Vcc. In a non-5V tolerant system (3.3V only),
this signat can be tied directly to Vcc. There are then no sequencing requirements. Refer to Figure 2 for an
example circuit schematic that may be-used to ensure the proper VREF sequencing.

Vee Supply
(3.3V) 5V Supply

To System To System
VREF

Pind_01

Figure 2. Example Vcc5rer Sequencing Circuit
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3.0. REGISTER ADDRESS SPACE

PliX4 intermnal registers.are organized into four functions—ISA Bridge. with integrated AT compatibility logic, IDE
Controlter, USB-Host Centroller, and Enhanced Power Management. Each function has its registers divided info
one set of PCI Configuration Registers.and one or more register sets located in system 10O space.

Some of the PliX4 registers contain reserved bits. Software must deal correctiy with fields that are reserved. On
reads, software must use appropriate masks to extract the defined bits and not rely on reserved bits being any
particular value. On wriles, software must ensure that the values of reserved bit positions are preserved. That is,
the values of reserved bit positions must first be read, merged with the new values for other bit positions and
then written back.

In addition to reserved bits within a register, the PlIX4 contains address locations in the PCl configuration space
that are marked “Reserved.” The PIIX4 responds to accesses to these address locations by completing the Host
cycle. Software should not write to reserved PliX4- configuration locations in the device-specific region (above
address offset 3Fh).

During a hard reset, the PlIX4 sets its internal registers to predetermined default states. The default values are
indicated in the individual register descriptions.

The following notation is used to describe register access atiributes:

RO Read Only. If a register is read only, writes have no effect.

wo Write Only. If a register is write only, reads have no effect.

R/w Read/Write. A register with this attribute can be read and written. Note that individual bits in some
read/write registers may be read only.

R/WC  Read/Write Clear. A register bit with this attribute can be read and written. However, a write of a 1
clears (sets to 0) the corresponding bit and a write of a 0 has no effect.

3.1. PCUISA Bridge Configuration

The PlIX4 PCI function 0 contains a PCt to ISA bridge along with standard AT compatible logic including DMA
controlier, Interrupt controller, and counterftimers, This function also contains support for a real time clock and
PCI based DMA. The register set associated with PCI fo ISA Bridge and associated logic is shown below with
actual register descriptions given in the “PCl to ISA/EIO Bridge Register Description” section. .
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31.1. PCI.CONFIGURATION REGISTERS (FUNCTION 0)
Table 4. PCI Configuration Registers—Function 0 (PCI to ISA Bridge)
Offset Address | Mnemonic Register Name : Access
00-01h ViD Vendor ldentification . RO
02-03h DID Device identification RO
04-05h PCICMD 'PCI Command RW
06-07h PCISTS PCI Davice Status RW
o8h RID Revision Identification RO
09-0Bh CLASSC Class Code RO
0C-~00h —_ Reserved e
OEh HEDT Header Type RO
OF—4Bh — Reserved —-
4Ch 10R 1SA 1/O Recovery Timer RW
4Dh — Reserved —
4E-4Fh XBCS X-Bus Chip Select RW
50-5Fh — Reserved -
60-63h PIRQRC[A:D] | PIRQx Route Control RW
84h SERIRQC Sefiat IRQ Control RW
65-68h — Reserved —
65h TOM Top of Memory RW
6A-6Bh MSTAT Miscellaneous Status RW
BC-75h — Reserved —
76-77h MBDMA[1:0] Motherboard Device DMA Control RW
78-7Fh — ‘ Reserved —
80h APICBASE APIC Base Address Relocation RAN
81h — Reserved —
82h DLC Deterministic Latency Control RW
83-8Fh — Reserved —
90-91h PDMACFG PC| DMA Configuration RW
92-95h DDMABASE | Distributed DMA Slave Base Pointer R/W
96-AFh - Reserved -
BO-B3h GENCFG General Configuration R/W
B4-CAh — Reserved —
CBh RTCCFG Real Time Clock Configuration RW
CC-FFh — Reserved -
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.12 10 SPACE REGISTERS

Table 5. ISA-Compatible Registers

- Address Aliased Type Register Name. | Access
Addresses
0000h 0010h RW | DMA1 GHO Base and Current Address (CHO} PCI
0001h 0011h R/W - | DMA1 CHO Base and Current Count (CHO) PC!
0002h 0012h FUW DMA1 CH1 Base and Current Address (CH1} PCt
0003h 0013h RW | DMA1 CH1 Base and Current Count (CH1) PCI
0004h 0014h RW | DMA1 CH2 Base and Current Address (CH2) pCl
0005h 0015h RW | DMA1 CH2 Basa and Current Count (CH2) PCi
0006h 0016h R/W | DMA1 CH3 Base and Current Address (CH3) PCI
0007h 0017h RW | DMA1 CH3 Base and Current Count (CH3) PCI
0008h 0018h RW | DMAT Status(r) Command{w) Register PCI
0009h 0019h WO | DMA1 Request - ~ pCl
000AR 001Ah WO DMA1 Write Single Mask Bit PCI
000Bh 001Bh WO DMA1 Channel Mode PCI
000Ch 001Ch WO | DMAT1 Clear Byte Pointer PCI
000Dh . |001Dh WO | DMA1 Master Clear PCI
000Eh 001Eh . WO | DMA1 Clear Mask ‘ PCI
000Fh 001Fh RW | DMAt Read/Write All Mask Bits PCI
0020h 0024h, 0028h, R/W | Initialization Command Word 1 (INT-1) PCHISA
) 002Ch, 0030h, Operationat Command Word 2 (INT=1)
0034h, 0038h, Operational Gommand Word 3 (INT-1)
003Ch
0021h 0025h, 0029h, R/W | initialization Command Word 2 {INT-1) PCIAISA
002Dh, 0031h, Initialization Command Word 3 (INT-1)
0035h, 0039h, Initialization Command Word 4 (INT-1)
003Dh Operational Command Word 1 (iNT-1) ,
0040h © |1 0050h R/W | Timer Count — Counter O PCIISA
. Timer Status — Counter 0 (RQ)
0041h 0051h RW | Timer Count — Counter 1 PCI/ISA
‘ Timer Status — Counter 1 (RO)
0042h 0052h RMW | Timer Count ~ Counter 2 PCIASA
4 Timer Status — Counter 2 (RO)
0043h 0053h WO | Timer Control Word PCI/ISA
oo60h’ RO Reset X-Bus IRQ12/M and IRQ1 PCHISA
0061h 0083h, 0065h, RW | NMI Status and Control PCIISA
0067h
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Address Aliased Type Register Name Access
Addresses
0070n° 0072h, 0074h, WO ' | NMI Enable PCUHISA
0076h )
00700 0072h;° 0074h, wo RTC Index PCINSA
0076h ‘
0071 0073h,* " RW ' | ATC Data PCIISA
0075h, 0077h
0072h R/W | ATC Extended Index PCIiSA
0073h AW | RTC Extended Data PCINSA
0080h** 0080h RW | DMA1 Page (Reserved) PCIHISA
0081hH° 009th RW | DMA1 CH2 Low Page {CH2) PCINSA
0082h° RW | DMA1 CH3 Low Page (CH3) PCIASA
0083h* 0093h R/W | DMA1 CH1 Low Page (CH1) PCIASA
0084h** 0094h RW | DMA1 Page (Reserved) PCIASA
0085h°° 0095h RW | DMA1 Page (Reserved) PCIISA
0086h"* 0096h AW | DMAT Page (Reservad) PCIISA
oo87n° 0097h R/W . | DMA1 CHO Low Page (CHO) PCUISA
0088h*° 0098h R/W | DMA Page (Reserved) PCIASA
0089h° 0099h R/W | DMA2 CH2 Low Page (CHE) PCIISA
00BAN® 009Ah RMW | DMA2 CH3 Low Page (CH7) PCIISA
008Bh° 009Bh RW | DMA2 CH1 Low Page (CH5) PCIAASA
008Ch** 009Ch RW | DMAZ2 Page (Reserved) PCIISA
008Dh"* 009Dh RAW | DMA2 Page (Reserved) PCI/ISA
O0BER™* 009Eh R/W | DMAZ Page (Reserved) PCINSA
008FN 00SFh R/W 1 DMA2 Low Page Refresh PCi/iISA
0092h R/W | Port 92 PCIISA
00ACh 00A4h, 00ABh, R/W Initiaﬁzation Command Word 1 (iNT-2) PCIASA
Q0ACh, 00BOh, Operational Command Word 2 (INT-2)
00B4h, 00B8h, Operational Command Word 3 (INT-2)
00BCh
00A1lh 00ASh, 00Agh, R/W. | Initialization Command Word 2 (INT-2) PCI/ISA
Q0Adh, 00B1h, | Initialization Command Word 3 (INT-2)
00B5h, 00B%h, initialization Command Word 4 (INT-2)
00BDh Operational Command Word 1 (INT-2)
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Table 5. 1SA-Compatible Registers
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Address Asgf:;is Type Register Name Access
00B2h RW | Advanced Power Management Control PCI
0083h RW | Advanced Power Management Status PCI
00CGh 00C1h RW | DMA2 CHO Base and Current Address (CH4) PCI
00C2h 00C3h RW | DMA2 CHO Base and Currant Count (CH4) PCI
00C4h 00C5h RW | DMA2 CH1 Base and Currant Address (CH5) PCI
00Céh 00C7h RW - | DMA2 CH1 Base and Currant Count (CHS) PCH
00C8h 00C8h RW | DMA2 CH2 Base and Current Address (CHS) PCl
00CAh 0oCBh RMW | DMA2 CH2 Base and Current Count (CHB) . PCI
00CCh 00CDh R/W | DMA2 CH3 Base and Current Address (CH7) PCI
00CEh 00CFh R/W. | DMA2 CH3 Base and Current Count (GH7) | PCI
00DOh 00D1h RW | DMA2 Status(r) Command(w) PCI
00D2h 00D3h WO | DMA2 Request PCI
00D4h 00D5h WO | DMA2 Write Single Mask Bit PCl
00D6h 00D7h WO | DMA2 Channel Mode PCl
00D8h 00D%h WO | DMA2 Clear Byte Pointer pPCI
00DAR 00DBh WO | DMA2 Master Clear PCI
00DCh 00DDh WO . | DMA2 Clear Mask PCI
00DEh 00DFh R/W- | DMA2 Read/Write All Mask: Register Bits PCl
00FON’ WO | Coprocessor Error PCIHISA
04D0h RMW | INTC-1 Edge/Leve! Control PCIISA
04D1h RW. | INTC-2 Edge/l.evel Control PCIASA
OCFgh R/W | Reset Control PCI

NOTES:

1. Read and write accesses to these locations are always broadcast to the ISA Bus.

2. Read and wrile accesses to these locations are broadcast to the ISA Bus, only if intemat RTC is disabled in
RTCCFG register.

A

Not aliased to 0072h or 0076h if extended RAM enabled.
Not aliased to 0073h or 0077h if extended RAM enabled.
The PliX4 does not.support Distributed DMA functionality for the 90h range, even if aliasing is enabled.

Write accesses to these locations are broadcast to the ISA Bus. Read accesses are nol. If programmed in

the 1SA VO Recovery Timer register, PliX4 does not alias the entire 90h-8Fh address rangs. These
locations are considered ISA-Bus register locations and niot PHX4 registers.
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3.2. IDE Configuration
The PliX4 PCI tunction 1 contains an IDE-Controlier capable of standard Programmed 10 (PI1O) transfers as well
as Bus Master transfer capability. This function also supports the “Ultra DMA/33" synchronous DMA mode of

data fransfer. The register set associated with IDE Controller is shown below with the actual register descriptions
given in the “IDE Controller Register Descriptions” section. '

3.2.1. PCI CONFIGURATION REGISTERS (FUNCTION 1)

Table 6. PCI Configuration Registers—Function 1 (IDE Interface)

Address Offset|  Mnemonic Register Name Access -
00-01h viD Vendor ldentification RO
02--03h DID Device ldeﬁtiﬁcation RO
04~05h PCICMD PCi Command ) RW
06-07h [PcisTs PCI Device Status ' AW
08h RID Ravision Identification . RO
09-0Bh CLASSC Class Code RO
ach — Reserved I
0Dh MLT Master Latency Timer RW
OEh HEDT Header Type ’ RO
OF -1 Fh -— Reserved T
| 20-23h BMIBA Bus Master Interface Base Address : R/W
24-3Fh — Reserved —_—
40-43h IDETIM IDE Timing ( W
44h SIDETIM Slave IDE Timing ; RW
45-47h - Reserved -—
48h UDMACTL | Ultra DMA/33 Control ‘ RW
48h — Reserved ' ‘ -
4A-48h UDMATIM Ultra DMAJ33 Timing RW
4C~FFh — Reserved —
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3.2.2. 10 SPACE REGISTERS
Table 7. PCI Bus Master IDE VO Registers
Offset From | Mnemonic Register Name Access
Base Address )
00h BMICP Bus Master IDE Command {primary) RW
0th — Reserved —_
02h BMISP Bus Master IDE Status (primary) R/W
03h - Reserved -
04-07h BMIDTPP | Bus Master IDE Descriptor Table Pointer (primary) RIW
08h BMICS . Bus:Master IDE Command {secondary) RW
0sh — Reserved —
0Ah BMISS Bus Master IDE Status (secondary) RW
0Bh — Reserved —
0C~0Fh BMIDTPS Bus Master IDE Descriptor Table Pointer (secondary) RW
NOTES:

1. The base address is programmable via the BMIBA Reglster (20-23h; function 1)

3.3.

Universal Serial Bus (USB) Configuration

The PIIX4 PCI function 2 contains a Universal Serial Bus Host and Root Hub with two connected USB ports.
This function supports the Universal Host Controller Interface (UHCI). The register set assoclated with USB
Host' Controlier is shown below with actual register descriptions given.in the "USB Host Controlier Register

Descriptions” section.’

3.3.1.

PCl CONFIGURATION REGISTERS (FUNCTION 2)

Table 8.-PCI Configuration Registers—Function 2 (USB Interface)

Address Offset

- Mnemonic Register Name Access
00-01h viD Vendor identification RO
02-03h [2/19) Device Identification RO
04-05h PCICMD PCI Command R/W
06-07h PCISTS PC! Device Status RMW
08h RID Revision Identification RO
09-0Bh CLASSC Class Code RO
0Ch — Reserved —
0Dh MLT Latency Timer R/W
QEh HEDT Header Type RO
OF-1Fh — Reserved -
20-23h USBBA USB 10 Space Base Address RW
24-3Bh - Reserved —
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Table 8. PCl Configuration Registers-——Function 2 (USB interface)

Address Offset | Mnemonic Register Name Access
ach —[iNTIN Interrupt Line | AW
3Dh INTPN interrupt Pin ‘ " RO
3E-5Fh — Reserved —
60h SBRNUM Serial Bus Release Number _ RO
61-BFh - ‘Reserved N =
Co-Cih LEGSUP ‘Legacy Support o RIW
C2-FFh — Reserved - RO

332 10 SPACE REGISTERS

Table 9. USB Host/Controller O Registers

Offset From’ Mnemonic Register Name : Access
Base Address . . ’
00-01h USBCMD USB Command : [ RW
02-03h UsBsTS USB Status < RMWC
04-05h USBINTR USB Interrupt Enable » RW
OB—OTh FRNUM Frame Number AW
08-0Bh FLBASEADD Frame List Base Address - RW
0Ch SOFMOD " | Start Of Frame Modity AW
10-11h PORTSCO Port 0 Status and Control RAWNC?
12-13h PORTSC1 Port 1 Status and Control ‘ 1 RWC
NOTES: '

1. The base address is programmable via the USBBA Register (20~23h; function 2)
2. These registers are WORD writeable only. Byte writes to these registers have unpredictable effects.
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3.4. Power Management Configuration
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The PHIX4 PCi function 3 contains enhanced Power Management fogic with support for Device Management,
Suspend and Resume states, and System Clack Control. This. function also supports.a System Management
Bus (SMBus) Host and Slave interface. The register set associated with Power Management and SMBus
controller is shown below with actual register descriptions given in section 0. ‘

Table 10. PCI CONFIGURATION REGISTERS (FUNCTION 3)

Address Offset Mnemonic Register Name Access
00-01h vID Vendor Identification RO
02-03h DID Device Identification RO
04-05h PCICMD PCI Command RW
06-07h PCISTS PCI1 Device Status RWC
08h RID Revision Identification RO
09-08Bh CLASSC Class Code RO
0C-0Dh — Reserved —_
0Eh HEDT Headser Type RO
OF-3Bh —_— Reserved —
ach INTLN interrupt Line RAW
3Dh INTPN Interrupt Pin RO
3E-3Fh — Reserved —_
40-43h PMBA Power Management Base Address RW
44-47h CNTA Count A RW
48-4Bh CNTB CountB RW
4C—4Fh GPICTL General Purpose input Control RW
50-52h DEVRESD Device Resource D R/W
53h — Reserved —
54-57h DEVACTA Device Activity A RIW
58-5Bh DEVACTB Device Activity B RW
5C~5Fh DEVRESA Device Resource A R/W
60-63h DEVRESB Device Resource B R/W
64-67h DEVRESC Device Resource C R/W
68-6Ah DEVRESE Device Resource E RW
6Bh — Reserved —
B8C—-6Fh DEVRESF Device Resource F R/W
70-72h DEVRESG Device Resource G RW
73h — Reserved —
74-T7h DEVRESH Device Resource H RW
78-7Bh DEVRESI Device Resource | R/W
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Table 10.'PCt CONFIGURATION REGISTERS (FUNCTION 3)

Address Offset Mnemonic ) Register Name - Access
7C-7Fh DEVRESY Device Resource J - -RMW
80h PMREGMISC Miscellaneous Power Management RW
81-8Fh B R Reserved —_
90-93h SMBBA SMBus Base Address | " RW
94-D1h - Reserved —
D2h SMBHSTCFG | SMBus Host Configuration RW
D3h SMBREV SMBus Revision ID RO
D4h SMBSLVC | SMBus Slave Command ' AW
D5h | SMBSHDW1 SMBus Slave Shadow Port 1 RW
Déh SMBSHDW2 SMBus Slava Shadow Port 2 AW
D7-FFh — Reserved o -
3.4.1. I0 SPACE REGISTERS
Table 11. Power Management /O Registers
Offset From | Mnemonic Register Name Access
Base Address .
00-01h PMSTS Power Management Status : "~ AW
02-03h PMEN Power Management Resume Enable Rw
04-05h | PMCNTRL | Power Management Control R/W
06-07h — ‘ Reserved —
08h PMTMR Power Management Timer R/W
09-0Bh e Reserved —
0C~-0Dh GPSTS General Purpose Status AW
0E-OFh GPEN General Purpose Enable RW
10-13H PCNTRL Processor Control RW
14h PLVL2 Processor Level 2 R/W
15h PLVL3 Processor Level 3 R/W
16-17h - Reserved _—
18-19h GLBSTS Global Status RW
1A-1Bh — Reserved —
1Ch—-1Fh DEVSTS Device Status R/W
20-21h GLBEN Globai Enable R/W
22-27h — Reserved —_
28-2Bh GLBCTL Global Control RW
2C-2Fh DEVCTL Device Control R/W
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Table 11. Power Management /O Registers

Bm :;?B’:;' Mnemonic Register Name " Access
30-33h GPIREG General Purpose Input RO
34-37h GPOREG General Purpose Output RW
NOTES:

1. . The base address is programmable via the PMBA Register (40-43h; function 3)

Table 12. System Management Bus (SMBus) VO Registers

Bgfsfeﬁgggs  Mnemonic Register Name Access
00h SMBHSTSTS SMBus Host Status RW
0th SMBSLVSTS SMBus Stave Status RW
02h SMBHSTCNT SMBus Host Count R/W
03h SMBHSTCMD SMBus Host Command RW
04h SMBHSTADD SMBus Host Address AW

| 05h SMBHSTDATO | SMBus Host Data 0 RW
beh SMBHSTDAT1 SMBus Host Data 1 R/W
07h SMBBLKDAT SMBus Block Data RW

} 08h SMBSLVCNT SMBus Slave Gount RW
0%h SMBSHDWCMD | SMBus Shadow Command AW
0A-OBh SMBSLVEVT SMBus Slave Event ; R/W
0C~0Dh SMBSLVDAT SMBus Slave Data RW
NOTES:

1. The base address is programmable via the SMBBA Register (90-93h; function 3)
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4.0. PCI TO ISA/EIO BRIDGE REGISTER DESCRIPTIONS

This section describes in detail the registers associated with the PiIX4 PCl-to-ISA Bridge function. This includes
ISA/EIO configuration, AT compatible and PCl-based DMA control, standard AT and serial interrupt logic,
counterfimers, real time clock and other miscellaneous functionality.

4.1. PClto ISA/EIO Bridge PCI Configuration Space Registers (PCl Function. 0)

4.1.1. VIiD—VENDOR IDENTIFICATION REGISTER (FUNCTION 0)

Address Offset: 00-01h-
Default Value: 8086h
Attribute: Read Only

The VID Register contains the vendor identification number. This register, along with the Device Identification
Register, uniquely identifies any PCl device. Writes to this register have no effact. ‘

Bit Description
15:0 | Vendor Identification Number. This is a 16-bit value assigned to Intel.

4.1.2. DID--DEVICE IDENTIFICATION REGISTER (FUNCTION 0)

Address Offset: 02-03h
Default Value: 7110h
Attribute: Read Only

The DID Register contains the device identification number. This register, along with the ViD Regts&ar define the
PlIX4. Writes to this register have no effect.

Bit Description ,
15:0 | Device identification Number. This is a 16-bit value assigned to the PiiX4,
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4.1.3. PCICMD-—PCI COMMAND REGISTER (FUNCTION 0}

Address Offset: 04~-05h
Default Value: Q007h
Attribute: Read/Write

This 16-bit register provides basic control over the PlIX4's ability to respond to PCl cycles.

Bit Description

15:10 | Reserved. Read as 0.

9 Fast Back-to-Back Enable (Not implemented). This bit is hardwired to 0.

8 SERR# Enable (SERRE). 1=Enable. 0=Disable. When enabled (and DLC Register, bit 3=1),
a delayed transaction time-out causes PIX4 to assert the SERR# signal: The PCISTS register
reports the status of the SERR# signal.

7 Address and Data Stepping Enable (Not Implemented). The PIIX4 doss not support address and
data stepping. This bit is hardwired to 0.

6 Parity Error Detect Enable (Not implemented) PliX4 does not support parity error detection. This
bit is hardwired to 0.

5 VGA Palette Snoop Enable (Not Implemented). P1iX4 does not support VGA palette snooping.
This bit is hardwired to 0.

4 Memory Write and Invalidate Enable (Not‘ lrﬁplememed). PliX4 does not generate Memory Write
and Invalidate PCI transactions. This bit is hardwired to 0.

3 Special Cycle Enable (SCE). 1=Enable, P1{X4 recognizes all PC! shutdown special cycles.
0=Disable, PlIX4 ignores all PCI Special Cycles.

2 Bus Master Enable (Not implemented). PitX4 does not'support dlsab!mg its function 0 bus master
capability. This bit is hardwired to 1.

1 Memory Access {Not implemented). PiIX4 does not support disabling function 0 access to
memory. This bitis hardwired to 1.

0 110 Space Access Enable (Not lmplemented). PiiIX4 does not suppon disabling its function 0
rasponse to PCH /O cycles. This bit is hardwired to 1.
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4.1.4. PCISTS—PCI DEVICE STATUS REGISTER (FUNCTION 0}

Address Offset: 06-07h
Default Value: 0280h
Attribute: Read/Write

The PCISTS Register reportsthe occurrence of a PGl master-abort by PliX4 or a PC! target-abort when PliX4 is
a master. The register also indicates PI{X4 DEVSEL# signa!l timing.

Bit ' Description
15 Detected Parity Error (Not lmplememed) Read as 0.

14 Sighaled SERR# Status (SERRS)--R/WC. When PlIX4 assertsthe SERR# signal, this bit is set to
1. Softwara sets:this bit to-a 0 by writing a 1-to it.

13 Master-Abort Status (MAS)—R/WC. When PIiX4, as a masier {for function 0), generates a master-
abort, MAS is setto a 1. Software sets MAS 10 0 by writing a 110 this bit Jocation:

12 Received Target-Abort sutus,(RTA}-—lec. When PIIX4 is 2 master on the PCI Bus tﬁor function
0) and receives a target-abort, this bitis set to a 1. Software sets RTA to 0 by writing
a 1 to this bit tocation.

11 Signaléd Target-Abort Status (STA)—R/WC. This bit is set whan PliX4 ISA bridgd function is
fargeted with a transaction that P1IX4 terminates with a target abort. Software sets STA 1o O by
writing a 1 to this bit location.

10:9 | DEVSEL# Timing Status (DEVT)--RO. PliX4 always generates DEVSEL# with medium timing for
function 0 1/O cycles. Thus, DEVT=01. This DEVSEL# timing does not include Configuration cycies.

8 PERR# Response {Not knplame,nted). PliX4 does not detect or respond to parity errors. Read as
0.

7 Fast Back to Back—RO. This bit indicates that PiIX4 as a target.is capab{e ot accepting fast back-
to-back transactions.

6:0 Reserved. Readyas Os.

4.1.5. RID—REVISION IDENTIFICATION REGISTER (FUNCTION 0)

Address Offset: 08h
Default Value: Initial Stepping=00h. Refer to PliX4 Specification Updates latest value.
Attribute: Read Only

This 8-bit register contains device stepping information. Writes to this register have no effect.

Bit Description
7:0 Revision ID Byte. The register is hardwired to the default value.
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4.1.6.

CLASSC—CLASS CODE REGISTER (FUNCTION 0)

Address Offset: 09-0Bh
Default Value: 060100h

Attribute:

Read Only

This register identifies the Base Class Code, Sub-Class Code, and Device Programming lnter!ace for PliIX4 PCI

function Q.

Bit

- Description

23:16

Base Class Code (BASEC). 06h=Bridge device.

15:8

| Sub-Class Code (SCC). 01h=PCi-to-ISA Bridge. 80h=Other bridge Device (PCI Positive Decode
Bridge). This vaiue depends upon the programming of bit 1 of the General Configuration register
(PCl function 0, address BOh). If programmed as a Subtractive Decode bricdge (default), this will read

01h. if programmed as a Positive Decode bridgs, this will read 80h.

7:0

Programming Interface (P1). 00h=No register level programming interfaca defined

4.1.7.,

HEDT—HEADER TYPE REGISTER (FUNCTION 0)

Address Offset: OEh
Default Value: 80h

Attribute:

Read Only

The HEDT Register identifies PlIX4 as a mutti-function device.

Bit Description
7:0 | Device Type (DEVICET). 8Ch=muiti-function device.
4.1.8. IORT—ISA 1/O RECOVERY TIMER REGISTER (FUNCTION 0)
Address Offset: 4Ch
Default Value: 4Dh
Attribute: Read/Write

The /O recovery mechanism in PHX4 is used to add additional recovery delay between CPU or PCI master
originated 8-bit and 16-bit /O cycles to the ISA Bus. PUX4 automatically forces a minimum delay of
3.5 SYSCLKs between back-lo-back 8- and 16-bit IO cycles to the ISA Bus. This delay is measured from the
rising edge of the /O command (IOR# or IOW#) 1o the falling edge of the next 17O command. If a delay of greater
than 3.5 SYSCLKs is required, the 1ISA /O Hecovery Time Register can-be programmed to increase the delay in
increments of SYSCLKs. No additional delay is inseited for back-to-back 1/Q “sub cycles” generated as 4 resuft
of byte assembly or disassembly. This register defaults to 8- and 16-bit recovery enabled with one SYSCLK
clock added to the standard /O recovery.

’
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Bit

Description

DMA Reserved Page Register Allasing Control (DMAAC). When-DMAAC=0, PiIX4 aliases PC!
/O accesses in the 90-9Fh range to the 80-BFh range: In this case, PIIX4 only forwards PCl write
accesses to 90-9Fh to the ISA Bus. ISA Master accesses to 90-9Fh range are forwarded

to PCL

When DMAAC=1, PIiX4 disables aliasing for.the entire 90-9Fh range (they are considered ISA bus
register locations). PlX4 forwards read and write accessas to these registers to 1SA. ISA Master
accesses to 90--9Fh range are ignored by PiiX4.

Note, that port 92h is always a distinct register in the 80-9Fh range and is never forwarded from the
PCl bus to the ISA Bus. It is also never forwarded from 1SA to PCI or from ISA to the internal Port 92
register.

PliX4 does not support aliasing of the 80h range for the Distributed DMA function, even if aliasing is
enabied.

8-Bit VO Recovery Enable. 1=Enable the recovery time programmed in bits [5:3]. 0=Disable
recovery times in bits [5:3} and use the recovery timing of 3.5 SYSCLKs.

5.3

8-Bit VO Recovery times. When bit 8=1, this 3-bit field defines the addpional number of SYSCLKs
added to standard 3.5 SYSCLK recovery time for 8-bit /0.

Bit{5:3] SYSCLK Bit[5:3] SYSCLK
001 1 101 5
010 2 110 8
011 3 1 7
100 - . -4 000 8

16-Bit I/O Recovery Enable. 1=Enable the récovery times programmedln bits [1:0], 0=Disable

programmable recovery times in bits [1:0] and use the recovery timing of 3.5 SYSCL.Ks.

1:0

16-Bit VO Recovery Timas. When bit 2=1, this 2-bit defines the additional number of SYSCLKs
added fo standard 3.5 SYSCLK recovery time for 16-bit /0.

Bitf1:0} SYSCLK
00 3
01 1
10 2
11 4

4.1.8.

XBCS—X-BUS CHIP SELECT REGISTER (FUNCTION 0)

Address Offset: 4E-4Fh
Detault Value: 03h

Attribute:

This register enables or disables accesses to.an external. RTC, keyboard controller, /O APIC, a secondary
controller, and BIOS. Disabling any of these bits prevents the device's chip select and X-Bus output enable
control signal (XOE#) from being generated. This register alsc provides coprocessor error and mouse-functions.

Read/Write

Bit

Description

15:11

Reserved.
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Bit Description

10 | Micro Controller Address Location Enable. 1=Enable MCCS# and positive PCI decode for
address locations 62h-and 66h. 0=Disable MCCS# and positive PCl decode for accesses 1o these
locations:

g 1-Meg Extended BIOS Enable. When bit 9=1, PCI master accesses fo locations FFF00000—
FFF7FFFFh are forwarded to-1SA and resuit in the generation of BIOSCS# and XQE#. When
forwarding the additional 512-Kbyte region, PIIX4 allows the PC| address A[23:20] to propagate to
the 1SA LA[23:20]lines as all 1's, aliasing this 512-Kbyte region fo the top of the 16-Mbyte space. To
avoid contention, ISA memory must not be present in this region (00F00Q00-00F7FFFFh). When bit
| 9=0, PliX4 does not generate BIOSCS# or XOE# for accesses io this memory region.

8 APIC Chip Select. When enabled (bit 8=1), APICCS# is asserted for PCl memory accesses to the
programmable /O APIC region. This cycle is forwarded to the ISA bus. The default /O APIC

| addresses are memory FECO_0000h and FECO_0010h. These can be relocated via the APIC Base
Address Relocation Register. When disabled (bit 8=0), the PCI cycle is ignored by PliX4 and
APICCS# and XOE# are not generated. Note that APICCS# is not generated for ISA-originated
cycles.

This bit is also used to select between GPIO functionality and APIC functionality on APICREQ#,
APICACK#, APICCS#, IRQ0, IRQ8#, and IRQOUTH signals. When disabled, these signals become
General Purpose Inputs or Outputs.

7 Extended BIOS Enable. When bit 7=1 (enabled), PCI master accesses to locations FFF80000~
FFFDFFFFh are forwarded to ISA and result in the generation of BIOSCS# and XOE#. When
forwarding the additional 384-Kbyte region at the top of 4 Gbytes, PliX4 allows the PCl address
A[23:20] fo propagate to the ISA LA[23:20] lines as all 1's, aliasing this 384-Kbyte region to the top of
the 16-Mbyte space. To avoid contention, ISA memory must not be present in this region
(00F80000~-00FDFFFFh). When bit 7=0, PilX4 does not generate BIOSCS# or XOE# for accesses
to this memory region.

6 Lower BIOS Enable. When bit 6=1 (enabled), PCI master, or ISA master accesses to the lower 64-
Kbyte BIOS block (EO000—-EFFFFh) at the top of 1 Mbyte, or the aliases at the top of 4 Gbyte
(FFFEQ000-FFFEFFFFh) result in the generation of BIOSCS# and XOE#. When forwarding the
region at the top of 4 Gbytes to the ISA Bus, the ISA LA[23:20] lines are ali 1's, aliasing this region to
the fop of the 16-Mbyte space. To avoid contention, ISA memory must not be present in this region
(0OFEOO00-O0FEFFFFh). When bit 6=0, PliX4 does not generate BIOSCS# or XOE# during these
accesses and does not forward the accesses to ISA.

5 Coprocessor Error Function Enable. 1=Enabie; the FERR# input, when asserted, triggers IRQ13
(internal). FERR# is also used to gate the IGNNE# output. 0=Disable.

4 IRQ12/M Mouse Function Enable. 1=Mouse function; 0=Standard IRQ12 interrupt function.

3 Port 61h Alias Enable. 1=PiiX4 aliases accesses to 63h, 65h, and 67h to 61h. 0=PiIX4 does not
alias 63h, 65h, and 67h to 61h.

2 BIOSCS# Write Protect Enable. 1=Enable (BIOSCS# is asserted for BIOS memory read and write
cycles in.decoded BIOS region); 0=Disable (BIOSCS# is only asserted for BIOS read cycles).

1 KBCCS# Enabte. 1=Enable KBCS# and XOE# for address locations 60h and 64h. O=Disable
KBCS#/XOE# for accesses to these locations.

V] RTCCS#RTCALE Enable. 1=Enable RTCCS#/RTCALE and XOE# for accesses to address
locations 70~77h. 0=Disable RTCCS#/RTCALE and XOE# for these accesses.
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4.1.10.  PIRQRC{A:D}--PIRQX ROUTE CONTROL REGISTERS (FUNCTION 0)

Address Offset : 60h (PIRQRCA#)-63h (PIRQRCD#)
Default Value: 80h
Attribute: RW

These registers control the routing of the PIRQIA:DJ# signals to the IRQ inputs of the interrupt controller. Each
PIRQx# can be independently routed to any one-of 11 interrupts. All four PIRQx# tines can be routed to the
same IRQx input. Note that the IRQ that is selected through bits [3:0] must be set o level sensitive'mode in the
corresponding ELCR Register. When a PIRQ signal is routed to an interrupt controlier IRQ, PliX4 masks the
corresponding IRQ signal.

Bit Description
7 - | Interrupt Routing Enable, 0=Enable; 1=Disable.
6:4 | Reserved. Read as 0s.

3:0 | Interrupt Routing. When bit 7=0, this field selects the routing of the PIRQx to one of the interrupt
controfler interrupt inputs.

Bits{3:0] IRQ Routing Bits[3:0] IRQ Routing Bits[3:0] IRQ Routing

0000 Reserved 0110 IRQ6 1011 IRQ11
0001 Reserved 0111 IRQ7 1100 1RQ12
0010 Reserved 1000 Reserved 1101 Reserved
0011 IRQ3 1001 IRQY 1110 IRQ14
0100 IRQ4 1010 IRQ10 1111 IRQ15
0101 IRQ5 )

4.1.11.  SERIRQC—SERIAL IRQ CONTROL REGISTER (FUNCTION 0)

Address Offset : 64h
Defauit Value: 10h
Aftribute: RW

This register controls the Start Frame Pulse Width generated on the Serial Interrupt signal (SERIRQ).

BIit Description
7 Serial IRQ Enable. 1=Enable (bit 16 in register offset BOh—-B3h must aiso be 1). 0=Disable.

Serial IRQ Mode Select. 1=Serial Interrupts operate in Continuous mode. 0=Serial Interrupts
operate in Quiet mode.

5:2 | Serial IRQ Frame Size. These bits select the frame size used by the Serial IRQ logic. The default is
0100b indicating a frame size of 21 (17+4). These bits are readable and writeable, howaver the only
programmed value supported by PiIX4 is 0100b. All other frame sizes are unsupported.

1:0 | Start Frame Pulse Width, These bits define the Start Frame pulse width generated by the Serial
Interrupt control logic.

Bits{1:0] Pulse Width (PCI Clocks)

00 4 Clocks
01 6 Clocks
10 8 Clocks
11 Reserved
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4.1.12. TOM—TOP OF MEMORY REGISTER (FUNCTION 0)

Address Offset: 6%h
Detault Value: 02h
Attribute: Read/Write

This register enables the forwarding of 1SA or DMA memory cycles to the PC! Bus and sets the top of
main memory accessible by 1SA or DMA devices. In addition, this register ¢ontrols the forwarding of ISA or DMA
accesses to the lower BIOS region (ECOO00-EFFFFh) and the 512-640-Kbyte ‘main memory region (80000—
9FFFFh). ‘

Bit Description

7:4 | Top Of Memory. The top of memory can bé assigned in 1-Mbyte increments from 1~16 Mbytes. ISA
or DMA accesses within this region, and not in the memory hole region, are forwarded to PCI.

Bits[7:4] Top of Memory  Bits[7:4] Top of Memory  Bits[7:4] Top of Memory

0000 1 Mbyte 0110 7 Mbyte 1011 12 Mbyte
0001 2 Mbyte 0111 8 Mbyte 1100 13 Mbyte
0010 3 Mbyte 1000 9 Mbyte 1101 14 Mbyte
0011 4 Mbyte 1001 10 Mbyte 1110 15 Mbyte
0100 5 Mbyte 1010 11 Mbyte 1111 16 Mbyte
0101 6 Mbyte

Note that PitX4 only supports a main memory hole at the top of 16 Mbytes. Thus, if a 1-Mbyte
memory hole is created for the Host-to-PC! Bridge DRAM controller between 15 and. 16 Mbytes,
PliX4 Top Of Memory should be set at 15 Mbytes.

3 ISA/DMA Lower BIOS Forwarding Enable. 1=Enable (forwarded to PCl, if XBCS Register bit 6=0);
0=Disable (contained to ISA). Note that if the XBCS Register bit 6=1, ISA/DMA accesses in this
region are always contained o ISA.

2 640-768-Kbyte Memory Region (A0000-BFFFFh) Enable. 1=Enable {ISA Master and DMA cycles
forwarded to PCI); O=Disable (contained to ISA).

1 ISA/DMA 512-640-Kbyte Region Forwarding Enable. 1=Enable (ISA Master and DMA cycles
forwarded to PCI); 0=Disable (contained to 1SA).

0 Reserved.
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4.1.13. MSTAT--MISCELLANEOQUS STATUS REGISTER (FUNCTION 0}

Address Offset: 6A-6Bh
Default Value: 000Ch
Attribute: Read/Write

This register provides miscellaneous status and controt functions.

Bit Description

15 | SERR# Generation Due To Delayed Transaction Time-out—R/WG. PliX4 sets this bitto a 1
when it generates SERR# due to a delayed transaction time-out caused by expiration of the PCI
delayed transaction discard timer. Software sats this bit to a 0 by wﬂﬂng altoit

14:8 | Reserved.

7 Host-t0-PCl Bridge Retry Enable—R/MW. 1=Enable. 0=Disable. This bit, when enabled, causes
PilX4 1o retry; without inifiating & dalayed transaction, CPU initiated, non-LOCK#, PCi cycles.

No delayed transactions to PHX4 may currently be pending and passive release must be active.
Delayed Transactions and Passive Release must both be enabled via the DLC register (function 0,
offset-82h). When disabled, PifX4 accepts these cycles as normal, which may include retry with
Initiation of a delayed transaction.

6:0 Reserved.

4114,  MBDMA[1:0}--MOTHERBOARD DEVICE DMA CONTROL REGISTERS (FUNCTION 0)

Address Offset : 76h—MBDMAO#; 77h—MBDMA1#
Default Value: 04h
Attribute: R/W

These registers enable and disable a type F DMA transfer (3 SYSCLK] for a particular DMA channel,

Bit : Description
7 Type F and DMA Buffer Enable (FAST). 1=Enable for the channel selected by bits[2:0]. 0=Disable
for the chahnel selecied by bits[2:0].
64 . Resefved.

3 |Reserved.Readas 1.

2:0 | Type F DMA Channe! Routing (CHNL). When FAST=1, this field enables type F transfers and the
4-byte DMA bufter for an 1SA peripheral on the selected channel.

Bits[2:0]  DMA channel Bits{2:0] DMA channel
000 0 100 default (disabled)
001 1 101 5
010 2 110 6
011 3 111 7
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4.1.15.  APICBASE—APIC BASE ADDRESS RELOCATION REGISTER (FUNCTION 0)

Address Offset: 80h
Default Value: 00h
Attribute: Read/Write

This register provides the modifier for the APIC base address. APIC is mapped-in the memory space at the
locations FECD_xy00h and FECO_xy10h (x=0-Fh, y=0,4,8,Ch). The value of 'y’ is defined by bits [1,0] and the
value of 'x' is defined by bits [5:2]. Thus, the relocation register provides 1-Kbyte address granularity (i.e.
potentially up 10 84 /O APICs can be uniformly addresses in the memory space). The default value of 00h
provides mapping of the 1/O APIC unit at the addresses FECO_0000h and FEC0_0010h. -

Bit Description
7 Reserved,

€ | A12 Mask. This bit detarmines selacts whether APICCS# is generated for one or twa /O APIC
address ranges. When bit 6=1, address bit 12 is ignored allowing the APICCS# signal-to be
genierated for two consecutive /O APIC address ranges. Extemal fogic is needed 1o select individual
/O APICs by combining SA12 and APICCS#. For example, when bit 6= {(and x and y=0), APICCS#
is generated for addresses FECO_0000h, FEC0_0010, as well as FECO_ 1000h, FEC0_1010. When
bit 6=0, APICCS# is generated for one /O APIC address range.

5:2 X-Base Address. Bits[5:2] are compared with PC| address bits AD[15:12], respectively.

1.0 | Y-Base Address. Bits[1:0] are compared with PCI address bits AD[11:10], respectively.

4.1.16. DLC—DETERMINISTIC LATENCY CONTROL REGISTER (FUNCTION 0)

Address Offset: 82h
Default Value: 00h
Attribute: Read/Write

This register enables and disables the Delayed Transaction and Passive Release functions. When enabled,
these functions make PlIX4 PC! revision 2.1 comptiant.

The 2.1 revision of the PCI specification requires much tighter controls on target and master-iatency. Targets
must respond with TRDY# or STOP# within 16 clocks of FRAME#, and masters must assert TRDY# within
8 PCI clocks for any data phase. PCI cycles to or from ISA typically take longer than this. PlIX4 provides a
programmable delayed completion mechanism described in the PCI specification to meet the required target
latencies. This includes a Discard Timer which times out if a PCl Master with an outstanding delayed transaction
has not retried:the transaction for greater than 2" PCI clocks.

ISA bridges also support Guaranteed Access Time (GAT) mode, which will now violate the spirit. of the PCI
spacification. PIIX4 provides a programmable passive release mechanism 1o meet the required master latencies.
When passive release is enabled in PiIX4, ISA masters may see long delays in accesses to any PCl memory,
including the main DRAM array. The ISA GAT mode is not supported with passive release enabled. ISA masters
must honor IOCHRDY:
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Bit , Description

7:4 Reserved.

3 SERR# Generation Enable (Due To Delayed Tra,nsactlon T!ma-cut). 1=Enable. 0=Disatile.

2 USB Passive Release Enable (USBPR). 1=Enable. 0=Disable. When enabled, this allows PliX4 to
use Passive Release while transferring control information or data for USH transactions. When
disabled, PiiX4 will perform PCl accesses for USB without using Passive Release,

signal when PiiX4 is a PCI Master. 0=Disable Passwe Release.

1 Passive Release Enable. 1=Enabls the Passive Release mechanism encoded on the PHOLD#

target of a PCl transaction. O=Disable Delayed Transaction mechanism.

0 Delayed Transaction Enable. 1=Enable the Delayed Transaction mechanism when PlIX4 is the

4.1.17. PDMACFG-—PCI DMA CONFIGURATION REGISTER (FUNCTION 0)

Address Offset: 90-91h
Default Value: 0000h
Attribute: Read/Write

This register defines the type of DMA performed by a particular DMA channel. If a channel is programmed for
Distributed DMA mode, PliX4 does not respond 1o either the ISA DREQ signal or to-the PC/PCl-encoding for that

channel.

Bit Description

Bits{15:14] DMA Type

00 Normal 1ISA DMA (default)
01 PC/PCI DMA

10 Distributed DMA

" Reserved

15:14 | DMA CH 7 Select. These bits define the type of DMA performed on this channel,

13:12 | DMA CH 6 Select. This field define the type of DMA performed on this channel.
Bits[13:12] DMA Type

00 Normal ISA DMA (default)
o1 PCIPCI DMA

10 Distributed DMA

11 Reserved

Bits{11:10] DMA Type

00 Normal ISA DMA (default)
01 PC/PCl DMA

10 Distributed DMA

A ] Reserved

11:10 } DMA CH 5 Select. These bits define the type of DMA performed on this channel.

9:8 | Reserved.
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Bit Description

76 DMA CH 3 Select. This field defines the type of DMA performed on this channel.
Bits[7:6] ~  DMA Type

00 Normal ISA DMA (defautt)
01 PC/PCILDMA

10 Distributied DMA

11 . Reserved

5:4 | DMA CH 2 Select, This field defines the type of DMA performed on this channel.
Bits[5:4] DMA Type .

00 Normal I1SA DMA (default)
01 PC/PCI DMA

10 Distributed DMA

11 Reserved

3:2 | DMA CH 1 Select. This field defines the type of DMA performed on this channel.
Bits[3:2) DMA Type ' '

00 Normal ISA DMA (default)
01 PC/PCI DMA

10 Distributed DMA

11 Reserved

1:0 | DMA CH 0 Select. This field defines the type of DMA performed onthis channel.
-Bits[1:0] DMA Type

00 Normal ISA DMA (default)
01 PC/PCI DMA

10 Distributed DMA

11 Reserved

4.1.18. DDMABP—DISTRIBUTED DMA SLAVE BASE POINTER REGISTERS (FUNCTION 0}

Address Offset: 92-93h (CHO-3); 94~85h (CH5-7)
Default Value: 0000h ~
Attribute: Read/Write

These registers provide the base address for distributed DMA slave channel. registers, one for each DMA
controller. Bits 5.0 are reserved to provide access to a 64-byte 10 space (16 bytes per channel). The channels
are accessed using offset from base address as follows (Note that Channel 4 is reserved and is not accessible).

Base Offset Channel
00-0Fh 04
10~1Fh 1,5
20-2Fh 2,6
30-3Fh 3,7
Bit Description

15:6 . | Base Polnter. 10 Address pointer to DMA Slave Channel registers. Corresponds 10'PCI address
AD[15:6].

5:0 Reserved. Read as 0.
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4.1.19. GENCFG—GENERAL CONFIGURATION REGISTER (FUNCTION 0)
Address Offset: B0-83h .
Default Value: 0000h

Attribute: Read/Write

This register provides general system configuration for PiiX4, including signal and GPIO selacts, ISA/EIO select,

IDE signal configuration, and {DE signal enables.

Bit

Description

31

KBCCS#/GP026 Signal Pin Select. 0=KBCCS# signal (default}. 1=GPO28. This bit sefects the
functionality multiplexed onto the KBCCS# pin. -

30

RTCALE/GPO25 Signal- Pin Select. 0=RTCALE signal (default) 1=GPO25. This bit selects the
funcbonamy muttiplexed onto the RTCALE pin.

29

RTCCS#/GP024 Signal Pin Select. 0=RTCCS# signal (default). 1=GPO2. This bit selects the
functionality multiplexed onto the RTCCS# pin.

28

XOE# and XDIR#/GPO[22:23] Signal Pin Select. 0=XOE# and XDIR# sqgﬂais (default).
1=GPO{23) and GPO[22], respectwely This bit selects the functionality mumplexed onto the XOE#
and XDIR# pins.

27

Ring lndlcate (RIS)I'GPHE Signal Pin Select. 0=Ri# signal (default). 1=GPI12. This bit selects the
functionality mumptexed onto the Ri# pin.

26

‘Reserved.

25

LID/GPI10 Signal Pin Select. 0=L10 signal (default). 1=GP{10. This bit selects the functionality
muitiplexed onto the LID pin.

24

BATLOWI#/GPIS Signal Pin Select. 0=-BATLOW# signal (default), 1=GPIS. This bit selects the
functionality multiplexed onto the BATLOW# pin.

23

THRM#/GPI8 Signal Pin Select. 0=THRM# signal (default). 1= GPIB This bit selects the
functionality multiplexed onto the THRM# pin.

22

SUS_STAT2#/GP021 Signal Pin Select. 0=SUS_STAT2# signal (default). 1=GPOZ21. This bit
selects the functionality multiplexed onto the SUS_STAT2# pin.

21

SUS_STAT1#/GPO20 Signal Pin Select. 0=SUS_STAT1# signal {(default). ¥=GPO20. This bit
selects the functionality multiplexed onto the SUS_STAT1# pin.

20

ZZIGPO19 Signal Pin Select. 0=7Z signal (default). 1=GPO19. This bit selects the functionality
multiplexed onto the ZZ pin,

19

PCI_STP#/GPO18 Signatl Pin Select. 0=PC|_STP# signal {default). 1=GPO18. This bit selects the
functionality muttiplexed onto the PCI_STP# pin.

18

CPU STP#IGPOW Signal Pin Select. 0=CPU_STP# signal (default). 1=GPO17. This bit selects
the functiona!ﬂy multiplexed onto the CPU_STP# pin.

17

- SUSB# and SUSC#/GPO[15:16] Signal Pin Select. 0=8USB# and SUSC# signals {default).

1=GPO15 and GPO16 respectively. This bit selects the functionality multiplexed onto the SUSB#
and SUSC# pins.
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Bit

Description

16

SERIRQ/GPI7 Signal Pin Select. 0=GPi7 {default). 1=SERIRQ signal. This bit selects the
functionality multiplexed onto the SERIRQ pin.

15

SMBALERT#/GP111 Signal Pin Select. 0=SMBALERT# signal {default). 1=GPi11. This bit selects
Ihe fung:ﬁonality, multiplgxed onto the SMBALERT# pin.

14

IRQ8#/GPI6 Signal Pin Select. 0=GP!6 (default). 1=IRQ8# signal. This bit selects the functionality
multiplexed onto the IRQ8# pin.

13

Hesewed .

12

Secobdary’ IDE Signal interface Tri-State. O=Enable Secondary lDE signal pin imeﬂace {default).
1=Tri-state (disable) Secondary {DE signal pin interface. This bit functions independently of bit 4.

11

Priméry IDE Sigﬁal Interface Tri-State. O=Enable Primary IDE sighal pirh interfacé {défauli). 1=Tri-

| state (disabiey Primary IDE signal pin interface. This bit functions independently of bit 4.

10

PC/PCI REQ[C] and GNT[C}IGPM and GPOH Signal Pin Select. 0=GPi4 and GPO1 1 (default).
1=PC/PCI REQC and GNTC respectively. This bit selects the functronahty muliptexed onto the
REQC and GNTC pins.

PC/PCLREQ[B] and GNTB/GPI3 and GPO10 Signal Pin Select. 0=GPI3 and GPO10 (default).
1=PC/PCI REQB and GNTB respectively. This bit selects the functionality multiplexed onto the
REQB and GNTB pins. )

PC/PCI REQA and GNTA/GPI2 and GPQ9 Signal Pin Select. O—GPtz and GPOB (default).
1=PC/PC! REQA and GNTA respectively. This bit selects the funcnonahty multiplexed onto the
REQA and GNTA pins.

Reserved.

Piug and Play (PnP) Address Decode Enable. 0=Disable PnP address positive decode (default).
1=Enabie PnP address positive decode and forwarding to the 1SA bus. The PnP addresses which
are decoded are 275h and A79h. It bit 1 is set for positive decode, this bit must be set for these
address to be forwarded to ISA.

Alternate Access Mode Enable. 0=Disable Alternate Access Mode (default). 1=Enables Alternate
Access Mode to allow access to shadow registers as described in the Power Management
Functional Description section. Enabling this bit allows special access to varlous internal PIIX4
registers. See special access restrictions prior to setting this bit.

IDE Signal Configuration. 0=Primary and Secondary interface enable (default). 1=Primary 0 and
Primary -1 interface enable. This bit selects whether the IDE interfaces are split for Primary and
Secondary channels allowing access o 4 [DE devices or are split into Primary Drive 0 and Primary
Drive 1.channels allowing access to only the two Primary IDE devices.

CONFIG 2 Status (RO). This bit provides indication of signal presem on CONFIG2 pin its meaning
is currently undefined. The use of this pin is RESERVED and should be tied low through a-pull down
resistor.

CONFIG 1 Status (RO). 0=Pentium processor. 1=Pentium I{ processor. This bit provides indication
of signal present on CONFIG1 pin, itis used to change the polarity of the INIT and CPURST signals
to match the requirements of the microprocessors.
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Bit Description

1 Positive or Subfractive Decode Configuration. 0=Subtractive Decode {default). 1=Positive
Decode. This bit détermines:-how PiiX4 decodes accesses on the PCl bus for forwarding to ISA.

if set for positive decode, PilX4 positively decodes (with medium decode timing) and forwards PC)
access to 1SA only for address ranges which are enabled within PIIX4. f set for subtractive decode,
PlX4 positively decodes and forwards those cycles whose addresses are enabled within PIIX4. 1t
subtractivély decodes and forwards all other cycles riot positively decoded by another device on the
PClbus; The setling and furictionality of this bit is independent of bit 0, ISA or’

ElO Select. o

0 1SA or EIO Select. 0=EIO (default). 1=ISA. This bit determines whether the expansion bys on PliX4
supports the full'Industry Standard Architecture (ISA) bus or whether it supports the Extended /O

1 (E1O) bus. See the ISA/EIO interface section for details conceming ISA and EIO interface
differences.

This bit also selects the functionality multiplexed onto the IOCHK# and LA[17:23] pins. 0=GPI0 and
GPO[1:7] (default). 1=IOCHK#:and L A[17:23] respectively. Thess are the signals which are not used
in EIO mode.

41.20. RTCCFG—REAL TIME CLOCK CONFIGURATION REGISTER (FUNCTION 0)

Addrass Offset: CBh
Default Vaiue: 21h
Attribute: Read/Write

This register is used to configure the intemal Real Time Clock.

Bit Description
7:6 | Reserved.

5 RTC Positive Decode Enable. 0=P11X4 Subtractively Decodes for RTC VO registers. 1=PiIX4
Positively Decodes for RTC VO registers (default). The PCY cycles with addresses 70~73h are either
positively or subiractively decoded based on this bit. The cycles are then routed to the internal RTC
controller or forwarded to ISA based on bits 2 (extended bank) and bit 0 (standard bank) below.

This bit should be set 1o 0 if PlIX4's internal RTC is not used and the external RTC is on the
PCl bus; or if subtractive decode is desired for an external RTC on the 1SA or X-Bus.

4 | Lock'Upper RAM Bytes. 0O=Upper RAM data bytes 38h-3Fh in the extended bank are readable and
wrileable (default). 1=Upper RAM data bytes 38h-3Fh in the extended bank are neither readable nor
writeable. This is used o lock bytes 38h—~3Fh in the upper 12B-byte bank of RAM; Write cycies will
have no effect and read cycles will not return a guaranteed value.

Warning: This is a write-once register that can only be reset by a hardware reset. No software
means is possible to reset this bit. :

3 Lock Lower RAM Bytes. O=Lower RAM data bytes 38h—3Fh in the standard bank are readable and
writeable (default). 1=Lower RAM data bytes 38h-3Fh in the standard bank are neither readable nor
writeable. This is used to lock bytes 38h—3Fh in the lower 128-byte bank of RAM. Write cycles will
have no effect and read cycles will not return a guaranteed value.

Warning: This is a write-once register that can only be reset by a hardware reset. No software
means is possible to reset this bit.
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Bit Description

2 Upper RAM Enable. 0=Accesses to RTC Upper 128-byte extended bank at /O address 72-73h is
disabled. Accesses will be forwarded to ISA bus as determined by bit 5:of this register (default).
‘t=Accesses to 72~73h are forwarded to RTC Upper 128-byte extended bank.

1 Reserved.

0 RTC Enabie. 0=Accesses to RTC Lower 128-byte standard bank at VO address 70~71h is disabled.
Accesses will be forwarded to ISA bus as determined by bit 5 of this register. 1=Accesses to 70~71h
are forwarded to RTC Lower 128-byte standard bank.

When this bit is resst, the upper bank of RAM may il be accessed (enabled via bit 2 in this
register). ‘

4.2. PClto ISA/EIO Bridge 10 Space Registers (10)

4.2.1. DMA REGISTERS

PliX4 contains DMA circuitry that incorporates the functionality of two 82G37 DMA controllers (DMA1 and
DMA2). The DMA registers control the aperation of the DMA controilers and are all accessible from the Host
CPU via the PCl Bus interface. In addition, some of the registers are accessed from the I1SA Bus via ISA IO
space. Unless otherwise stated, a CPURST sets each register to its default value.

4.2.1.1, DCOM-—DMA Command Register (10)

/O Address: Channels 0-3-—08h; Channels 4-7-——0D0h
Default Value: 00h (CPURST or Master Clear)

Attribute: Write Only

This 8-bit register controls the configuration of the DMA.. Note that disabling channeis 4~7 also disables channels
0-3, since channels 0--3 are cascaded onto channel 4.

-Bit Description
7 DACK# ACTIVE Level (DACK#[3:0, (7:5)]). 1=Active high; 0=Active low.
6 DREQ Sense Assert Levei (DREQ([3:0, (7:5)]). 1=Active Low; O=Active high.
5 |Reserved. Mustbe 0. ‘
4 DMA Group Arbitration Priarlty. 1=Rotating priority; O=Fixed priority.
3 Reserved. Must be 0.
2 DMA Channel Group Enable. 1=Disable; D=Enable.
1:0 | Reserved. Mustbe 0.
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4.2.1.2. DCM-—DMA Channel Mode Register (10)

/O Address: Channels 0—-3--0Bh; Channels 4-7—00D6h

Default Value: Bits[7:2}=0; Bits[1:0}=undefined (CPURST or Master Clear)
Attribute: Write- Only

Each channel has a 6-bit DMA Channel Mode Register. The Channel Mode Registers provide control over DMA
transfer type, transfer mode, address mcrementldecrement and-autoinitialization.

Bit Description

7:6 | DMA Transfer Mode. Each DMA channel can be programmed in one of four ditferent modes:
Bits{7:6] Transfer Mode

00 Demand mode
0t Single mode
10 Biock mode
11 Cascade mode

5 Address increment/Decrement Select. O=increment; 1=Decrement.

4 Autoinitialize Enable. 1=Enable; 0=Disable.

3:2 DMA Transfer Type. When Bits [7:6]=11, the transfer type bits are irrelevant.
Bits[3:2] Transfer Type

00 Verify transter
01 Write transter
10 Read transfer
11 Megal

1:0 DMA Channel Select. Bits {1:0] select the DMA Channel Mode Register written to by bits [7:2].
Bits[1:0] Channel

00 Channel 0 (4)
01 Channel 1 (5)
10 Channel 2 (6}
1 - Channel 3 {7)
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4.2.1.3. DR—DMA Request Register (10)

110 Address: Channels 0-3—0%h; Channels 4-7—0D2h .
Default Value: Bits[1:0}=undefined; Bits[7:2]=0 (CPURST or Master Clear)
Attribute: Write Only

The Request Register is used by software to initiate a DMA request. The DMA responds to the software request
as though DREQx is asserted. These requests are non-maskable and subject to prioritization by the priority
encoder network. For a software request, the channel must be in Block Mode. The Request Register status for
DMA1 and DMA2 is output on bits [7:4] of a Status Register read.

Bit Description-
7:3 | Reserved. Must be 0.

2 DMA Channel Service Request. 0=Resets the individual software DMA channe! request bit. 1=Sets
the request bit. Generation of a TC also sets this bit to 0.

1.0 | DMA Channel Select. Bils {1:0] select the DMA channel mode register o prograrm with bit 2.
Bits[1:0] Channel

00 Channei 0
01 Channel 1 (5)
10 Channel 2 (6)
11 Channel 3 (7)
4.2.1.4. WSMB-—Write Single Mask Bit (10)
/O Address: Channeis 0-3—0Ah; Channels 4-7—0D4h
Default Value: Bits[1:0}=undefined; Bit 2=1; Bits[7:3}=0 (CPURST or a Master Clear)
Attribute: Write Only

A channel’'s mask bit is automatically set when the Current Byte/Word Count Register reaches terminal count
(uniess the channel is programmed for autoinitialization). Setting the entire register disables alf DMA requests
until a clear mask register instruction allows them to occur. This instruction format is similar to the format used
with the DMA Request Register. Masking DMA channel 4 (DMA controller 2, channel 0) also masks DMA
channels [3:0).

Bit Description

73 Reserved. Must be 0.

2 Channel Mask Select. 1=Disable DREQ for the selected channel. 0=Enable DREQ for the selected
channetl.

10 DMA Channel Select. Bits [1:0] select the DMA Channel Mode Register for bit 2.
Bits[1:0] Channel

00 Channel 0 (4)
01 Channel 1 (5)
10 Channel 2 (6)
11 Channel! 3 (7)
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4.2.1.5. RWAMB-—Read/Write. All Mask Bits (10)

/O Address: Channels 0~3-—0Fh; Channels 4-7—0DEh
Default Value: Bit[3:0]=1; Bil{7:4]=0 (CPURST or Master Clear)
Attribute: Read/Write

A channel's mask bit is automatically set to 1 when the Current ByteANord Count Register reaches terminal
count {unless the channel is programmed for autoinitialization). Setting bits [3:0] to 1 disables all OMA requests
until a clear mask register instruction enables the requests. Note that, masking DMA channel 4 (DMA controller
2, channel 0), :masks DMA channels ([3:0]. Also. Note that, Masking DMA controlier 2 with
a write to port DEhN also masks DREQ assertions from DMA cantrofler 1. )

Bit ' Descripﬁon
7:4 Reserved. Must be 0. v

3:0 | Channel Mask Bits. 1=Disable the corresponding DREQ(s); 0=Enable the corresponding DREQ(s).

Bit Channel
0 04
1 1(5)
2 2 (6)
3 3@
4.2.1.8. DS—DMA Status Register (10)
IO Address: Channels 0~3—08h; Channels 4-7—0D0h
Default Value: 00h
Attribute: Read Only

Each DMA controfier has a read-only DMA Status Register that indicates which channels have reached terminal
count and which channels have a pending DMA request.

Bit " Description

7:4 Channel Request Status. When a valid DMA request is pending for a channeal (on its DREQ signal
ling), the corresponding bit is set 1o 1. When a DMA request is not pending for a particular channel,

the corresponding bit is set'to 0. The source of the DREQ may be hardware or a software request.

Note that channel 4 does not have DREQ or DACK lines, so the response-for

a read of DMA2 status for channel 4 is irrelevant,

Bit : Channel
4 0

5 1(5)
6 2 (6)
7 3(7)

3:0 Channel Terminal Count Status. 1=TC is reached; 0=TC is not reached.

Bit Channel
0 0

1 1(5)
2 2(6)
3 3(7)
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4217, DBADDR-—-DMA Base and Current Address Registers (10)

/O Address: DMA Channel 0—000h DMA Channel 4—0C0h
DMA Channel 1—002h DMA Channel 5—0Céh
DMA Channel 2—004h DMA Channel 6—0C8h
DMA Channel 3—006h DMA Channel 7—0CCh

Default Value: Undefinad (CPURST or Master Clear)

Attritiute: - , Read/MWrite

This Register works in conjunction with the Low Page Register. After-an autoinitialization, this register retains the
original programmed value. Autoinilialize takes place after a TC. The address register is automatically
incrementad or decremented after each transfer. This register is read/written in successive 8-bit bytes. The
programmer must issue the “Clear Byte Pointer Flip-Flop” command to reset the intemal byte pointer and
correctly align the write prior to programming the Current Address Register. Autoinitialize takes place only after a
TC.

Bit Deseription

15:0 | Base and Current Address [15:0]. These bits represent address bits [15:0] used when forming the

24-bit address for DMA transters.

4.2.1.8. DBCNT—DMA Base and Current Count Registers (10)

/O Address: DMA Channel 0—001h DMA Channel 4—0C2h
DMA Channel 1—003h DMA Channel 5—0C6h
DMA Channel 2-—005h DMA Channel 6—0CAQ
DMA Channel 3—007h DMA Channel 7—0CEh

Default Value: Undefined (CPURST or Master Clear)

Attribute: Read/Write

This register determines the number of transfers to be performed. The actual number of transfers is one more
than the number programmed in the Current Byte/Word Count Register when the value in the register is
decremented from zero to FFFFh, a TC is generated. Autoinitialize can only occur when a TC occurs. If it is not
autoinitialized; this register has a count of FFFFh after TC.

For transfers to/from an 8-bit /O, the Byte/Word count indicates the number of bytes to bé transferred. This
applies to DMA channels 0-3. For transfers to/from a 16-bit /O, with shifted address, the Byte/Word count
indicates the number of 16-bit words to be transferred. This applies to DMA channels 5-7.

Bit Description

15:0 | Base and Current Byte/Word Count. These bits represent the 16-byte/word count bits used when

counting down a DMA transfer.
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4.2.1.9. DLPAGE—DMA Low Page Registers (10)

/O Address: DMA Channsl 0—087h DMA Channel 5—08Bh
DMA Channel 1—083h DMA Channel 6—08%h
DMA Channel 2—081h DMA Channel 7—08Ah

DMA Channel 3—082h
Default Value: Undefined (CPURST or Master Clear)

Attribute: Read/Write

This register works in conjunction with. the Current Address Register. After an autoinitialization, -this register
ratains the original programmed value. Auloinitialize takes place after a TC.

Bit Description

7:0 DMA Low Page [23:16]. These bits represent address bits [23:16] of the Zﬁ-bit DMA address.

4.2.1.10. DCBP—DMA Clear Byte Pointer Register (I0)

/O Address: Channels 0-3—00Ch; Channels 4-7—0D8h
Default Value: All bits undefined
Attribute: Write Only

Writing to this register executes the Clear Byte Pointer Command. This command is executed prior to
reading/writing a new address or word count 10 the DMA. The command initializes the byte pointer flip-fliop 1o a
known state ‘so-that subsequent accesses 10 register: contents address upper-and lower:bytes-in the correct
sequénce. The Clear Byte Pointer Command (or CPURST or the Master Clear. Command) clears the intemal
latch used to address the upper orlower byte of the 16-bit Address and Word Count Registers.

Bit . Description

7:0 Clear Byte Pointer. No specific pattem. Comrﬁand enabled with a write to the 1/O port address.

4.2.1.11. DMC-—DMA Master Clear Register (10)

YO Address: Channel 0-3-—00Dh; Channel 4-7—0DAhK
Default Value: All bits undefined ‘

Attribute: Write Onty

This software instruction has the same effect as the hardware Reset.

Bit Description

7:0 Master Clear. No specific pattern. Command enabled with a write to the /O port address.
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4.2.1.12, DCLM--DMA Clear Mask Register (10)

110 Address: Channel 0~3--00Eh; Channel 4-7—0DCh
Default Value: All bits undefined
Attribute: Write Only

This command clears the mask bits of all four channels, enabling them to accept DMA requests.

Bit Description

7:0 | Clear Mask Register. No specific pattem. Command enabled with.a write to the 1/O port address.

4.2.2. INTERRUPT CONTROLLER REGISTERS

PIIX4 contains an ISA-Compatible interrupt controlier that incorporates the functionality of two 82C59 interrupt
controlters. The interrupt registers control the operation of the interrupt controller.

4.2.2.1. ICW1—Initialization Command Word 1 Register (I0)
I/0O Address: INT CNTRL-1—020h; INT CNTRL-2—0A0h
Defauit Value: All bits undefined

Attribute: Write Only

A write to Initialization Command Word 1 starts the interrupt controlier initialization ‘sequence. Addresses 020h
and OAOh are refarred to as the base addresses of CNTRL-1 and CNTRL-2, respectively. An YO write to the
CNTRL-1 or CNTRL-2 base address with bit 4 equal to 1'is interprated as ICW1. For PliX4-based 1SA systems,
three /O writes to “base address + 17 must follow the ICW1. The first write to “base address + 17 performs
ICW2, the second write performs ICW3, and the third write performs ICW4.

ICW1 starts the initialization sequence during which the following automatically occur:

The Interrupt Mask register is cleared.

IRQ7 input is assigned priority 7.

The slave mode address is setto 7.

Special Mask Mode is cleared and Status Read is set to IRR.

I 1C4 was set to 0, then all functions selected by ICW4 are set to 0. However, ICW4 must be programmed in
the PlIX4 implementation of this interrupt controlier, and IC4 must be settoa 1.

oo N
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Bit Description
7:5 | ICW/OCW select. These bits should be 000 when programming PliX4.
4 ICW/OCW select. Bit 4 must be a 1 1o select ICW1. After the fixed iniiial,&iation sequence to ICW1,
ICW2, ICW3, and ICW4, the controller base address is used to write to OCW2 and OCW3. Bit4is a
0 on writes o these registers. A 1 on this bit at any time will force the intarrupt controlier 10 interpret
the write as an ICW1. The contraller will then expact to see ICW2, ICW3, and ICW4.
3 Edge/ievel Bank Select (LTIM). This bit is disabled. Its function is replaced by the Edge/Level
Triggered Controf (ELCR) Registers.
2 ADI. {gnored for PlIXa4. ‘
1 Sirigle or Cascade (SNGL). This bit must be programmed to a 0.
0 ICW4 Write Required (1C4). This bit must be setto a 1.
4.2.22. ICW2—Initialization Command Word 2 Register (10)
/O Address: INT CNTRL-1—021h; INT CNTRL-2—0A1h
Default Vaiue: All'bits undefined
Attribute: Write Only

ICW2'is used to initialize the interrupt controlier with the five most significant bits of the interrupt vector address.

Bit Description ;
7:3 - | Interrupt Vector Base Address. Bits [7:3] define the base address in the interrlipt vector table for
the inferrupt routines associated with each interrupt request level input.
2:0 | interrupt Request Level. Must be programmed to all 0s.
4.2.2.3. ICW3—initialization Command Word 3 Register (10)
/O Address: INT CNTRL-1—021h
Default Value: All bits undefined
Attribute: Write Only

The meaning of ICW3 differs between CNTRL-1 and CNTRL-2. On CNTRL-1, the master controller, ICW3

indicates which CNTRL-1 IRQ line physically connects the INTR output of CNTRL-2 to CNTRL-1.

Bit

Description

73

Reserved. Must be programmed to afl 0s.

2

Cascaded Mode Enable. This bit. must be programmed to 1 selecting cascade mode.

1:0

Reserved. Must be programmed to all 0s.
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4.224. ICW3—-Initialization Command Word 3 Register (10)
/O Address: INT CNTRL-2—0A1h

Detault Value: All bits undefined

Attribute: Write Only

On CNTRL-2 (the slave controlier), ICW3 is the slave identification code broadcast by CNTRL-1.

Bit Description

7:3 | Reserved. Must be programmed to all 0s.

2:0 | Slave Identification Code. Must be programmed to 010b.

4.2.2.5. ICWAa-~initialization Command Word 4 Register (10)
/O Address: INT CNTRL-1—021h; INT CNTRL-2—0A1h
Default Value: 01h

Attribute: Write Only

Both PiIX4 interrupt controliers must have ICW4 programmed as part of their initialization sequence.

Bit Description

7:5 | Reserved. Must be programmed to all Os.

4 Special Fully Nested Mode (SFNM). Bit 4, SFNM, should normally be disabled by writing a 0 to this
bit. if SFNM=1, the special fully nested mode is programmed.

3 Buffered mode (BUF). Must be programmed to 0 selecting non-buffered mode.

2 Master/Slave in Buffered Mode. Should always be programmed to 0. Bit not used.

1 AEOI! (Automatic End of interrupt). This bit should normally be programmed to 0. This is the
normat end of interrupt. If this bit is 1, the automatic end of interrupt mode is programmed.

0 Microprocessor Mode. Must be programmed to 1 indicating an Intel Architecture-based system.
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4.2.2.6. OCW1—Operational Control Word 1 Register (10)
/O Addréss: INT CNTRL-1—021h;. INT CNTRL-2—0A1h
Default Value: 00h

Attribute: Read/Write

OCW1 sets and clears the mask bits in the Interrupt Mask Register (IMR). Each interrupt request line may be
selectively masked or unmasked any time after initialization. The IMR stores the interrupt line mask bits. The
IMR operates on the IRR. Masking of a higher priority input does not affect the interrupt request lines of lower
priority. Unlike status reads of the ISR and IRR, for reading the IMR, no OCW3 is needed. The output data bus
contains the IMR when an /O read is active and the /O address is 021h or 0A1h {(OCW1). All writes to OCW1
must occur following the ICW1-ICW4 initialization sequence, since the same /O ponts are used for OCW1,
ICW2, ICW3 and ICW4.

Bit Description

7:0 |iInterrupt Request Mask (Mask [7:0]). When a 1 is written to any bit in this register, the
corresponding {RQx line is masked. For example, if bit 4 is set to a 1, then IRQ4 is maskad. Interrupt
requesis on IRQ4 do not set channel 4's interrupt request register (RA) bit as long as

the channel is masked. When a 0 is writlen to any bit in this register, the corresponding IRQx

is unmasked. Note that masking IRQ2 on CNTRL-1 also masks the interrupt requests from CNTRL-
2, which is physically cascaded to IRQ2,

4.2.2.7. OCW2-—-Operational Control Word 2 Register (10)
VO Address: INT CNTRL-1—020h; INT CNTRL-2—0AOh
Default Value: Bit[4:0]=undefined; Bit{7:5]=001

Attribute: Write Only

OCW2 controls both-the Rotate Mede and the End of Interrupt Mode. Following a CPURST or ICW._ initialization,
the controlier enters the fully nested mode of operation. Both rotation mode and specific EOl mode are disabled
following initialization.

Bit Description

7:5 | Rotate and EO! Codes. {R, SL, EOY). These three bits control the Rotate and End of interrupt
modes and combinations of the two. A chart of these combinations is listed above under-the bit

definition.

Bits[7:5} Function Bits[7:5] Function

001 Non-specific EOI Cmd 000 Rotats in Auto EOt Mode (Clear)
011 Specific EOI Cmd 111 *Rotate on Specific EOl Cmd
101 Rotate on Non-Spec EOI Cmd 110 *Set Priority Cmd

100 Rotate in Auto EO1 Mode (Set) 010 No Operation

*L0-L2 Are Used

4:3 | OCW2 Select. Must be programmed to 00 selecting OCW2,
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Bit Description
2:0 interrupt Level Select (L2, L1, L0). L2, L1, and LO determine the inferrupt level acted upon when
the SL bit is active (bit 6). When the SL bit Is inactive, bits [2:0] do not have a defined function;
programming L2, L1 and LO to 0 is sufficient in this case.
Bitf2:0]1 Interrupt Level Bit[2:0]  Interrupt Level
000 1RQ.0(8) 100 IRQ 4(12)
001 IRQ 1(9) 101 IRQ 5(13)
010 IRQ 2(10) 110 IRQ 6(14)
o1 IRQ 3(11) 111 IRQ 7(15)
4.2.2.8. OCW3—Operational Control Word 3 Register (10)
I/O Address: INT CNTRL-1—020h; INT CNTRL-2—0AGh
Default Value: Bit[6,0]=0; Bit[7,4:2]=Undefined; BI{5,1]=1
Attribute: Read/Write
OCWS3 serves three important functions—Enable Special Mask Mode, Poll Mode control, and IRR/ISR register
read control.
Bit Description
7 Reserved. Must be 0.
6 | Special Mask Mode (SMM). If ESMM=1 and SMM=1, the interrupt controller enters Special Mask
Mode. If ESMM=1 and SMM=0, the interrupt controller is in normal mask mode. When ESMM=0,
SMM has no effect. )
5 Enable ngcial Mask Mode (ESMM). 1=Enable SMM bit; 0=Disable SMM bit.
‘43 | OCW3 Select. Must be programmed to 01 selecting OCW3.
2 Poli Mode Command. 0=Disable Poll Mode Command. When bit 2=1, the next /O read to the
inferrupt controller is treated as an interrupt acknowledge cycle indicating highest prierity request.
1:0 | Register Read Command. Bits [1:0] provide control for reading the in-Service Register (ISR) and

the Interrupt Reguest Register (IRR). When bit 1=0, bit 0 does not affect the register read selection.
When bit 1=1, bit 0 selects the register status returned following an OCW3 read. If bit 0=0, the IRR
will be read. If bit 0=1, the ISR will be read. Following ICW initialization, the default OCW3 port
address read will be “read |RR.” To retain the current selection (read ISR or read IRR), always write
a 0.1o0.bit 1 when prograrmuming this register. The selected register can be read repeatedly without
reprogramming OCW3. To select a new status register, OCW3 must be reprogrammaed prior to
attempting the read.

Bit[1:0] Function

G0 No Action

01 No Action

10 Read IRQ Register
11 Read IS Register
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4.2.2.9. ELCR1-—Edge/Level Controf Register (10)
/O Address: INT CNTRL-1—4D0h

Default Value: 0Ch

Attribute: Read/Write

82371A8 (Plix4;

ELCR1 register allows IRQ{3:7] to be edge or level programmable on an interrupt by interrupt basis. IRQO, IRQ1
and IRQ2 are not programmable and are always edge sensitive. When level triggered, the interrupt is signaled
active when input 1RQ signal is high.

Bit Description
7 IRQ7 ECL. 0=Edge Triggered mode; 1=Level Triggered mode.
6 IRQ6 ECL. 0=Edge Triggered modey; 1=Level Triggered mode.
5 IRQS5 ECL. 0=Edge Triggered mode; 1=l.evel Triggered mode.
4 IRQ4 ECL. 0=Edge Triggered mode; 1=Level Triggered mode.
3 IRQ3 ECL, 0=Edge Triggered mode; 1=Level Triggered mode.
2:0 Reserved. Must be 0.
4.2.2.10. ELCR2—Edge/L.evel Control Register (10)
/O Address: INT CNTRL-2—4D1th
Default Vaiue: 00h
Attribute: Read/Write

ELCR2 register allows IRQ{15,14,12:9] {o be edge or level programmable on an interrupt by interrupt basis. Note
that, IRQ[13,8#] are not programmable and are always edge sensitive. When level triggered, the interrupt is
signaled active when input IRQ signal is high.

Bit

Description

IRQ15 ECL.. 0=Edge Triggered mode; 1=Level Triggered mode.

IRQ 14 ECL.. 0=Edge Triggered mode; 1=Level Triggered mode.

Reserved. Must be 0.

{RQ12 ECL. 0=Edge Triggered made; 1={_evel Triggered mode.

IRQ11 ECL. 0=Edge Triggered mode; 1=Level Triggered mode.

NjWlHsR]UOIO ]~

IRQ10 ECL. 0=Edge Triggered mode; 1=Level Triggered mode.

IRQ9 ECL. 0=Edge Triggered mode; 1=Level Triggered mode.

Reserved. Must be 0.
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4.2.3. COUNTER/TIMER REGISTERS

4.2.3.1. TCW—Timer Control Word Register (10)
/O Address: 043h

Default Value: Al bits undefined

Attribute: Write Only

The Timer Control Word Register specifies the counter selection, the operating mode, the counter byte
programming order and size of the count value, and whether the counter counts down in‘a 16 bitor binary-coded
decimal (BCD) format. After writing the control word, a new count can be written at any time. The new value
takes effect according to the programmed mode.

Bit ; Description
7:6 Counter Select. The Read Back Command is selected when bits[7:6] are both 1.
Bit[7:6] Function
00 Counter 0 selgct
01 Counter 1 select
10 Counter 2 select
11 Read Back Command

5:4 Read/Write Select. The Counter Latch Command is selected when bits[5:4] are both 0.

Bit{5:4] Function
00 Counter Latch Command
01 R/W Least Significant Byle
10 R/W Most Significant Byte
11 R/W LSB then MSB

3:1 | Counter Mode Selection. Bits [3:1] select one of six possible counter modes.
Bit[3:1] Mode Function

000 0 Out signal on end of count (=0)

001 1 Hardware retriggerable one-shot
X10 2 Rate generator (divide by n counter)
X11 3 Square wave output

100 4 Software triggered strobe

101 5 Hardware triggered strobe

0 Binary/BCD Countdown Select. 0=Binary countdown. The:largest possible binary count is 2™,

1=Binary coded decimal (BCD) count is used: The fargest BCD count allowed is 10",

Read Back Command

The Read Back Command is used to determine the count value, programmed mode, and current states of the
OUT pin and Null count flag of the selected counter or counters. The Read Back Command is written to the
Timer Control Word Register which latches the current states of the above mentioned variables. The vaiue of the
counter and its status may then be read by 1JO access t¢ the counter address. Note that the Timer Counter
Register bit definitions are different during the Read Back Command than for a normal Timer Counter Ragister
write.
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Bit Description

76 Read Back Command. When bits[7:6]=11, the Read Back Command is selecied during a write

to the Timer Controt Word Register. Following the Read Back Command, /O reads from the
selected counter's 1/O addresses produce the current latch status, the current latched count, or both
if bits 4 and 5 are both 0.

5 Latch Count of Selected Counters. When bit 5=0, the current count value of the seiected counters
will be latched. When bit S=1, the count will not be latched.

4 | Latch Status of Selected Counters. When bit 4=0, the status of the selected counters will be
latched. When bit 4=1, the status will not be latched. The status byte format is described in Section
4.3.3, interval Timer Status Byte Format Register:

3 | Counter 2 Select. When bit 3=1, Gounter 2 is selected for the latch command selected with bits
4 and 5. When bit 3=0, status and/or count will not be latched.

2 Counter 1 Select. When bit 2=1, Counter 1 'is selected for the latch command selected with bits
4 and 5. When bit 2=0, status and/or count will not be latched.

1 Counter 0 Select. When bit 1=1, Counter 0 is selected for the latch command selected with bits
4 and 5. When bit 1=0, status and/or count will not be latched.

0 Reserved. Must be 0.

Counter Latch Command

The Counter Latch Command latches the current count value at the time the command is received. If a Counter
is latched once and then, some time later, lalched again before the count is read, the second Counter Latch
Command is ignored. The count read will be the count at the iime the first Counter Latch Command was issued.
If the counter is programmed for two byte counts, two bytes must be read. The two bytes do not have to be read
successively {read, write, or programming operations for other counters may be inserted between the reads).
Note that the Timer Counter Register bit definitions are different during the Counter Latch Command than for a
nommal Timer Counter Register write. Note that, if a counter is programmed to read/write two-byte counts, a
program must not transfer control between reading the first and second byte to another routine that also reads

from that same counter. Otherwise, an incorrect count will
be read.
Bit Description

7:6 | Counter Selection. Bits 6 and 7 are used to select the counter for latching.

Bit[7:6] Function
00 latch counter O select
o1 latch counter 1 select
10 latch counter 2 seiect
11 Read Back Command select

5:4 | Counter Latch Command. When bits[5:4]=00, the Counter Latch Command is selected during a
wiite to the Timer Cantrol Word Register. Following the Counter Latch Command, /O reads from the
selected counter's /O addresses produce the current latched count,

3.0 | Reserved. Mustbe 0.
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4,2.3.2. TMRSTS—Timer Status Registers (10)

11O Address: Counter 0—040h; Counter 1—041h; Counter 2—042h
Default Value: Bits[6:0]=X; Bit 7=0

Attribute: : Read Only

Each counter's status byte can be read following an Interval Timer Read Back Command. If latch status is
chosen (bit 4=0; Read Back Command) as a read back option for a given counter, the next read from the
counter's Counter Access Ports Register retums the status byte.

Bit B " . Description _

7 Counter OUT Pin State. 1=Pin is 1; 0=Pinis 0.

6 Count Register Status. This bit indicates when the last count writter'to the Count Register (CR)
has been loaded into the counting element (CE). 0=Count has been transferred from CRto CE and
is available for reading. 1=Count has hot been transfetred from CRto CE and is not yet avaitable for
reading.

5:4 | Read/Write Selection Status. Bits[5:4] reflect the read/write sélection made through b:ts{s 4] of the
Control Register.

| Bit{5:4] Function

00 Counter Latch Command
01 R/W |_east Significant Byte (LSB}
10 R/W Most Significant Byte (MSB)

L 11 R/W LSB then MSB

31 | Mode Selection Status. Bits[3:1] return the counter mode programming.
Bitf3:1] Mode Selected Bit[3:1] Mode Selected

000 ¢} X11 3

001 1 100 4

XfOk 2 101 5

0 Countdown Type Status. 0=Binary countdown; 1=Binary coded decimal (BCD} countdown.

4.2.3.3. TMRCNT—Timer Count Registers (10)

/0O Address: Counter 0—040h; Counter 1--041h; Counter 2-——042h
Default Value: All bits undefined

Attribute: Read/Write

Each of these /O ports is used for writing count values to the Count Registers; reading the current count value
from the counter by ejther an /O read, after a Counter-Latch Command, or-after a Read-Back Command; and
reading the status byte following a Read Back Command.

Bit ; ~ Description

7:0 | Counter Port bit[x]. Each counter /O port address is used to program the 16-bit Count Register.
The order of programming, either LSB only, MSB only, or LSB then MSB, is défined with the Interval
Counter Control Register. The counter /O port is also used 1o read the current count from the Count
Register and retum counter programming status following a Read Back Command.
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4.24. NMiI REGISTERS

The NMI logic incorporates two different 8-bit registers. The CPU reads the NMISC Register to determine the
NM! source (bits set 10 a 1). After the NMI interrupt routine processes the interrupt, software clears the NMI
status bits by setting the corresponding enable/disabie bit to a 1. The NM! Enable and Real-Time Clock Register
can mask the NMi signal and disable/enable all NMI sources.

To ensure that all NMI requests are serviced, the NMI service routine software flow shouid be as follows:

1. NMiis detected by the processor on the rising edge of the NM! input.

2. The processor will read the status stored in port 061h o dstermine what sources caused the NMi. The
processor may then set to 0 the register bits controlling the sources that it has determined to be active.
Between the time the processor reads the NMI sources and sets them toa 0, an NMI may have been
generated by another source. The level of NMI will then remain active. This new NMI source will not be
recognized by the processor because there was no edge on NML.

3. The processor must then disable all NMis by setting bit 7 of port 070H to a 1 and then enable all NMis by
sefting bit 7 of port 070H to a 0. This will cause the NMI output to transition fow then high if there are any
pending NM! sources. The CPU’s NMI input logic will then register a new NML.

4.24.1. NMISC—NMI Status and Control Register (I0)
O Address: 061h

Default Value: 0Dh

Attribute: Read/Write

This register reports the status of different system components, controls the output of the speaker counter
(Counter 2), and gates the counter output that drives the SPKR signal.

Bit Description

7 SERR# NMI Source Status—RO. Bit 7 is set if a system board agent (PCI devices or main
memory} detects a system board error and pulses the PC{ SERR# line, This interrupt source is
enabled by setling bit 2 to 0. To reset the interrupt, set bit 2 to 0 and then set it to 1. When writing to
port 061h, bit 7 must be 0.

6 IOCHK# NM! Source Status—RO. Bit 6 is set if an expansion board asserts IOCHK# on the ISA
Bus. This interrupt source is enabled by sefting bit 3 to 0. To reset the interrupt, set bit 3-to 0 and
then set it to 1. When writing to port 061h, bit 6 must be a 0.

5 Timer Counter 2 QUT Status—RO. The Counter 2 OUT signal state is reflected in bit 5. The value
on this bit following a read is the current state of the Counter 2 OUT signal. Counter 2 must be
pragrammed following 2 CPURST for this bit to have a determinate value. When writing to port 061h,
bit 5 must be a 0.

4 Refresh Cycle Toggle—RO. The Refresh Cycle Toggle signal toggles from eitherOtc 1or 110 0
following every refresh cycle. When writing to port 061h, bit4 mustbe a 0.

IOCHK# NMI Enable—R/W. 1=Clear and disable; 0=Enable IOCHK# NMis.

PCl SERR# Enable—R/W. 1=Clear and Disable; O=Enable. For PlIX4, the SERR# signal can be for
a special protocol between the host-to-PC1 bridge and PYIX4 (see MSTAT Register description, 6B-
BAh, function 0).

1 Speaker Data Enable—R/W. 0=SPKR output is 0; 1=the SPKR output is the Counter 2 OUT signal
value.

0 Timer Counter 2 Enable—R/W. 0=Disable; 1=Enable.

1998 Platform Gomponents Databook 2685



82371AB (PlIX4) inte'
R ®

4242, NMIEN—NMi Enable Register (Shared with Real-Time Clock Index Register) (10)
11O Address: 070h

Default Value: Bif6:0}=undefined; Bit 7=1

Aftribute: Write Only

This port is shared with the real-time clock. Do not modify the contents of this register without considering the
effects on the state of the other bits. Reads and writes to'this register address flow ‘through to the ISA Bus.
Reads to register 70h will cause X-Bus reads, but no RTCCS# or RTCALE will be generated. (The RTC has
traditionally been write-only to port 70h.}

‘Bit Description

7 NMI Enable. 1=Disable generation of NMI; O=Enable generation of NMI.

6:0 | Real Time Clock Address. Used by the Real Time Clock to address memory locations. Noi used
for NMi enabling/disabling.

4.2.5, REAL TIME CLOCK REGISTERS

4.2.5.1. RTCl—Real-Time Clock index Register (Shared with NMI Enable Register) (10)
/O Address: Q70h

Default Value: Bit[6:0]=Undefined; Bit 7=1

Attribute: Write Only

This port is shared with the NMI enable. Do not modify the contents of this register without considering the
effects on the state of the other bits. Reads and writes to this register address flow through to the ISA Bus.
Reads 16 register 70h will cause X-Bus reads, but no RTCCS# or RTCALE will be generated. (The RTC has
traditionally been write-onty 1o port 70h.)

Bit ‘ Description
7 | NMI Enable. Used by PlIX4 NMi logic.

8:0 Real Time Clock Address. Latched by the Real Time Clock to address memory locations within the
standard RAM bank accessed via the Real Time Clock Data Register (0671h).

:
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4.2.5.2, RTCD~—Real-Time Clock Data Register (10)
/O Address: 071h

Default Value: Undefined

Attribute: Read/Write

The data port for accesses to the RTC standard RAM bank.

Bit Description
7:0 Standard RAM Data Port. Data written to standard RAM bank address selected via RTC Index
Register (070h).
4.2.5.3. RTCEI—Real-Time Clock Extended index Register (10)
/O Address: 072h
Default Value: Unknown
Aftribute: Write Only

The index port for accesses 1o the RTC extended RAM bank.

Bit Description
7 Reserved.
6:0 | Real Time Clock Extended Address. Latched by the Real Time Clock to address memory
locations within the extended RAM bank accessed via the Real Time Clock Extended Data Register
(073h}.
4.2.5.4. RTCED-—Real-Time Clock Extended Data Register (10)
/O Address: 073h
Default Value: Unknown
Attribute: Read/Write

The data port for accesses to the RTC extended RAM bank.

Bit

Description

7.0

Extended RAM Data Port. Data written to standard RAM bank address selected via RTC Extended
Index Register (072h).

1998 Platform Components Databook

297



82371AB (PliX4) .
| intgl.

4.2.6. ADVANCED POWER MANAGEMENT (APM) REGISTERS

This section describes two power management registers—APMC and APMS Registers. These registers are
located in normal /O space and must be accessed (via the PCI Bus) with 8-bit accesses.

4.2.6.1. APMC—Advanced Power Management Control Port (10)
/O Address: 0B2h

Default Value: 00h

Attribute: Read/Write

This register passes data (APM Commands) between the OS and the SMi handler. In addition, writes can
generate an SMI. PliX4 aperation is not affected by the data in this register.

Bit Description

7:0 | APM Control Port (APMC). Writes to this register store data in the APMC Register and reads retum
the last data written. In addition, writes generate an SM, it the APMC_EN bit (PCl function 3, offset
58h, bit 25) is set to 1. Reads do not generate an SMI. )

#»

4.2.6.2. APMS-—Advanced Power Management Status Port (10)
11O Address: 0B3h

Default Value: 00h

Attribute: Read/MWrite

This register passes status information between the OS and the SMi handler. PlIX4 operation is not affected by
the data in this register.

Bit Description

7:0 APM Status Port (APMS). Writes store data in this register ahd reads return the last data written.

4.27. X-BUS, COPROCESSOR, AND RESET REGISTERS

4.2.7.1, RIRQ—Reset X-Bus IRQ12/M and IRQ1 Register (10)
/O Address: 60h

Default Value: N/A

Attribute: Read only

This register clears the mouse interrupt function (IRQ12/M) and the keyboard intersupt (IRQ1). Reads and writes
to this address are accepted by PlIX4 and sent to ISA (Keyboard accesses must be enabled if in Positive
decode). PIX4 latches low to high transitions on {RQ1 and IRQ12/M {(when enabled as mouse interrupt). A read
of 60h clears the internally latched signals of IRQ1 and IRQ12/M.

Bit Description

7:0 Reset IRQ12 and IRQ1. No specific pattern. A read of address 60h clears the internally latched
IRQ1 and IRQ12/M signals.
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4.2.7.2. P92—Port 92 Register (10)
11O Address: 92h
Default Value: 00h
Attribute: Read/Write
Bit Description

7:2 Reserved. Retumns 0 when read.

1 FAST_A20. 1=Causes A20M¥ signal to be asserted 10 0. 0=A20M# signal determined by A20GATE
signal, This signal is internally combined with the A20GATE input signal. The result is then output via
the A20M# signal to the processor for support of real mode compatible software.

The A20GATE signal generated by the keyboard is used in conjunction with the FAST_A20 bit in the
| P92 register ta generate the A20M# signal that goses to the CPU. The A20M# signal is generated
according to the following table:

Bit1 A20GATE A20M#
(Input Signatl) (Output Signal)
4] Negated (Low) Asserted (Low)
0 Asserted {High) Negated (High)
1 Negated (Low) Negated (High)
1 Asserted (High) Negated (High)

0 FAST_INIT. This read/write bit provides a fast software executed processor reset function. This
tunction provides an alternate means to reset the system processor to effect a made switch from
Protected Virtual Address Mode to the Real Address Mode. This provides a faster means of reset
than is provided by the Keyboard controller. Writing a 1 to this bit will cause the INIT signal to pulse
active (high) for approximately 16 PC! Clocks. Before another INIT pulse can be generated via this
register; this bit must be written back to a-0.

4.2.7.3. CERR-—-Coprocessor Error Register (10)
/O Address: Foh

Default Value: N/A

Attribute: Write only

Writing 1o this register causes P1iX4 to assert IGNNE#. Pl[X4 also negates IRQ13 (internal fo PiX4). Note, that
IGNNE# is not asserted unless FERR# is active. Reads/writes flow through to the ISA Bus.

Bit Description

7:0 Assert IGNNE#. No special pattern required. A write to address FOh causes assertion of IGNNE# if
FERR# is asserted.
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4.2.7.4. RC—Reset Control Register (10)
/O Address: CFgh
Default Vaiue: 00h
Attribute: Read/Write

300

Bits 1 and 2 in this register are used by PlIX4 to generate a hard reset or a soft reset. During a hard reset, PliX4
asserts CPURST, PCIRST#, and RSTDRV, as well as reset its core and suspend weil logic. During
a soft reset, PlIX4 asserts INIT,

Bit Description
7:3 Reserved.

2 Reset CPU (RCPU). This bitis used to initiate {transitions from O to 1) a hard reset (bit 1 in this
register is set to 1) or a soft reset to the CPU. PHX4 will also initiate a'hard reset when PWROK is
asserted. This bit cannot be readas a 1.

1 System Reset (SRST). This bit is used to selecl the type of reset genetated when bit 2 in this
register is set to 1. When SRST=1, PliX4 iniliates a hard reset to the CPU when bit 2 in this register
transitions from 0 to 1. When SRST=0, PiiX4 initiates a soft reset when bit 2 in this register
transitions from 0 to 1.

0 Reserved.
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5.0. IDE CONTROLLER REGISTER DESCRIPTIONS (PClI FUNCTION 1)

This section describes in detail the registers associated with PliX4 IDE Controlier function. This includes
Programmed 1/0 (P10), Bus Master, and “Ultra DMA/33” synchronous DMA functionality.

5.1. IDE Controller PCI Configuration Registers (PCl Function 1)

5.1.1. VID—VENDOR IDENTIFICATION REGISTER (FUNCTION 1)

Address Offset: 00-01h
Default Value: 8086h
Attribute: Read Only

The VID Register contains the vendor identification number. This register, along with the Device Identification
Register, uniquely identify any PCl device. Writes to this register have no effect.

Bit. Description
15:0 - | Vendor Identification Number. This is a 16-bit value assigned to intel.

5.1.2. DID--DEVICE IDENTIFICATION REGISTER (FUNCTION 1)

Address Offset: 02-03h
Default Value: 7t11th
Attribute: Read Only

The DID Register contains the device identification number. This register, along with the ViD Register, define the
Pi1X4 function. Writes to this register have no effect.

Bit Description

15:0 | Device ldentification Number. This is a 16-bit value assigned to the PliX4 IDE Controlier function.

5.1.3. PCICMD—PCI COMMAND REGISTER (FUNCTION 1)

Address Offset: 04-05h
Defauit Value: 0000h
Attribute: Read/Write

The PCICMD Register controls access to th’e /O space registers.

Bit Description

15:10 | Reserved. Read 0.
9 Fast Back to Back Enable (FBE) (Not Implemented). This bit is hardwired to 0.

8:5 Reserved. Read as 0.

4 Memory Write and Invalidate Enable (Not Implemented). This bit is hardwired to 0.
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Bit Description’

3 Special Cycle Enable (Not Implemented). This bit is hardwired to 0.

2 | Bus Master Function Enable (BME). 1=Enable. 0=Disable.

1 Memory Space Enable (Not Implemented). This bit is hardwired o 0.

0 110 Spacé Enabie (IOSE) This bit controls access to the I/O space registers. When IQSE=1,
access to the Legacy IDE ports (both primary and secondary) and the PCl Bus Master IDE l/O
Registers is enabled. The Base Address Register for the PCI'Bus Master IDE 1/O Registers should
be programmed before this bitis setto 1.

5.1.4. PCISTS—PCI DEVICE STATUS REGISTER (FUNCTION 1)

Address Offset: 06-07h

Defauit Vaiue: 0280h

Attribute: Read/Write

PCISTS is a 16-bit status register for the IDE interface function. The tegister also indicates PiIX4’s DEVSEL#
signal timing.

Bit ‘ Description

15 Detected Parity Error (Not implemented). Read as 0.

14 SERR# Status (Not Implemented). Read as 0.

13 Master-Abort Status (MAS)—R/WC. When the Bus Master IDE interface function, as a master,
generates a master abort, MAS is set to a 1. Software sets.MAS fo 0 by writing a 1 to this bit.

12 Received Target-Abort Status (RTA)—R/WC. When the Bus Master IDE interface function is a
master on the PCI Bus and receives a target abort this bit is set to a 1. Software sets RTA to 0 by
writing a 1 to this bit.

11 Signaled Target Abort Status (STA)}--R/WC. This bit is set when the PiIX4 IDE interface function
is targeted with a transaction that PliX4 terminates with a target abort. Software resets STA to 0 by
writing a 1 to this bit.

10:9- | DEVSEL# Timing Status (DEVT)——RO. For PiiX4, DEVT=01 indicating medium timing for
DEVSEL# assertion when performing a positive decode. DEVSEL# timing does not include
configuration cycles.

8 Data Parity Detected (DPD) (Not implemented). Read as 0.

7 Fast Back to back Capable (FBC)—RO. Hardwired to 1. This bit indicates to the PC] Master that
PIiX4 as a target, is capable of accepting fast back-to-back transactions.

6.0 Reserved. Read as 0's.
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5.1.5. RID—REVISION IDENTIFICATION REGISTER (FUNCTION 1)

Address Offset: 08h

Default Value: Initial Stepping=00h. Refer to P11X4 Specification Updates for other values
programmed here.

Attribute: Read Only

This 8-bit register contains device stepping information. Writes to this register have no effect.

Bit Description
7:0 | Revision ID Byte. The register Is hardwired {o the default value.

5.1.6. CLASSC—CLASS CODE REGISTER (FUNCTION 1)

Address Offset: 09-0Bh
Defauit Value: 010180h
Attribute: Read Only
This register identifies the Base Class Code, Sub Class Code, and Device Programming interface for PIIX4 PCI
function 1.
Bit Description

23:16 | Base Class Code (BASEC). 01h=Mass storage device.
15:8 | Sub Class Code (SCC). 01h=IDE controller.

7:0 | Programming Interface (P1). 80h=Capable of IDE bus master operation.

5.1.7. MLT—MASTER LATENCY TIMER REGISTER (FUNCTION 1)

Address Offset: ODh
Defauit Value: 00h
Attribute: Read/Write

MLT controls the amount of time PlIX4, as a bus master, can burst data on the PCI Bus. The count value is an 8-
bit quantity. However, MLT[3:0] are reserved and O when determining the count value. The Master Latency
Timer is cleared and suspended when PliX4 is not asserting FRAME#. When PliIX4 asserts FRAME#, the
counter begins counting. If PIIX4 finishes its transaction before the count expires, the MLT count is ignored. If
the count expires before the transaction completes (count=# of clocks programmed in MLT), PiiX4 initiates a
transaction termination as soon as its PHLDA# is removed. The number of clocks programmed in the MLT
represents the guaranteed time slice {(measured in PCi clocks) aliotted to PlIX4.

Bit Description

7:4 | Master Latency Timer Count Value (MLTC). PliX4-initiated PCI burst cycles can last indefinitely,
as long as PHLDA# remains active. However, if PHLDA# is negated after the burst cycle is initiated,
PlIX4 limits the burst cycle to the number of PCI Bus clocks specified by

this field.

3.0 Reserved.
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5.1.8. HEDT—HEADER TYPE REGISTER (FUNCTION 1)

Address Offset: OEh
Default Value; 00h
Aftribute: Read Only

This register identifies the IDE Controller module as a single function device.

Bit ‘ Description

7:0 k Device Type (DEVICET). 00. Multi-function device capability for PliX4 is defined by the HEDT"
register in Function 0.

5.1.9, BMIBA—BUS MASTER INTERFACE BASE ADDRESS REGISTER (FUNCTION 1)

Address Offset: 20-23h
Default Value: 00000001h
Attribute: Read/Write

This register selects the base address of a 16-byte I/O space to provide a software interface to the Bus Master
functions. Only 12 bytes are actually used {6 bytes for primary and 6 bytes for secondary}.

Bit ‘ Description

31:16 | Reserved. Hardwired to 0.

15:4 | Bus Master interface Base Address {BMIBA). These bits provide the base address for the Bus
Master interface registers and correspond to AD[15:4].

3:2 Reserved. Hardwired 10 0.

1 Reserved.

0 Resource Type Indicator (RTE}—RO. This bit Is hardwired to 1 indicating that the base address
field in this register maps to /O space.
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5.1.10. IDETIM—IDE TIMING REGISTER (FUNCTION 1)

Address Offset: 40-41h=Primary Channel; 42-43h=Secondary Channel
Default Vatue: 0000h
Attribute: Read/Write Only

This register controls PiIX4's IDE interface and selects the timing characteristics of the PCi Local Bus IDE cycle
for PIO and standard Bus Master transfers. Note that primary and secondary denotations distinguish between
the cables and the 0/1 denotations distinguish between master (0) and slave (1). See Table 14 for programming
values for various PIO Timing Modes.

Bit Description

15 IDE Decode Enable (IDE). 1=Enable. 0=Disable. When enabled, I/O transactions on PC{ targeting
the IDE ATA register blocks (command block and controf block) are positively decoded on PCI and
driven on the IDE interface. When disabled, these accesses are subtractively decoded to ISA.

14 Slave IDE Timing Register Enable (SITRE). 1=Enable SIDETIM Register. 0=Disable (default)
SIDETIM Register. When enabled, the ISP and RTC values can be programmed uniquely for each
drive 0 through the fields in this register and these values can be programmed for each

drive 1 through the SIDETIM Register. When disabled, the ISP and RTC values programmed in this
register apply to both drive 0 and drive 1 on each channel.

13:12 | 1ORDY Sample Point (ISP). This field selects the number of PCI clocks between DIOx# assertion
and the first IORDY sample point.

Bits[13:12] Number Of Clocks
00 5
43] 4
10 3
11 2

11:10 | Reserved

9:8 Recovery Time (RTC). This field selects the minimum number of PCI clocks between the last
IORDY# sample point and the DIOx# strobe of the next cycle.

Bits[9:8] Number Of Clocks
00 4
01 3
10 2
11 1

7 DMA Timing Enable Only (DTE1). When DTE1=0, both DMA (bus master) and PO data transfers
for drive 1 use the fast timing mode (this is the preferred setting for optimal performance). When
DTE1=1, fast timing mode is enabled for DMA data transfers for drive 1.

PIO transfers run in compatible timing.

6 Prefetch and Posting Enable (PPE1). When PPE1=1, prefetch and posting to the IDE data portis
enabled for drive 1. When PPE 1=0, prefetch and posting is disabled for drive 1.

5 IORDY Sample Point Enable Drive Select 1 (IE1). When [E1=0, IORDY sampling is disabled for
drive 1. The internal IORDY signal is forced asserted guaranteeing that IORDY is sampled assented
at the first sample point as specified by the ISP field in this register.

When |E1=1 and the currently selected drive (via a copy of bit 4 of 1x6h) is drive 1, all accesses fo
the enabled /O address range sample IORDY. The IORDY sample point is specified by the ISP field
in this register.
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Bit Description

4 Fast Timing Bank Drive Select 1 (TIME1). When TIME1=0, accesses to the data port of the
enabled /O address range use the 16-bit compatible timing.

When TIME1=1 and the currently selected drive (via a copy of bit 4 of 1x6h) is drive 1, accesses to
the-data port of the enabled VO address range use fast timings. PiO accesses to the data port use
fast timing only if bit 7 of this register (DTE1) Is zero. Accesses to ail hon-data ponts of the enabled
I/O address range always use the 8-bit compatibie timings.

3 DMA Timing Enable Only (DTEOQ). When DTE1=0, both DMA and PO data transfers for drive 0 use
the fast timing mode (this is the preferred sefting for optimal performance). When DTEO=1, fast
timing mode is enabled for DMA data transfers for drive 0. PIO transfers run in compatible timing.

2 Prefetch and Posting Enable (PPEC). When PPEO=1, prefétch-and posting to the 1DE data port is
enabled for drive 0. When PPEO=0, prefeich and posting is disabled for drive 0.

1 IORDY Sample Point Enable Drive Select 0 (IE0). When IE0=0, IORDY samphng is disabled for
drive 0. The internal IORDY signal Is forced asserted guaranteaing that {ORDY is sampled asserted
at the first sampie point as specified by the ISP field in this register.

When IEO=1 and the currently selected drive (via a copy of bit 4 of 1x6h) is drive 0, all accesses to
the enabled /O addrass range sampie IORDY. The IORDY sample point is specified by the ISP field
in this register.

0 Fast Timing Bank Drive Select 0 (TIMEQ). When TIMEO=0, accesses to the data part of the
enabled I/O address range uses the 16-bit compatible timing.

When TIMEO=1 and the currently selected drive (via a copy of bit 4 of 1x6h) is drive 0, accesses to
the data port of the enabled /O address range use fast timings. PIO accesses to the data port use
fast timing only if bit 3 of this register (DTED) is 0. Accesses to all non-data ports of the enabled /O
address range always use the 8-bit compatible timings. ’
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5.1.11. SIDETIM-—SLAVE IDE TIMING REGISTER {FUNCTION 1)

Address Offset: 44h
Defauit Value: 00h
Attribute: Read/Write Only

This register controis PlIX4's IDE interface and selects. the timing characteristics for the slave drives on each
IDE channet. This allows for programming of independent operating modes for each IDE agent. This register has
no affect unless the SITRE bit is enabled in the IDETIM Register. See Table 14 for programming values for
various PIO Timing Modes.

Bit Description

7:6 | Secondary Drive 1 IORDY Sample Point (SISP1 }- This field selects the number of PCI clocks
between SDIOx# assertion and the first SIORDY sample point for the slave drive on the secondary

channel.
Bits[7:6] Number Of Clocks
00 5
01 4
10 3
11 2

5:4 | Secondary Drive 1 Recovery Time (SRTC1). This field selecis the minimum number of PCI clocks
between the last SIORDY# sample point and the SDIOx# strobe of the next cycle for the slave drive

on the secondary channel.
Bits[5:4] Number Of Clocks
00 4
01 3
10 2
11 1

3:2 Primary Drive 1 IORDY Sample Point (PISP1). This field selects the number of PCI clocks
between PDIOx# assertion and the first PIORDY sampie point for the slave drive on the primary

channel.
Bits[3:2] Number Of Clocks
00 5
01 4
10 3
11 2

1:0 | Primary Drive 1 Recovery Time (PRTC1). This field selects the minimum number of PCl clocks
between the last PIORDY# sample point and the PDIOx# strobe of the next cycle for the slave drive
on the primary channel.

Bits[1:0] Number Of Clocks
00 4
01 3
10 2
11 1
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5.1.12, UDMACTL—ULTRA DMA/33 CONTROL REGISTER (FUNCTION 1)

Address Offset: 48h
Default Value: 0Ch
Attribute: Read/Write

This register enables each individual channel and drive.for Ultra DMA/33 operation. For non-Ultra DMA/33
operafion, this register should be left programmed 1o its defauit value.

Bit Description

7:4 Reserved.

3 Secondary Drive 1 UDMA Enable (SSDE1). 1=Enabile Ultra DMA/33 mode for secondary channel
drive 1. 0=Disable {default). )

2 Secondary Drive 0 UDMA Enable (SSDED). 1=Enabie Ultra DMA/33 mode for secondary channel
drive 0, 0=Disable (default).

1 Primary Drive 1 UDMA Enable (PSDE1). 1=Enable Ultra DMA/33 mode for primary channel drive
1. 0=Disable {default).

o Primary Drive 0 UDMA Enabile (PSDEQ). 1=Enable Ultra DMA/33 mode for primary channel drive
0. O=Disable (default).

5.1.13. UDMATIM—ULTRA DMA/33 TIMING REGISTER (FUNCTION 1)

Address Offset: 4A—4Bh
Default Value: 00h
Attribute: Read/Write Only

This register controls the timings used by each Ultra DMA/33 enabled device.. For non-Ultra DMA/33 operation,
this register should be left programmed to its default value.
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Bit Description
15:14. | Reserved.
13:12 | Secondary Drive 1 Cycle Time (SCT1). These bit setlings determine the minimum data write strobe
Cycle Time {CT) and minimum Ready to Pause time (RP).
Bits[13:12) Time
00 CT=4 PCICLK, RP=6 PCICLK
01 CT=3 PCICLK, RP=5 PCICLK
10 CT=2 PCICLK, RP=4 PCICLK
11 Reserved
11:10 | Reserved.
9:8 | Secondary Drive 0 Cycle Time {SCT0). These bit settings determine the minimum data write strobe
Cycle Time (CT) and minimum Ready to Pause time (RP).
Bits[13:12] Time
0o CT=4 PCICLK, RP=6 PCICLK
01 CT=3 PCICLK, RP=5 PCICLK
10 CT=2 PCICLK, RP=4 PCICLK
11 Reserved
7:6 Reserved.
5:4 Primary Drive 1 Cycle Time (PCT1). These bit settings determine the minimum data write strobe
Cycle Time (CT) and minimum Ready to Pause time (RP).
Bits[13:12] Time
00 CT=4 PCICLK, RP=8 PCICLK
01 CT=3 PCICLK, RP=5 PCICLK
10 CT=2 PCICLK, RP=4 PCICLK
11 Reserved ‘
3:2 Reserved.
1:0 Primary Drive 0 Cycle Time (PCT0). These bit settings determine the minimum data write strobe
Cycle Time (CT) and minimum Ready to Pause time (RP).
Bits[13:12] Time
00 CT=4 PCICLK, RP=6 PCICLK
01 CT=3 PCICLK, RP=5 PCICLK
10 CT=2 PCICLK, RP=4 PCICLK
11 Reserved
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Table 13. Uitra DMA/33 Timing Mode Settings

intgl.

Bit Setting Mode 0 Mode 1 Made 2
. {120 ns Strobe Period) (90 ns Strobe Period) (60 ns Strobe Period)
Cycle Time Bit Settings 00 01 10

Table 14. DMA/PIO Timing Values (Based on PilX4 Cable Mode and System Speed)

PiiX4 Drive IORDY Recovery IDETIM[15:8] | IDETIM[15:8] | SIDETIM Resultant
Mode Sample Point| Time (RCT) Drive 0 Drive 0 Prif3:0} Cycle Time
1SP) (Master) (Master) Sec{7:4] ,
Base operatin
if Slave If no Slave Drive 1 frequency an
Attached attached or {Slave) cycle time
Slave is
Mode 0'
PIOO/ 5 clocks 4 clocks COh 80h 0 30 MHz: 900 ns
Compatible (default) (default) 33 MHz: 300 ns
P1O2/SW2 4 clocks 4 clocks DOh 90h 4 30 MHz: 256 ns
33 MHz: 240 ns
PIO3/MW1 3 clocks 3 clocks Eth Ath 9 130 MHz: 198 ns
33:MHz: 180 ns
PIO4MW2 3 clocks 1 clock E3h A3h B 30 MHz: 132 ns
‘ 33 MHz: 120 ns
NOTES:

1. This table assumes that if the attached slave drive is Mode 0 or is not pre_sem, the SITRE bitis setto 0.

2. The table assumes that 25 MHz is not supported as a target PCl system speed. If the DMA Timing Enable
Only (DTE) bit has been enabled for that drive, this resultant cycle time appiies 1o data transfers performed
with DMA only.
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5.2. IDE Controlier 10 Space Registers

The PCI IDE function uses 16 bytes of /O space, allocated via the BMIBA register. Al bus master IDE /O space
registers can be accessed as byte, word, or DWord quantities. The description of the 18 bytes -of
VO registers foliows.

5.2.1, BMICX—BUS MASTER IDE COMMAND REGISTER (10}

Address Offset: Primary Channel—Base + 00h; Secondary Channel—Base + 08h
Default Value: 00h
Attribute: Read/Write

This register enables/disables bus master capability for the IDE function and provides direction control for the
IDE DMA transfers. This register also provides bits that software uses to indicate DMA  capability of the
iDE device. .

Bit Description

74 Reserved.

3 Bus Master Read/Write Control (RWCON). 0=Reads; 1=Writes. This bit must NOT be changed
when the bus master function is active. While a synchronous DMA transfer is in progress, this bit will
be READ ONLY. The bit will return to read/write once the synchronous DMA transfer has been
completed or halted,

211 {Reserved.

0 Start/Stop Bus Master (SSBM). 1=Start; 0=Stop. When this bit is set to 1, bus master operation
starts. The controller fransfers data between the 1DE device and memory only while this bit is set.
Master operation can be stopped by writing a 0 to this bit. This results in ali state information being
lost (i.e., master mode operation cannot be stopped and then resumed).

if this bit is set to 0 while bus master operation is still active (i.e., Bit 0=1 in the Bus Master IDE
Status Register for that IDE channel) and the drive has not yet finished its data transfer (bit 2=0 in
the channel's Bus Master IDE Status Register), the bus master command is aborted and data
transferred from the drive may be discarded by PiX4 rather than being written to system memory.
This bit is intended to be set to 0 after the data transfer is completed, as indicated by either bit 0 or
bit 2 being set in the IDE Channel's Bus Master IDE Status Register.
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5.2.2. BMISX—BUS MASTER IDE STATUS REGISTER (l0)

Address Offset: Primary Channet—Base + 02h; Secondary Channel—Base + 0Ah
Default Vaiue: 00h
Attribute: Read/Write Clear

This register provides status information about the IDE device and state of the IDE DMA transfer. Table 15
describes IDE Interrupt Status and Bus Master IDE Active bit states after a DMA transfer has been stanted.

Bit Description
7 Reserved. This bit is hardwired to 0.

6 Drive 1 DMA Capable (DMA1CAP)—R/W. 1=Drive 1 is capable of DMA transfers. This bitis a
software controlled status bit that indicates IDE DMA device capability and does not affect hardware
operation.

5 Drive 0 DMA Capable (DMAOCAP)—R/W, 1=Drive 0 is capable of DMA transfers. This bitis a
software controlled status bit that indicates IDE DMA device capability and does not affect hardware
operation. ‘

4:3 Reserved.

2 IDE interrupt Status (IDEINTS}——RIWC This bit, when set to a 1, indicates when an' IDE device
has asserted its interrupt line. When bit 2=1, all read data from the IDE device has béen transferred
to main memory and all write data has been transférred to the IDE device. Software sets thisbitto a
0 by writing.a 1 to it. IRQ14 is used for the primary channel and IRQ15 is used for the secondary
channel. Note that, if the interrupt status bit is set to a 0 by writing a 1 to this bit while the inferrupt
line is still at the active level, this bit remains 0 until another assertion edge is detected on the
interrupt line. ‘

1 IDE DMA Error-—RIwc This bit is set to 1 when P1IX4 encounteérs a farget abort or master abort
while: transferring data on the PCI Bus. Software sets this bittoa 0 by writing a1 toit.

0 Bus Master IDE Active (BMIDEA)—RO. PlIX4 sets this bit to 1 when bit 0in the BMICx Register is
set to 1. PlIX4 sets this bit to 0 when the last transter for a region Is performed {where EOT for that
region is set in the region descriptor). PHX4 also sets this bit to 0 when bit 0 of the BMICx Register is
set to 0. When this bit is fead:as a 0, all data transferred from the drive during the previous bus
master.command is visible in system memory, uniess the bus master command

was aborted.
Table 15. Interrupt/Activity Status Combinations
Bit2 | Bit0 Description
0 1 DMA transfer is in progress. No interrupt has been generated by the IDE device.
1 0 | The IDE device generated an interrupt and the Physical Region Descriptors exhausted.

This is normal completion where the size of the physical memory regions is equal to the IDE
davice transfer size.

1 1 The IDE device generated an interrupt. The controller has not reached the end of the
physical memory regions. This is a valid completion case when the size of the physical
memory regions is larger than the IDE device transfer size.
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Table 15. Interrupt/Activity Status Combinations
Bit2 | Bit0o | Description

0 0 | Error condition. If the IDE DMA Error bit is 1, there is a problem transferring data to/from
memory. Specifics of the error have to be determined using bus-specific information.

If the Error bit is 0, the PRD specified a smaller buffer size than the programmed IDE transfer
size,

5.2.3. BMIDTPX-—BUS MASTER IDE DESCRIPTOR TABLE POINTER REGISTER (10)

Address Offset: Primary Channel—Base + 04h; Secondary Channel—Base + 0Ch
Default Value: 00000000h
Attribute: Read/Write

This register provides the base memory address of the Descriptor Table. The Descriptor Table must be DWord
aligned and not cross a 4-Kbyte boundary in memory.

Bit Description
31:2 | Descriptor Table Base Address (DTBA). Bits {31:2] correspond to A[31:2].

1.0 Reserved.
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6.0. USB HOST CONTROLLER REGISTER DESCRIPTIONS (PCI FUNCTION 2)

This -section describes. in detail the registers associated with the PlIX4 USB Host Controlier function. This
includes UHCl compatible registers and Legacy Keyboard registers.

6.1. USB Host Controller PCI Configuration Registers (PCl Function 2)

6.1.1. VID—VENDOR IDENTIFICATION REGISTER (FUNCTION 2)

Address Offset: 00-01h
Default Value: 8086h
Aftribute: Read Only

The VID Register contains the vendor identification number. This register, along with the Device Identification
Register, uniquely identifies any PCt device. Writes to this register have no effect.

Bit Description
15:0 | Vendor Identification Number. This is a 16-bit value assigned to Intel,

6.1.2. DID—DEVICE IDENTIFICATION REGISTER {(FUNCTION 2)

Address Offset: 02-03h
Default Value: 7112h
Attribute: Read Only

The DID Register contains the device identification number. This register, along with the VID Register, define the
PlIX4 USB Host Controller. Writes to this register have no effect.

Bit Description

15:0 | Device ldentification Number. This is a 16-bit value assigned to the PlIX4 USB Host Controliler.
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6.1.3. PCICMD—PCI COMMAND REGISTER (FUNCTION 2)

Address Offset: 04—-05h
Default Value: 00h
Attribute: Read/Write

This register controls access to the /O space registers.

Bit Description
15:10 | Reserved. Read 0.

9 Fast Back to Back Enable (Not Implemented). This bit is hardwired to 0.
8:5 Reserved. Read as 0.

4 Memory Write and Invalidate Enable (Not implemented). This bit is hardwired to 0.

3 Special Cycle Enable (Not implemented). This bit is hardwired to 0.

2 Bus Master Enable (BME). This bit controls PlIX4's ability to act as a master on the PCI bus for the
host controller transfers. A value of O disables the device from generating PCl accesses. A value of
1 allows the device to behave as a USB host controller bus master. This bit must be set to 1 before
USB transactions can start.

1 Memory Space Enable (Not iImplemented). This bit is hardwired to 0.

0 /0 Space Enable (IOSE). 1=Enable. 0=Disable. This bit controls the access to the /O space
registers. if this bit is set, access to the host controller 10 registers is enabled. The base register for
the /O registers must be programmed before this bit is set.

6.1.4, PCISTS—PCI DEVICE STATUS REGISTER (FUNCTION 2)

Address Offset: 06-07h
Default Value: 0280h
Attribute: Read/Write

DSR is a 16-bit status register that reports the occurrence of a PCI master-abort by the USB HC module or a
PCI target-abort when the Serial Bus module is a master. The register also indicates the USB HC module
DEVSEL# signal timing that is hardwired in the USB HC module.

Bit Description

15 Detected Parity (Not Implemented). Read as 0.

14 SERR# Status (Not Implemented). Read as 0.

13 Master-Abort Status (MAS)—R/WC. When the Serial Bus module receives a master-abort from a
PCli transaction, MAS is set to a 1. Software sets MAS to 0 by writing a 1 to this bit.

12 Received Target-Abort Status (RTA}—R/WC. When the Serial Bus module is a master on the PCI
Bus and receives a target-abort, this bit is set to a 1. Software resets RTA to 0 by writing a
1 fo this bit.
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Bit Description

11 Signaled Target-Abort Status (STA)—R/WC. This bit is set when the Serial Bus module function is
targeted with a transaction that the Serial Bus module terminates with a target abort. Software resets
STA to 0 by writing a 1 fo this bit.

10:9 | DEVSEL# Timing Status (DEVT)—RO. This 2-bit field defines the timing for DEVSEL# assertion.
These read only bils indicate PiiX4’'s DEVSEL# timing when performing a positive decode. Since
PliX4 always generate the DEVSEL# with medium timing, DEVT=01. This DEVSEL# timing does not
include Configuration cycles.

8 Data Parity Detected (Not Implemented). Read as 0.

7 | FastBack to Back Capable (FBC}—RO. Hardwired to 1. This bit indicates to the PCI Master that
Serial Bus module as a target is capable of accepting fast back-to-back transactions.

6:0 | Reserved. Read as 0's.

6.1.5. RID-—REVISION IDENTIFICA’RON REGISTER (FUNCTION 2)

Address Offset: 08h

Default Value: Initial Stepping=00h. Refer to P1iX4 Specification Updates for other values
programmed here.

Attribute: Read Only

This 8-bit register contains device stepping information. Writes to this register have no effect.

Bit Description

7:0 | Revision ID Byte. The register is hardwired to the default value.

6.1.6. CLASSC—CLASS CODE REGISTER (FUNCTION 2)

Address Offset: 09-08h
Default Value: 0C0300h
Attribute: Read Only

This register identifies the Base Class Code, Sub Class Code, and Davice Programming interface for PiIX4 PCi
function 2.

Bit Description

23:16 | Base Class Code (BASEC). 0Ch=Serial Bus controller.

15:8 | Sub Class Code (SCC). 03n=Universal Serial Bus Host Controller.

7:0 Programming Interface (Pl). 00h=Universal Host Controller interface.
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6.1.7. MLT—MASTER LATENCY TIMER REGISTER (FUNCTION 2)

Address Offset: 0Dh
Default Value: 0oh
Attribute: Read/Write

MLT is an 8-bit register that controls the amount of time (in terms of PCI clocks) the USB module can do
transactions on the PCl bus. The count value is an 8-bit quantity, however MLT[3:0] are reserved and assumed
to be 0 when determining the count value. MLT is used when the USB module becomes the PCI bus master and
is cleared and suspended when PliX4 is not asserting FRAME#. When PlIX4 asserts FRAME#, the counter is
enabled and begins counting. If the serial bus module finishes its transaction before count is expired, the MLT
value is ignored. If the count expires before the transaction completes, PilX4 initiates a transaction termination
as soon as the current transaction is completed. The number of clocks programmed in the MLT represents the
guaranteed time slice {measured in PCi clocks) aliotted to PliX4, afterwhich it must surrender the bus as soon
as the current transaction is completed.

Bit Description

7:4 Master Latency Counter Value. PitX4 initiated PCi cycles (including mulliple transactions) can last
indefinitely as long as PHLDA# remains active. However, if PHLDA# is negated after a transaction is
initiated, P1{X4 limits the duration of the transactions to the number of PCI bus clocks specified by
this field.

3.0 Reserved.

6.1.8. HEDT—HEADER TYPE REGISTER (FUNCTION 2)

Address Offset: OEh
Defauit Value: 0OCh
Attribute: Read Only

This register identifies the Serial Bus module as a single function device.

Bit Description

7:0 Device Type (DEVICET). 00. Multi-function device capability for PlX4 is defined by the HEDT
register in Function 0.

6.1.9. INTLN—INTERRUPT LINE REGISTER (FUNCTION 2)
Address Offset: 3Ch

Detault Value: 00h

Attribute: Read/Write

Software programs this register with interrupt information concerning the Universal Serial Bus.

Bit Description

7:0 | Interrupt Line. The valug in this register has no affect on PliX4 hardware operations.
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6.1.10. INTPN—INTERARUPT PIN (FUNCTION 2)

Address Offset; 3Dbh
Default Value: 04h
Attribute: Read only

This register indicates which PCi interrupt pin is used for the Universal Serial Bus modute mterrupt The USB
interrupt is interally ORed to the interrupt contralier with the PIRQD# signal.

Bit Description
7:3 | Reserved.

" 2:0 | Serial Bus Module Interrupt Routing. This field is hardwired to 100b to select PIRQD#.

6.1.11.  SBRNUM-—SERIAL BUS RELEASE NUMBER (FUNCTION 2)

Address Offset: 60h
Default Value: 10h
Aftribute: Read only

This register contains the release of the Universal Serial Bus Specification with which this Universal Sérial Bus
Host Controlier module is compliant.

Bit Description

7:0 | Serial Bus Specification Release Number. All other combinations are reserved.

Bits[7:0] Release Number

00h Pre-release 1.0
10h Release 1.0
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LEGSUP—LEGACY SUPPORT REGISTER (FUNCTION 2)

PCi Address Offset: C0-C1h

Default:
Attribute:

2000h
Read/Write Clear

This register provides control and status capability for the legacy keyboard and mouse functions.

Bit

Description

15

End Of A20GATE Pass-Through Status (A20PTS)—R/WC. This bit is set to 1 to indicate that the
A20GATE pass-through sequence has ended. Software must use the enable bits to determine the
exact cause of an SMi#. Software clears this bit by writinga 1 to it.

14

Reserved.

13

USB PIRQ Enable (USBPIRGDEN)—R/MW. 1 (default)=USB interrupt is routed-to PIRQD. 0=USB
interrupt does not route to PIRQD. This bit prevents the USB controller from generating-an interrupt.
Note that it will probably be configured to generate an SMi using bit 4 of this register. Default to 1 for
compatibility with older USB software. ’

12

USB IRQ Status (USBIRQS)—RO. This bit is set to 1 to indicate that the USB IRQ is active.
Software must use the enable bits to determine the exact cause of an SMi#. Writing a 1 to this bit will
have no effect. Software must clear the IRQ via the USB controlier.

11

Trap By 64h Write Status (TBY64W)-—R/WC. This bit is set 10 1 1o indicate that a write o port 64h
occurred. Software must use the enable bits to determine the exact cause of an SMi#. Software
clears this bit by writing a 1 to it.

10

Trap By 64h Aead Status (TBY64R)—R/WC. This bit is set {o 1 to indicate that a read to port 64h
occurred. Software must use the enable bits to determine the exact cause of an SMi#. Software
clears this bit by writing a 1 to it.

Trap By 60h Write Status (TBY60W)—R/WC. This bit is set to 1 {o indicate that a write to port 60h
occurred. Software must use the enable bits to determine the exact cause of an SMi#. Software
clears this bit by writinga 1o it.

Trap By 60h Read Status (TBYB0R)—R/WC. This bit is set to 1 to indicate that a read to port 60h
occurred. Software must use the enable bits to determine the exact cause of an SMi#. Software
clears this bit by writinga 1 1o it.

SMi At End Of Pass-Through Enable (SMIEPTE)—R/W. 1=Enable the generation of an SM! when
the A20GATE pass-through sequence has ended. 0 (default)=Disable. This may be required if an
SMI is generated by a USB interrupt in the middle of an A20GATE pass-through sequence and
needs to be serviced later.

Pass-Through Status (PSS)—~RO. 1=A20GATE pass-through sequence is curmrently in progress. 0
{defaulty=Not currently executing the A20GATE pass-through sequence. This bit indicates that the
host controller is executing the A20GATE pass-through sequence. If software needs to reset this bit,
it should set bit 5 to 0 causing the host controller to immediately end the A20GATE

pass-through sequence.
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Bit ' Description

5 A20Gate Pass-Through Enable (A20PTEN)—R/W. 1=Enable A20GATE pass-through sequence. 0
(default)=Disable. When enabled, the logic will pass through the following A20GATE command ’

sequence:
Cycle Address Data

Write 64h D1h (1 or more) (Starts the Sequence)

Write 60h xxh

Read 84h N/A (0 or more)

. Write 64h FFh (Standard End of A20GATE Pass-Through Sequence)

Any deviation seen in the above sequeance will cause the host controlier to immediately exit the
sequence and return to standard operation, performing an /O trap-and generating an SMi# if
approptiate enable bits are set.

When enabled, SMi# will not be generated during the sequence, even if the various enable bits are
set. Note that during a Pass-through sequence, the above status bits will not be set for the
/O accesses that are part of the sequence.

4 | Trap/SMI On IRQ Enable (USBSMIEN)—R/W. 1=Enable SMi# generation on USB IRQ.
0 {defauit)=Disable.

3 Trap/SMI On 64h Write Enable (6AWEN)—R/W. 1= Enab{e VO Trap and SMI# ganaration on port
64h write. 0 (default) Disable.

2 Trap/SML On 64h Read Enable {BAREN)—R/W. 1=Enable /O Trap and:SMi# generation on port
64h read: 0 {default)=Disable.

1 Trap/SMI On 60h Write Enable (GOWEN)-—RIW 1=Enable /O Trap and SMIi# generation on port
60h write. O (default)=Disable.

0 Trap/SMI On 60h Read Enable (60REN)—R/W. 1=Enable /O Trap and SMi# generation on port
60h read. 0 (default)=Disable.

6.1.13. USBBA-—USB /O SPACE BASE ADDRESS REGISTER (FUNCTION 2)

Address Offset: 20-23h
Default Value: 00h
Attribute: Read/Write

This register contains the base address of the USB I/O Registers.

Bit Description

31:16 | Reserved. Hardwired to Os. Must be written as Os,

15:;5 |Index Register Base Address. Bits [15:5] correspond to HO address signals AD [15:5),
respectively.

4:1 Reserved. Read as 0.

0 Resource Type Indicator (RTE)--RO. This bit is hardwired to 1 indicating that the base address
field in this register maps to /O space.
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6.1.14.  MISCSUP—MISCELLANEOUS SUPPORT REGISTER (FUNCTION 2)

Address Offset: FFh
Default Value: XXh
Attribute: - Read/Write (Byte accesses only)

This register provides miscellaneous control capability for the PiiX4. The following programming model must be
followed to read the RTC Index register.

1. Disable USB.

2. Read MISCSUP register.

3. Change the RTC index Read Enable bit to 1 without changing the other register bits.

4. Write new value to MISCSUP register location.

5. Read the RTC index register at I/O location 70h. Only bits [6:0] provide RTC Index value. Bit 7 is
indeterminate.

6. Read the MISCSUP register.

7. Change the RTC index Read Enable bit to 0 without changing the other register bits.

8. Write new value to MISCSUP register location.

9. Re-enable USB as desired.

Bit ‘ Description
7:5 Undefined. Hardwired to 0s. Must be written as 0s.

4 RTC Index Read Enable (RTCIREN). 1=Enable reads to 10 address 70h to return the value located
in the RTC Index register. 0=Disable.

3:0 Undefined. Read as 0.

6.2. USB Host Controller 10 Space Registers

6.2.1. USBCMD-—-USB COMMAND REGISTER (10)

/O Address: Base + {00-01h)
Default Value: 0000h
Attribute: Read/Write {(Word writeable only)

The Command Register indicates the command 10 be executed by the serial bus host controller. Writing to the
register causes a command to be executed. The table following the bit description provides additionat information
on the operation of the Run/Stop and Debug bits.

Bit Description

15:8 | Reserved.

7 Max Packet (MAXP). 1=64 bytes. 0=32 bytes. This bit selects the maximum packet size that can be
used for full speed bandwidth reclamation at the end of a frame. This value is used by the Host
Controller to determine whether it should initiate another transaction based on the time remaining in
the SOF counter. Use of reclamation packets larger than the programmed size will cause a Babble
error if executed during the critical window at frame end. The Babble error resuits in the offending
endpoint being stalled. Software is responsible for ensuring that any packet which could be executed
under bandwidth reclamation be within this size limit.
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Bit Description

4] Configure Flag (CF). HCD softwars sets this bit as the last action in'its process of configuring the
Host Controlier. This bit has no effect on the hardware. it is provided only as a semaphore service
for software.

5 Software Debug (SWDBG). 1=Debug mode. 0=Normal Mods. In SW Debug mode, the Host
Controfler clears the Run/Stop bit after the completion of each USB transaction. The next transaction
is executed when software sets the Run/Stop bit back to 1. The SWDBG bit must only be
manipulated when the controller is in the stopped state. This can be determined by checking the
HCHalted bit in the USBSTS register.

4 Force Global Resume (FGR). 1=Host Controller.sends the Global Resume signai on the USB.
Software sets this bit to 0 after 20 ms has elapsed to stop sending the Global Resume signal. At that
time alf USB devices should be ready for bus activity. The Host Controller sets this bit fo 1 when a
resume event (connect, disconnect, or K-state) is detected while in giobal suspsnd mode. Software
resets this bit to 0 to end Global Resume signaling. The 1 to 0 transition causes theportto send a

low speed EOP signal. This bit will remain a 1 until the EOP has completed.

3 Enter Global Suspend Mode (EGSM). 1=Host Controlier enters the Global Suspend mode. No
US8 transactions occurs during this time. The Host Controlier is-able 1o receive resume signals from
USB and interrupt the system. Software resets this bit to 0 to come out of Global Suspend mode.
Software writes this bit to 0 at the same time that. Force Global Resume (bit 4) Is written to 0 or after
writing bit 4 to 0. Software must also ensure that the Run/Stop bit (bit 0) is cleared prior ta setting this
bit.

2 Global Reset (GRESET). When this bit is set, the Host Controller sends the global reset signal on
the USB and then resets all its logic, including the intemal hub registers. The hub registers are reset
to their power on state. This bit is reset by the software after a minimum of 10 ms has elapsed as
specified in Chapter 7 of the USB Specification.

Note: Chip Hardware Reset has the same sffect as Global Reset (bit 2}, except that the Host
Controller does not send the Global Resst on USB.

1 Host Controlier Reset (HCRESET). When this bit is set, the Host Controller module resats its
internal timers, counters, state machines, etc. to thelr initial value. Any transaction currently in
progress on USB is immediately terminated. This bit is reset by the Hast Controiler when the reset
process is complete.

The HCReset effects on Hub registers are slightly different from Chip Hardware Rese!.and Global
USB Reset. The HCReset affacts bits [8,3:0] of the Port Status and Control Register (PORTSC) of
each port. HCReset resets the state machines of the Host Controller including the
Connect/Disconnect stale machine (one for each port). When the Connect/Discannect state
machine is reset, the output that signals connect/disconnect are negated to 0, effectively signaling a
disconnact, even if a device is altached to the port. This virtual disconnect causes the port to be
disabled. This disconnect and disabling of the port caiises bit 1-(connect status change)and bit 3
(port enable/disable change) of the PORTSC to get set. The disconnect also causes bit 8 of
PORTSC to reset. About 64-bit timas afier HCReset goes to 0, the connect and low-speed detect
will take place and bits 0 and 8 of the PORTSC will change accordingly.

0 Run/Stop (RS). 1=Run. 0=Stop. When set o a 1, the Host Controller proceeds with execution of the
schadute. The Host Controller continues execution as long as this bit is set. Whan this bit is'set to 0,
the Host Controlier completes the current transaction on the USB and then halts. The

HCHalted bit in'the status register indicates when the Host Controtier has finished the transaction
and has entered the stopped state. The Host Controlter clears this bit when fhe following fatal errors
occur: consistency check failure, PCI Bus errors.
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Table 16. Run/Stop, Debug 8it Interaction

SWDBG Run/Stop Qperation
(Bit 5) (Bit 0)
0 0 If executing a command, the Host Controller completes the command and then

stops. The 1.0 ms frame counter is reset and command fist execution resumes
from start of frame using the frame list pointer selected by the current value in the
FRNUM register. (While Run/Stop=0, the FRNUM ragister can be reprogrammed.)

0 1 Execution of the command list resumes from Start Of Frame using the frame list
pointer selected by the current value in the FRNUM rggister. The Host Controlier
remains running untif the Run/Stop bit is cleared (by Software or Hardware),

1 0 it executing a command, the Host Controlier completes the command and then
stops and the 1.0 ms frame counter Is frozen at its current value. All status are
preserved. The Host Controller begins execution of the command list from where
it left off when the Run/Stop bit is set.

1 1 Execution of the command list resumes from where the previous execution
stopped. The Run/Stop bit is set 1o 0 by the Host Controlier when a TD is being
fetched. This causes the Host Controlier to stop again after the execution of the
TO {single step). When the Host Controller has completed execution, the
HCHalted bit in the Status Register is set.

6.2.2. USBSTS—USB STATUS REGISTER (10)

/O Address: Base + (02-03h)
Default Value: 0000h
Attribute:; Read/Write Clear

This register indicates pending interrupts and various states of the Host Controller. The status resulting from a
transaction on the serial bus is not indicated in this register. Software sets a bit to 0 in this register by writing a 1
toit.

Bit Description

15:6 | Reserved.

5 HCHalted. The Host Controller sets this bit to 1 after it has stopped executing as a result of the
Run/Stop bit being set to 0, either by software or by the Host Controller hardware (debug mode or an
internal error}.

4 Host Controller Process Error. The Host Controller sets this bit to 1 when it detects a fatal error
and indicates that the Host Controller suffered a consistancy check failure while processing a
Transfer Descriptor. An example of a consistency check failure would be finding an illegal PiD field
while processing the packet header portion of the TD. When this error occurs, the Host Controller
clears the Run/Stop bit in the Command register to prevent further schedule execution. A hardware
interrupt is generated to the system.

3 Host System Error. The Host Controller sets this bit to 1 when a seriocus error occurs during a host
system access involving the Host Controller module. In a- PCl system, conditions that set this bitto 1
include PCI Parity error, PCI Master Abont, and PCl Target Abort. When this error occurs, the Host
Controller clears the Run/Stop bit in the Command register 1o prevent further execution of the
scheduled TDs. A hardware interrupl is generated to the system.
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Bit Description

2 Resume Detect. The Host Controller sets this bit to 1 when it receives a “RESUME" signal from
a USB device. This is only valid if the Host Controlter is in a global suspend state (bit 3 of Command
register=1).

1 usB Error lnt,etrupt The Host Controfier sets this bitto 1 wheh completion of a USB transaction
results in an error condition (e.g., error counter underfiow). If the TD on which the error interrupt
occurred also had its 1OC bit set, both this bit and bit 0 are set.

0 uss Interrupt‘(US,BlﬂT).r The Host Controller sets this bit to 1 when the cause of an‘interrupt is a
completion of a USB transaction whose Transfer Descriptor had its 10C bit set.

The Host Controller also sets this bit o 1 when a shorl packet is detected (actuallength field in TD is
less than maximum length field in TD), and short packet detection is enabled ir that TD.

6.2.3, USBINTR--USB INTERRUPT ENABLE REGISTER (10)

/O Address: Base + (04-05h)
Default Value: 0006h
Aftribute: Read/Write

This register enables and disables reporting of the corresponding interrupt to the software. When a bit is set and
the corresponding interrupt is active, an interrupt is generated to the host. Fatal errors (Host Controller
Processor Error bit 4, USBSTS Register) cannot be disabled by the host controller. Interrupt sources that are
disabled in this register still appear in the Status Register to allow the software 1o poll for events.

Bit Description

15:4 | Reserved.
3 Short Packet interrupt Enable. 1=Enabled. 0=Disabied.
2 Interrupt On Complete (I0C) Enable. 1=Enabled. 0=Disabled.
1 Resume interrupt Enable. 1=Enabled. 0=Disabled.
0 | Time-out/CRC Interrupt Enable. 1=Enabled. O=Disabled.
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6.2.4. FRNUM—~—FRAME NUMBER REGISTER (10)

1/O Address: Base + (06-07h)
Default Value: 0000h
Attribute: Read/Write (Writes must be Word Writes)

Bits [10:0] of this register contain the current frame number which is included in the frame SOF. packet. This
register reflects the count valus of the intemal frame number counter, Bits [9:0] are used to select a particular
entry in the Frame List during schedule execution. This register is updated at the end of each frame time.

This register must be written as a word. Byte writes are not supported. This register cannot be written unless the
Host Controller is in the STOPPED state as indicated by the HCHalted bit (USBSTS register). A write to this
register while the Run/Stop bit is sat (USBCMD register) is ignored.

Bit Description

15:11 | Reserved.

10:0 | Frame List Current Index/Frame Number. Bits {10:0] provide the frame number in the SOF Frame.
The value in this register increments at the end of each time frame (approximately every
1.ms). In addition, bits [9:0] are used for the Frame List current index and correspond o memory

address signals {11:2).

6.2.5. FLBASEADD—FRAME LIST BASE ADDRESS REGISTER (10)

/O Address: Base + (08-0Bh}
Default Value: Undefined
Attribute: Read/Write

This 32-bit register contains the beginning address of the Frame List in the system memory. HCD loads this
register prior to starting the schedule execution by the Host Controller. When written, only the upper 20 bits are
used. The lower 12 bits are written as 0 (4-Kbyte alignment). The contents of this register are combined with the
frame number counter to enable the Host Controller to step through the Frame List in sequence. The two least
significant bits are always 00. This requires DWord alignment for all list entries. This configuration supports
1,024 Frame List entries.

Bit Description

31:12 | Base Address. These bits correspond to memory address signals [31:12], respectively.

11:0- | Reserved. Must be written as 0s.
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6.2.6. SOFMOD—START OF FRAME (SOF) MODIFY REGISTER (10)

I/Q Address: Base + (0Ch)
Defautt Value: 40h
Aftribute: Read/Write

This 1-byte register is used to modify the value used in the generation of SOF timing on the USB. Only the seven
least significant bits are used. When a new value s written into thesa 7 bits, the SOF timing of the next frame will
be adjusted. This feature can be usad to adjust out any offset from the clock source that generates the clock that
drives the SOF counter. This register can also be used to maintain real time synchronization with the rest of the
system so that all devices have the same sense of real time. Uging this register, the frame length can be
adjusted across the full range required by the USB specification. its initial programmed value is- system
dependent based on the accuracy of hardware USB clock and is initialized by system BIOS. it may be
reprogrammed. by USB system software at any time. its value will take effect from the baginning of the next
frame. This register is reset upon a Host Controlier Reset or Global Reset. Software must maintain a copy of its
value for reprogramming if necessary.

Bit Description

7 Reserved.

6:0 | SOF Timing Value. Guidelines for the modification of frame time are contained in Chapter 7 of the
USB Specification. The SOF cycle time (number of SOF counter clock periods fo generate a SOF
frame length) is equal to 11,936 + value in this field. The default value is decimal 64 which gives a
SOF cycle time of 12,000, For a 12-MHz SOF counter clock input, this produces a 1-ms Frame
period. The following table indicates what SOF Timing Value 1o program into this field for

a certain frame period.

Frame Length
(# 12-MHz Clocks) SOF Reg. Value
{decimal) (decimal)

11,936 0

11,937 1

11,999 63
12,000 64
12,001 65
12,062 126
12,083 127
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6.2.7. PORTSC--PORT STATUS AND CONTROL REGISTER (10)

/O Address: Base + (10~11h)}—Port 0
Base + (12-13h}—Port 1
Default: 0080h
Access: Read/Write (WORD writeable only)

After a Power-up reset, Global reset, or Host Controller reset, the initial conditions of a port are: No device
connected, Port disabled, and the bus line status is 00 {single-ended zaro). Note: If a device is atlached, the port
state will transition to the aftached state and system software will process this as with any status change
notification. it make take up to 64 USB bit times for the port transition to-occur. If the Host Controller is in global
suspend mode, then, if any of bits [6,3,1] gets set, the Host Controller will signal a global resume. Refer to
Chapter 11 of the USB Specification for details on hub operation.

Bit Description

15:13 | Reserved. Must be written as 0s when writing this register.

12 Suspend—R/W. 1=Port in suspend state. 0=Port not in suspend state, This bit should not be written
to a 1 if global suspend is active (bit 3=1 in the USBCMD register). Bit 2 and bit 12 of this register
define the hub states as follows:

Bits [12,2] Hub Port State
x0Q Disable
01 Enable
11 Suspend

When in suspend state, downstream propagation of data is blocked on this port, except for single-
ended 0 resets (giobal reset and port reset). The blocking occurs at the end of the current
transaction, if a transaction was in progress when this bit was written fo 1. In the suspend state, the
port is sensitive to resume detection. Note that the bit status does not change until the port is
suspended and that there may be a delay in suspending a port if there is a transaction currently in
progress on the USB.

11 Over-current Indicator Change—R/WC., 1=A change from 1 to 0 has been detected on the Over-
current (OC[X]#) pin for this port. 0=No change has been detected. Software sets this bit to 0 by
writinga 1toit.

10 Over-current Indicator-—RO. 1=Qvercurrent pin (OC[X]#) for this port is at logic 0 indicating over-
current condition. 0=Overcurrent pin for this port is at logic 1 indicating a normal condition.
if asserted, the carresponding port is disabied.

9 Port Reset—R/W. 1=Port is in Reset. 0=Port is not in Reset. When in the Reset State, the portis
disabled and sends the USB Reset signaling. Note that host software must guarantee that the
RESET signaling is active for the proper amount of time as specified in the USB Specification.

8 Low Speed Device Attached—RO. 1=Low speed device is attached 1o this port. 0=Full speed
device. Writes have no effect.

7 Reserved—RO. Always read as 1.

Resume Detect—R/W. 1=Resume detected/driven on port. 0=No resume (K-state) detected/driven
on port. Software sets this bit to a 1 to drive resume signaling. The Host Controller sets this bitto a 1
if a J-t0-K transition is detected while the port is in the Suspend state. Note that when this bitis 1, a
K-state is driven on the port as long as this bit remains 1 and the port is still in suspend state. Writing
a 0 (from 1) causes the port to send a low speed EOP. This bit will remain a 1 until the EOP has

completed.
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Bit Description

5:4 | Line Status—RO. These bits reflect the D+ (bit 4) and D~ (bit 5) sighals lines’ logical fevels. These
bits are used for fault detect and recovery as well as for USB diagnostics. This field is updated at
EOF2 time {See Chapter 11 of the USB Specification).

3 Port Enable/Disable Change—R/WC. 1=Port enabled/disabled status has changed. 0=No change.
For the root hub, this bit gets set only when a port is disabled due to disconnect on that port or due to
the appropriats conditions existing at the EOF2 point (See Chapter 11 of the USB Spacification).
Software clears this bit by writinga 1 to it.

2 | Port Enabled/Disabled—R/W. 1=Enable. 0=Disable. Ports can be enabled by host softwars only.
Ports can be disabled by either a fault condition (disconnect event, overcurrent condition, or other
fault condition) or by host software. Note that the bit status does not change until the port state
actually changes and that there may be a delay in disabling or enabling a port if there is a transaction
currently in progress aon the USB.

1 Connect Status Change—R/WC. 1=Change in Current Connect Status. 0=No change.

Indigates a change has occurred in the port's Current Connect Status (see bit 0). The hub device
sets this bit for any changes o the port device connect status, even if system softwate has not
cleared a corinect status change. if, for example, the insertion status changes twice before system
software has cleared the changed condition, hub hardware will be “setting™ an-already-set bit (i.e.,
the bit will remain set). However, the hub transfers the change bit only once when the Host
Controller requests a data transfer to the Status Change endpoint. System software is responsibie
for determining state change history in such a case. Software sets this bit to 0 by writinga 1to it.

0 Current Connect Status—RO. 1=Device is present on port. 0=No device is present. This value
reflects the.current state of the port, and may not correspond directly to the event that caused the
Connect Status Change bit (Bit 1) to be set.
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7.0. POWER MANAGEMENT REGISTER DESCRIPTIONS

This section describes in detail the registers associated with the PliIX4 Power Management function. This
includes device monitoring, suspend and resume functionality, clock control, and SMBus operation.

7.1. Power Management PCI Configuration Registers (PCI Function 3)

7.1.1. VID—VENDOR IDENTIFICATION REGISTER (FUNCTION 3)

Address Offset:  00-01h
Default Value: '~ B0B6h
Attribute: Read Only

The VID Register contains the vendor identification number. This register, along with the Device Identification
Register, uniquely identifies any PCl device. Writes fo this register have no effect.

Bit Description

15:0 | Vendor Identification Number. This is a 16-bit value assignad to Intel.

7.1.2. DID—DEVICE IDENTIFICATION REGISTER (FUNCTION 3)

Address Offset: 02-03h
Default Value: 7113h
Attribute: Read Only

The DID Register contains the device identification number. This register, along with the VID Register, define the
PHX4 Power Management Controller. Writes to this register have no effect.

Bit Description

15:0 |Device Identification Number. This is a 16-bit value assigned to the PilX4 Power Management

Controller.

7.1.3. PCICMD—PCI COMMAND REGISTER (FUNCTION 3)

Address Offset: 04-05h
Default Value: 00h
Attribute: Read/Write

This register controfs access to the /O space registers.

Bit Description

15:10 | Reserved. Read 0.

] Fast Back to Back Enable (Not implemented). This bit is hardwired to 0.

8.5 Reserved. Read as 0.

4 Memory Write and invalidate Enable (Not Implemented). This bit is hardwired to 0.

1998 Platform Components Databook

82371AB (PlIX4)

329



82371AB (PlIX4) H
intel.

Bit ' Description
3 Special Cycle Enable (Not Implemented). This bitis hardwired to 0.
2 Bus Master Enable {Not tmplemented). This bit is hardwired 1o 0.
1 Memory Space Enable (Not Implemented). This bil is hardwired to 0.

0 /0 Space Enable (I0SE). 1=Enable. 0=Disable. This bit controls the access to the SMBus I/0
space registers whose base address is described in the SMBus Base Address register. If this bit is
set, access to the SMBus 10 registers is enabled. The base register for the I/O-registers must be
programmed before this bit is set. When disabled, all 10 accesses associated with SMBus Base
Address are disabled. This bit functions independent of the state of Function 3 Power Management
10 Space Enable (PMIOSE) bit (PMREGMISC register, bit 0).

7.1.4, PCISTS—PCI DEVICE STATUS REGISTER (FUNCTION 3)

Address Offset: 06-07h
Defauit Vaiue: 0280h
Attribute: Read/MWrite

DSR is a 16-bit status register that repornts the occurrence of a PCl target-abon'when the Power Management
function is a target device. The register also indicates the Power Management DEVSEL# signal timing that is
hardwired in the module.

Bit Description
15 Detected Parity (Not Implemented). This bit is hardwired to 0.

14 | SERA# Status (Not implemented). This bit is hardwiredto 0. -

13 Master-Abort Status (Not Implemented). This bit is hardwired to 0.

12 Received Target-Abort Status {Not Impiéemented). This bit is- hardwired to 0.

1 Signaled Target-Aboi't Status (STA)—R/WC. This bitis set when the Power Management function
is targeted with a transaction that it terminates with a target abort. Software resets STA
to 0 by writing a 1 to this bit.

10:9 | DEVSEL# Timing Status (DEVT)—RO. This 2-bit field defines the timing for DEVSEL# assertion.
These read only bits indicate PliIX4's DEVSEL# timing when performing a positive decode. Since
PHIX4 always generate the DEVSEL# with medium timing, DEVT-01 This DEVSEL# timing does not
include Configuration cycles.

8 Data Parity Detected {Not Implemented). This bit is hardwired to 0.

7 Fast Back to Back Capable (FBC)—RO. Hardwired to 1. This bit indicates to the PCI Master that
Power Management as a target is capabie of accepting fast back-to-back transactions.

6:0 | Reserved. Read as 0's.
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7.1.5. RID-—REVISION IDENTIFICATION REGISTER (FUNCTION 3)

Address Offset: 08h

Default Value: Initial Stepping=00h. Refer to PlIX4 Specification Updates for other values
programmed here.

Attribute: Read Only

This 8-bit register contains device stepping information. Writes to this register have no effect.

Bit Description

7:0 | Revision ID Byte. The register is hardwired to the default value.

7.1.6. CLASSC—CLASS CODE REGISTER (FUNCTION 3)

Address Offset: 09-0Bh
Default Value: 068000h
Attribute: Read Only
This register identifies the Base Class Code, Sub Class Code, and Device Programming interface for PiiX4 PCl
function 3.
Bit Description

23:16 | Base Class Code (BASEC). 06h=Bridge device.
15:8 | Sub Class Code (SCC). 80h=Other Bridge device.

7:0 | Programming Interface (Pl). 00h=No specific register level programming defined.

71.7. HEDT-—HEADER TYPE REGISTER (FUNCTION 3)

Address Offset: OEh
Default Value: 00h
Attribute: Read Only

This register identifies the Power Management module as a single function device,

Bit Description

7:0 | Device Type (DEVICET). Muiti-function device capability for PliX4 is defined by the HEDT register
in Function 0.
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7.1.8. INTLN—INTERRUPT LINE REGISTER (FUNCTION 3)

Address Offset: 3Ch
Default Value: 00k
Attribute: Read/Write

Software programs this register with interrupt information concerning the Power Management module.

Bit - : Description

7:0 }interrupt Line. The value in this régié:ér has no affect on PlIX4 hardware operations.

7.1.9. INTPN—INTERRUPT PIN (FUNCTION 3)
Address Offset: 3Dh

Default Value: 01h

Attribute: Read only

This register indicates that PCl interrupt pin PIRQA# is used for the Power Managerent moduls.

Bit Description

7:3. | Reserved.

2:0 Serial Bus Module Interrupt Routing. This field is hardwired to olhto indicate thatl PCI interrupt

pin PIRQA# is used.

7.1.10. PMBA—POWER MANAGEMENT BASE ADDRESS (FUNCTION 3)

Address Offset: 40-43h
Default Value: 00000001h
Attribute: Read/Write

This register contains the base address of the Power Management /O Registers.

Bit Description

31:16 | Reserved. Hardwired to 0s. Must be‘written as 0s.

15:6 | index Register Base Addreés‘ Bits [15:6] correépond to /O address signals AD [15:6],
‘respectively.

5:1 Reserved. Read as 0.

0 Resource Type Indicator (RTE)-RO. This bit is hardwired to 1 indicating that the base address

field in this register maps to /O space.
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7011, CNTA—COUNT A (FUNCTION 3)

Address Offset: 44-47h
Detault Value: 00h
Attribute: Read/Write

This register contains the. initial counts of the idle timers for devices 0-11, the selection bits for the timer
granutarity of the timers for devices 0, 1, 2 and 3. In addition, it contains the count for the slow burst timer.

Bit Description
31:28 | Slow Burst Count (SB_CNT)—R/W. Specifies the initial and reload value of the siow burst timer.

27:23 | Idle Timer Count D (IDL_CNTD)—R/W. Specifies the initial and refoad count of the device 11 (user
interface) idle timer.

22 | Device 11 Idie Timer Resolution (IDL_SEL_DEV11)—R/W. Selects the clock resolution of the
device 11 (user interface) idle timer, 0=1 second granular. 1=1"minute granular.

21:17 | idie Timer Count C (IDL_CNTC)—R/W. Specifies the initial and reload count of the device 9—10
(generic range) idle timers.

16:12 §Idle Timer Count B (IDL_CNTB)--R/W. Specifies the initial and reload count of the device 4-7
(audio, floppy, serial ports, parallel port) idle timers.

11:8 . | SW Idle Timer Count (SW_CNT}R/W. Specifies the initial and reload count of the device 3
{secondary |DE drive 1, software SM) idle timer.

7 | Device 3 ldle Timer Resolution (IDL.SEL_DEV3)—R/W. Selects the clock source for the
device 3 (secondary {DE drive 1, software SMI) idle timer. 0=8 second granular. 1=1 ms granular,

[ Device 2 Idle Timer Resolution (IDL_SEL_DEV2)—R/W. Setects the clock source for the
device 2 (secondary IDE drive 0) idie timer. 0=8 second granular. 1=1 second granular.

5 Device 1 Idle Timer Resolution (IDL_SEL_DEV1)—R/W. Selects the clock source for the
device 1 (primary IDE drive 1) idle timer. 0=8 second granular. 1=1 second granular.

4 Device 0 kdie Timer Resolution (IDL_SEL_DEV0)—R/W. Selects the clock source for the
device 0 (primary IDE drive 0) idle timer. 0=8 second granular. 1=1 second granular.

3.0 Idie Timer Count A (IDLﬁCNTA)—RAN. Specifies the initial and reload count of the device 0-2
{primary IDE drives 0 and 1, secondary IDE drive 0) idle timers.

7.1.12. CNTB—COUNT B (FUNCTION 3)

Address Offset: 48-48h
Defauit Value: 00h
Attribute: Read/Write

This register contains the counts for Fast Burst Timer, the CPU select and fock bits, the thermal duty cycle
programming bits, the ZZ enable bits, the clock granularity selection for device 8, and the Video Status bit.

Bit Description
31:25 | Reserved. Read as 0.

24 Video Status (VID_STS)—R/WC. 1=The PCI bus utilization monitor has detected PCl activity which
exceeds its defined threshold (see description for Device Monitor 11). This bit is set by hardware and
reset by writing a 1 to this bit position.
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Bit Description
23 Reserved. Read as 0.

22:18 | Bus Master Timer Count (BM_CNT)—R/W. Specifies the initial and reload count of the device 8
(parallel port and PCI bus master) idle timer.

17.16 | Reserved. Read as 0.

15 | Device 8 Idle Timer Resolution (IDL_SEL_DEV8}—RM. Selects the clock source for the
device 8 {parallel port) idle timer. 0=1 second granular. 1=1 ms granular.
14 ZZ Enable (ZZ_EN)—R/W. 1=Enable PlIX4 assertion of the ZZ sigrjal. 0=Disable. When enabled,
1 PlIX4 will assert ZZ signal under certain conditions when entering clock control mode. Whether or
not Z2 is asserted depends on:
1. Time from STPCLK# assertion to Stop Grant cycle.
2. Frequency of any enabled Stop Break or Burst events.
3. Programmed throttie duty cycle if throtting enabled.
NOTE ;
The L2 céiche can not be snooped with 2Z signal asserted; therefore, must'be disabled in Level
2 power state such as Stop Grant. ‘

13:11 | Thérmal Duty Cycile (THRM_DTY)—R/W. This 3-bit field determines the duty cycle for the clock
control thermal throtling mode (THRM# is asserted). The duty cycle indicates the percentage of time
the STPCLK# signal is asserted while in the thermal throttie mode. The field is decoded as follows:
Bits[13:11]  Mode Bits{13:11} Mode ‘

000 ‘Reserved 100 50%
001 12.5% 101 62.5%
010 25% 110 75%
o011 37.5% 111 87.5%
NOTE
Software must set this 3-bit field fo a non-zero value for proper operation.

10:6 | Processor PLL Lock Count (CPU_LCK)—R/W. Specifies the initial count of fast burst imer when
used to measure the processor PLL lock time. The fast burst timer is loaded with the CPU_LCK
valte and the appropriate clock source selected when the processor transitions from the stop clock
or deep sleap state.

5 Processor PLL Lock Resolution (CPU_SEL)—R/W. Selects the clock resolution used for the fast
burst timer when it is used to count the processor's PLL lock time. 0=1 ms granuiar. 1=1 ps granular.

4:0 | Fast Burst Timer Count (FB_CNT)—R/W. Specifies the initial and reload count of fast burst timer.

1998 Piatform Components Databook



= 82371AB (PlIX4}
an ® ( )

7.1.13. GPICTL—GENERAL PURPOSE INPUT CONTROL (FUNCTION 3)

Address Offset: 4C-4Fh
Default Value: 00h
Attribute: Read/Write

This register confains the enable bits, the polarity bits and edge selection bits for the General Purpose 10 in
device monitors 1-13.

Bit Description

31:28 | Reserved.

27 GPI Edge Seleét {GPI_EDG_DEV13)—-R/W. Selects edge or-level sensitivity of device monitor 13
GPI signat. O=level. 1=edge. .

26 GP1 Edge Select (GPI_EDG_DEV12)—R/W. Selects edge or level sensitivity of device monitor 12
GP signal. O=level. 1=edge.

25:18 | GPI Polarity Select (GPI_POL_DEV[1:13])—R/W. Selects the assertion polarity for an enabied GPI
signal for device monitors 1-13. O=Asserted high. 1=Asserted low. Bit 25 corresponds to device
monitor 13 and bit 13 corresponds to device monitor 1.

12:0 | GPl Enabie (GPLEN,DE‘V[1‘:13])—-—HIW. 1=Enable the device monitor's GPI signal into the trap and
idle decode logic for devices [13:1]. 0=Disable. Bit 12 corresponds to device monitor 13 and bit 0
corresponds to device monitor 1.

Table 17 illustrates which GPI signals correspond with which device.

Table 17. GPI to Device Monitor Translation

Device Monitoring Optionat GPI Signal Device Monitoring Optional GP1 Signal

DEVO None DEV7 GP116
DEV1 GPIS DEV8 GPI17
DEV2 GPi6 DEVS GPl4

DEV3 GPIO DEV10 GPl18
DEV4 GPi13 DEV11 GPI19
DEVS GPl14 DEV12 GPI20
DEV6 GPI15 DEV13 GPI21

7.1.14. DEVRESD—DEVICE RESOURCE D (FUNCTION 3)

Address Offset: 50-52h
Default Value: 00h
Attribute: Read/Write

This register contains the event enable bits for DMA channels 0,1,3,5,6,7. It also contains the floppy disk
controllar monitor enable bit, serial port monitor enable bits, Device 11 IRQ1 monitor enable bit, Device 11
IRQ12 monitor enable bit and LPT DMA select bits.
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Bit

Description

23

Reserved.

22:21

LPT DMA select (LPT_DMA_SEL)—R/W. Selects the active DACK signal used to reload the idle
timer for device 8 (parallel port). Enabled by RES_EN_DEVS bit.

Bits[22:21] = DACK Signal

00 DACKO
01 DACK1
10 DACK3
11 Reserved

20

Device 11 {RQ 12 Enable (IRQ12_EN_DEV11)}—R/MW. 1=Enable an asserted lHQ12/M signal
{mouse activity) to generatd a device 11 (user mlerface) decode event. 0=Disable.

18

Device 11 IRQ1 Enable (IRQ1_EN_DEV11)—R/W. 1=Enable an asserted IRQ1 stgnal (keyboard
activity) to generate.a device 11 {(user interface) decode évent. 0=Disable.:

18

LPT Port Enable (LPT_MON_EN)}—R/W. 1=Enable accesses {o parallel port address range
(LPT_DEC_SEL) to generate a device 8 {parallel port) decode event. 0=Disabls.

17

LPT DMA Monitor Enable (RES_EN_DEVB)-—H/W. 1=Enable the selected DACKs
(LPT_DMA_SEL) to generale a device 8 (parallel port) decode event. O=Disable.

16

Serial Port B Monitor Enable (SB_MON_EN}—R/W. 1=Enable accesses to serial port address
range (COMB_DEC_SEL) to generate a device 7 {serial port B) decode event. 0=Disable.

15

Reserved.

14

Serial Port A Monitor Enable (SA_MON_EN)-—RAV. 1=Enable accesses {o serial port address

13

range {COMA_DEC_SEL) fo generate a device 6 (serial port A) decode event. 0=Disable.
Reserved. i

12

Floppy Disk Controller Monitor Enable (FDC__MOM,_EN)—»RM. 1=Enable accesses to Hoppy
disk controller address range (FDC_DEC_SEL) to generate a device 5 (floppy controller) decode
event. O=Disable.

1R

FDC DMA Monitor Enable (RES_EN_DEV5)—R/W. 1=Enable DACK2# to generaté a-device 5
{fioppy controller) reload event. 0=Disable.

10:6

Reserved.

DACKT Enable (DACK7_EN_DEVA4)}—R/W. 1=Enable DACK7# to generate a device 4
{audio controller) reload event. 0=Disable.

DACKS6 Enable (DACKG,_EN_DEW}-—RIW. 1=Enable DACKS6# to generate a device 4
{audio controlier) reload event. 0=Disable.

DACKS Enable (DACKS_EN_DEV4)—R/W. 1=Enable DACKS# to generate a device 4
{audio controfter) reload event. 0=Disable.

DACK3 Enable (DACK3_EN_DEV4)—R/W. 1=Enable DACK4# to generate a device 4
(audio controlier) reload event. 0=Disable.

DACK?1 Enable (DACK1_EN_DEV4)}—R/W. 1=Enable DACK1# to generale a device 4
(audio controfler) reload event. 0=Disable.

DACKO Enable (DACKO_EN_DEV4)—R/W. 1=Enable DACKO# to generate a device 4
(audio controller) reload event. 0=Disable.
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7.1.15. DEVACTA~DEVICE ACTIVITY A (FUNCTION 3)

Address Offset: 54--57h
Default Value: 00h
Attribute: Read/Write
This register contains bits that enable Dsvice Activity as Global Timer Reload events or Clock Events (Burst or
Break).
Bit Description

31 Device 5 Reload Select (BRLD_SEL_DEV5)}—R/W. Selects which burst timer is reloaded upon an
enabled device monitor 5 idle event. O=reload the slow burst timer. 1=reload the fast burst timer.

30 Device 3 Reload Select (BRLD_SEL_DEV3)}—R/W. Selects which burst timer is reloaded upon an
enabled device monitor 3 idle event. O=reload the siow burst timer. 1=reload the fast burst timer.

29 Device 2 Reload Select (BRLD,SEL__DEV?)——WW. Seiects which burst timer is'reioaﬂed upon an
enabled device monitor 2 idle event. O=reload the slow burst timer. 1=reload the fast burst timer.

28 Device 1 Reload Select (BRLD_SEL_DEV1)—R/W. Selects which burst timer is reloated upon an
enabled device monitor 1 idle event. O=reload the slow burst timer. 1=reload the fast burst timer.

27:14 | Burst Timer Reload Enable (BRLD_EN_DEV[0-13]}—R/W. 1=Enable reload events from the
respective device monitor to reload the enabled burst timer or generate a Stop Break event.
0=Disable. Bit 27 coresponds to device monitor 13 and bit 14 corresponds to device monitor 0.

13:0 | Global Timer Reload Enable Bits (GRLD_.EN_DEV{O—?3])——~RIW. 1=Enable reload events from
the respective device manitor to. reload the global standby timer. 0=Disable. Bit 13 corresponds to
device monitor 13 and bit O corresponds to device monitor 0.
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7.1.16. DEVACTB—DEVICE ACTIVITY B (FUNCTION 3)

Address Offset: 58-5B8h
Default Value: 00h
Attribute: Read/Write
This register contains the Clock Event and Global Timer Reload enables for IRQs, PCI access, PME events,
Video.
Bit Description
31:25 | Reserved.

25 | APMC Enable (APMC_EN)—R/W. 1=Enable generation of SMI# when APMC regrster is read and
1 SMl# is enabled. 0=Disable.

24 Video Enable (VIDEO_EN)—R/W. 1=Enable the video detect (PCI Bus utilization) logic to generate
| a timer refoad event for device monitor 11. O=Disable. This logic detects PCI bus utilization as set by
the two ﬁelds BUS_UTIL, and %BUS_| UT)L

28:16 | Percentage Bus Utilization Threshold (%BUS_UTIL)—RW. This field controls the percentage of
time that the minimum bus dtilization threshold (represented by the BUS_UTIL fleld) must be
maintained in order to generate a video event. The actual count is measuréd by the rnumber of time
slices that exceed BUS_UTIL within a 258 time slice window.

15:8 | Bus Utitization Threshold (BUS UTIL)—R/W. This fisld controls the thresheid for bus utilization
detection. If the video delect logic finds more PCI data phases than $pecifisd by BUS_UTIL within a
256 clock peﬁod {time'siice), then that time slice Is counted.

) 7 Heserved.

6 IRQ Global Reload Enable (GRLD_EN_IRQ)—R/W. 1=Enable an unmasked IRQ[1,3:7,9:15], NMi,
or INIT to, when asserted, reload the Global Standby Timer. 0=Disable.

5 IRG8# Clock Event Enable (BRLD_EN_IRQ8)—R/W. 1=Enable an unmasked |RQ8# to, when
asserted, generate a Fast Burst Timer reload or Stop Break event. 0=Disable.

4 PME Clock Event Enable (BRLD._EN_PME)—R/W. 1=Enable an asserted SMi¥#, GPI1#,
PWRBTN#, or LID signal to generate a Fast Burst Timer reload or Stop Break event. 0=Disable.

3 Undefined. Must be writtenas a 0.

2 Keyboard/Mouse Global Reload Enable (GRLD_EN_KBC_MS)—R/W. 1=Enable an assertion of
IRQ1 or IRQ12/M 1o reload the Global Standby Timer. 0=Disable. ,

1 IRQ Clock Event Enable (BRLD_EN_IRQ)~R/W. 1=Enable an unmasked IRQ{1,3:7,9:15], NMI, or
INIT 1o generate a Burst event or Stop Break event. 0=Disable.

0 IRQO Clock Event Enable (BRLD_EN_IRQ0)—R/W. 1=Enable an unmasked IRQO to generate
a Burst event or Stop Break event. O=Disable.
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7.1.17. DEVRESA—DEVICE RESOURCE A (FUNCTION 3)

Address Offset: 5C~5Fh
Defauit Value: 00h
Attribute: Read/Write
Bit Description

31 Device 8 EIO Enable (EIO_EN_DEVS8}—R/W. 1=Enable PCI access to the device 8 enabled /O
ranges to be claimed by Pl{X4 and forwarded to the ISA/EIO bus. 0=Disable. The LPT_MON_EN
must be set to enable the decode.

30 |Device 13 ElC Enable (EIC_EN_DEV13)—R/W, 1=Enable PCl accesses to the device 13 enabled
memory and /0 ranges to b claimed by PiIX4 and forwarded to the ISA/EIO bus. 0=Disable. The
MEM_EN_DEV13 or lO_EN_DEV13 must be set o enable the memory or IO decodes réspectively.

29 Device 12 EIO‘ Enable (EIO_EN_DEV12)}—R/W. 1=Enable PCI accesses to the davice 12 enabled
memory and YO ranges to be claimed by PliX4 and forwarded to the ISA/EID bus, 0=Disable. The
MEM_EN_DEV12 or IO_EN_DEV12 must ba set fo enable the memory or 10 decodes raspectively.

28 Device 11 Keyboard Enable (KBC_EN_DEV11}—R/W. 1=Enable PCI bus decode for accesses to
keyboard controiler /0 ports (60h and 64h). 0=Disable. The EIQ enable bit, idle enabile bit, or trap
enabile bit for this device must also be setin arder to enable these respective functions.

27 Graphics A/B Segment Memory Enable (GRAPH_AB _EN)—R/MW. 1=Enable PCl bus decode for
accesses to the PC compatible frame buffer ranges (A and B segments). O=Disabie.-PiiX4 does not
positive decode these accesses for forwarding to the ISA bus.

26 Graphics /O Enable (GRAPH_1O_EN}--R/W. 1=Enable PCl bus decode for accesses to the VGA
/O addresses (3B0h-3DFh). 0=Disable. PliX4 does not positive decode these accesses for
forwarding to the ISA bus.

25 SoundBlaster EIO Enable (SB_EIO_EN)—R/W. 1=Enable PCl bus decode for accesses 1o the
SoundBlaster device enabled decode ranges (bits{3,5:6}) to be claimed by PitX4 and forwarded to
the ISA/EIO bus. The SB_EN bit must be set to enable their respactive ranges. O=Disabile.

24 Linear Frame Buffer Decode Enable (LFB_DEC_EN)—-R/W. 1=Enable PCI bus decode for
accesses 0 the generic memory range for linear frame buffer. O=Disable. The finear frame buffer
address range is defined by the linear frame buffer base address and mask bits (bitsf23:10]). PliX4
does not positive decode these accesses for forwarding to the (SA bus.

23:22 {Linear Frame Buffer Mask (LFB_MASK_DEV11}—R/W. This field defines a 2-bit mask for the
linear frame buffer address, corresponding to AD[21:20]. A '’ in a bit position indicates that the
corresponding address bit is masked (i.e. ignored) when performing the decode. This figld defines
the size of the linear frame buffer window. Note that programming these bits to '10’ results in a split
address range.

21:10 | Linear Frame Buffer Base Address (LFB_BASE_DEV11}—R/W. This field defines the 12-bit
memory base address range, corresponding to AD[31:20] for the linear frame buffer address. This
field in conjunction with the LFB_MASK_DEV11 field defines a 1-8-Mbyte linear frame buffer that
can be enabled for monitoring using the device monitoring system 11,
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Bit Description

9:8 | Microsoft® Sound System Decode Select (MSS_SEL)—R/W. Selects the Microsoft Sound System
decode range enabled with bit 7. This field is decoded as follows:

Bits{9:8] MSS Decode

00 530h—~537h
o1 604h—608Bh
10 E80h~E87h
11 F40h-F47h

7 Microsoft Sound System Decode Enable (MSS_EN)}—R/W. 1=Enabls PCI bus decode for
accesses to the O address range selected by the MSS_ SEL fleld. 0=Disable. The EIO enable bit,
idie enable bit, or trap enable bit for device 4 must also be setin order to enable those respective
functions. .

8:5 Sound Blaster Decode Select (SB_ SEL)-—RIW Selects the Sound Blaster decode range enabled
with bit 3. This field is decoded as follows:

Bits[6:5] Sound Blaster Decode

00 220--22Fh, 230-233h
o1 240-24Fh, 250-253h
10 260-26Fh, 270-273h
11 280-28Fh, 290-293h

4 Game Port Enable (GAME_EN). 1=Enable PCI bus decode for accesses to the Game port /O
address range (200-207h). 0=Disable. The Game Port EIO enable bit, or Device 4 idle enable bit or
trap enable must also be set to enable these respective functions.

3 Sound Blaster 8/16-bit Decode Enable (SB_EN)—RMW. 1=Enable PCI bus decods for accesses
to the 1O addrass range selected by the SB_SEL field and to the ADLIB (388-388h) address
ranges. 0=Disable. The SoundBlaster EIO enable bit, or Device 4 idle enable bit, or trap enable bit
must also be set to enable these respective functions.

2:1 MIDi Decode Select (MIDI_SEL)—R/MW. Salects the MID! decode range enabled with bit 1. This
field is decoded as follows:

Bits[2:1) MIDI Decode

00 300-303h
01 310-313h
10 320-323h
11 330--333h

0 MD! Enable:(MID}_EN—R/W. 1=Enab%e PCi bus decode for accesses to the O address range
selected by the MIDI_SEL field. 0=Disable. The EIO enable bit, idle enable bit, or-trap enable bit for
device 4 must also be set in order to enable these respective functions.
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7.1.18.

82371AB (PliX4)

DEVRESB--DEVICE RESOURCE B (FUNCTION 3)

Address Offset: 60-63h
Default Value: 00h

Attribute:

Read/Write

Bit

Description

31

Game Port EIO Enable (GAME_EIO_EN)—R/W. 1=Enable PCI bus decode for accesses to the
Game Port enabled decode ranges to be claimed by PliX4 and forwarded to the ISA/EIO bus.
0=Disable. The GAME_EN bit must be set to enable this range.

30

Keyboard EIO Enable (KBC_EIO_EN)—R/W. 1=Enable PCl access to the keyboard controller
enabled /O ranges (60h and 64h) to be claimed by PiiX4 and forwarded to the ISA/EIO bus.
0=Disabie. The KBC_EN_DEV11 bit must be set to enable the decode.

29

Device 5 EIO Enable (EIO_EN_DEVS)-R/W. 1=Enable PCI access to the floppy disk controlier
enabled I/O ranges selected by FDC_DEC_SEL field to be claimed by PlIX4 and forwarded to the
ISA/EIO bus. O=Disable. The FDC_MON_EN bit must be set to enable the decode.

28

Floppy Disk Controlier Decode Select (FOC_DEC_SEL)}—R/W. 1=Secondary FDC Address
(370h~375h, 377h). O=Primary FDC Address (3FOh—-3F5h, 3F7h). This field selects the floppy disk
controller /O range enabled with bit 3.

27

Reserved.

26:25

LPT Controlier Decode Select (LPT_DEC_SEL}—R/W. Selects the parallel port (device 8) /0
range enabled with the LPT_MON_EN bit. This field is decoded as follows:

Bits[26:25] - LPT Decode

00 3BCh-38Fh, 7BCh-7BEh
01 378h-37Fh, 778h~77Ah
10 278h—27Fh, 678h~67Ah
11 Reserved

24

Microsoft Sound System EIO Enabie (MSS_EIO_EN)—R/W. 1=Enable PCI bus decode for
accesses to the Microsoft Sound System enabled decode ranges (DEVRESA: Bits[7:9}) to be
claimed by PlIX4 and forwarded to the ISA/EIO bus. 0=Disable. The MSS_EN bit must be set to
enable this range.

23

Device 9 Generic Decode Chip-select (CS_EN_DEV9)—R/W. 1=Enable assertion of the
chip-select signal PC30# for all accesses within the device 9 /O decode range. 0=Disable.
The EIO_EN_DEVS bit must also be set to enable this function.

22

Device 9 EIO Enable (EIO_EN_DEV9)—R/W. 1=Enable PCl access to the device 9 enabled /O
range or embedded controlter 1O range to be claimed by PlIX4 and forwarded to the ISA/EIO bus.
O=Disable. The GDEC_MON_DEV9 bit or EC_EN_DEV9 bit must be set to enable the decode.

21

Device 9 Generic Decode Monitor Enable (GDEC_MON_DEV9)—R/W. 1=Enable PC! bus
decode for accesses to the I/O address range sélected by the BASE_DEVS and MASK_DEV9
fields. 0=Disable. The EIQ enable bit, idle enable bit, or trap enable bit for device 4 must also be set
in order 1o enable these respactive functions.

20

Midi EIO Enable (MIDI_EIQ_EN)—R/W. 1=Enable PCl bus decode for accesses to the Midi
enabled decode ranges (DEVRESA: Bits{0:2]) to be claimed by PiX4 and forwarded {o the ISA/EIO
bus. O=Disable. The MIDI_EN bit must be set to enable this range.

19:16

Device 9 Generic Decode Mask (MASK_DEV9)—R/W. Specifies the 4-bit /0O base address mask
used to determine the |O address range size for device 9 accesses. MASK_DEV9 (bits[19:16])
correspond to AD{3:0}. A ‘1’ in a bit position indicates that the corresponding address bit is masked
(i.e. ignored) when performing the decode. Note that programming these bits to certain pattemns
{such as “1001') results in a split address range.
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Bit Description

15:0 | Device 9 Generic Decode Base Address (BASE_DEV9)—R/W. Specifies the 16-bit O base
address range (AD[15:0]) for the device 8 /0 rangae. When this field is combined with MASK_DEVS
field, an /O range is defined starting from the base address register value lo the size defined by the
mask register.

7.1.19.  DEVRESC—DEVICE RESOURCE C (FUNCTION 3)

Address Offset: 64-67h
Default Vaiue: 00h
Attribute: Read/Write
Bit Description

31 Device 7 EIO Enable (EIO_EN_DEVT7}—R/W. 1=Enable PC| access 10 the device 7 {serial port B)
enabled I/0 ranges selectad by COMB._DEC_SEL field to be claimed by PliX4 and forwarded to the
ISA/EIO bus. 0O=Disable. The SB:MON_EN bit must be set to enable the decode.

30:28 | Serial Port B Decode Select (COMB_DEC_SEL)—R/W. Selects the /O range that the Serial Port
B (Device 7) decode responds to. This fiald is decoded as follows:

Bits[30:28]  Serial B Decode Bits[30:28] . Serial B Decode
000 3F8h-3FFh.(COM1) 100 238h-23Fh -
001 2FBh—2FFh (COM2) 101 2E8h—2EFh (COM4)
010 220h-227h 110 338h-33Fh
011 228h-22Fh 1 3EBh-3EFh (COM3)

27 Device 6 EIO Enable {EI0O_EN_DEV6)—R/W. 1=Enable PCl access to the device 6 (serial port A)
enabled /O ranges selected by COMA_DEC_SEL field to be claimed by PilX4 and forwarded to the
ISA/EIO bus, 0=Disable. The SA_MON_EN bit must be set to enable the decode.

26:24 | Serlal Port A Decode Select (COMA_DEC_SEL)-R/W. Selects the /O range that'the Serial Port
A (Device 6) decode responds to. This fisld is decoded as follows:

Bits[26:24]  Serial A Decode ~ Bits[26:24) Serlal A Decode
000 3F8h-3FFh ({COM1) 100 238h-23Fh
001 2F8h—2FFh (COM2) 101 2EBh-2EFh (COM4)
010 220h-227h 110 338h~33Fh
o1 228h-22Fh 111 3E8h-3EFh (COM3)

23 Device 10.Generic: Decode Chip-select (CS_EN_DEV10)-—R/W. 1=Enable assertion ¢f the chip-
| select signal PCS14# for ali accesses within the device 10 //O decode range, 0=Disable.
The EIO_EN_DEV10 bit must also be set to enable this function.

22 Device 10 EIO Enable (EIO_EN_DEV10)—R/M. 1=Enable PCl access to the device 10 enabled /O
range to be claimed by P1/X4 and forwarded to the ISA/E1O bus. 0=Disable: The
GDEC_MON_DEV10 bit must be set to enable the decode,

21 Device 10 Generic Decode Monitor Enable (GDEC_MON_DEV10)—R/W. 1=Enable PCI bus
decode for accesses to the O address range selected by the BASE_DEV10 and MASK_DEV10
fields. 0=Disable. The EIO enable bit, idle enable bit, or trap enable bit for device 4 must also be set
in order to enable these respective functions.

20 | Reserved.
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19:16 | Device 10 Generic Decode Mask (MASK_DEV10)—R/W. Specifies the 4-bit /O base address
mask used to determine the 10 address range size for device 10 accesses. MASK. DEV10
{bits[19:16}) correspond to AD[3:0]. A ‘1"in & bit position indicates that the correspanding address bit
is masked (i.e. ignored) when performing the decode. Note that programming these bits to certain
patterns (such as‘10071’) results in a split address range.

15:0 | Device 10 Generic Decode Base Address (BASE_DEV10)—R/W. Specifies the 16-bit /O base
address range (AD{15:0]) for the device 10 VO range. When this field is combined with
MASK_DEV10 field, an /O range is defined starting from the base address register value to the size
defined by the mask register.

7.1.20. DEVRESE--DEVICE RESOURCE E (FUNCTION 3)

Address Offsat: 68-6Ah
Defauit Value: Qaoh
Attribute: Read/Write
Bit Description

23:21 | Reserved.

20 Device 12 /O Monitor Enable (I0_EN_DEV12)}—R/W, 1=Enable PCI bus decode for accesses to
the /O address range selected by the IBASE_DEV12 and IMASK_DEV12 fields. O=Disable. The
EIO enable bit, or trap enable bit for device 12 must aiso be set in order to enable these respective
functions.

19:16 | Device 12 I/O Decode Mask (IMASK _DEV12)}—R/W. Specifies the 4-bit /O base address mask
used to determine the 1O address range size for device 12 accesses. IMASK_DEV12 (bits[19:16])
correspond to AD{3:0]. A '1"in a bit position indicates that the corresponding address bit is masked
{i.e. ignored) when performing the decode. Note that programming these bits to cerlain patierns
{such as "1001') results in a split address range.

15:0 | Device 12 VO Decode Base Address (IBASE_DEV12)—R/W. Specifies the 16-bit /O base
address range (AD[15:0]) for the device 12 /O range. When this field is combined with
IMASK_DEV12 field, an 1/O range is defined starting from the base address register vaiue to the size

defined by the mask register.

7.1.21. DEVRESF—DEVICE RESOQURCE F (FUNCTION 3)

Address Offset: 6C~6Fh
Default Value: 00h
Attribute: Read/Write
Bit Description

31:15 | Device 12 Memory Decode Base Address (MBASE_DEV12)-—R/MW. Specifies the 17-bit memory
base address range (AD[31:15)) for the device 12 memory range. When this field is combined with
the MMASK_DEV12 field, a memory range is defined from the base address value to the size
defined by the mask register.
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Bit ; Description
14:8 | Reserved.

7 Device 12 Memory Monitor Enable (MEM_EN_DEV12)-—R/W. 1=Enabie PCI bus decode for
accesses 1o the memory address range selected by the MBASE_DEV12 and MMASK_DEV12
fields. O=Disable. The EIO enable bit, or trap enable bit for device 12 must also be set in arder to
| enable these respective functions.

6:0 | Device 12 Memory Decode Mask (MMASK_DEV12)—R/W. Spacifies the 7-bit memory base

‘address mask used to determine the memory address range size for device 12 accesses.
MMASK_DEV12 (bits[6:0]) correspond to AD[21:15]. A ‘1’ in a bit position indicates that the
corresponding address bit is masked (i.e. ignored) when performing the decode. Note that
programming these bits to certain patterns (such as '1110011’) results in split address ranges.

7.1.22. DEVRESG—DEVICE RESOURCE G (FUNCTION 3)

Address Offset: 70~-72h
Default Value: 00h
Attribute: Read/Write
Bit Description

23:21 | Reserved.

20 | Device 13 VO Monitor Enable (J0_EN_DEV13)}—R/W. 1=Enable PCI bus decode for accesses to
the /O address range selected by the IBASE_DEV13 and IMASK_DEV13 fields. O=Disable. The
EIO enable bit or trap enable bit for device 13 must also be set in-order to enable these respective
functions.

19:16 | /O Decode Mask (IMASK_DEV13)—R/MW. Specifies the 4-bit VO base address mask used to
determine the 1O addrass range size for device 13 accesses. IMASK _DEV13.(bits[19:16))
correspond to AD[3:0]. A 't in a bit position indicates thal the comresponding address bit is masked
{i.e. ignored) when performing the decode. Note that programming these bits to certain paftems
(such as “100V'y resulls in a split address range.

15:0 | /O Decode Base Address (IBASE_DEV13)—R/W. Specifies the 16-bit /O base address range
(AD{15:0]) for the device 13 I/O range. When this field is combined with IMASK  DEV13 field, an I/0
range is defined starting from the base address register value to the size defined by the mask
register.
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7.1.23. DEVRESH—DEVICE RESOURCE H (FUNCTION 3)

Address Offset: 74-77h
Default Value: 00h
Aftribute: Read/Write
Bit Description

31:15 | Memory Decode Base Address (MBASE_DEV13)—R/W. Specifies the 17-bit memory base
address range (AD[31:15]) for tha device 13 memory range. When this field is combined with the
MMASK_DEV13 field, a memory range is defined from the base address vaiue to the size defined by
the mask register.

14:8 | Reserved.

7 | Device 13 Memory Monitor Enable (MEM_EN_DEV13)—R/W. 1=Enable PCl bus decode for
accesses to the memoty address range selected by the MBASE_DEV13 and MMASK_DEV13
fields. D=Disable. The EIO enable bit or trap enable bit for device 13 must also be set in order to
enable these respective functions.

6:0 | Memory Decode Mask (MMASK_DEV13)—R/W. Specifies the 7-bit memory base address mask
used to determine the memory address range size for device 13 accesses. MMASK_DEV13
(bits{6:0]) correspond o AD[21:15]. A ‘1" in a bit position indicates that the corresponding address bit
is masked (i.e. ignored) when performing the decode. Note that programming these bits to certain

patterns (such as ‘1110011’). results in split address ranges.

7.1.24. DEVRESI—DEVICE RESOURCE | (FUNCTION 3)

Address Offset: 78-7Bh
Default Value: 00h
Attribute: Read/Write
Bit Description

31:21 | Reserved.

20 Generic /O Decode 0 Enable (1I0_EN_. GDECO)}—R/W. 1=Enable accesses to the /O address
range selected by the 10_ MASK_GDECO0 and 10_BASE_GDECO fields to be claimed by PliX4 and
forwarded to the ISA/EIO bus. O=Disable.

19:16 | Generic Decode 0 /O Mask (I0_MASK_GDEC0)—R/W, This field specifies the 4-bit /O base
address mask used to determine the 10 address range size. I0_MASK_GDECO(bits[19:16])
correspond to AD[3:0]. A '1" in a bit position indicates that the corresponding address bit is masked
(i.e., ignored) when performing the decode. Note that programming these bits to certain patterns
(such as 1001) results in a split address range.

15:0 | Generic Decode 0 /O Base Address (I0_BASE_GDECO0)—R/W. Specifies the 16-bit I/O base
address range (AD{15:0}) for the generic decode range 0. When this field is combined with
10_MASK_GDECQ field, an I/O range is defined starting from the base address register value to the

size defined by the mask register.
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7.1.25. DEVRESJ--DEVICE RESOURCE J (FUNCTION 3)

Address Offset: 7C~7Fh
Default Value: 00h
Attribute: Read/Write

Bit . Description
31:21 | Reserved. ‘ i

20 | Generic /0 Decode 1 Enable (10. EN_GDEC1)}-R/W. 1=Enable accessss to the VO address
range selected by the I0_MASK_GDEC1 and IO_BASE_GDECH fields to be claimed by PlIX4 and
forwarded fo the ISA/EIO bus. 0=Disable.

19:16 | Generic Decode 1 /O Mask (I0_MASK_GDECT)—R/W. This field spacifies the 4-bit 1/O base
address mask used to determine the 10 address range size. IO_MASK_GDEC1 (bitsf19:16}))
correspond to AD[3:0]. A '’ in a bit position indicates that the corresponding address bit is masked
(i.e., ignored) when performing the decode. Note that programming these bits fo certain pattems
(such as 1001} results in a split address range. )

15:0 | Generic Decode 1 VO Base Address {IO_BASE GDEC?)—-—RIW This fieid specifies the 16-bit /O
base address range (AD{15:0)) for the generic decode range 1. When this field is combined with
IO_MASK_GDECT field, an /O range is defined starting from the base address register vaiue to the
size defined by the mask register.

7.1.26. PMREGMISC—MISCELLANEOUS POWER MANAGEMENT (FUNCTION 3)

Address Ofiset: 80h
Default Value: 00h
Attribute: Read/Write

This register contains miscelianeous functionality associated with the PliX4 Power Management capabilities.

Bit Description

7.1 | Reserved.

0 Power Management 10 Space Enable (PMIOSE)—R/W. 1=Enable. 0=Disable. This-bit controls the
accass to the Power Management I/O space registers whose base address is described in the
Power Management Base Address register. If this bit is set, access to the power management 10
registers are énabled. The base address register for the O registers must be programmed before
this bit is 'set. When disabled, all 10 accesses associated with Power Management Base Address
are disabled. This bit functions independent of the state of Function 3 10 Space Enable (IOSE) bit
(PCICMD register, bit 0).
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7.1.27. SMBBA-—-SMBUS BASE ADDRESS (FUNCTION 3)
Address Offset: 90-93h

Default Value: 00000001h

Attribute: Read/Write

This register contains the base address of the SMBus /O Registers.

Bit Description
31:16 | Reserved. Hardwired to 0s. Must be written as 0s.
15:4 | Index Register Base Address. Bits [15:4] correspond to /O address signals AD [15:4],
respectively.
31 Reserved. Read as 0.
0 Resource Type Indicator (RTE)}—RO. This bit is hardwired to 1 indicating that the base address
field in this register maps to VO space.
7.1.28. SMBHSTCFG—SMBUS HOST CONFIGURATION (FUNCTION 3)
Address Offset: D2h
Default Value: 00h
Attribute: Read/Write
Bit Description
7:4 Reserved.
31 SMBus Interrupt Select (SMB_INTRSEL)-R/W. Selects the type of interrupt generated by the
SMBus controller. This field is decoded as follows:
Bits[3:1] SMBus Interrupt Bits[3:1] SMBus interrupt
060 SMi# 100 IRQS
001 Reserved 101 Reserved
010 Reserved 110 Reserved
011 Reserved 11 Reserved
0 SMBus Controiier Host Interface Enable (SMBAHST“EN)—-RIW.ﬁ:Enabte the SMBus Controller
Host Interface. 0=Disable. ‘
7.1.29. SMBSLVC—SMBUS SLAVE COMMAND (FUNCTION 3)
Address Offset: D3h
Default Value: 00h
Attribute: Read/Write
Bit Description
7:0 | SMBus Host Slave Command (SMBCMD)—R/W. Specifies the command values to be matched
for SMBus master accesses to the SMBus controller host slave interface (SMBus port 10h).
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7.1.30. SMBSHDW1-—-SMBUS SLAVE SHADOW PORT 1 (FUNCTION 3)

intgl.

Address Offset: D4h
Default Value: 00h
Attribute: Read/Write
Bit Description

7:1 SMBus Slave Address for shadow port 1 (SLVPORT1 }-R/W. Specifies the address used o
match against incoming SMBus addresses for shadow port 1.

0 Read/Write for shadow port 1 (SLVPORT1 RW)—-—RIW. This bit Enust be programmed to 0 since
PliX4 SMBus stave controller only responds to Word Write transactions.

7.1.31. SMBSHDW2—SMBUS SLAVE SHADOW PORT 2 (FUNCTION 3)

Address Offsat: Dsh
Default Vaiue: 00h
Attribute: Read/Write
Bit Description

7:1 SMBus Slave Address for shadow port 2 (SLVPORT2)—R/W. Specifies the address used to
match against incoming SMBus addresses for shadow port 2.

0 Read/Write for shadow port 2 (SLVPORT2RW)—R/W. This bit must be programmed to O since
PliX4 SMBus slave controller only responds to Word Write transactions.

7.1.32. SMBREV—SMBUS REVISION IDENTIFICATION (FUNCTION 3)

Address Offset: Déh
Detault Value: 00h
Attribute: Read Only
Bit Description

7:0 Revision ID (REVID)—~RO. This register returns the current revision 1D for the SMBus Host/Slave
controller.
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Global Standby Timer Expiration: [GSTBY_EN] [GSTBY_STS]

— The Global Standby Timer will set the [GSTBY_STS] bit upon expiration, and.if enabled will
generate an SMi#. It can also be used 10 generate a suspend state resume events. See
below for more information on Giobaf Standby Timer operation.

PCl Bus Master Requests: [BM_TRP_EN] [BM_STS]

— Assertion: of PCIREQ{0:3] or PHOLD#, signifying: PCI Master activity will generate an SMi#
it enabled. This cah also cause idle, burst, or global standby timer reloads as part of Device
8 Monitor logic.

APMC Control Register Write: [APMC_EN] [APM_STS]
— Writes to the APM Control Register (APMC, 1O port B2h) generate an SMi#, if enabled.
USB Legacy Keyboard/Mouse: [LEGACY_USB_EN] [LEGACY_USB_STS]

— The USB Legacy Keyboard logic uses. SMI# generation as part of its operation. See the
“USB Host Controller- Functional. Description” section. and the “Universal Host Controller
intarface -Design Guide” document for additional information. concerning USB Legacy
Keyboard. The [LEGACY_USB_EN} bit must be set active in order for USB Legacy
Keyboard to function.

Software Timer SMI: [IOL_EN_DEV3] [IDL_STS_DEV3]
[IDL_RLD_EN_DEV3]

— The idle Timer for Device 3 Monitoring can be used as a Software SMi Timer. if the ldie
timer reload events are disabled (via [IDL_RLD_EN_DEV3] hit}, the timer will count down
without reload and its expiration will generate an SMi#. See the “Peripheral Device
Management” section for more information on idle timer operation.

Device Monitor Trap: [TRP_EN_DEVX]: [TRP_STS_DEVX]
x=0-13 {DEV_8TS]

- The IO Traps for Device Monitoring subsystem generate an SMi# when the programmed
trap event occurs. The [DEV_STS] bit is logical “OR” of [TRP_STS_DEVx ‘and
[IDL_STS_DEVx] bits. See the “Peripheral Device Management” section for more
information on device monitor idie timer operation.

Device Monitor Idle Timer Expiration: [IDL_EN_DEVx] [IDL_STS_DEVxX]
x=0-11 [DEV_STS]

— The ldle Timers for.Device Monitoring subsystem count down and generate an SMI# upon
expiration; if -enabled. The [DEV_STS] bit is logical “OR” of [TRP_STS_DEVX] and
[IDL_STS_DEVx] bits. See the “Peripheral Device Management” section for more
information on device monitor idle timer operation.

PliX4 Master Abort on PCIl [P4MA_EN] [PM4A_STS]

- If enabled,. a Master Abort to a PlIX4 initiated PCl cycle will generate an SMi#.
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7.2.2. PMEN--POWER MANAGEMENT RESUME ENABLE REGISTER (I0)

/O Address: Base + (02h)
Default Value: 00h
Attribute: Read/Write
Bit Description

15:11 | Reserved.

10 RTC Enable (RTC_EN)—R/W. 1=Enable the generation of a resume event upon setting of the’
RTC STS bit. 0=Disable.

9 Reserved.

Power Button Enable (PWRBTN_EN)—R/W. 1=Enable the géneration of an SMi# or SCi on
setting the STS bit. 0=Disable. The PWRBTN# signal is always enabled to generate rasume events.

7:6 Reserved.

5 Global Enable (GBL_EN}—R/W. 1=Enable SCI generation upon setting of the GBL_STS bit.
0=Disable.

4:1 Reserved,

0 |Power Management Timer (TMROF_EN)—R/W. 1=Enable SCI generauon upon setting of the
TMROCF_STS bit. 0=Disable.

7.23. PMCNTRL—POWER MANAGEMENT CONTROL REGISTER (10)

/O Address: Base + (04h)
Default Value: 0000h
Attribute: Read/Write
Bit ) Description

15:14 | Reserved.

13 Suspend Enable (SUS_EN)—R/W. This is a write-only bit and reads o it always return a 0. Writing
this bit to a 1 causes the systemto automatically sequence into the suspend state defined by the
SUS_TYP fisld. This bit corresponds to the SLP_EN bitin ACP! specification.

12:10 | Suspend Type (SUS_TYP)—R/W. Specifies the type of hardware suspend mode the system should
enter when the SUS_EN bit is set. This field is decoded as follows:

Bits[12:10]  Suspend Type

000 Soft/STD (Soft OFF or Suspend to Disk)

001 STR (Suspend To RAM)

010 POSCL (Powered On Suspend, Context Lost)

011 POSCCL (Powered On Suspend, CPU Context Lost)
100 POS (Powsred On Suspend, Context Maintained)
101 Waorking (Clock Control)

110 Reserved

111 Reserved

The SUS_TYP field may also be used by the BIOS and OS code to determine the type of suspend
state the system is resuming from. Before entering any iow power clock control state (LVL2 or
LVL3), this field should be programmed to the Working state (101). This does not cause any action

by PliX4, but is for information storage only.
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Bit Description
9:3 . | Reserved.

2 Global Release (GBL_RLS)—R/W. 1=A 1 written to this bit position will cause an SMi# to be
generated and BIOS_STS bit set if enabled by the BIOS_EN bit. 0=No SMi# generated. This bit is
used by the ACPI software to raise an event to the BIOS software.

1 | Bus Master Reload Enable (BRLD_EN_BM)—R/W. 1=Enablé the generation of a Burst or Stap
Break avent upon setting of the BM_STS bit. 0=Disable.

0 SCi Enable (SCLEN)—RM. 1=Enable generation of SCI upon assertion of PWRBTN_STS,
LID_8TS, THRM_STS, or GPI_STS bits. 0=Disable.

7.24, PMTMR—POWER MANAGEMENT TIMER REGISTER (10)

/O Address: Base + {(08h)
Default Value: 00h
Attribute: Read Only
Bit Description

23:0 | Timer Value (TMR_VAL)—RO. This field returns the running count of the power management timer.
This is a 24-bit counter that runs off a 3.579545-MHz clock. The timer is reset to an initial value of 0
during a PCl reset, and then continues counting unless the 14.31818-MHz OSC input to the chip is
stopped. If the clock is restarted without a PCl reset, then the counter will continue counting from
where it stopped. When bit 23 of the timer transitions from high-to-low or fow-to-high, the
TMROF_STS bit is set. If the TMROF _EN bit is set an SCI interrupt is also generated.

7.2.5. GPSTS—GENERAL PURPOSE STATUS REGISTER (10)

/O Address: Base + (OCh)
Default Value: 00h
Attribute: Read/Write
Bit Description

15:12 | Reserved.

11 LID Status (LID_STS)—R/WC. 1=LID signal has been asserted. 0=LID signal has not been
asserted. Assertion level is dependent upon polarity enable bit LID_POL value. If the LID_EN bitis
set then the setting of the LID_STS bit will generate an SCI, SMI# or resume event. This bit is onty
sel by hardware and can only be reset by writing a 1 to this bit position.

10 Ring Status (RI_STS)--R/WC. 1=Ring Indicate R}# signal has been asserted. 0=RI# has not been
asserted. If the RI_EN bit is set, the setting of the RI_STS bit generates a resume event. This bit is
only set by hardware and can only be reset by writing a 1 to this bit position.

9 GPI Status (GPI_STS)—R/WC. 1=GPI1# signal has been asserted. 0=GPI11# has not been
asserted. If the GPI_EN bit is set then the setting of the GPI_STS bit will generate an SCI, SMI# or
resume event. This bit is only set by hardware and can only be reset by writing a 1 to this bit
position.
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Bit Description

8 USB Status (USB_STS)—R/WC. 1=USB interface has indicated that a USB resume has been
driven onto one of the two USB ports while in Power On Suspend. 0=No USB resume Has been
detected. It the USB_EN bit is set the setting of the USB_STS bit will generate a resume event. This
bit is only set by hardware and can only be reset by writing a 1 to this bit position.

7 Thermal Override Status (THRMOR_STS)—R/WC. 1=THHM# signal has been asserted LOW and
thermal clock throttling has been initiated. 0=Thermal clock throttling has not been initiated. This bit is
set anylime the thermal state machine generates a thermal override condition and starts throttling the
CPUs clock at the THRM_DTY ratio. This bit is set by hardware and can only be cleared by writing
a 1 to this bit position.

6:1 Reserved.

0 Thermal Status (THRM_STS)—R/WC. 1=THRM# signal has been asserted. 0=THRM# signal has
not been asserted. Assertion leve! is dependent upon polarity enable bit THRM_POL. if the
THRM_EN bit is set then the setting of the THRM_STS bit will generate an SCi or SMI. This bit is
only set through hardware and is cleared by writing a 1 to this bit position.

7.2.6. GPEN---GENERAL PURPOSE ENABLE REGISTER (10)

/O Address: Base + (OEh)
Default Value: 00h )
Attribute: Read/Write
Bit ' Description

15:12 | Reserved.

11 Lid Enable (LID_EN)-R/W. 1=Enable the generation of an SMi#, SCi, or resume event upon the
setting of the LID_STS bit. 0=Disable.

10 Ring Enable (RI_EN)—R/W. 1=Enable the generation of a resume event upon the setting of the
RI_STS bit. 0=Disable.

9 GP! Enable (GPI_EN)—R/MW. 1=Enable the generation of an SMi#, SCI, or resume event upon the
setting of the GPI_STS bit. 0=Disable.

8 USB Enable (USB_EN)—R/W. 1=Enabile the generation of a resume event upon the setting of the ‘
USB_STS bit. 0=Disable.

71 Reserved.

0 Thermal Enable (THRM_EN)—R/W. 1=Enable the generation of an SMi# or SCl.upon the setling of
the THRM_STS bit. O=Disable.

352 1998 Platform Components Databook



intel.

82371AB (PliX4}

7.2.7. PCNTRL—PROCESSOR CONTROL REGISTER (10)
/O Address: Base + (10h)
Default Value: 00h
Attribute: Read/Write
Bit Description
31:18 | Reserved,
17 Clock Control Status (CC_STS)—RO. 1=PiiX4 clock control active. 0=PHX4 clock control inactive.
16:14 | Reserved.

13 Clock Run Enable (CLKRUN_EN)—R/W. 1=Enable PCI Clock Run (CLKRUN#) protocol.
0=Disable. When enabled, PliX4 requests to stop the PCI clock when the PCI bus has been idle for
26 PCl clocks.

12 Stop Clock Enable (STPCLK_EN)-—R/W. 1=Enable stopping of Host clock when placed into a
LVL3 clock confrol condition. 0=Disable.

11 Sleep Enable (SLEEP_EN)—R/W. t=Enable assertion of SLP# signal when placed into LVL3 clock
control condition. 0O=Disable. This enables Sieep or Deep Sleep clock control for Pentium Ii
processor.

10 Burst Enable (BST_EN)—R/W. 1=Enable clock control bursting which causes enabled system
events to become Burst events and reload the burst timers. 0O=Disable clock control bursting which
causes enabled system events {o become Stop Break events and restore the system to normal fuli-
speed clocked operation.

9 Clock Control Enable (CC_EN)—R/W. 1=Enable clock control. O=Disable. This enables reads to
the LVL2 and LVL3 registers to cause PliX4 to enter the enabled clock mode.

8 Reserved.

75 Reserved.

4 Throttle Enable (THT_EN)}—R/W. 1=Enable system throttle clock control. 0=Disable.

3:1 Throttle Duty Programming Bits (THTL_DTY}—R/W. Selects the duty cycle of the STPCLK#
signal when the system is in the system throttling mode. The duty cycle indicates the percentage of
time the STPCLK# signal is asserted while in the throtle mode. The field is decoded as follows:
Bits[2:0] Mode Bits[2:0] Mode

000 Reserved 100 50%

001 12.5% 11 62.5%

010 25% 110 75%

011 37.5% 1 87.5%
0 Reserved.
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7.2.8. PLVL2—PROCESSOR LEVEL 2 REGISTER (10)

/O Address: Base + (14h)
Defauit Value: 00h
Attribute: Read/Write (Byte Readable Only)
Bit Description

7:0 Level 2 Power State Entry (LVL2)—R/W. Reads to this register cause PliX4 to transition into
a Stop Grant or Quick Start power state (LVL2) and return a value of 00h. Writes to this register
have no effect. ,

7.2.9, PLVL3—PROCESSOR LEVEL 3 REGISTER (10)

/O Address: Base + (15h)
Default Value: 00h
Attribute: Read/Write (Byte Readable Only)
Bit Description

7:0 | Level 3 Power State Entry (LVL3)—R/W. Reads to this register cause PIIX4 {o transition into
a Stop Clock, Steep, or Deep Sleep power state (LVL3) and return a vaiue of 00h. Wirites to this

register have.no effect.
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7.2.10, GLBSTS—GLOBAL STATUS REGISTER (10)
1/O Address: Base + (18h)
Default Value: 0ch
Attribute: Read/Write
Bit Description
15:12 | Reserved.

11 IRQ Resume Status (JRQ_RSM_STS)—R/W. 1=System was resumed from a Powered On
Suspend (POS) state due to an interrupt assertion (IRQf1,3:15)). 0=System was not resumed due to
IRQ. This bit is only set by hardware and can only be reset by wiiting a 1 to this bit position.

10 External SMI Status (EXTSMI_STS)—R/WC. 1=EXTSMIi# signal was asserted. 0=EXTSMI# was
not asserted. This bit is only set by hardware and can only be reset by writing a 1 to this bit position.

9 Reserved.

8 Globat Standby Status (GSTBY_STS)—R/WC. 1=Giobal Standby timer expired {(counted down to
0). 0=Global Standby timer did not expire. This bit is only set by hardware and can only be reset by
writing a 1o this bit position.

7 GP Status (GP_STS)—RO. 1=Indicates that one of the status bits in the GPSTS register is set.
0=All bits in GPSTS register are reset. This bit can only be reset by resetting all bits in the GPSTS
register.

6 PM1 Status (PM1_STS)—RO. 1=indicates that one of the status bils in the PMSTS register is set.
0=All bits in PMSTS register are reset. This bit can only be reset by resetting ail bits in the PMSTS
register.

5 APM Status (APM_STS)—R/WC. 1=A write occurred to the APMC register causing generation of
an SMi#. O=A write has not occurred to the APMC register causing generation of an SMi#. This bitis
cleared by writing a 1 fo this bit position.

4 All Devices Status (DEV_STS)}—RO. 1=Indicates that one of the status bits in the DEV_STS
register is set. 0=All bits in DEV_STS register are reset. This bit can only be reset by resetting all
bits in the DEV_STS register.

3 Reserved.

2 PAMA Status (PAMA_STS)—R/WC. 1=An SMi# was generated due to a PliX4 PCi cycle being
Master Aborted. 0=No SMI# was generated due to PlIX4 PCI cycles having been Master Aborted.
This bit is only set by hardware and can only be reset by writing a 1 fo this bit position.

1 Legacy USB Status (LEGACY_USB_STS)—R/WC. 1=USB legacy keyboard logic generated an
SMi#. 0=USB legacy keyboard logic did not generate an-SMt#. This bit is only set by hardware and
can only be reset clearing the children status bits in the USB status register.

0 BIOS Status (BIOS_STS)—R/WC. 1=A write of 1 occurred to the GBL_RLS bit. O=A write of 1 did
not occur to the GBL_RLS bit. This bit is set by hardware and is cleared by writinga 1 1o it.
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7.2.11.  DEVSTS—DEVICE STATUS REGISTER {l0)
10 Address: Base + (1Ch)
Default Value: ooh
Attribute: Read/Write
Bit Description
31:30 | Reserved.
29:16 | Device [0-13] Trap. Status Bits (TRP_STS_DEV[0~13])--R/WC. 1=An SMi# was generated by an
/O trap o the associated device monitor's enabled address range. 0=No SMI# was generated. Bit
29 corresponds to device monitor. 13 and bit 16 corresponds to device monitor 0. This bit is cleared
by writing a 1 to's bit position.
15:12 | Reserved. '

11:0 | Device [0-11] Idle Status Bits (IDL_STS_DEV[0-11]}—R/WC. 1=An SMi# was generated by the
expiration of the associated device monitor's idle timer. 0=No SMi# was generated. Bit 11
corresponds to device monitor 11 and bit 0 corresponds te device monitor 0. This bit is cleared by
writing a 1 to its bit position.

7.212.  GLBEN—GLOBAL ENABLE REGISTER (I0)
/O Address: Base + (20h)

Default Value: 00h

Attribute: Read/Write

Bit Description ;

15 Battery Low Enable (BATLOW_EN)—R/W. 1=Enable BATLOW# assertion to prevent a system
resume from any suspend state. O=Disable. ‘

14:12 | Reserved.

11 IRQ Resume Enable (IRQ_RSM_EN)—R/W. 1=Enable an unmasked interrupt (IRQ[1, 3:15))
assertion to generate a resume from the Power On Suspend (POS) state. 0=Disable.

10 External SMi. Enable (EXTSMI_EN)—R/W. 1=Enable the sefting of the EXTSMI_STS bit to
generate an SMi# or resuma event, O=Disable.
Reserved. o

8 Global Stand By Enable (GSTBY_EN}—R/W. 1=Enabie the setting of the GSTBY_STS bit to
generate an SMi# or resume event. 0=Disable.

7:5 | Reserved. '

4 | PHX4 Master Abort Enable (PAMA_EN)—R/W. 1=Enable the setting of the P4MA_STS bit to
generate an SMiI#. 0=Disable.

3 Bus Master Trap Enable (BM_TRP_EN)-R/W. 1=Enable the setting of the BM_STS bit to
generate an SMi#.

2 Reserved.
BIOS Enable (BIOS_EN)}—R/W. 1=Enable the generation of an SMi# by writing a 1 to the
GBL_RLS bit. 0=Disable.

0 Legacy USB Enable (LEGACY_USB_EN)}—R/W. 1=Enable the USB legacy function to generate
an SMi#. 0=Disable.
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7.213. GLBCTL—GLOBAL CONTROL REGISTER (l0)
/O Address: Base + (28h)
Default Value: 0Ch
Aftribute: Read/Write
Bit Description
31:27 | Reserved.
26 Global Standby Timer Clocking Select B (GSTBY_SELB)—R/W. This bitin conjunction with
bit 8 selects the clock source for the Global Standby Timer. See bit 8 description for timing
programming combinations.
25 Lid Polarity (LID_POL)—R/MW. 1=Active low LID assertion sets the LID_STS bit. 0=Active high LID
assertion sets the LID_STS bit.
24 System Management Freeze (SM_FREEZE)—R/W. 1=Disable all Device Monitor idie timers and
the Global Standby Timer from counting. 0=Enable timers to count.
23:17 | Reserved.
16 End of SMI (EOS)—R/W. 1=Enable PIIX4 o assert an SMI#. 0=Disable. This bitis cleared
automatically upon generation of an SMi#,
15:9 | Global Standby Timer Initial Count (GSTBY_CNT)}—R/W. Specities the initial and reload count of
the Global Standby Timer.
8 Gilobal Standby Timer Clocking Select A (GSTBY_SELA)—R/W. This bitin con;unct;on with bit
26 satects the clock source for the Global Standby Timer.
Bits[26,8] Clock Rate
0.0 32 seconds (default)
0,1 4 minutes
1,0 4 milliseconds
1,1 4 seconds
7:3 {Reserved.
2 Thermal Polarity (THRM_POL)—R/W. 1=Active low THRM# assertion sets the THRM_STS bit.
=Active high THRM# assertion sets the THRM_STS bit. ‘
1 BIOS Release (BIOS_RLS)—R/W. 1=A 1 written to this bit position causes an SCI to be generated
and GBL_STS bit set, if enabled by the GBL_EN bit. 0=No SCI generated. This bit is used by the
BIOS software to raise an event to the ACP! software. This bit always reads a 0.
0 SMI ENABLE (SMI_EN)—R/W. 1=Enable the generation of SMi# upon any enabled SMi# event.
0=Disable. This bit is reset by a PCl reset event.
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7.2.14, DEVCTL—DEVICE CONTROL REGISTER (l0)

/O Address: Base + (2Ch)
Default Value: 0ch
Attribute: Read/Write
Bit Description

31:28 { Reserved.

27 Device 8 Bus Master Reload Enable (BM.RLD_DEV8}—R/W. 1=Enable any PCl Bus Master
request {(PHOLD#, PCIREQA[0:3]) 1o réload the device monitor idie timer. 0=Disable:

26 | Device 3 idie Reload Enable (IDL_RLD_EN_DEV3)—R/W. 1=Enable the device monitor 3 idle
reload events to reload the device monitor 3 idle timer. O=Disable. When device 3is'being used as a
software SMI timer, this bit should be cleared to prevent any events from reloading the fimer.

25 Device 13 Trap Enable (TRP_EN_DEV13)—R/W. 1=Enable genaration of a trap SMI for accesses
to the device monitor 13 enablsd trap decode ranges. 0=Disable.

24 Device 12 Trap Enable (TRP_EN_DEV12)—R/W. 1=Enable generation of a trap SMi for accesses
to the device monitor 12 enabled trap decode ranges. O=Disable.

23 Device 11 Trap Enéble (TRP_EN_DEV11)—R/W. 1=Enable generation of a trap SM! for accesses
1o the device monitor 11 enabled trap decode ranges. 0=Disable.

22 Device 11 idie Enable (IDL_EN_DEV11)}—R/W. 1=Enable the device monitor 11 idie reload events
| to relvad the device monitor 11 idle timer, O=Disable.

21 Dévice 10 Traﬁ Enable (TRP_EN_DEV10}-—R/W. 1=Enable generation of a trap SMt for accesses
fo the device monitor 10 enabled trap decode ranges. 0=Disable.

20 Device 10 idle Enable (IDL_EN_DEV10)}—R/W. 1=Enable the device monitor 10 idle reload events
to reload the device monitor 10 idle timer. O=Disable.

19 Device 9 Trap Enable (TRP_EN_DEV9)—R/W. 1=Enable generation of a trap SMI for accesses to
the device monitor 9 enabled trap decode ranges. O=Disable.

18 Device 9 idie Enable (IDL._EN_DEV9)—R/W. 1=Enabls the device monitor 9 idle reload events to
reload the device monitor. 9 idie imer. O=Disable.

17 Device 8 Trap Enable (T RP_ENAD‘EVB}-—-RIW. 1=Enable generéﬁon of a trap SMi for accesses to
the device monitor 8 enabled trap decode ranges. O=Digable.

16 | Device 8 Idle Enable (IDL_EN_DEV8)}—RMW. 1=Enable the device monitor 8 idie reload events to
reload the device monitor 8 idle timer. O=Disable.

15 Device 7 Tra’p‘Enable‘(rHP;EN_DEV‘f)é-HM. 1=Enablé generation of a trap SMi for accesses fo
the device monitor 7 enabled trap decode ranges. O=Disable.

14 Device 7 Idle Enable (IDL_EN_DEV7)—R/W. 1=Enabie the device monitor 7 idie reload events to
reload the device monitor 7 igle timer. 0=Disable.

13 Device 6 Trap Enable (TRP_EN_DEV6)—R/W. 1=Enable generation of a trap SMI for accesses to
the device monitor 6 enabled trap decode ranges. O=Disable.

12 Device 6 ldie Enable (IDL_EN_DEVS6)-—-R/W. 1=Enable the device monitor 6 idle relcad events to
reload the device monitor 6 idle timer. 0=Disable.

11 Device 5 Trap Enable (TRP_EN_DEV5)}—R/W. 1=Enable generation of a trap SMI for accesses to
the device monitor 5 enabled trap decode ranges. 0=Disable.
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Bit Description

10 Device 5 idie Enable (IDL_EN_DEV5)—R/W. 1=Enable the device monitor 5 idle reload events to
reload the device monitor 5 idile timer, 0=Disable.

9 ‘Device 4 Trap Enable (TRP_EN_DEV4)—R/W. 1=Enable generation ofa trap SMI for accesses to
the device monitor 4 enabled trap decode ranges. 0=Disable.

8 Device 4 idle Enable (IDL_EN DEV4)—R/W. 1=Enable the device monitor 4 idle reload events to
reload the device monitor 4 idis timer. 0=Disable.

7 Device 3 Trap Enable (TRP_EN_ DEV3)—R/W. 1=Enable generation of a trap SMI for accesses to
the device monitor 3 enabled trap decode ranges. O=Disable.

6 Device 3 idie Enabie (IDL._EN_DEV3)--R/W. 1=Enable the device monitor 3 idie reload events to
reload the device monitor 3 idle timer. O=Disable.

5 Device 2 Trap Enable (TRP_EN_DEV2)—R/W. 1=Enable generation of a trap SMI for accesses to
the device monitor 2 enabled trap decode ranges. 0=Disable.

4 Device 2 Idie Enable (IDL_EN_DEV2)—R/W. 1=Enable the device momtor 2 idie reload events to
reload the device monitor 2 idle timer. 0=Disable.

3 Device 1 Trap Enable (TRP_EN_DEV1}--R/W. 1=Enable generation of a trap SMi for accesses to
the device monitor 1 enabled trap decode ranges. O=Disable.

2 Device 1 Idie Enable (IDL_EN_DEV1}—R/W. 1=Enable the device monitor 1 idle reload events to
reload the device monitor 1 idle imer. O=Disable.

1 Device 0 Trap Enabile (TRP_EN_DEV0)—--R/W. 1=Enable generation of a trap SMI for accesses to
the device monitor 0 enabled trap decode ranges. O=Disable.

0 Device 0 idie Enable (IDL_EN_DEV0)}—R/W. 1=Enable the device monitor 0 idle relcad events to
reload the device monitor 0 idle timer. 0=Disable.

7.2.15. GPIREG—GENERAL PURPOSE INPUT REGISTER (10)

/O Address: Base + (30h, 31h, 32h)
Default Value: XXh
Attribute: Read Only {Byte reads onily)
Bit Description

23:22 | Reserved.

21:0 | General Purpose Input (GPI)—RO. Each bit directly represents the logical value on the pin. Some
of the GPI signals can be configured as another input signal. The value in this register of
a bit which is not configured as a GP!is indeterminate and may change randomly.
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7.2.16. GPOREG—GENERAL PURPOSE QUTPUT REGISTER (I0)

/O Address: Base + (34h, 35h, 36h, 37h)
Default Value: 7FFFBFFFh
Attribute: Read/Write (Byte accesses only)
Bit Description

31 Reserved.

30:0 | General Purpose Output (GPO)}—R/W. Each bit directly represents the logical value outputonto
the pin. Reads to this register retum the last value written. Some GPO signals can be configured as
another output signal. In that case, the output pin will not refiect the state of the corresponding GPO
bit in this register. Some of the output signals default to ancther signal.

7.3. SMBus IO Space Registers

The “Base” address is programmed in the PIIX4 PCI Configuration Space for Function 3 (Offset 90h—83h).

7.3.1. SMBHSTSTS—SMBUS HOST - STATUS REGISTER (10)

/O Address: Base + (00h)
Default Value: 00h
Aftribute: Read/Write

This register provides status information concerning the SMBus controller host interface.

Bit Description
7:5 | Reserved.

4 Failed (FAILED)—R/WC. 1=Indicates that the source of SMBus interrupt was a failed bus
transaction, set when KILL bit is set (SMBHSTCNT register). 0=SMBus interrupt not caused by KILL
bit. This bit is only set by hardware and can only be reset by writing a 1 to this bit position.

3 BUS COLLISION (BUS_ERR)}—R/WC. t=indicates that the source of SMBus interrupt was a
transaction collision. 0=SMBus interrupt not caused by transaction collision. This bit is only set by
hardware and can only be reset by writing a 1 to this bit position.

2 Device Error (DEV_ERR)—R/WC. 1=Indicates that the source of SMBus interrupt was the
generation of an SMBus transaction error. 0=SMBus interrupt not caused by transaction error. This
bit is only set by hardware and can only be reset by writing a 1 to this bit position. Transaction errors
are caused by:

* |lilegal Command Field

¢ Unclaimed Cycle (host initiated)

* Host Device Time-out

1 SMBus Interrupt (INTER)—R/WC. 1=Indicates that the source of SMBus interrupt was the
compistion of the last host command. 0=SMBus interrupt not caused by host command completion.
This bit is only set by hardware and can only be reset by writing a.1 to this bit position.
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Bit Description
0 Hest Busy (HOST_BUSY)—RO. t=indicates that the SMBus controller host interface is in the

process of completing a command. 0=SMBus controlier host interface is not processing a command.
None of the other registers should be accessed if this bit is set.

7.3.2. SMBSLVSTS—SMBUS SLAVE STATUS REGISTER (10)

11O Address: Base + (01h)

Default Value: 00h

Attribute: Read/Write

This register provides status information concerning the SMBus controller slave interface.

Bit

Description

7.6

Reserved.

5

Alert Status (ALERT_STS)—R/WC. 1=Indicates that the source of SMBus interrupt or resume
event was the assertion of the SMBALERT# signal. 0=SMBus interrupt not caused by SMBALERT#
signal. Setting of this bit requires that the ALERT_EN bit be set. This bit is only set by hardware and
can only be reset by writing a 1 to this bit position.

Shadow?2 Status (SHDW2_STS)—R/WC. 1=indicates that the source of SMBus interrupt or resume
event was a slave cycle address match of the SMBSHDW2 port. 0=SMBus interrupt not caused by
address match to SMBSHDW2 port. This bit is only set by hardware and can only be reset by writing
a 1 to this bit position.

Shadow1 Status (SHDW1_STS)—R/WC. 1=Indicates that the source of SMBus interrupt or resume
event was a slave cycle address match of the SMBSHDW1 port. 0=SMBus interrupt not caused by
address match to SMBSHDW?1 port. This bit is only set by hardware and can only be reset by writing
a 1 to this bit position.

Slave Status (SLV_STS)}—R/WC. i=indicates that the source of SMBus interrupt or resume event
was a slave cycle event match of the SMBSLVC (command match) and SMBSLVEVT

(data event match). 0=SMBus interrupt not caused by slave event match. This bit is only set by
hardware and can only be reset by writing a 1 to this bit position.

Reserved.

Slave Busy (SLV_BSY)—RO0. 1=indicates that the SMBus controller slave interface is in the
process of receiving data. 0=SMBus controller slave interface is not processing data. None of the
other registers should be accessed if this bit is set.
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7.3.3. SMBHSTCNT-—-SMBUS HOST CONTROL REGISTER {10}

/O Address: Base + (02h)
Default Value: 00h
Attribute: Read/Write

The control register is used to enable SMBus controller host interface functions. Reads to this register clears the
host interface’s index pointer to the block data storage array.

Bit Description

7 Reserved.

6 Start (START)—R/W. 1=Start execution. Writing a 1 to this bit initiates the SMBus controller host
interface to execute the command programmed in the SMB_CMD_PORT field. All necessary
registers should be setup prior 1o writing a 110 this bit position. 0=Writing a 0 has 'no effect. This bit
always reads 0. The HOST_BUSY bit can be used to identify when the SMBus host controller has
finished executing the command.

5 Reserved.

4:2 | SMBus Command Protocol (SMB_CMD_PROT)—R/W. Selects ths type of command the SMBus
controifer host-interface will execute. Reads or writes are determined by bit 0 of SMBHSTADD
register. This field is decoded as follows:

Bits[4:2] Protocol Bits[4:2] Protocol
000 Quick Read or Write 100 Reserved
001 Byte Read or Write 101 Block Read or Write
010 Byte Data Read or Write : 110 Reserved
011 Word Data Read or Write M Reserved

1 Kill (KILL)}—R/W. 1=Stop the current in process SMBus controller hdst transaction. This sets the
FAILED status bit and asserts the interrupt selected by the SMB_INTRSEL field. 0=Allows the
SMBus controller host interface to function nomaily.

0 Interrupt Enable (INTEREN)—R/W. 1=Enable the generation of interrupts ( IHQSOQT ) onthe
completion of the current host transaction. 0=Disable.

7.3.4. SMBHSTCMD-SMBUS HOST COMMAND REGISTER (I0)

IO Address: - Base + (03h)
Defauit Value: 00h
Attribute: Read/Write

This register is transmitted by the SMBus controller host interface in the command field of the SMBus protocol.

Bit Description

7:0 | SMBus Host Command (HST_CMD)—R/W. This field contains the data transmitted in the
command field of SMBus host transaction.
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7.3.5. SMBHSTADD—SMBUS HOST ADDRESS REGISTER (10)

/O Address: Base + (04h)
Default Value: Qaoh
Attribute: Read/Write
This register is transmitted by the 8MBus controller host interface in the slave address field of the SMBus
protocol.
Bit Description
71 SMBus Address (SMB_ADDRESS)—R/W. This field contains the 7-bit address of the targeted
stave device.
a SMBus Read or Write (SMB_RW)—R/W. 1=Execute a READ command. 0=Exscute a WRITE
command.

7.3.6. SMBHSTDATO—SMBUS HOST DATA 0 REGISTER (10)

/O Address: Base + (05h)
Default Value: 00h
Attribute: Read/Write

This register is transmitted by the SMBus controlfer host interface in the Data 0 field of the SMBus protocol. On
reads, Data O bytes are stored here.

Bit Description

7:0 | SMBus Data 0 (SMBDO)}—R/W. This register should be programmed with the value to be
transmitted in the Data 0 field of an SMBus host interface transaction. For a block write command,
the count of the memory block should be stored inthis field. The value of this register is loaded into
the block transfer count field. This register must be programmed to a value between 1 ahd 32 for
block command counts. A count-of O or a count-above 32 will result in unpredictable behavior. For
block reads, the.count received from the SMBus device is stored here.

7.3.7. SMBHSTDAT1-—SMBUS HOST DATA 1 REGISTER (10)

/O Address: Base +'(06h)
Default Value: 00h
Attribute: Read/Write

This register is transmitted by the SMBus controller host interface in the Data 1 field of the SMBus protocol. On
reads, Data 1 bytes are stored here.

Bit Description

7.0 | SMBus Data 1 (SMBD1)—R/MW. This register should be programmed with the value to be
transmitted in the Data 1 field of an SMBus host interface transaction.
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7.3.8. SMBBLKDAT—SMBUS BLOCK DATA REGISTER (I0)

1/0 Address: Base + (07h)
Default Value: 00h
Attribute: Read/Write

Reads and writes to this register are used 1o access the 32-byte block data storage array. An internal index
pointer is used to address the array. it is reset to 0 by reading the SMBHSTCNT register. The index pointer then
increments automatically upon each access to this register. The transter of block data into (read} or out of (write)
this storage array during an SMBus transaction always.starts at index address 0.

Bit Description

7:0 = | SMBus Block Data (BLK_DAT)}~R/W. This register Is used to transfer data into or out of the block
data storage array. ‘ : .

7.3.9. SMBSLVCNT—SMBUS SLAVE CONTROL REGISTER (10)

YO Address: Base + (08h)
Default Value: 0Ch
Attribute: Read/Write

The control register is used to enable SMBus controller slave interface functions.

Bit ; Description

7:4 | Reserved.

3 SMBus Alert Enable (ALERT_EN)-—R/W. 1=Enable the generation of an interrupt or resume event
on the assertion of SMBALERT# signal. 0=Disable.

2 SMBus Shadow Port 2‘ Ehabgle (SHDW2,_EN)—R/W. 1=Enable the generation of an interrupt or
| resume event upon an extemnal SMBus master generating a transaction with an address that
matches the SMBSHDW?2 register. 0=Disable.

1 SMBus Shadow Port 1 Enable (SHDW1_EN)—R/W. 1=Enabie the generation of an interrupt or
resume event upon an external SMBus master generating a transaction with an address that
matches the SMBSHDW1 register. O=Disable.

0 Siave Enable (SLV_EN)—R/W. 1=Enable the generation of an interrupt or resume event upon an
external SMBus master generating a transaction with an address that matches the host controlier
slave port of 10h, a command field which matches the SMBSLVC register, and a match of one of the
corresponding enabled events in the SMBSLVEVT register. 0=Disable.
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7.3.10.  SMBSHDWCMD---SMBUS SHADOW COMMAND REGISTER (10)

O Address: Base + (09h)
Default Value: 0ch
Attribute: Read Only
This register is used to store command values for external SMBus master accesses to the host slave and slave
shadow ports.
Bit Description

7.0 Shadow Command (SHDW_CMD}—RO. This field contains the command vafue which was
received during an external SMBus master access whose address field matched the host slave
address (10h) or one of the slave shadow port addresses.

7.3.11. SMBSLVEVT—SMBUS SLAVE EVENT REGISTER (10)

/O Address: Base + (0Ah)
Default Value: 0000h
Attribute: Read/Write
This register is used to enable generation of interrupt or resume events for accesses to the host controller's
slave port.
Bit Description

15:0 | SMBus Slave Event (SMB_SLV_EVT)—R/W. This field contains data bits used to compare against
incoming data to the SMBSLVDAT register. When a bit in this register Is a 1 and the corresponding
bit in the SMBSLVDAT register is set, then an interrupt or resume event will be generated if the
command value matches the value in the SMBSLVC register and the access was to SMBus host
address 10h.

7.3.12. SMBSLVDAT—SMBUS SLAVE DATA REGISTER (10)

/O Address: Base + (0Ch)
Default Value: 0000h
Attribute: Read Only

This register is used to store data values for extemal SMBus master accesses to the shadow ports or the
SMBus host controller's slave port.

Bit Description

15:0 | Slave Data (SMB_SLV_DATA}—RO. This field contains the data value which was transmitted
during an external SMBus master access whose address field matched one of the slave shadow
port addresses or the SMBus host controlier slave port address of 10h.
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8.0. PCI1SA BRIDGE FUNCTIONAL DESCRIPTION

This section describes each of the major functions on the PlIX4 PCi-to-ISA Bridge including the memory and 1/O
address map, DMA controller; interrupt controller, timer/counter and X-Bus interfaces.

8.1. Memory and IO Address Map

PliIX4 interfaces {o two system buses—PCl and ISA Buses. PliX4 provides positive decode for certain /0 and
memory space accesses on these buses as described in this section, )

ISA masters and DMA devices have access to PCl mamory and some of the internal PIX4 registers as
described in the Register Description section. ISA masters and DMA devices do not have access to host or PCI
/O space.

a.1.1. /O ACCESSES

PiiX4 positively decodes accesses to all internal registers, including PCI configuration registers (PCI only), ISA-
Compatible IO registers (PCl and 1SA}, and all relocatable 10 space registers {(IDE, USB, Power Management).
Accesses to the ISA/EIO bus can be configured to be either subtractive decode or positive decode. PHX4
provides a wide variety of positive decode ranges for standard devices as well as a number of programmable
ranges for additional devices. PliX4 also provides positive decode for BIOS, X-Bus, and system event decode
for power management support. in addition, PHX4 positively decodes PCl Bus accesses to registers located on
the IDE device, when enabled.

8.1.2. MEMORY ADDRESS MAP

For PCI accesses o ISA memory, accesses below 16 Mbytes (including BIOS:space) that are not claimed by a
PCI device are forwarded to ISA when subtractive decode is enabled. If subtractive decode is disabled, PiIX4
forwards cycles for programmable ranges (32 KB-4 MB)-associated with power management devices 12 and 13
and for BIOS ranges described below. For write accesses that are not claimed by an 1SA slave, the cycle
completes normally {i.e., 8-bit, 6 SYSCLK cycle). For read accesses that are not claimed by an 1SA slave, PiX4
returns data corresponding to the state of the ISA Bus and completes the cycle normally (ie.,
8-bit, 6 SYSCLK cycle).

For ISA or DMA accesses to main memory, all accesses 1o memory locations 0-512 Kbyltes (512-640 Kbytes, if
enabled), or accesses above 1 Mbyte and below the Top of Memory are forwarded to the PCl Bus (Table 18).
The Top of Memory is equal to the value programmed in the Top of Memory Register (bits [7:3}). All remaining
ISA originated memory accesses are confined to the ISA Bus.

PliX4 also forwards any accesses to an enabled /O APIC address range. See descriptions for the APIC Base
Address Relocation Register and X-Bus Chip Select Register for additional information.
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Table 18. DMA and ISA Master Accesses to Main Memory
Memory Space Response
Top of main memeory to 128 Mbyles Confine to ISA
1 Mbyle to top of main memory Forward to PCY'
1 Mbyte minus 128 Kbytes to 1 Mbyte minus 64 Kbytes Confine to.ISA?
640 Kbytes to 1 Mbyte minus 128 Kbytes Confine to [SA
512-640 Kbytes Confine to ISA’
0512 Kbytes Forward to PCI

NOTES:

1. Except accesses to programmed memory hole.

2. Forward to main memory if bit 6=0 in the XBCS Ragister and bit 3=1 in the TOM Register.
3. Forward to main memory if bit 1=0 in the TOM Register.

8.1.3. BIOS MEMORY

PiiX4 supports 1 Mbyte of BIOS memory space. This includes the normal 128-Kbyte space plus an additional
384 Kbyte (extended BIOS space) and 512 Kbyte of BIOS space (1M extended BIOS area). The XBCS Register
provides BIOS space access control. Access to the lower 64-Kbyte block of the 128-Kbyte space and both
extended BIOS spaces can be individually enabled or disabled. In addition, write protection can be programmed
for the entire BIOS space.

PCl Access to BIOS Memory

The 128-Kbyte BIOS memory space is located at 000E0000~000FFFFFh {top of 1 Mbyte) and is aliased at
FFFEQOOOh. {top of 4 Gbytes), This 128-Kbyte block is split into two 64-Kbyte blocks. Accesses to the top
64 Kbytes (000F0000-000FFFFFh) and its aliased region (FFFFO000-FFFFFFFFh) are always forwarded to the
ISA Bus and BIOSCS# is always generated. Accesses to the bottom 64 Kbytes (Q00ECO00-00QEFFFFh) are
forwarded to the 1SA Bus and BIOSCS# is only generated when this BIOS region is enabled (bit 6=1.in the
XBCS: Register). -if this BIOS region is enabled, accesses to the aliased region at the top of 4 Gbytes
(FFFEOQOOh=FFFEFFFFh) are also forwarded to ISA and BIOSCS# generated. If disabled, these accesses are
not forwarded to ISA and BIOSCS# is not generated.

The extended BIOS space resides at FFF80000~FFFDFFFFh. If this BIOS region is enabled (bit 7=1 in the
XBCS Register), these accesses are forwarded to ISA and BIOSCS# generated. The 1M extended BIOS space
resides at FFFO0000-FFFZFFFFh. If this BIOS region is enabled (bit 9=1 in the XBCS Register), these
accesses are forwarded to ISA and BIOSCS# generated. If disabled, these accesses are not forwarded to ISA
and BIOSCS# not generated. Table 19 shows the BIOS Memory Map.

PiIX4 provides a bit in. the XBCS register (bit 2) that when set to 0, prevents BIOSCS# from being asserted
during BIOS memory write accesses to the decoded BIOS region. When set to 1, BIOSCS# is asserted for
memory read and write accesses 10 the decoded BIOS region. This bit defaults to 0 (BIOS write protected)
at reset.

PCl accesses to enabled BIOS memory are always positively decoded, regardless of the status of the
Positive/Subtractive Decode Configuration bit {bit 1, Function 0 PCI address BOh).
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ISA Access to BIOS Memory
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PliX4 confines all ISA-initiated BIOS accesses to the top 64 Kbytes of the 128-Kbyte region (FO000—FFFFFh) to
the I1SA Bus, even if BIOS is shadowed in main memory. Accesses to the bottom 64 Kbytes of the
128-Kbyte BIOS region (EOQ00-EFFFFh) are confined to the ISA Bus, when this region is enabled. When the
BIOS region is disabled, accesses are forwarded to main memory. '

Accesses fo the top 64-Kbyte BIOS region always generates BIOSCS#. Accesses to the bottorn 64-Kbyte BIOS

region generate BIOSCS#, when this region is enabled.

Table 19. BIOS Memory Map

4GB Top 84 KB FFFFFFFFh BIOSCS# always generated.

4 GB-64 KB FFFFO000h

4 GB-64 KB Lower 64 KB FFFEFFFFh

4 GB-128 KB FFFEO0QOh

4 GB-128 KB Extended 384 KB FFFDFFFFh

4 GB-512 KB FFF80000h

4 GB-512 KB 1 MB Extended 512 KB FFF7FFFFR

4 GB-1 MB ’ FFFO0000h

4 GB-128KB 1 MB Extended 512 KB

16 MB Top 64 KB OOFFFFFFh Reserved Memory locations on
16 MB-64 KB O00FF0000h ISA bus.

16 MB~-64 KB Lower 64 KB O0OFEFFFFh ‘Beserved Memory locations on
16 MB-128 KB OOFEQ000h [ 1SA bus if Lower BIOS enabled.
16 MB-128 KB Extended 384 KB O00FDFFFFh Reserved Memory locations on
16 MB~512 KB 00F80000h ISA bus if Lower BIOS enabled.
16 MB-512 KB 1 MB Extended 512 KB 00F7FFFFh  Reserved Memory locations on
15 MB 00F00000h ISA bus if Lower BIOS enabled.
1MB Top 64 KB 000FFFFFh BIOSCS# always generated.

1 MB-64 KB 000F0000h

1 MB-64 KB Lower 64 KB O00EFFFFh

1 MB-128 KB 000E0000N

0 00000000h
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8.2. PCl Interface

PlIX4 incorporates a fully PCI Bus compatible master and slave interface. As a PCl master, PlIX4 runs cycles on
behalf of DMA, ISA masters, bus master IDE, or USB. As a PCI slave, PliX4 accepts cycles initiated by PCI
masters targeted for PliX4's internal register set or the 1SA bus. PliX4 directly supports the PCl interface running
at either 30 or 33 MHz.

8.2.1. TRANSACTION TERMINATION
PliX4 supports the standard PCI cycle terminations as described in the PCI Local Bus specification.

PlX4 as Master—Master-Initiated Termination: PiIX4 supports three forms of master-initiated termination: 1.}
Normal termination of a completed transaction, 2.) Nomal termination of an incomplete transaction due to time-
out (applies to line buffer operations-IDE Bus Master, 3,) Abnormal termination due to the slave not responding
to the transaction (Abort).

PiiX4 as a Master—Response to Target-Initiated Termination: As a master, PIIX4 responds correctly to the
standard target-terminations—Target-Abort, Retry, or Disconnect.

PliX4 as a Target—Target-initiated Termination: PIIX4 supports three forms of Target-initiated Termination—
Disconnect, Retry, Target Abort.

8.2.2. PARITY SUPPORT

As a master, PlIX4 generates address parity for read/write cycles and data parity when PlIX4 is providing the
data. As a slave, PliX4 generates data parity for read cycles. PlIIX4 does not check parity and does not generate
SERR# due to an address parity errar. However, PliIX4 does generate an NM| when another PCl device asserts
SERR# {if enabled).

PAR is the calculated parity signal. PAR is even parity and is calculated on 36 bits—AD[31:0] signals pius
C/BE[3:0}#. PAR is always calculated on 36 bits, regardiess of the valid byte enables. PAR is only guaranteed to
be valid one PCI clock after the corresponding address or data phase.

8.2.3. PCI ARBITRATION

PiiX4 requests the use of the PCl Bus on bebhalf of ISA devices (bus masters and DMA), IDE DMA slave
devices, and the USB Host Controller using the PHOLD# and PHLDA# signals. These signals connect to the
Host-to-PCl Bridge where the PCl arbiter is located.

ISA devices (Bus Master or DMA) assert DREQ to gain access to the iSA Bus. In response, PlIX4 asserts
PHOLD#. PiIX4 keeps DACK negated until PiX4 has ownership of the PCI Bus and Memory. The PC! arbiter
asserts PHLDA# to PlIX4 when the above conditions are met. PliX4 gives ownership of the ISA Bus (PCi and
Memory) to the [SA device after sampling PHLDA# asserted.

The USB Host Controller utilizes the arbitration advantage available through the PHOLD#/PHLDA# protocol to
do multiple transactions on the PCI bus once it has the ownership of the bus and the MLT count has not expired.
The USBHC relinquishes the bus ownership as soon as the transactions are completed or the MLT counter has
expired, whichever happens first.

PlIX4 uses the delay transaction (or delay completion) and passive release features to help raise the available
bandwidth of the PCl bus.
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8.3. ISA/EIO Interface

PliX4 can incorporate a fully 1SA Bus compatible master and slave interface or a subset interface called the
Extended. 1O (EIO) Bus. PlIX4 can directly drive the equivalent of five ISA slots without external data buffers.
The ISA or E1O signals are independent of other functions and no external transceivers are required. The ISA or
ElO interface also provides byte swap logic, /O recovery support, wait state generation, and SYSCLK
generation.

The ISA interface supports the following types of cycles:

+ PCi master-initiated /0 and memory cycles to the ISA Bus.

« DMA compatible cycles between main memory and ISA 1/O and between ISA 1/O and ISA memory,

« Enhanced DMA cycles between PCl memory and ISA I/O (for motherboard devices only).

+ ISA refresh cycles initiated by either P1IX4 or an external ISA master.

* ISA master-initiated memory cycles to PCl.and ISA master-initiated 1/O cycles ta the internal PliX4 registers,
as shown in ISA-Compatible Register table in the Register Mapping section.

The EIQ interface differs from ISA interface in following ways:

+ ISA Master cycles are not supported.

+ Only 20 bits of addressing allowed (No LA signals).

« {SA Refresh is not supported.

8.4. DMA Controller

The DMA circuitry incorporates the functionality of two 82C37 DMA controliers with seven independently
programmable channels (Figure 3). DMA Controller 1 (DMA-1) corresponds to. DMA Channels 0-3 and DMA
Controller:2 (DMA-2) corresponds to Channels 5-7. DMA Channel 4 is used to cascade the two controflers and
will default to cascade mode in the DMA Channel Mode (DCM) Register. This channe! is not available for any
other purpose. In addition to accepting requests from DMA slaves, the DMA controller also responds to requests
that are initiated by software. Software may initiate a DMA service request by sefting any bit in the DMA Channel
Request Registertoa 1.

Channel 0~ —gw-l-i———-)
Channel 1. ww~pn Channel 5 —»

DMA-1 DMA-2
Channel 2 ——p» Channel 6 -]
Channel 3 —p» Channel 7~

denbi_bik

Figure 3. Internal DMA Controller
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Each DMA channel is hardwired to the compatible settings for DMA device size: channels [3:0] are hardwired to
8-bit, count-by-bytes transfers, and channels [7:5] are hardwired to 16-bit, count-by-words (address shifted)
transfers. PlIX4 provides the timing control and data size translation necessary for the DMA transfer between the
memory (ISA or DRAM) and the ISA Bus 0. ISA-Compatible and Type F-DMA timing is supported.

PtIX4 provides 24-bit addressing in compliance with the ISA-Compatible specification. Each channel includes a
16-bit ISA-Compatible Current Register which holds the 16 least-significant bits of the 24-bit address, an ISA-
Compatible Page Register which contains the eight next most significant bits of address.

The DMA controlier also features refresh address generation, and autoinitialization foliowing a DMA termination.

The DMA controller is at any time either in master mode or stave mode. In master mode, the DMA controlier is
either servicing a DMA slave’s request for DMA cycles, or allowing a 16-bit ISA master o use the bus via a
cascaded DREQ signal. in slave mode, PliIX4 monitors both the ISA Bus and PCI, decoding and responding to
/O read and write commands that address its registers.

Note that a DMA davice (/O device) is always on the ISA Bus, but the memory referenced is located on either
an ISA Bus device or on PCI. When PIIX4 is running a compatible DMA cycle, it drives the MEMR# or MEMW#
strobes. if the address is less than 16 Mbytes (000000h-FFFFFFh). These memory strobes are generated
regardless of whether the cycle is decoded for PCI or ISA memory. The SMEMR# and SMEMWH# are generated
if the address is less than 1 Mbytes (0000000h~QOFFFFFh). If the address is greater than
16 Mbytes (1000000h-7FFFFFFh), the MEMRi# or MEMW# strobe are not generated to avoid aliasing issues.

NOTE

BIOS Programming: For type F timing mode DMA transfers, the channel must be programmed with a
memory range that will be forwarded to PCl. This means that if BIOS detects that ISA memory is used in
the system (i.e., that the fop of memory reported to the OS is higher than the top of memory programmed
in P1IX4 Top of Memory register), the BIOS should not enable type F for any channel.

PliX4 drives the AEN signal asserted (high) during DMA cycles to prevent the /O devices from misinterpreting
the DMA cycle as a valid /O ¢ycle. The BALE signal is also driven high during DMA cycles.

8.4.1. DMA TRANSFER MODES

The channels can be programmed for any of four transfer modes. The transfer modes include single, block,
demand, or cascade. Each of the three active transfer modes (single; block, and demand), can perform three
different types of transfers {read, write, or verify). Note that memory-to-memory transfers are not supported by
PHX4.

Single Transfer Mode

In single transfer mode, the DMA is programmed to makeé one transfer only. The byte/word count is decremented
and the address decremented or incremented following each transfer. When the byte/word count *rolls over”
from zero to FFFFh, a Terminal Count (TC) causes an autoinitialize if the channel has been programmed to do
S0. .

To be recognized DREQ must be held active until DACK# becomes active. If DREQ is held active throughout
the single transfer, the bus is released after a single transfer. With DREQ asserted high, the DMA 1/O device re-
arbitrate for the bus. Upon winning the bus, another single transfer is performed. This allows other ISA bus
masters a chance to acquire the bus.

1998 Platform Components Databook 3N



82371AB (PliX4) inw
L~

Block Transfer Mode

In Block Transfer made, the DMA is activated by DREQ to continue making transfers during the service until a
TC, caused by. either a byte/word count going to FFFFh, is encountered. DREQ need only be held active until
DACK# becomes active. If the channel has been programmed for it, an autoinitialization occurs at the end of the
service. In this modae, it is possible to lock out other devices for a period of time (including refresh) if the transfer
count is programmed to a large. number.

NOTE
Block mode transfers are not supported with type F DMA.

Demand Transfer Mode

In Demand Transfer mode, the DMA channel is programmed to continue making transfers until a TC (Terminal
Count) is encountered, or until the DMA /O device releases DREQ. Thus, transfers may continue until the /0
device has exhausted its data capacity. After the I/O device catches up, the DMA service is re-established when
the DMA /O device reasserts the channel’s DREQ. During the time between services whan the system is
allowed 1o operate, the intermediate values of address and byte/word count are stored in-the DMA controller
Cutrant Address and Current Byte/Word Count Registers. A TC can cause an autoinitialize at the end of the
service, if the channel has been programmed for it.

Cascade Mode

In Cascade Mode, the DMA controller will respond to DREQ with DACK, but PliIX4 will not drive 1OR#, I0W#,
MEMR#, MEMW#, LA[23:17], SA[19:0], and SBHE#.

Cascade mode is also used to allow direct access of the system by 16-bit bus masters. These devices use the
DREQ and DACK signals to arbitrate for the ISA Bus. The ISA master asserts its ISA master: request line
(DREQ[x]) to the DMA internal arbiter. if the ISA master wins the arbitration, PHIX4 responds with an ISA master
acknowiedge (DACKIx]) signal active. Upon sampling the DACK(x] line active, the 1SA-master.takes control of
the 1SA Bus. While an ISA Master owns the bus, BALE is always driven high while AEN is always driven low.
The ISA master has control of the ISA Bus and may run cycles until it negates the DREQ[x] line.

8.4.2. DMA TRANSFER TYPES

Each of the three active transfer modes (Single, Block, or Demand) can perform three different types of
transfers. These are Read, Write and Verify.

Write Transfers

Write transfers move data from an ISA /O device to memory located on the ISA Bus or in system DRAM. For
transfers using compatible timing, PIIX4 will activate ISA Memory control signals to indicate a memory write as
soon as the DMA provides the address. The PCI transfer is initiated after the data is valid on the ISA Bus. Data
steering is used to steer the.data to the correct byte lane during these DMA transfers. When the memory is
located on the ISA Bus, a PCl ¢cycle is not initiated.

The DMA daevice (/O device) is either an 8- or 16-bit device and is located on the ISA Bus. The DMA device size
is fixed for sach channal.
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Read Transfers

Read transfers move data from ISA memory or the system DBAM, to an ISA VO device. PIIX4 activates the
10W# command and the appropriate DRAM and ISA Memory control signals to indicate ‘a memory read. Data
steering is used to steer the data to the correct byte lane during these DMA transfers. When the cycle involves
DRAM, the PCl read transaction is initiated as soon-as the DMA address is valid. When the memory is located
on the 1SA Bus, a PCl cycle is not initlated.

Verify Transfer

Verify transfers are pseudo transfers. The DMA controlter generates addresses as in normal read or write
transfers. However, PlIX4 does not activate the ISA memory and I/O control lines. Only the DACK lines will go
active. PIIX4 asserts the appropriate DACK signal for nine SYSCLKSs. If Veriy transfers are repeated during
Block or Demand DMA requests, each additional pseudo transfer will add eight SYSCLKs. The DACK lines will
not be toggled for repeated transfers.

NOTE
Verify transfers are not supported with type F DMA.

8.4.3. DMA TIMINGS

1SA-Compatible timing is provided for ISA DMA slave devices that reside on add in cards. In addition, Type F
timing (three SYSCLK period) is provided for motherboard DMA slave and ISA DMA slaves. The Type F timing
(along with the 4-byte DMA buffer} is enabled by setting the MBDMAX[FAST] bit.

The repetition rate for ISA-Compatible DMA cycles is eight SYSCLK periods.

The type F cycles occur back to back at a minimum repetition rate of three SYSCLKs (360 ns min). The type F
cycles are always performed using the 4-byte DMA buffer.

When PilX4 negates PHOLD# one clock after driving FRAME# asserted for a bus master IDE transaction or a
type F DMA transaction, and another transaction is pending which will cause PlIX4 to acquire the PCl bus, it will
drive PHOLD# asserted for the next transaction three clocks after TRDY# is driven negated for the current
transaction,

8.4.4, DMA BUFFER FOR TYPE F TRANSFERS

The DMA buffer referred to above is a 4-byte buffer that is used to reduce the PCI utilization resulting from DMA
transfers by motherboard devices. The DMA buffer is always used in conjunction with the type F transfers. The
type F transfers and the use of the DMA buffer are invoked by setting the MBDMAX[FAST] register bit for the
appropriate channgl. The 4-byte buffer and the type F timings may be used only when the' DMA channel is
programmed to increment mode (not decrement), and cannot be used when the channel is programmed to
operate in block made (single transfer mode and demand mode are legal).

8.4.5. DREQ AND DACK# LATENCY CONTROL

The PliX4 DMA arbiter maintains a minimum DREQ to DACK# latency on all DMA channels when programmed
in compatible mode. This is to support older devices such as the 8272A. The DREQs are delayed by eight
SYSCLKs pricr to being seen by the arbiter logic. This delay guarantees a minimum 1 usec DREQ to DACK#
latency. Software requests will not have this minimum request to DACK# Jatency. When programmed to operate
in type F timing mode (by setting MBDMA[FAST]), the eight SYSCLK fatency is not
in effect.
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8.4.6. CHANNEL PRIORITY

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

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

Fixed Priority

The initial fixed priority structure is as follows:

High priority...Low priority

0,1,2,3) (5,6,7)

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

Rotating Priority

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

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

Channel 57 rotate as part of a group of four. That s, channels (5-7) form the first three positions in the rotation,
while channel group (0~3) comprises the fourth position in the arbitration.

8.4.7. REGISTER FUNCTIONALITY

Please see the “DMA Register description” section, for defailed information on register programming, bit
definitions, and default values/functions of the DMA registers after CPURST is valid.

DMA Channei 4 is used to cascade the two DMA controllers together and should not be programmed for any

mode other than cascade. The DMA Channel Mode Register for channel 4 will default to cascade mode. Special
attention should also be taken when programming the Command and Mask Registers as related to channet 4.

8.4.8. ADDRESS COMPATIBILITY MODE
Whenever the DMA is operating, the addresses do not increment or decrement through the High and Low Page

Registers. This is compalible with the 82C37 and Page Register implementation used in the PC-AT. This mode
is set after CPURST s valid.
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8.4.9. SUMMARY OF DMA TRANSFER SIZES

Table 20 lists each of the DMA device transfer sizes. The column labeled “Current Byte/Word Count Register”
indicates that the register contents represents either the number of byles to transfer or the number-of 16-bit
words to transfer. The column iabeled “Current Address Increment/Decrement” indicates the number added to or
taken from the Current Address register after each DMA ftransfer cycle. The DMA Channel Mode ‘Register

- determines if the Current Address Register will be incremented or decremented.

Table 20. DMA Transfer Size

DMA Device Date Size and Word Count | Current Byte/Word Count | Current Address
Register Increment/Decrement
8-Bit /O, Count by Bytes Bytes ' 1
16-Bit /O, Count by Words (Address Shifted) Words 1
8.4.9.1. Address Shifting When Programmed for 16-Bit I/O Count by Words

PliX4 maintains compatibility with the implementation of the DMA in the PC AT which used the 82C37. The DMA
shifts the addresses for transters to/from a 16-bit device count-by-words. Note that the least significant bit of the
Low Page Register is dropped in 16-bit shifted mode. When programming the Current Address Register (when
the DMA channel is in this mode), the Current Address must be programmed to an even address with the
address value shifted right by 1 bit. The address shifting is as follows:

Tabie 21. Address Shifting in 16-bit /O DMA Transfers

Qutput l8-Bit VO Programmed Address (Ch 16-Bit VO Programmed Address
0-3) (Ch 5-7)
Address (Shifted)
AQ AD 0
A[16:1) Al16:1] A[15:0]
A[23:17} A[23:17] A[23:17]

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

8.4.10.  AUTOINITIALIZE

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

There are three additional special software commands which can be executed by the DMA controlier. The three
software commands are:

1. Clear Byte Pointer Flip-Fiop
2. Master Clear
3. Clear Mask Register

They do not depend on any specific bit pattern on the data bus.
Clear Byte Pointer Flip-Flop

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

When the Host CPU is reading or writing DMA registers, two Byte Pointer flip-flops are used; one for channels
0-3 and one for channels 4-7. Both of these act independently. There are separate software commands for
clearing each of them (0Ch for channels 0-3, 0D8h for channeis 4-7).

DMA Master Clear

This software instruction has the same effect as the hardware reset. The Command, Status, Request, and
internal First/Last Flip-Flop Registers are cleared and the Mask Register is set. The DMA controller will enter the
idie cycle,

There are two independent master clear commands; GDh which acts on channels 0-3, and 0DAh which acts on
channels 47,

Clear Mask Register

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

8.4.12. ISA REFRESH CYCLES

Refresh cycle requests are generated by two sources: the refresh controller inside PlIX4 or by I1SA bus masters
other than the PlIX4. In both cases, the PliX4 will generate the ISA Memory refresh. The PlIX4 ISA bus
controller will enable the address lines SA[7:0] so that when MEMR# goes active, the entire. ISA system memory
is refreshed at-one time. Memory slaves on the {SA Bus must not.drive any data onto the data bus during the
refresh cycle. PiIX4 maintains a four deep buffer to record internally generated Refresh requests which have not
been serviced.

Courtter 1 in the timer register set should be programmed to provide a request for refresh about every 15 ps.
PliX4 initiated Refresh Cycle

This refresh cycle is initiated by the refresh logic inside PliX4. PlIX4 asserts REFRESH# to indicate a refresh
cycle. PliX4 then drives the address lines SA{7:0] onto the ISA Bus and generates MEMR# and SMEMR#. PlIX4

drives AEN and BALE high for the entire refresh cycle. The memory device may extend this refresh cycle by
pulling IOCHRDY low.
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ISA Bus refresh cycles are completely decoupled from DRAM Refresh. Transactions driven by PC| masters that
target ISA or IDE resources while refresh is active are held off with wait states until the refresh is complete.

ISA Master Initiated Refresh Cycle

If an ISA Bus master holds the ISA Bus longer than 15 ps, the ISA master must initiate memory refresh cycles. If
the ISA Bus master initiates a refresh cycle before it relinquishes the bus, it floats the address lines and control
signals and asserts the REFRESH# to PliIX4. PlIX4 drives address lines SA[7:0] and MEMR# onto the ISA Bus.
BALE is driven high and AEN is driven low for the entire refresh cycle.

If the ISA bus master holiding the bus does not generate a Refresh request and PlIX4's internal refresh request
is not serviced within the normal 15 microseconds, a refresh queue counter is incremented. The counter records
up to four incompiete refresh cycles, which are all executed as soon as PliX4 gets the
ISA bus.

8.5. PCIDMA

PliX4 supports two types of PCl DMA protocols: PC/PCI and distributed DMA. They are completely different
pratocols that are used for different types of peripherals.

PC/PCI DMA uses dedicated REQUEST and GRANT signals to permit PCI devices to request transfers
associated with specific DMA channels. Upon receiving a request and getting controt of the PCI bus; PHX4
performs a two-cycle transfer. For example, if data is to be moved from the peripheral to main memory, PIiX4 will
first read data from the peripheral and then write it to main memory. The location in main memory is the Current
Address Registers inthe 8237. PlIX4 supports up to three PC/PCI REQ/GNT pairs.

Distributed DMA is based on monitoring CPU accesses to the 8237. If the accesses are associated with DMA
channels that are “distributed” (in some PCI peripheral), then PIIX4 collects or distributes the data before letting
the CPU compiete its accesses. This way the CPU thinks that it is accessing a standard 8237-based design,
even though the registers are not located in P1iX4,

A 16-bit register is included in the PHX4 Function 0 configuration space at offset 90h. it is divided into seven 2-bit
fields that are used to configure the 7 DMA channels.

Each DMA channel can be configured to one of three options:

» Standard ISA (or EIO) DMA using the standard ISA DREQ/DACK signals.
» PC/PCI style DMA using the REQVGNT signais.
e Distributed DMA,

it is not possible for a particular DMA channel to be configured for more than one style of DMA; however, the
seven ‘channels can be programmed independently. For example, channel 3 could be set up for PC/PCI and
channel 5 set up for Distributed DMA.

Additional configuration is required separately for the PC/PCI and Distributed DMA functions and is described
below.

8.5.1. PC/PCI DMA

PliX4 provides support for DMA across PCI using the PC/PCl DMA Protocol. The PCl DMA request/grant pairs,
REQ[A:C}# and GNT[A:C]#, can be configured for support of a PC/PCI DMA Expansion agent. The PCI DMA
Expansion agent can then provide DMA service or ISA Bus Master service using the PiIX4 DMA controller. The
REQ#/GNT# pair must follow the PC/PCI serial protocol described befow.
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PCI DMA Expansion Protocol

The PCI expansion agent must support the PC! expansion Channel Passing Protocol defined in Figure 4 for both
the REQ# and GNT# pins.

REQ# _\ stant [ o X chi X ez X oHa Y cra { crs X cre Xorr\
GNT# \ stan [ 8o Y st ¥ B2 |

dma_s_ch

Figure 4. DMA Serial Channel Passing Protocol

The requesling device must encode the channel request information as shown above, where CH0-CH7 are one
clock active high states representing DMA channel reguests 0-7.

PliX4 encodes the granted channel on the GNT# line as shown above, where the bits have the same meaning
as shown in the Figure 4. For example, the sequence [star, bit 0, bit 1, bit 2}=[0,1,0,0} grants DMA channel 1 to
the requesting device, and the sequence [start, bit 0, bit 1, bit 2]={0,0,1,1] grants DMA channel 6 to the
requesting device.

All PCI DMA expansion agents must use the channel passing protocol described above. They niust also work as
follows:

1. If a PCI DMA expansion agent has more than one request active, it must resend the request serial protocol
after one of the requests has been granted the bus and it has completed its transfer. The expansion device
should drive its REQ# inactive for two clocks and then transmit the serial channel passing protocol again,
even if there are no new requests from the PC| expansion agent to PiIX4. For example: If a PC| expansion
agent had active requests for DMA channel 1 and channel 5, it would pass this information to P1IX4 through
the expansion channel passing protocol. if after receiving GNT# (assume for CHS) and having the device
finish its transfer (device stops driving request to PC! expansion agent) it would then need to re-transmit the
expansion channel passing protocol to inform PIIX4 that DMA channel 1 was still requesting the bus, even if
that was the only request the expansion device had pending.

2. If a PCI DMA expansion agent has a request go.inactive before PliX4 asserts GNT#, it must resend the
expansion channel passing protocol to update PiiX4 with this new request information. For example: If a PCI
expansion agent has DMA channel 1 and 2 requests pending it will send them serially to PiIX4 using the
expansion channel passing protocol. If, however, DMA channél 1 goes inactive into the expansion agent
before the expansion agent receives a GNT# from PlIX4, the expansion agent MUST pull its REQ# line high
for one clock and resend the expansion channel passing information with only DMA channel 2 active. Note
that PlIX4 does not do anything special to catch this case because a DREQ going inactive before a DACK#
is received is not allowed in the ISA DMA protocol and, therefore, does not need to work properly in this
protocol either. This requirement is needed to be able to support Plug-n-Play ISA devices that toggle DREQ#
lines to determine if those lines are free in the system.

3. It a PCI expansion agent has sent its serial request information and receives a new DMA request before
receiving GNT# the agent must resend the serial request with the new request active, For exampile: if a PCI
expansion agent has already passed requests for DMA channel 1 and 2 and sees DREQ 3 active before a
GNT is received, the device must pull its REQ# line high for one clock and resend the expansion channel
passing information with ail three channels active.
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The three cases above require the following functionality in the PCI DMA expansion device:

1. Drive REQ# inactive for one clock to signal new request information.
2. Drive REQ# inactive for two clocks to signal that a request that had been granted the bus has gons inactive.

3. The REQ# and GNT# state machines must run independently and concurrently (i.e., a GNT# could be
received while in the middie of sending a serial REQ# or a GNT# could be active while REQ# is inactive).

PCI DMA Expansion Cycles

PiIX4's support of the Mobile PC/PCI DMA Protocol currently consists of four types of cycles: Memory to /O, 1/0
to Memory, Verify, and ISA Master cyclas. ISA Masters are supported through the use of a DMA channel that
has been programmed for cascade mode. Single Transfer Mode is implicitly supported as the case where the
DMA controller negates the DACK#/GNT# signal after one transter has been completed or the DMA controller
toggles DACK# after every transfer. Single transfer mode does not require the requesting device to negate
DREQ# after a cycle has completed. Therefore, a PC! DMA agent that uses this mode must aiso sample the
GNT# signal and remove DACK# fo the /O DMA device when GNT# goes inactive.

The DMA controlier does a two cycle transfer (a load followed by a store) as opposed to the ISA “fly-by” cycle for
PC/PCI DMA agents. The memory portion of the cycle generates a PCl memory read or memory write bus
cycle, its address representing the selected memory.

The I/O portion of the DMA cycle generates a PCI 1/O cycle to one of four /O addresses (Table 22}. Note that
these cycies must be qualified by an active GNT# signal to the requesting device.

Table 22. DMA Cycle vs. /O Address

DMA Cycle Type DMA VO Address TC (A2) PCi Cycle Type
Normal 00h 0 o Read/write
Nomal TC 04h 1 IO Read/Write
Verify 0COh 0 IO Read
Verify TC 0C4h 1 /0 Read

For PCI DMA cycles, the /O address indicates the type of DMA cycle taking place (whether its a normal or a
verify cycle, and if this is the last transfer of the butfer). Note that the A2 address line is encoded as the terminal
count signal for PCI cycles; A2 asserted during a PCl /O cycle indicates the last transfer in the current DMA
buffer. To ensure that non Mobile PC/PCI compliant PCI /O devices do not confuse Mobile PC/PCI DMA cycles
for normal /O cycles, the addresses used by the PC! DMA cycies correspond to the slave addresses of the
Mobile PC/PCI DMA controller.

All PCi DMA /0O ports must be DWord aligned and can be either byte or word in size. This means that any PCl
DMA I/0 port must always be connected to the tower data lines of the PCl data bus (Table 23).

The byte enables aiso reflect this during the 1/O portion of a PCI DMA cycle. Table 24 illustrates the byte enable
state for any given PC! DMA cycle:

Table 23. PCI Data Bus vs. DMA /O port size
PClI DMA VO Port Size PCl Data Bus Connecticn
Byte AD[7:0]
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Table 23. PCI Data Bus vs. DMA VO port size

PCl DMA I/O Port Size PCI Data Bus Connection

Word AD[15:0}

Table 24. DMA /O Cycie Width vs. BE[3:0}#

BE[3:0}# Description
1110b 8-bit DMA )/O Cycle
1100b 16-bit DMA /O Cycle

NOTES:
For verify cycles the value of the Byte Enables (BEs) is a “don’t care.”

Every DMA device (including Secondary Bus Arbiters) must recognize a valid signal on its GNT# combined with
the DMA /O address as its command authorization to initiate a DMA access cycle. PHX4 is required to assert
the DMA 1/O device's GNT# signal until the data phase of the /O portion of the DMA transfer.

8.5.2. DISTRIBUTED DMA

The Distributed DMA {(DDMA) scheme is based on the concept that the registers associated with individual DMA
can physically reside outside of PiIX4, specifically on other PCl devices. The Distributed DMA logic in PlIX4 is
only used when the CPU does accesses to the 8237 registers. Data movement is the responsibility of the
peripheral.

Separate algorithms are followed depending whether the CPU attempts & read cycle or write cycle. Each is
covered separately. PiIX4 is able to determine if a particular DMA channel is “distributed” based on the PCl
configuration space.

Additional Contiguration

PlIX4 contains two registers to indicate the 1/O locations for the relocated DMA registers for the DDMA
peripherals. The first register indicates the offset of the registers associated with DMA channels 0-3. The
second indicates the offset of the registers associated with DMA channels 5--7. Channel 4 is assumed 1o be
unavailable. it is up to the BIOS or other configuration software to program the DDMA peripherals to the
corresponding locations.
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Read/Write Cycles Protocol
For read cycles on the PCI bus that correspond to distributed DMA channels, PilX4 performs the following:

» PiiX4 issues a PCi retry to terminate this cycle.

» PliX4 requests the PCIi bus. Upon being granted access to the bus, PilX4 performs one or more read cycles
to the 8237 and/or the peripherals. The 1/O location of the read cycle is calculated based on several
parameters: the DDMA Base Pointer registers in the PCI Configuration space, the DMA channel number (0-
3, 5-7), and the register location (Oh—Fh).

« PliX4 uses the data obtained via the read cycies (along with the value in the 8237) to construct the proper
data value.

+« When the CPU retries the cycle, PlIX4 responds with the proper data value.
The specific number of read cycles and merging format for each of the 8237 registers is covered in Table 25.

For write cycies on the PCl bus that correspond to distributed DMA channels, PlIX4 performs the following:

+ PlIX4 issues a PCi retry to terminate this cycle.

« - PlIX4 requests the PCl bus. Upon being granted access to the bus, PiiX4 performs one or more write cycles
to the 8237 and/or the peripherals. The /O location of the write cycle is calculated based on several
parameters: the DDMA Base Pointer registers in the PCI Configuration space, the DMA channel number (0-
3, 5~7), and the register location (Oh—Fh).

= PlIX4 uses the data obtained via the CPU'’s original write cycles 1o determine the proper values to write o
the peripherals and to the 8237.

« When the CPU retries the cycle, PlIX4 lets it complete.normally.
Calculating the /O Address

When PiiX4 attempts to access the PCI peripheral, it performs /O read or write cycles. The exact address to
use is calculated:as follows:

Bits [31:16} are 0.

Bits [15:6] are indicated by the Base Pointer in the PCI Configuration Space for Function 0. The base pointer at
offset 92h is used for DMA channels 0-3. The base pointer at offset 94h is used for DMA channels 5-7.

Bits [5:4] are determined by the DMA channel number being accessed.

DMA Channel Bits [5:4]

Number
0 00
tors 13
20r6 10
3or7 11

Bits {3:0] are determined by the register being accessed.

NOTE

The mapping in the peripheral is Not the same as in the B237. Table 25 shows the mapping of the 8237
register to the Distributed DMA peripheral.
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Tabie 25. 8237 Register Map to Distributed DMA Peripheral

intgl.

/O Address | 8237 FfF | R/W 8237 Register Name “Distributed” Cycle /O
Status . ddress
0,2, 4, or 6h, 0 W | Base Address Register A[0:7] Base Pointer + channel # + Oh
C4, C8, orCCh
0, 2,4, 0r 6h, 0 R | Current Address Register A{0:7) Base Pointer + channel # + Oh
C4, C8, or CCh
0,2, 4, or 6h, 1 W' | Base Address Register A[8:15] Base Pointer + channel # + 1h
C4, C8, or CCh
0, 2,4, oréh, 1 R | Current Address Register A[8:15] Base Pointer + channel #+ 1h
C4,C8, or CCh
87h, 83, 81, 82h X R/W | Page Register Base Pointer + channel # + 2h
8B, 89, 8Ah
1,83,5,0r7h, (4} W | Base Word Count Register D{0:7) Base Pointer + channel # + 4h
Cs, CA, CEh )
1,3,5 or7h, 0 R | Current Word Count Register D{0:7] 'Base Pointer + channel # + 4h
C6, CA, CEh
1, 3,5, 0r 7h, 1 W | Base Word Count Register D{8:15] | Base Pointer + channel # + 5h
C6, CA, CEh
1,3,5,0r7h, 1 R | Current Word Count Register D[8:15)| Base Pointer + channel # + 5h
C6, CA, CEh
08h X W | Command Register Base Pointer + channel # + 8h
Doh
08h X R 1 Status Register Base Pointer + channel # + 8h
DOh
08h X W | Request Register Base Pointer + channel # + 9h
D2h
0Bh X W | Mode Register Base Pointer + channel # + Bh
Déh
0Dh X W | Master Clear Base Pointer + channel # + Dh
DAh
OFh X W | Write All Masks Register Base Pointer + channel # + Fh
DEh
Ah X W . | Single Channel Mask See comments below.
D4h
OEh X W | Clear Mask Register See comments below.
DCh
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Single Channel Mask Register

To make the peripherals easier to implement, the Distributed DMA specification does not have the peripherals
implement the Single-Channel Mask Registers. Instead, a write to the Single Channel Mask register (which
encodes the channel number in the low two bits) causes write the Write All Masks Register {which has a
separate mask bit for each channel). The Distributed DMA peripheral uses bit 0 in the Write All Masks Register
for that particular channel.

Thus, when a write occurs to the Single Channel Mask register, PiiX4 examines the low two data bits to
determine the DMA channel number, This causes a write the peripheral at Base Pointer + channel # + Fh. The
data value (bit 0) for that write cycle is determined by data bit 2 of the original CPU write.

Clear Mask Register

To make the peripherals easier to implement, the Distributed DMA specification does not have the peripherais
implement the Clear Mask Command. Instead, a write to the Clear Mask Command register (which has a don't
care data value causes writes to ait the distributed channels associated with that 8237).

Thus, when a write occurs to the Clear Mask Command register, PiiX4 performs up to 4 writes to the Write All
Masks register (Base Pointer-+ channel # + Fh) with a data value of Oh.

it another PCI master attempts to read or wrile 1o one of the DMA controller's registers while a Distributed DMA
cycle is in progress, that cycle will be retried until the PC DMA protocol completes. This prevents two
outstanding PC/PCI requests.

8.6. Interrupt Controller

PiIX4 provides an {SA-Compatible interrupt controller that incorporates the funciionality of two 82C59 interrupt
controliers (Figure 5). The two controllers are cascaded, providing 13 external and three internal interrupts. The
master interrupt controller provides IRQ {7:0] and the slave interrupt controller provides IRQ [15:8). The three
internal interrupts are-used for internal functions only. IRQO is available to the user only when an exiernal 10
APIC is enabled. IRQ2 is used fo cascade the two controllers and is not available to the user. IRQO is used-as a
system timer interrupt and is tied to Interval Timer 1, Counter 0. IRQ13 is connected internaily 1o FERR#. The
remaining 13 interrupt lines {IRQ[15:14,12:3,1]) are available for external system interrupts. Edge or level sense
selection is programmable on an individual channel by channel basis.

The Interrupt unit also supporls interrupt steering. PlIX4 can be programmed to allow the four PC! active low
interrupts {PIRQ[A:D}#) to be internally routed to one of 11 interrupts (IRQ[15:14,12:9,7:3}).

The Interrupt Controlier consists of two separate 82C58 cores. Interrupt Controfier 1 (CNTRL-1} and Interrupt
Controller 2 {CNTRL-2) are initialized separately and can be programmed to operate in different modes. The
default seftings are: 80x86 Mode, Edge Sensitive (IRQ[0:15]) Detection, Normal EOI, Non-Buffered Mode,
Special Fully Nested Mode disabled, and Cascade Mode. CNTRL-1 is connected as the Master interrupt
Controller and CNTRL-2 is connected as the Slave Interrupt Controlier.

Note that IRQ13 is generated internally (as part of the coprocessor error support) by PUX4. IRQ12/M is
generated internally (as part of the mouse support) when bit-4 in the XBCS is set to a 1. When setto a 0, the
standard 1RQ12 function is provided and IRQ12 appears externally.
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IRQ8# ————ppd Timer 1 Counter ——seupnt

IRQe ——P 82C59 INTR IRQ1  ——— 82C59

IRQ10 ——W Core » Core INTR
IRQ11 ——P IRQ3 —— (To CPU)

IRQ12Mouse > Controller 2 IRQ4 > Controtlter 1 Sma—

FERRS ———B  (qiave) IRQ5 ——B  (Master)

IRQ14 ! IRQ6  ——P]

IRQ15 e IRQ7

Figure 5. Interrupt Controlier Block Diagram

8.6.1. PROGRAMMING THE INTERRUPT CONTROLLER
The Interrupt Controller accepts two types of command words generated by the CPU or bus master:
Initialization Command Words (ICWs)

Before normal operation can begin, each Interrupt Controller in the system must be initialized. in the 82C59, this
is a 2- to 4-byte sequence. However, for PIIX4, each controller must be initialized with a 4-byte sequence. This
4-byte sequence is required to configure the interrupt controlier correctly for PlX4 ‘implementation. This
implementation is ISA-Compatible.

The four initialization command words are referred to by their acronyms: ICW1, ICW2, ICW3, and ICW4. The
base address for each interrupt controller is a fixed location in the /O memory space, at 0020h for CNTRL-1 and
at 00AOh for CNTRL-2. An /O write to the CNTRL-1 or CNTRL-2 base address with data bit 4 equal to 1'is
interpreted as ICW1. For PiiX4-based ISA systems, three /O writes to “base address + 1" (021h for CNTRL-1
and OA1h for CNTHL-2) must follow the ICW1. The first write o “base address + 1”7 (021h/0Ath) performs ICW2,
the second write performs ICW3, and the third write performs ICW4.

ICW1 starts the initialization sequence. ICW2 is programmed to provide bits {7:3] of the interrupt vector that will
be released onto the data bus by the interrupt controlter during an interrupt acknowledge. A different base [7:3] is
selected for each interrupt controller. ICW3 is programmed differently for CNTRL-1 and CNTRL-2, and has a
different meaning for each controller.

For CNTRL-1, the master controller, ICW3 is used to indicate which IRQx input line is'used to cascade CNTRL-
2, the slave controlier. Within the PIIX4 interrupt unit, IRQ2 on CNTRL-1 is used to cascade the INTR output of
CNTRL-2. Consequently, bit 2 of ICW3 on CNTRL-1 is setto a 1, and the other bits are sett6 0's.

For CNTRL-2, ICW3 is the slave idenification code used during an interrupt acknowledge cycle. CNTRL-1
broadcasts a code to CNTRL-2 over three internal cascade lines if an IRQ[x] line from CNTRL-2 won the priority
arbitration on the master controller and was granted an interrupt acknowledge by the CPU. CNTRL-2 compares
this identification code to the value stored in ICW3, and if the code is equal to bits [2:0] ‘'of ICW3, CNTRL-2
assumes responsibility for broadcasting the interrupt vector during the second interrupt acknowledge cycle
pulse.

ICW4 must be programmed on both controliers. At the very least, bit 0 must be set to a 1 to indicate that the
controtlers are operating in an intel Architecture-based system.

Operation Command Words (OCWs)
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These are the command words which dynamically reprogram the Interrupt Controller to opérate in various
interrupt modes. Any interrupt lines can be masked by writing an OCW1. A 1 written in any bit of this command
word will mask incoming interrupt requests on the corresponding (RQx fine.

OCW?2 is used to control the rotation of interrupt priorities when operating in the rotating priority mode and to
control the End of Interrupt (EOI) function of the controfier. OCW3 is used to set up reads of the ISR and IRR, to
enable or disable the Special Mask Mode (SMM), and to set up the interrupt controller in polied mtarrupt mode.
The OCWSs can be written into the Interrupt Controller any time after initialization.

8.6.2. END-OF-INTERRUPT OPERATION
End of Interrupt (EOI)

The in Service (IS) bit can be set to 0 automatically following the trailing edge of the second INTA# pulse (when
AEOI bit in ICW1 is set 1o 1) or by a command word that must be issued to the interrupt -Controlier before
retuming from a service routine (EQ! caommand). An EOI command must be issued twice wﬂh this cascaded
interrupt controlier configuration, once for the master and once for the slave.

There are two forms of EQl commands: Specific and Non-Specific. When the Interrupt Controller is operated in
modes that preserve the fully nested structure, it can determine which 1S bit to set to 0 on EOL. When a Non-
Specific EOQI command is issued, the Interrupt Controlier automatically sets to 0 the highest IS bit of those that
are set to 1, since in the fully nested mode the highest IS level was necessarily the last lével acknowledged and
serviced. A Non-Specific EQI can be issued with OCW2 (EOI=1, SL=0, R=0}.

When a mode is used that may disturb the fully nested structure, the Interrupt Controller may no longer be able
to determine the last level acknowledged. In this case a Specific End of Interrupt must be issued that includes as
part of the command the IS level to be reset. A specific EOI can be issued with OCW2 (EOI=1, SL=1, R=0, and
LO-L2 is the binary level of the IS bit 1o be set to 0).

Note that an IS bit that is masked by an IMR bit will not be cleared by a non-specific EOl if the Interrupt
Controller is in the Special Mask Mode.

Automatic End of Interrupt (AEOI) Mode

If AEOI=1 in ICW4, then the Interrupt Controlier operates in AEOI mode continuously until reprogrammed by
ICW4. Note that reprogramming ICW4 implies that ICW1, ICW2, and ICW3 must be reprogrammmed first, in
sequence. In this mode, the Interrupt Controller automatically performs a Non-Specific EOl operation at the
trailing edge of the last interrupt acknowledge pulse. Note that from a system standpoint, this mode should be
used only when a nested multi-level interrupt structure is not required within a single Interrupt Controller. The
AEQ! mode can only be used in a master Interrupt Controlier and not a slave (on CNTRL-1 but not CNTRL-2).

8.6.3. MODES OF OPERATION
Fuily Nested Mode

This mode is entered after initialization uniess another made is programmed. The interrupt requests are ordered
in priority from O through 7 (0 being the highest). When an interrupt is acknowledged, the highest priority request
is determined and its vector placed on the bus. Additionally, a bit of the Interrupt Service Register (1S[0:7]) is set.
This 1S bit remains set until the microprocessor issues an End of Interrupt (EO1) command immediately before
returning from the service routine. Or, if the AEOI (Automatic End of interrupt) bit is set, this {S bit remains set
until the trailing edge of the second INTA#. While the IS bit is set, all further interrupts of the 'same or lower
priority are inhibited, while higher levels will generate an interrupt (which will be acknowledged only if the
microprocessor internal interrupt enable flip-flop has been re-enabled through software).
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After the initialization sequence, IRQO has the highest priority and IRQ7 the lowest. Priorities can be changed, as
will be explained, in the rotating priority mode.

The Special Fully Nested Mode

This mode will be used in the case of a system where cascading is used, and the priority has to be conserved
within each slave. In this case, the special fully nested mode will be programmed to the master (using ICW4).
This mode is simiiar to the normal nested mode with the following exceptions:

When an interrupt request from a certain slave is in service, this siave is not locked out from the master’s priority
logic and further interrupt requests from higher priority {RQs within the slave will be recognized by the master
and will initiate interrupts to the processor. (In the normal nested mode, a slave is masked out when its request
is in service and no higher requests from the same slave can be serviced.)

When exiting the Interrupt Service. routine, the software has fo check whether the interrupt serviced was the only
onge from that slave. This is done by sending a Non-Specific End of Interrupt (EOIj command to the slave and
then reading its In-Service Register and checking for zero. If it is empty, a Non-Spacific EOl can be sent to the
master too. If not, no EQI should be sent.

Automatic Rotation (Equal Priority Devices)

In some applications; there are a number of interrupting devices of equal priority. Automatic rotation mode
provides for a sequential 8-way rotation. In this mode, a device receives the lowest priority after being serviced.
In the worst case, a device requesting an interrupt will have to wait until each of seven other devices are
serviced at most once.

There are two ways o accomplish automatic rotation using OCW2; the Rotatiort on Non-Specific EOl Command
{R=1, SL=0, EOI=1) and the Rotate in Automatic EOl Mode which is set by (R=1, SL=0, ECI=0} and cleared by
(R=0, SL=0, EOI=0).

Specific Rotation (Specific Priority)

The programmer can change priorities by programming the bottom priority and thus fixing all other priorities. For
example, if IRQS5 is programmed as the bottom priority device, IRQ6 will be the highest priority device.

The Set Priority Command is issued in OCW2 where: R=1, SL=1, LO-L2 is the binary priority level code of the
bottom priority device. See the register description for the bit definitions.

Note that, in this mode, internal status is updated by software control during OCW2. However, it is independent
of the End of Interrupt (EOl) command (also executed by OCW?2). Priority changes can be executed during an
EO! command by using the Rotate on Specific EOl Command in QCW2 (R=1, SL=1, EOI=1 and LO-L2=IRQ
level to receive bottom priority).

Polt Command

The Polled Mode can be used to conserve space in the interrupt vector tabie. Multiple interrupts that can be
serviced by one Interrupt service routine do not need separate vectors if the service routine uses the poll
command.

The Polled Mode can also be used to expand the number of interrupts. The polling interrupt service routine can
call the appropriate service routine, instead of providing the interrupt vectors in the vector table.

In this mode, the INTR output is not used and the micropracessor intemnal Interrupt Enable flip-flop is reset,
disabling its interrupt input. Service to devices is achieved by software using a Poli Command.
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The Poll command is issued by setting P=1 in OCW3. The Interrupt Controller treats the next /O read puise to
the Interrupt Controlier as an interrupt acknowledge, sets the appropriate IS bit if there is a request, and reads
the priority level. interrupts are frozen from the 1/0 write to the 1/O read.

This mode is useful if there is a routine command common to several levels so that the INTA# sequence is not
needed (saves ROM space).

8.6.4. CASCADE MODE

The Interrupt Controllers in PlIX4 are interconnected in a cascade configuration with one master and one slave.
This configuration can handle up to 15 separate priority levels.

The master controls the slaves through a three line internal cascade bus. When the master drives 010b on the
cascade bus, this bus acts like a chip select to the slave controller.

in a cascade configuration, the slave interrupt outputs are connected to the master interrupt request inputs.
When a slave request line is activated and afterwards acknowledged, the master enables the corresponding
slave to release the interrupt vector address during the second INTA# cycle of the interrupt acknowladge
sequence.

Each Interrupt Controller in the cascaded system must follow a separate initialization sequence and can be
programmed to work in 3 different- mode. An EOl Command must be issued twice: once for the master and once
for the slave.

8.6.5. EDGE AND LEVEL TRIGGERED MODE

In 1SA systems this mode is programmed using bit 3 in ICW1. With PliX4, this bit is disabled and a new register
for edge and level triggered mode selection, per interrupt input, is included. This is the Edge/Level control
Registers ELCR1 and ELCR2. The default programming is equivalent to programming the LTIM bit (ICW1 bit 3)
to a 0 (all interrupts selected for edge triggered mode). Note, that IRQQ, 1, 2, 8#, and 13 can not be programmed
for level sensitive mode and can not be modified by software.

If an ELCR bit=0, an interrupt request is recognized by a low 1o high transition on the corresponding IRQx input.
The IRQ input can remain high without generating another interrupt.

If an ELCR bit=1, an interrupt request is recognized by a high level on the corresponding IRQ input and there is
no need for an edge detection. The interrupt request must be removed before the EQl command is issued to
prevent a second interrupt from occurring.

In both the edge and leve! triggered modes, the IRQ inputs must remain active until after the falling edge of the
first INTA4. If the IRQ input goes inactive before this time, a defauft IRQ7 occurs when the CPU acknowledges
the interrupt. This can be a useful safeguard for detecting interrupts caused by spurious noise glitches on the
IRQ inputs. To implement this feature, the IRQ7 routine is used for “clean up” simply execuling a return
instruction, thus ignoring the interrupt. If IRQ7 is needed for other purposes, a default IRQ7 car stilt be detected
by reading the ISR. A normal IRQ7 interrupt sets the corresponding ISR bit; a default IRQ7 does not set this bit.
However, If a default IRQ7 routine occurs during a normal IRQ7 routine, the ISR remains set. In this case, it is
necessary to keep track of whether or not the IRQ7 routine was previously entered. If another IRQ7 occurs, it is
a default.
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8.6.6. INTERRUPT MASKS
Masking on an Individual interrupt Request Basis

Each interrupt request input can be masked individually by the Interrupt Mask Register (IMR): This register is
programmed through OCW1. Each bit in the IMR masks one interrupt channel, if it is set to a 1. Bit 0 masks
IRQO, Bit 1 masks 1RQ1 and so forth. Masking an IRQ channel does not affect the other channel’s operation,
with one exception. Masking IRQ2 on CNTRL-1 will mask off all requests for service from CNTRL-2. The
CNTRL-2 INTR output is physically connected to the CNTRL-1 IRQ2 input.

Special Mask Mode

Some applications may require an interrupt service routine to dynamically alter the system priority structure
during its execution under software control. For example, the routine may wish to inhibit Iower priority requests
far a portion of its execution but enable some of them for another portion.

The difficulty is that if an Interrupt Request is acknowledged and an End of Interrupt command did not reset its 1S
bit (i.e., while executing a service routine), the interrupt Controller would have inhibited all lower priority requests
with no easy way for the routine to enable them.

The Speciai Mask Maode enables all interrupts not masked by a bit set in the Mask Register. interrupt service
routines that require dynamic alteration of interrupt priorities can take advantage of the Special-Mask Mode. For
example, a service routine can inhibit fower priority requasts during a part of the interrupt service, thenr enable
some of them during ancther part.

In the Special Mask Mode, when a mask bit is set to 1 in OCW1, it inhibits further interrupts at that level and
enables interrupts from all other levels (lower as well as higher) that are not masked.

Thus, any interrupts may be seleclively enabled by joading the Mask Register with the appropriate pattern.

Without Special Mask Mode, it an interrupt service routine acknowledges an interrupt without issuing an EOI to
clear the IS bit, the interrupt controller inhibits all lower priority requests. The Spedial Mask Mode provides an
easy way for the interrupt service routine to selectively enable only the interrupts needed by loading the Mask
register.

The special Mask Mode is set by OCW3 where: SSMM=1, SMM=1, and cleared where SSMM=1, SMM=0.

8.6.7. READING THE INTERRUPT CONTROLLER STATUS

The input status of several internal registers can be read to update the user information on the system. The
interrupt Request Register (IRR) and In-Service Register (ISR) can be read via OCW3. The Interrupt Mask
Register (IMR) is read via a read of OCW1. Brief descriptions of the ISR, the IRR, and the IMR follow.

« Interrupt Request Register (IRR): 8-bit register which contains the status of each interrupt request line.
Bits that are clear indicate interrupts that have not requested service. The Interrupt Controller clears the
IRR's highest priority bit during an interrupt acknowlédge cycle. (Not affected by IMR).

s In-Service Register (ISR): 8-bit register indicating the priority levels currently receiving service. Bits that are
set indicate interrupts that have been acknowledged and their interrupt service routine started. Bits that are
cleared indicate interrupt requests that have not been acknowledged, or interrupt request fines that have not
been asserted. Only the highest priority Interrupt service routine executes at any time. The lower priority
interrupt services are suspended while higher priority interrupts are serviced. The ISR is updated when an
End of Interrupt Command is issuad.

« Interrupt Mask Register (IMR): 8-bit register indicating which interrupt request lines are masked.
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The IRR can be read when, prior to the /O read cycle, a Read Register Command is issued with.OCW3 (RR=1,
RIS=0). The ISR can be read when, prior to the I/O read cycle, a Read Register Command is issued with OCW3
(RR=1, RiS=1).

The interrupt controller retains the ISR/IRR status read selection following each write to OCW3. Therefore, there
is no need to write an OCW3 before every status read operation, as long as the current status read corresponds
to the previously selected register. For example, if the ISR is selected for status read by an OCW3 write, the ISR
can be read over and.over again without writing to OCW3 again, However, to read the 1IRR, OCW3 will have to
be reprogrammed for this status read prior to the OCW3 read to check the IRR. This is not frue when poll mode
is used. Polling Mode overrides status read when P=1, RR=1 in OCW3.

After initialization the Interrupt Controller is set to read the IRR.

As stated, OCW?1 is used for reading the IMR. The output data bus will contain the IMR status whenever /0O
read is active the address is 021h or 06th (OCW1).

8.6.8. INTERRUPT STEERING

PliX4 can be programmed to allow four PCl programmable interrupts (PIRQ[A:D}#) to be internally routed to one
of 11 interrupts IRQ[15,14,12:9,7:3]. PCLK Is used to synchronize the PIRQx# inputs. The PIRQx# lines are run
through an internal multiplexer that assigns, or routes, an individual PIRQx# line to any one of 11 1RQ inputs.
The assignment is programmable through the PIRQx Route Control registers. One.or more PIRQx# lines can be
routed to the same {RQx input. If interrupt steering is not required, the Route Registers can be programmed to
disable steering.

Bits {3:0] in each PIRQx Route Control register are used to route the associated PIRQx# line to an internal IRQ
input. Bit 7 in each register is used to disable routing of the associated PIRQx#.

The PIRQx# lines are defined as active low, level sensitive to allow multiple interrupts on a PCl Board to share a
single line across the connector. When a PIRQx# is routed to specified IRQ line, the software must change the
IRQ's corresponding ELCR bit to level sensitive mode. Note, that this means that the selected IRQ can no longer
be used by an ISA device.
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8.7.  Serial Interrupts

PliX4 supports a serial IRQ scheme. This allows a single signal to be used to report ISA-style interrupt requests.
Typically, it will be used in a mobile environment by docking bridges or Cardbus controllers.

Because more than one device may need to share the single serial IRQ signal, an Open Collector signaling
scheme is Used. Timing is based on the PCl Clock. If the PCI Clock is inactive when e device needs to signal an
interrupt, the CLKRUN# 'signal must first be asseried by the device to restart the PCI Clock. The serial IRQ
configuration is handled via the PCI configuration space. No other registers are asscciated with the scheme.

8.7.1. PROTOCOL

Serial interrupt information is transferred using three types of frames: a Start frame, one or more IRQ Data
frames, and one Stop frame. There are also two modes of operation: Quiet Mode and Continuous Mode.

Quiet (Active) Mode

To indicate an interrupt, the peripheral brings the SERIRQ signal active for one clock, and then tri-states the
signal. This brings all the state machines from IDLE to the ACTIVE states.

PliX4 then takes control of the SERIRQ signal by driving it low on the next clock, and continues driving it low for
3-7 clocks more {programmable). Thus, the total number of clocks low will be 4-8. After those clocks, PlIX4
drives SERIRQ high for one clock and then tri-state the signal.

Continuous (Idle) Mode

In this mode, PiiX4 initiates the Start frame, rather than the peripherals. Typically, this is done to update IRQ
status (acknowledges). PliX4 drives SERIRQ low for 48 clocks. This is the default mode after reset, and can be
used to enter the Quiet mode.

Data Frame

Once the Start frame has been initiated, all of the serial interrupt peripherals must start counting frames based
on the rising edge of SERIRQ. Each of the IRQ/DATA frames has exactly three phases of one clock each: a
Sample phase, a Recovery phase, and a Turn-around phase.

During the Sample phase, the device drives SERIRQ low if the corresponding interrupt signai should be active. If
the corresponding interrupt is inactive, then the devices should not drive the SERIRQ signal. it will remain high
due to pull-up resistors. During the other two phases (Tum around and- Recovery), no device should drive the
SERIRQ signal. The IRQ/DATA frames have a specific order and usage, as shown in Table 26.

If an SMi# is activated on frame 3, PlIX4 drives its EXTSMI# signal active. This then generates an SMi# to the
microprocessof, if enabled.
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Table 26. SERIRQ Frames
Data Frame Number Usage # Clocks Past Start
1 UNASSIGNED 2
2 IRQ1 5
3 SMi# 8
4 IRQ3 11
5 1RQ4 14
6 tRQ5 17
7 IRQ6 20
8 iRQ7 23
9 UNASSIGNED 28
10 IRQ9 29
t {RQ10 32
12 IRQ11 35
13 IRQ12 38
14 UNASSIGNED 41
15 IRQ14 44
16 IRQ15 47
17 IOCHCK# 50
18 PCIINTA# 53
19 PCHINTB# 56
20 PCHINTC# 59
21 PCI INTD# 62
32:22 UNASSIGNED 96

Stop Frame

After all of the data frames, a Stop frame is performed done by PliX4. This is accomplished by making SERIRQ
low for 2-3 clocks. The number of clocks determines the next mode:

if SERIRQ is iow for 2 clocks, the next mode is the Quite Mode. Any device may initiate a Start frame in the
second clock (or more) after the rising edge of the Stop frams.

if SERIRQ is low for 3 clocks, the next mode is the Continuous mode. Only PiiX4 may initiate a Start frame in
the second clock (or more) after the rising edge of the Stop frame.
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8.8. Timer/Counters

PilX4 contains three counters that are equivalent to those found in the 82C54 programmable interval timer, The
three counters are contained in one PlIX4 timer unit, refarred to as Timar-1. Each counter output provides a key
system function. Counter 0 is connected to interrupt controller IRQD and provides a system timer interrupt for a
time-of-day, diskette time-out, or other system timing functions. Counter 1 generates a refresh request signal
and Counter 2 generates the tone for the speaker. The 14.31818-MHz counters normally use OSC as a clock
source.

Counter 0, System Timer

This counter functions as the system timer by controlling the state of IRQO and is typically programmed for Mode
3 operation. The counter produces a square wave with. a period equal 1o the praduct of the counter period (838
ns) and the initial count value. The counter loads the initial count value one counter period after software writes
the count value to the counter 1/O address. The eounter initially asserts IRQO and decrements the count value by
two each counter period. The counter negates IRQO when the count value reaches 0. it then reloads the initial
count value and again decrements the initial count value by two each counter period. The counter then asseris
IRQO when the count value reaches 0, reloads the initial count value, and repeats the cycle, alternately asserting
and negating IRQO.

Counter 1, Refresh Request Signal

This counter provides the refresh request signal and is typically programmed for Mode 2 operation. The counter
negates refresh request for one counter period (838 ns} during each count cycle. The initial count valus is loaded
one counter period after being written to the counter I/O address. The counter initially assers refresh request,
and negates it for one counter period when the count value reaches 1. The counter then asserts refresh request
and continues counting from the initial count value.

Counter 2, Speaker Tone

This counter provides the speaker tone and is typically programmed for Mode 3 operation. The counter provides
a speaker frequency equal to the counter clock frequency (1.193 MHz) divided by the initial count value. The
speaker must be enabled by a write 1o port 061h (see NMI Status and Control ports).

8.8.1. PROGRAMMING THE INTERVAL TIMER

The counterdlimers are programmed by I/O accesses and are addressed as though they are contained in one
82C54 interval timer. A single Control Word Register controls the operation of all three counters. The interval
timer is an /O-mapped device. Several commands are available:

The Control Word Command specifies:

+ which counter to read or write .
+ the operating mode
» the count format (binary or BCD)

The Counter Laich Command latches the current count so that it can be read by the system. The countdown
process continues. The Read Back Command reads the count value, programmed mode, the current state of the
QUT pins, and the state of the Null Count Flag of the selected counter.

The Read/Write Logic selects the Control Word Register during an I/O write when address lines A{1:0}=11. This
condition occurs during an /0 write to port address 043h, the address for the Centrol Word Register on Timer 1.
If the CPU writes to port 043h, the data is stored in the Contral Ward Register and is interpreted as the Control
Word used to define the operation of the Counters.
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The Control Word Register is write only. Counter status information is available with the read back Command.

Because the timer counters wake up in an unknown state after power up, multiple refresh requasts may be
queued. To avoid possible multiple refresh cycles after power up, program the timer counter immediately after
power up.

Write Operations

Programming the interval timer is a simple process:

1. Write a controf word.
2. Wriite an initial count for each counter.
3. Load the least and/or most significant bytes (as required by Control Word bits 5, 4) of the 16-bit counter.

The programming procedure for the PilX4 timer is very flexible. Only two conventions need to be observed. First,
for each counter, the control ward must be written before the initial count is written. Second, the initial count must
follow the count format specified in the control word {least significant byte only, most significant byte only, or
least significant byte and then most significant byte).

Since the Control Word Register and the three counters have separate addresses (selecied by the A1, AD
inputs), and each control word specifies the counter it applies fo (SCO, SC1 bits), no special instruction
sequence is required. Any programming sequence that follows the conventions above is acceptable.

A new initial count may be written to a counter at any time without affecting the counter's programmed mode.
Counting will be affected as described in the mode definitions. The new count must follow the:programmed count
format.

if a counter is programmed to read/write 2-byte counts, the following precaution applies: A program must not
transfer control between writing the first and second byte to another routine which also writes into that same
counter. Otherwise, the counter will be loaded with an incorrect count.

Interval Timer Control Word Format

The control word specifies the counter, the operating mode, the order and size of the count value, and whether it
counts down in a 16-bit or binary-coded decimal (BCD) format. After writing the control word, a new count may
be written at any time. The new vaiue will take effect according to the programmed mode.

If a counter is programmed o read/write 2-byte counts, the following precaution applies: A program must not
transfer control between writing the first and second byte to another routine which also writes into that same
counter. Otherwise, the counter will be loaded with an incorrect count. The count must always be completely
loaded with both bytes.

Read Operations
it is often desirable to read the value of a counter without disturbing the count in progress. There are three

possible methods for reading the counters: a simple read operation, the Counter Latch Command, and the Read
Back Command.
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Counter /O Port Read

The first method is to-perform a simple read operation. To read the counter, which is selected with the A1, A0
inputs {port 040h, 041h, or 042h), the CLK input of the selected counter must be inhibited by using either the
GATE input or external logic. Otherwise, the count may be in the process of changing when it is fead, giving an
undefined result. When reading the count value directly, follow the format programmed in the control register:
read LSB, read MSB, or read L.SB then MSB. Within the PHIX4 timer unit, the GATE input on Counter 0 and
Counter 1 is tied high. Therefore, the direct register read should not be used on these two counters. The GATE
input of Counter 2 is controlled through I/O port 061h. If the GATE is disabled through this register, direct /O
reads of port 042h will return the current count value.

Counter Latch Command

The Counter Latch Command latches the count at the time the command is received. This command is used to
ensure that the count read from the counter is accurate (particularly when reading a 2-byte count). The count
value is then read from each.counter's Count Register as was programmed by the Control Register.

The selected counter's output latch (OL) latches the count at the time the Counter Latch Command is received.
This count is held in the latch until it is read by the CPU (or until the Counter is reprogrammed). The count is
then unlatched autornatically and the OL returns to “following” the counting element {CE). This aliows reading the
contents of the counters “on the fiy” without affecting counting in progress. Multiple Counter Latch Commands
may be used io latch more than one counter. Each latched counter's OL holds its count until it is read. Counter
Latch Commands do not affect the programmed mode of the counter in any way. The Counter Latch Command
can be used for each counter in the PlIX4 timer unit.

If a Counter is latched and then, some time later, latched again before the count is read, the second Counter
Latch Command is ignored. The count read will be the count at the time the first Counter Latch Command was
issued.

With either-method, the count must be read according to the programmed format; specifically, if the counter is
programmed for 2-byte counts, 2 bytes must be read. The 2 bytes do not have to be read one right after the
other. Read, write, or programming operations for other counters may be inserted between them.

Another feature of the PlIX4 timer is that reads and writes of the same counter may be interieaved. For example,
if the Counter is programmed for 2-byle counts, the following sequence is valid:

s Read !east significant byte.

* Write new |east significant byte.

» Read most significant byte.

s  Write new most significant byte.

if a counter is programmed to read/write 2-byte counts, a program must not transfer control between reading the

first and second byte to another routine which also reads from that same counter. Otherwise, an incorrect count
will be read.

Read Back Command

The third method uses the Read Back Command. The Read Back Command is used o determine the count
value, programmed mode, and current states of the OUT pin and Null Count flag of the selected counter or
counters. The Read Back Command is written to the Control Word Register, which causes the current states of
the above mentioned variables to be laiched. The value of the counter and its status may then be read by /O
access to the counter address.
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The Read Back Command rnay be used to latch multiple counter output latches (OL.) by setting the COUNT# bit
D5=0 and selecting the desired counter(s). This single command is functionally equivaient to several counter
latch commands, one for each counter latched. Each counter's Jatched count is held until it is read {or the
counter is reprogrammed), Once read; a counter is automatically unlatched. The other counters remain latched
until they are read. if multiple count Read Back Commands are issued to the same counter without reading the
count, all but the first are ignored (i.e. the count which will be read is the count at the time the first Read Back
Command was issued).

The Read Back Command may also be used to latch status information of selected counter(s) by sefting
STATUS# bit D4=0. Status must be lalched to be read. The status of a counter is-accessed by a read from that
countar’s YO port address: ‘

If multiple counter status latch operations are performed without reading the status, all but the first are ignored.
The status returned from the read is the counter status at the time the first status Read Back Command was
issued.

Both count and status of the selected counter(s) may. be latched simuftanaously by setting both the COUNT#
and STATUS# bits [5:4]=00. This is functionally the same as issuing two consecutive, separate Read Back
Commands. The above discussions apply here also. Specifically, if multiple count and/or status Read Back
Commands are issued to the same counter(s) without any intervening reads, all but the first are ignored.

If both count and status of a counter are latched, the first read operation from that counter wiii return the latched
status, regardless of which was tatched first. The next one or two reads (depending on whether the counter is
programmed for one or two type counts) return the latched count. Subsequent reads return unlatched count.

8.9. Real Time Clock

The Real Time Clock {RTC) module provides a date-and-time keeping device with alarm features and battery
backed-up operation. The RTC counts seconds, minutes, hours, days, day of the week, date, month, and year
with leap year compensation. Daylight savings compensation is options. Three interrupt features are available:
time of day alarm with once a second to once a month range, periodic rates of 122 ps to 500 ms, and end of
update cycle notification.

The RTC contains 256 bytes of battery-backed static RAM in two banks, namely, the standard bank and the
extended bank. The standard bank contains 10 bytes indicating time and date information, 4 bytes used as four
Control Register (AB.C,D), and 114 bytes used as general purpose RAM. The extended bank has
128 bytes used as general purpose RAM.

Time, calendar, and alarm can be represented in either binary or BCD format. The format is determined by bit 2
of Control Register B. The hour is represented in 12 ‘or 24 hour format and the format is selected by bit 1 of
Control Register B. Note that when changing the format, the time registers must be reinitialized to the
corresponding data format. See Control Register B in the following section for more information on the
configuration of the RTC functions.

The RTC module requires an external oscillating source of 32.768 KHz connected on the TRCX1 and RTCX2
pins. This clock signal is then divided down to 1 Hz signal. The divider chain is controlled by bits {6:4] of Control
Register A. Bits [3:0] of the Control Register A select one of the 15 taps from the divider chain 1o be used as a
periodic interrupt. See Control Register A in the following section for divider configuration and rate selections.

8.9.1. RTC REGISTERS AND RAM

The RTC internal registers and RAM are organized as two banks of 128 bytes each, called the standard and
extended banks. The first 14 bytes of the standard bank contain the RTC time and date information along with
four registers, A-D, that are used for configuration of the RTC. The extended bank contains a full
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128 bytes of battery backed SRAM, and will be accessible even when the RTC module is disabled {via the RTC
configuration reglster).

Ali data movement between the host CPU and RTC is done through registers mapped to the iSA /O space at
locations 70-73h.

/O locations 70h and 71h are the standard 1SA location for the RTC. The map for this bank is:shown in Table 27.
Locations 72h and 73h are for accessing the extended RAM, and may be disabled.

The first 10 bytes contain information about date and time. It is up to the programmer to make sure that data
stored in these locations is within the reasonable values and represents a possible date and time. The exception
to these ranges is to store a value of COh—FFh in the alarm bytes to indicate a “don’t care” situation. Note that bit
7 (UIP) of Control Register A should be read as 0 before each access fo these locations. Bit 7. (SET) of Control
Register B should be 1 while programming these locations to avoid clashes with an update cycle.

The extended RAM bank is also accessed using an indexed scheme. ISA I/O address 72h is used as the
address pointér and ISA /O address 73h is used as the data register. Index addresses above 127h are
not valid.

The internal RTC registers can only be accessed by PCl masters. ISA master access is not supported.
Table 27. RTC (Standard) RAM Bank

‘Index Address Name
00h Secondé
0th Seconds Alarm
02h Minutes
03h Minutes Alarm
04h ' Hours
05h Hours Alarm
06h Day of Week
07h Date of Month
08h Month
0%h Year
0Ah Register A
0Bh Register B
0Ch Register C
0Dh Register D

OEh-7Fh ' 114 Bytes of User RAM
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8.9.1.1. Control Register A

Address Offset: OAh

Default Value: NA (This register is not affected by any systemn resst signal.)
Aftribute: Read/Write

This register is used for general configuration of the RTC functions.

Bits

Description

7 | Update in Progress (UIP). This bit may be monitored as a status flag. 1=Signifies that the update of
the timing:registers is-soon 10 occur or is in progress.

0=Signifies that the update cycle will not start for at least 244 ys. The time, calendar, and alarm
information in RAM is always available when the UIP bit is 0.

Dva2 bv1 DVO

OO O = =
) omd b D~k e
O~ = QO

Function

Normal Operation

Divider Reset

6:4 | Division Chain Select (DVx). These three bils control the divider chain for the osciflator.

Bypass 15 stages (test made only)
Bypass 10 stages (test made only)
Bypass 5 stages (test mode only)

Invalid
Invalid

Bits{3:0] Periodic Rate

0000 none

0001 3.90625 ms
0010 7.8125 ms
0011 122.070 us
0100 244.141 us
0101 488.281 us
0110 976.5625 us
0111 1.953125 ms

1000
1001
1010
LLAR
1100
1101
1110
1111

3:0 | Rate Select Bits (RSx). Selects one of 13 taps of the 15 stage divider chain. The selected tap can
generate a periodic interrupt it the PIE bit is set in register B. Otherwise, this tap sets the PF flag of
register C. If the periodic interrupt is not o be used, these bits shouid aff be set to 0.

Bits[3:0]

Periodic Rate

3.90625 ms
7.8125ms
15.625 ms
31.25ms
62.5 ms
125 ms
250 ms
500 ms
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8.9.1.2. Control Register B
Address Offset: 0Bh

Default Value: X0000XXXb
Attribute: Read/Write

This register is used for general configuration of the RTC functions.

Blts Description

7 {SET. Enables the update cycles. 1=A current time: update cycle will be aborted, and s&bsequent
update cycles will not occur until SET is retumned to 0. When SET=1, BIOS may initialize time and
calendar bytes safely. 0=Time update cycle occurs normally once a second. This bit is'not affected by
RSMRST4.

6 | Periodic Interrupt Enable (PIE). 1=Enables the generation of the Periodic interrupt. The rate of the
Periodic interrupt is determined by bits 3:0 of Control Register A. 0=Disables the generation of the
Periodic interrupt. This bit is cleared (set to 0) on active RSMRST#.

5 | Alarm Interrupt Enable (AIE). 1=Enables the generation of the Alarm interrupt. The Alarm interrupt
occurs immediately after a time update of the seconds, minutes, hours which match the alarm setting.
An alarm can occur once a second, one an hour, ance a day, or one a month. 0=Disables the
generation of the Alarm interrupt. This bit is cleared on active RSMRST#.

4 | Update-ended Interrupt Enable (UIE). 1=Enablas the generation of the Update-ended Interrupt which
occurs when the update cycle ends. 0=Disables the generation of the Updated-ended interrupt. This bit
is cleared.on active RGMRST#,

3 | Square Wave Enable (SQWE). The Square Wave Enable bit serves no function in this device, yetis
left in this register bank to provide compatibility with the Motorola 146818B. There is ot SQW pin on
this device. This bit is cleared on active RGMRST#.

2 | Data Mode (DM). 1=Binary. 0=BCD. The Data Mode (DM) bit specifies either binary or BCD data
representation. This bit is not affected by RSMRST#.

1 Hour Format (HF). 1=24-hour mode. 0=12-hour mode. This bit indicates the hour byte format. in 12
hour mode, the seventh bit represents AM as 0 and PM as 1. This bit is not affected by RSMRST#.

0 | Daylight Savings Enable (DSE). 1=Enable. 0=Disable. When DSE=1, daylight savings is enabled on
two special hour updates per year. One is on the first Sunday in April, where time increments from
1:59:58 AM to 3:00:00 AM. The other is the last Sunday in October when the time first reaches 1:59:59
AM, itis changed to 1:00:00 AM. The time must increment normally for at least two update cycles
{seconds) previous fo these conditions for the time change to occur properly. These special update
conditions do not occur when the DSE bit is set to 0. The days for the hour adjustment are those
specified in United States federal law as of 1987, which is different than previous years. This bit is not
affected by RSMRST#.

398 1998 Platform Components Databook



|nte|@ 82371AB (PlIX4)

8.9.1.3. Control Register C
Address Offset: OCh
Default Value: 0Ch
Aftribute: Read/Write

This register is used for various flags. Al flag bits are cleared upon active RSMRST# or a read of Register C.

Bits Description

7 |interrupt Request Flag (IRQF). Interrupt Raquest Flag=PF * PIE + AF * AIE + UF *UFE. This also
causes the CH_IRQ_B signal to be asserted.

6 | Periodic interrupt Fiag (PF). Periodic interrupt Flag is 1 when the tap as specified by the RS bits of
register A is 1. If no taps are specified, this flag bit will remain at 0.

5 | Alarm Flag (AF). 1=All Alarm values match the current time.

4 Updaté-ended Flag (UF). UF=1 immediately following an update cycte for each second.

3:0 | Reserved. Read as 0.

89.1.4, Control Register D

Address Offset: 0Dh

Default Value: NA (This register is not affected by any system reset signal.)
Attribute: Read/Write ’

This register is used for various flags.

Bits Description

7 | Valid RAM and Time Bit (VRT). This bit is set to 1 when the PWRGD signal is asserted. This feature
is not typically used. This bit should always be set to 0 during a write fo this register.

6 | Reserved. This bit always returns a 0 and should be set to 0 during register writes,

5:0 | Date Alarm (DA). These bits store the date of month alarm value. If set to 000000, a 'don't care’ state
is assumed. The host must configure the date alarm for these bits to operate, even though the bits can
be written at any time. If the date alarm is not enabled, these bits will return zeros to mimic the
functionality of the Motorola® 146818B. These bits are not affected by RSMRST#.
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8.9.2. RTC UPDATE CYCLE

An update cycle occurs once a second, if the SET bit of register B is not set to 1 and the divide chain is property
configured. During this procedure, the stored time and date are incremented, overflow checked, a matching
alarm condition is checked, and the time and date are rewritten to the RAM locations. The update cycle will start
at least 244 ps after the UIP bit of register A is set to 1, and the entire cycle does not take more than 1984 ps to
complete. The time and dale RAM locations (0-9) are disconnected from the external bus during this time. To
avoid update and data conditions, external RAM access to these locations can safely occur at two times. When
an updated-ended interrupt is detected (aimost 999 ms is available to read and write valid time and date data). if
the UIP bit of register A is detected to be low, there is at least 244 us before the update cycle begins. Because
the overflow conditions for leap years and daylight savings adjustments are based on more than one date or time
item, the time before one of these conditions should be set {(when adjusting) at least 2 seconds before one of
these conditions to ensure proper operation.

8.9.3. RTC INTERRUPTS

The real-time clock interrupt is connected fo 1SA IRQB#, and is interaily routed within PiIX4. If the RTC module
is not enabled, the GPI6 signal is available as the IRQ8# input.

8.9.4. LOCKABLE RAM RANGES
The real-lime clock battery-backed RAM supports two 8-byte ranges that can be epabled via the configuration
space. if the configuration bits are set, the corresponding range in the RAM will not be readable or writeable. A

write cycle to these locations have no effect. A read cycle to these locations do not return the actual locat»on
value. Once enabled, this function can only be disabled by a hard reset.

8.9.5.  RTC EXTERNAL CONNECTIONS
RTC Crystal

The RTC modules requires an externally connected crystal on the RX1 and RX2 pins.

RTC Battery

The RTC modules requires an extemal battery connection to maintain the RTC block while PiIX4 is not powered
by the system.

Battery characteristics:

s  Minimum Voltage: 2.0v

» Recommended Batteries: Duracell 2032, 2025, or 2016

The battery must aiso be connected to PiiX4 via isolation dicdes. This is both a chip-design requirement, as well
as a UL requirement. The diode circuit allows the RTC-well to be powered by the battery when system power is
not available, but by the system power when it is available. This is done by setting the diode to be reverse
biased when system power is not available.

8.10. X-Bus Support
PliX4 provides positive decode (chip selects) and X-Bus buffer control (XDIR# and XOE#) for a real time clock,

keyboard, BIOS, and two programmable 1O ranges for PCl and ISA initiated cycles. PlIX4 also generates
RTCALE (address latch enable) for the RTC. The chip selects are generated combinatorially from the ISA
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SA(16:0) and LA{23:17) address lines {Note that it is assumed that ISA masters drive 8A(19:16) and LA(23:17)
low when accessing /O devices). PlIX4 also provides PS/2 mouse support via the [RQ12/M signal and
coprocessor functions (FERR# and IGNNE#). The chip selects and X-Bus buffer control lines can be
enabled/disabled via the XBCS Register.

Coprocessor Error Function

This function provides coprocessor error support for the CPU and is enabled via the XBCS Register. FERR# is
tied directly to the coprocessor error signal of the CPU. if FERR# is driven active to PliX4, an internal IRQ13 is
generated and the INTR output from PlIX4 is driven active. When a write to /O location FOh is detected, PliX4
negates IRQ13 (internal to PHX4) and drives IGNNE# active. IGNNE# remains active untit FERR# is driven
inactive. Note, that IGNNE# is not driven active unless FERR# is active.

Mouse Function

When the mouse interrupt function is enabled (via the XBCS Register), the mouse interrupt function is provided
on the IRQ12/M input signal. In this mode, a mouse interrupt generates an interrupt through iRQ12 to the Host
CPU. PiIX4 informs the CPU of this interrupt via an INTR. A read of 60h releases IRQ12. If the mouse interrupt
function is disabled, a read of address 60h has no effect on IRQ12/M. Reads and writes to this register flow
through to the I1SA Bus. For additional information, see the IRQ12/M description in the Signal Description.

8.11. Reset Support
PUX4 integrates the system reset logic for the system. PliX4 generates CPURST, PCIRST#, and RSTDRV
during power up (PWROK) and when a hard reset is initiated through the RC register, as well as during certain

power management resume operations.

The following PlIX4 signals interface directly to the processor:

e CPURST
* INTR

e NMI

e IGNNE#

s SMi#

» STPCLK#
e SLP#

These signals are open drain. Thus, external logic is not required for interfacing with the processors based on
2.5V technology which do not support 3.3V tolerant input buffers.
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8.12. Stand-Alone /O APIC Support

P1iX4 supports a stand-alone /O APIC device on the 1ISA X-Bus. Pi{X4 provides a chip select signal (APICCS#)
for the 1/O APIC. It also provides handshake signals to maintain buffer coherericy in the 1/O APIC environment.

APICCSH# is generated when the PCI memory cycle address matches the APIC's programmed address and the
APICCS# function is enabled in the XBCS Register. The APIC address can be relocated by programming the
APIC Base Address Register (APICBASE).

APICCS# is only generated for PCI originated cycles and is not generated for 1SA originated cycles. This PCi
cycle is forwarded to the ISA bus. To avoid address aliasing conflicts with other ISA devices, PHX4 drives
SA[19:16] and LA[23:17] to 0 and drives SA[15:0] carresponding to PCI| AD[15:2] and C/BE[3:0}#.

When the APICCS# function is enabled, the XOE#/XDIR# signais controlling the X-Bus transceiver are also
enabled during accesses to the VO APIC.
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9.0. IDE CONTROLLER FUNCTIONAL DESCRIPTION

PlIX4 integrates a high performance interface from PClto IDE. This interface is capable of accelerated PIO data
transters as well as acting as a PCl Bus master on behalf of an IDE DMA slave device. PiIX4 provides an
interface for either primary and secondary IDE connectors or primary drive 0 and primary drive 1 IDE
connectors.,

All the IDE data transfer command strobes, DMA request and grant signals, {ORDY signal, address lines, and
data iines interface directly to PlIX4. Two full sets of signals are provided to enhance electrical isolation
capabilities.

Only PCI masters have access to the {DE port. ISA Bus masters cannot access the IDE /O port addresses.
Memory targeted by the IDE interface acting as a PC! Bus master on behalf of IDE DMA slaves must reside on
PCl, usually main memory implemented by the host-to-PCl bridge.

The following descriptions of PliX4 IDE signals may sometimes omit the Primary (P) or Secondary (S) prefix.
These descriptions apply 1o both sets of IDE signals. For example, references to IORDY apply to both PIORDY
and SIORDY.

9.1. IDE Signal Configuration
P1iX4 has two features that support a number of physical configuration options for system designers.

1. PlIX4 has two completely separate IDE channels. There are no shared signals betwaen the two interfaces.
This improves signal timings and allows separate power management monitoring of both channels. Each
channels signals can be completely tri-stated or isclated. This allows individual power down of {DE devices
on separate channels. It can also be used to allow anather device to drive the signal lines. This is useful for
Swap-Bay implementations where a system designer may have different types of devices inserted into the
bay (such as IDE device or floppy drive).

2. PHX4 IDE channels can also be configured to support four devices in a Primary and Secondary channel
configuration or to support two devices in a Primary Drive 0 and Primary Drive 1 channel configuration. The
second configuration allows for the power management of individual devices and is very useful in a mobile
environment.

Figure 6 and Figure 7 show these configuration options.

PiiX4
A
IDE IDE
Data and Data and
Cantrol Control Floppy
¢ Data and
Control

Swap Bay Device
(IDE or Floppy)

Figure 6. PlIX4 IDE Swap Bay Example
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PltX4

Primary Primary
Drive 0 Drive 1

IDE IDE
Data and - - Data and
Control Control

PiiX4 -
Primary Secondary
IDE
Data and Data and
Control Control

Figure 7. PlIX4 IDE Configurations

9.2. ATA Register Block Decode

The IDE ATA I/O ports are decoded by PlIX4 when enabled in the PCICMD and IDETIM Registers for function 1.
(ATA stands for “AT Atachment”—the specification for AT compatible drive interfaces.) The.actual ATA registers
are implemented in-the drive itself. An access to the IDE registers results in the assertion of the appropriate chip
select for the register. The. lransaction is.then run using compatible timing using the IDE command strobes

(DIOR#, DIOW#).

For each cable (primary and secondary}, there are two /O ranges; the Command block that corresponds to the
CS1x# chip select, and the control block that corresponds to the CS3x# chip select. The command block is an 8-
byte range while the control black is a 4-byte range. The upper 16 bits of the /O address are déecoded as ali Os.

Primary Command Block Offset:
Primary Control Block Offset:

Secondary Command Block Offset:
Secondary Control Biock Offset:

Table 28 specifies the registers as they affect the PlIX4 hardware definition.

01Foh
03F4h

0170h
0374h
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Tabie 28. IDE Legacy /O port definition: COMMAND BLOCK (CS1x# chip select)

10 Offset Register Function (Read/Write) Access
00h Data R/W
01h Error/Features R/W
o2h Sector Count RWwW
03h Sector Number R/W
04h Cylinder Low RW
05h Cylinder High RAW
06h Drive/Head R/W
07h Status/Command RW

The Data Register is accessed as a 16-bit register for PIO transfers (except for ECC bytes). Al other registers
are accessed as 8-bit guantities.

Table 29. IDE Legacy /O port definition: CONTROL BLOCK (CS3x# chip select)

10 Offset Register Function (Read/Write) Access
00h Reserved reserved
01h Reserved reserved
02h Alt Status/Device control RW
03h Forward to iSA (Floppy) ) R/W

PliX4 claims all accesses to these ranges, if enabied. The byte enables do not have to be externally decoded to
assert DEVSEL#. Accesses to byte 3 of the Control Block are forwarded to ISA where the floppy disk controller
responds.

Each of the two drives (drive 0 or 1) on a cable implement separate ATA register files. To determine the targeted
drive, PiIX4 shadows the value of bit 4 (drive bit) of byte 6 (drive/head register) of the ATA command block
{CS1x#) for each of the two IDE connectors (primary and secondary).

9.3. PIOIDE Transactions
The PIX4 IDE controller includes both compatible and fast timing modes. The fast timing modes can be enabled
only for the IDE data ports. All other transactions to the IDE tegisters are run in single transaction mode with

compatible timings. The PlIX4 IDE signals are controlled with the granularity of the PCI clack.

Up to two IDE devices may be attached per IDE connector (drive 0 and drive 1). The IDETIM and SIDETIM
Registers permit different timing modes to be programmaed for drive 0 and drive 1 of the same connector.

The Ultra DMA/33 synchronous DMA timing modes can aiso be applied to each drive by programming the
SDMACTL and SDMATIM registers. When a drive is enabled for synchronous DMA mode operation, the DMA
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transfers are executed with the synchronous DMA timings. The PIO transfers are executed using compatible
timings or fast'timings if also enabled.

P10 IDE Timing Modes

IDE data port transaction latency consists of startup latency, cycle latency, and shutdown latency. Startup
latency is incurred when a PCl master cycle targeting the IDE data port is decoded and the DA[2:0] and CSxx#
lines are not set up. Startup latency provides the setup time for the DA[2:0] and CSxx# lines prior to assertion of
the read and write strobes (DIOR# and DIOW#).

Cycle latency consists of the I/O command strobe assertion length and recovery time. Recovery time is provided
so that transactions may occur back-to-back on the IDE interface {without incurring startup and shutdown
latency) without violating minimum cycle periods for the IDE interface. The command strobe assertion width for
the enhanced timing mode is selected by the IDETIM Register and may be set to 2, 3, 4, or 5 PCl clocks. The
recovery lime is selected by the IDETIM Register and may be set to 1, 2, 3, or 4 PCi clocks.

if IORDY is asserted when the initial sampie point is reached, no wait states are added to the command strobe
assertion length. if [ORDY is negated when the initial sample point is reached, additional wait states are added.
Since the rising edge of IORDY must be synchronized, at least two additional PCI clocks are added.

Shutdown latency is incurred after outstanding scheduled IDE data port transactions (either a non-empty write
post buffer or an outstanding read prefetch cycles) have completed and before other transactions can proceed. it
provides hold time on the DA[2:0] and CSxxi# lines with respect to the read and write strobas (DIOR# and
DIOW#). Shutdown latency is 2 PCI clocks in duration.

The IDE timings for various transaction types are shown in Table 30. Note that bit 2 (16-bit I/O recovery enable)

of the ISA /O Recovery Timer Register does not add wait states to IDE data port read accesses when any of
the fast iming modes are enabled.

Table 30. IDE Transaction Timings (PCl Clocks)

IDE Transaction Type Startup ISP RCT Shutdown
Latency Latency
Non-Data Port Compatible 4 11 22 ' 2
Data Port Compatible 3 6 14 2
FastTimingMode 2 2-5 1-4 2
IORDY Masking

The IORDY signal can be ignored and assumed asserted at the first IORDY Sample Point (ISP) on a drive by
drive basis via the IDETIM Register.

P1O 32-Bit IDE Data Port Accesses

A 32-bit PCI transaction run to the IDE data address (01FOh primary, 0170h secondary) results in two back-to-
back 16-bit transactions to the IDE data port. The 32-bit data port feature is enabled for all-timings, not just
enhanced timing. For compatible timings, a shutdown and startup latency is incurred between the two 16-bit
halves of the IDE transaction. This guarantees that the chip selects will be negated for at feast 2 PC! clocks
between the two cycles.

PIO IDE Data Port Prefetching and Posting
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PitX4 can be programmed via the IDETIM registers to allow data to be posted to and prefetched from the IDE
data ports. Data prefetching is initiated whan a data port read occurs. The read prefetch eliminates latency to the
IDE data ports and allows them to be performed back to back for the highest possible PIO data transfer rates.
The first data port read of a sector is called the demand read. Subsequent data port reads from the sector are
called prefetch reads. The demand read and all prefelch reads must be of the same size (16 or
32 bits).

Data posting is performed for writes to the IDE data ports. The transaction is completed on the PCI bus after the
data is received by PliX4. PlIX4 then runs the IDE cycle to transfer the data to the drive. If the PIIX4 write buffer
is non-empty and an unrelated (non-data or opposite channel) IDE transaction occurs, that transaction will be
stalled until all current data in the write buffer is transferred to the drive.

9.4. Bus Master Function

PlIX4 can act as a PCl Bus master on behalf of an IDE slave device. Two PCl Bus master channels are
provided, one channel for each |DE connector (primary and secondary). By performing the IDE data transfer as
a PCl Bus master, PiiX4 off-loads the CPU and improves system performance in muftitasking environments.
Both devices attached to a connector can be programmed for bus master transfers, but only one channel per
connector can be active at a time.

Physical Region Descriptor Format

The physical memory reglon 1o be transferred is described by a Physical Region Descriptor (PRD). The PRDs
are stored sequentially in a Descriptor Table in memory (Figure 8). The data transfer praceeds until all regions
described by the PRDs in the table have been transterred. Note that the PiiX4 bus master IDE function does not
support memory regions or Descriptor tables located on I1SA.

Descriptor Tables must be aligned on 64-Kbyte boundaries. Each PRD entry in the-table is 8 bytes in length. The
first 4 bytes specify the byte address of a physical memory region. This memory region must be DWord aligned
and must not cross a 64-Kbyte boundary. The next 2 bytes specify the size or transfer count of the region in
bytes (64-Kbyte limit per region). A value of O in these 2 bytes indicates 84 Kbytes {thus the minimum transfer
countis 1). If bit 7 (EOT) of the last byte is a 1, It indicates that this is the final PRD in the Descnpftor table. Bus
master operation terminates when the last descriptor has been retired.

When the Bus Master IDE controller is reading data from the memoty regions, bit 1 of the Base Address is
masked and byte enables are asserted for all read transfers. The controller reads to a boundary of 64 bytes,
regardiess of byte count field of the PRD. However, only the byte count value is transferred 10 the drive. When
writing data, bit 1 of the Base Address is not masked and if set, causes the lower Word byte enables to be
negated for the first DWord transfer. The write to PCi typically consists of a 32-byte cache line, I valid data ends
prior-to end of the cache line, the byts enables are negated for invalid data.

The total sum of the byte counts in every PRD of the descriptor table must be equal to or greater than the size of
the disk transfer request. if greater than the disk transfer request, the driver must terminate the bus master
transaction (by setting bit 0 in the Bus Master IDE Command Register to 0) when the drive issues an interrupt to
signal transfer completion,
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EOT] Reserved I ByteCounms:Oﬂ/ 0

Figure 8. Physical Region Descriptor Table Entry

Operation

To initiate a bus master transfer between memory and an IDE DMA slave device, the following steps are
required:

1.

Software prepares a PRD Table in main memory. Each PRD is 8-bytes long and consists of an address
pointer 1o the starting address and the transfer count of the memory buffer 1o be transferred. In any given
PRD Table, two consecutive PRDs are offset by 8 bytes and are aligned on a 4-byte boundary.

Software provides the starting address of the PRD Table by loading the PRD Table Pointer Register. The
direction of the data transfer is specified by sefting the Read/Write Control bit. Clear the Interrupt bit and
Error hit in the Status register.

Software issues the appropriate DMA transfer command to the disk device. This includes the total amount of
data to be transferred.

Engage the bus master function by writing a 1 to the Start bit in the Bus Master IDE Command Register for
the appropriate channel. The first entry in the PRD table is fetched by PliX4. The channet remains masked
until the first descriptor is loaded.

The controller transters data to or from memory responding to the DMA requests from the IDE device. When
the last date transfer for a memory region has been completed on the |DE interface, the next PRD is felched
from the table. The controlier then begins transferring data to or from that PRD’s memory region.

The IDE device signals‘an interrupt once its programmed data count has been transferred. The IDE device
will also negate its DMA request signal, causing PlIX4 to stop transferring data. If PIIX4 has also transferred
the final data from the last PRD memory region, it will reset the BMIDEA bit in the status register and mask
the DMA request signal from the drive.

In response to the interrupt, software resets the Start/Stop bit in the command register. It then reads the

controller status and then the drive status to determine if the transfer completed successfully. See the Bus
Master IDE Status Register section for a description of controller transfer status.
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Line Buffer

A single line buffer exists for the PHIX4 Bus master IDE interface. This buffer is not shared with any other
function. The buffer is maintained in either the read state or the write state. Memory writes are typically
4-DWord bursts and invalid DWords have C/BE[3:0}#=0Fh. The line buffer aliows burst data transfers to proceed
at peak transfer rates.

The Bus Master IDE Active bit in Bus Master IDE Status register is reset automaticafly when the controller has
transferred ali data associated with a Descriptar Table (as determined by EOT bit in last PRD). The IDE interrupt
Status bit is set when the IDE device generates an interrupt. These events may occur prior to line buffer
emplying for memory writes. If either of these conditions exist, alt PCl Master non-memory read accesses to
PlIX4 are retried until all data in the line buffers has been transferred to memary.

Bus Master IDE Timings

The timing modes used for Bus Master IDE transters are identical to those for PIO transfers. The DMA Timing
Enable Only bits in IDE Timing register can be used to program fast iming mode for DMA transactions only. This
is useful for IDE devices whose DMA transfer timings are faster that its PIO transfer timings.

The IDE device DMA request signal is sampled on same PCI clock that the 1O strobe is negated. if inactive, the
DMA Acknowledge signal is negated on the next PCI clock and no more transfers take place until DMA request
is again asserted,

9.5. “Ultra DMA/33” Synchronous DMA Operation

Ultra DMA/33 is:a new physical protoco! used 1o fransfer data between an Ultra DMA/33 capable IDE controller
such as PliX4 and one or more Ultra DMA/33 capabie IDE devices. 1t utilizes the standard Bus Master IDE
functionality and interface to initiate and control the transfer. Ultra DMA/33 utilizes a “source synchronous”
signaling protocol to transfer data at rates up 10 33 Mbytes/sec. The Ultra DMA/33 definition also incorporates a
Cyclic Redundaricy Checking (CRC-18) error checking protocol. CRC-16 only has the ability for detecting errors,
not correcting them. .

Signal Descriptions
The Ultra DMA/33 protocol requires no extra signal pins on the IDE connector. it does redefine a number of the
standard IDE control signals when in Ultra DMA/33 mode. These redefinitions are :shown.in Table 31. Read

cycles are defined as transferring data from the IDE device to PlIX4. Write cycles are defined as transferring
data-from PliX4 {0 1DE device.

Table 31. Ultra DMA/33 Control Signal Redefinitions

Standard IDE Ultra DMA/33 Read | Ulira DMA/33 Write PHX4 Primary PliX4 Seconda
Signat Definition Cycle Definition Cycie Definition Channel Signal Channel Signal
DIOW# ' STOP STOP PDIOWH# SDIOW#
DIOR# DMARDY# STROBE PDIOR# SDIOR#
IORDY STROBE DMARDY# PIORDY SIORDY

The DIOWH# signal is redefined as STOP for both read and write transfers. This Is always driven by PliX4 and is

used 10 request that a transfer be stopped or as an acknowledgment to stop a request from IDE device.
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The DIOR# signal is redefined as DMARDY# for transferring data from the IDE device to PliX4 (read). It is used
by PliX4 1o signal when it is ready to transier data and to add wait states to the current transaction. The DIOR#
signal is redefined as STROBE for transferring data from PiiX4 to the IDE device (write). It is the data strobe
signal driven by P1IX4 on which data is transferred during each rising and fafling etige transition.

The IORDY signal is redefined as STROBE for transferring data from the IDE device to PlIX4 (read). It is the
data strobe signal driven by the IDE device on which data is fransferred during each rising and falling edge
transition. The JORDY signal is redefined as DMARDY# for transferring: data from PlIX4 to the. IDE device
(write). It is used by the IDE device to signal when it is ready. to transfer data and to add: wait states to the
current transaction.

All other signais on the IDE connector retain their functional definitions during Uitra DMA/33 operation.
Operation

Initial setup programming consists -of enabling and performing the proper configuration of PliX4 and the IDE
device for Uitra DMA/33 operation. For P1iX4, this conslsts of enabling Synchronous DMA mode and: setting up
appropriate Synchronous DMA timings.

When ready to transfer data to or from an 1DE device, the Bus Master IDE programming model is followed. Once
programmed, the drive and PlIX4 control the transfer of data via the Uitra DMA/33 protocol. The actual data
transfer consists of three phases, a startup phase, a data transfer phase, and a burst termination phase.

The IDE device begins the startup phase by asserling DMARQ signal. When ready 1o begin the transfer, PilX4
asserts DMACK# signal. When DMACK# signal is asserted, the host controlier drives CS0# and CS1# inactive,
DAO-DAZ low, and the IDE device drives JOCS16# inactive. For write cycles, PlIX4 negates STOP, waits for the
IDE device to assert DMARDY#, and ther drives the first data word and STROBE signal. For read cycles, PiiX4
tri-states the DD lines, negates STOP, and asserts DMARDY#. The IDE device then sends the first data word
and STROBE.

The data transfer phase continues the burst transfers with the data transmitter (P1iX4 writes, IDE device reads)
providing data and toggling STROBE. Data is transferred (latched by receiver) on each rising and falling edge of
STROBE. The transmitter can pause the burst by holding STROBE high or low, resuming the burst by again
toggting STROBE. The receiver can pause the burst by negating DMARDY# and resumes the transfers by
asserting DMARDY#. PliX4 pauses a burst transaction to prevent an intemal line buffer over or under flow
condition, resuming once the condition has cleared. It may also pause a transaction if the current. PRD byte
count has expired, resuming once it has fetched the next PRD,

The current burst can be terminated by either the transmitier or receiver. A burst termination consists of a Stop
Request, Stop Acknowledge and transfer of CRC data. A Burst must first be paused as described above before
it can be terminated. PiIX4 can then stop the burst by asserting STOP, with the IDE device acknowledging by
negating DMARQ. The IDE device can then stop the burst by negating DMARQ and PHIX4 acknowledges by
asserting STOP. The transmitter then drives the STROBE signal to a high level. PilX4 then drives the CRC
value onto the DD lines and negate DMACK#, The IDE device falches the CRC value on. rising edge of
DMACK#. PlIX4 terminates-a burst transfer if it needs to service the opposite IDE channel, if a Programmed 1/O
(P10) cycle is executed to the IDE channel currently running the burst, or upon transferring the last data from the
final PRD.

CRC Calculation

Cyclic Redundancy Checking (CRC-16) is used for error checking on Ultra DMA/33 transfers. The CRC value is
caiculated for all data by both PlIX4 and the IDE device over the duration of the Ultra DMA/33 burst transfer
segment. This segment is defined as all data transferred with a valid STROBE gdge from DDACK# assertion to
DDACK# negation. At the end of the transfer burst segment, PlIX4 drives the CRC value onto the DD{15:0]
signals. it is then latched by the IDE device on negation of DDACK#. The IDE device compares the PliX4 CRC
value to its own and reports an error if their is a mismatch.
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Synchronous DMA Timings

The timings for Ultra DMA/33 are programmed into the Ultra DMA/33 Timing Register. The programmable
timings include Cycle Time (CT) and Ready to Pause (RP) time. The Cycle Time represents the minimum pulse
width of active data strobe (STROBE) signal. The Ready o Pause time represents the number of PCI clocks
PlIX4 waits from negation of DMARDY# to the assertion of STOP when it desires to stop a burst read
transaction.

10.0. USB HOST CONTROLLER FUNCTIONAL DESCRIPTION

PHiX4 contains a USB Host Controlier {(HC). The Host Controller includes the root hub with two USB ports. This
permits connection of two USB peripheral devices directly to PliX4 without an external hub. if more devices are
required, an external hub can be connected to either of the built-in ports. The USB’s PCI configuration registers
are located in function 2, PCI configuration space. The PIIX4 Host Controller completely supports the standard
Universal Host Controller Interface (UHCI) and thus, takes advantage of the standard software drivers written to
be compatible with UHCH. Figure 9 shows a conceptual view of a USB system. UHCI consists of two parts—
Host Controfler Driver {MCD) and Host Controller {(HC). The Host Controller interfaces to the USB system
software in the host via the HCD. The HCD softwara manages the Host Controller operation and is responsible
for scheduling the traffic on USB by posting and maintaining transactions in system memory. HCD is part of the
system software and is typically provided by the operating system vendor. HCD provides the software fayer
between the PliX4's Host Controlier and the USBD software layer (also located in the operating system). The
UHCI's HCD softwars interprefs requests from the USBOD and builds Frame List, Transfer. Descriptor, Queue
Head, and data buffer data structures for the Host Controller. The data structures are built in system memory
and contain all necessary information to provide end-to-end communication between client scftware in the host
and devices on the USB. '

The PilX4's Host Controller moves data between system memory and devices on the USB by processing these
data structures and generating the transaction on USB. The Host Controller executes the schedule lists
generated by HCD and reports the status of transactions on the USB to HCD. Command execution includes
generating serial bus token and data packets based on the command and initiating transmission on USB. For
‘commands that require the Host Controller to receive data from the USB device, the Host Controller receives the
data and then transfers it to the systemn memory pointed to by the command. The UHCI's HCD provides
sufficient commands and data to keep ahead of the Host Controller execution and analyzes the results as the
commands are completed.

For additional information on the functionality of PlIX4 USB Host Controller, refer to the Universal Host Controiler
Interface (UHC!) Design Guide, Revision 1.1 available from Intel Literature Center with order number 297650-
002. Note that the UHC! Design Guide refers to USB ports 1 and 2. The PIIX4 USB ports are ports 0 and 1
respectively.

Additions to the PliX4 USB interface beyond UHCI, revision 1.1 include support for over-current detection on

USB ports 0 and 1. f an over-current condition is detected on a USB port, that port will be disabled. Bits 10:11 in
each Port Status and Control register are used o report over-current conditions.
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Figure 9. USB System Conceptual View
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11.0. POWER MANAGEMENT FUNCTIONAL DESCRIPTION

11.1. Power Management Overview

The PliX4 power management function provides a wide range of capabillities and configuration options allowing a
system designer to implement a wide range of power saving modes.

PliX4 provides for four main areas of power rhanagement:

» Clock Control and Processor Complex Management

» Peripheral Device Management

* System Management {SMi Generation, System Management Bus)
« System Suspend and Resume

PliX4 uses several mechanisms to help the power management software initiate and manage the transitions
between the power managed states. These include system-wide and penpheral event monitors to identily idle
and wake-up conditions, Intel's System Management interrupt (SMI#) suppori, Advanced Power Management
(APM) 1.2 interface, Pentium and Pentium |l processor STPCLK# and SLP# Clock Control, Suspend/Resume
Hardware, and: System Management Bus. PiX4 supports the Advanced Configuration and Power Interface
(ACP1) specification.

System power management functions under a combination of both hardware and software control, The software
consists of System Management Mode (SMM) BIOS for legacy control and Operating System {OS) for ACPI.

The basic operation consists of software setting up the desired configuration and power management mode and
corresponding power savings level. The hardware then performs the necessary actions to maintain the power
mode. PIIX4 also manitors the system for events which may require changing the system powear mode. When

one of these events is detected, PlIX4 informs the software, which makes the decision to change power modes.

This is done by a System Management interrupt (SMi#} for legacy SMM BIOS or a-System Cantral Interrupt .
(SCI) for ACPI OS.

Brief descriptions of primary power management functions follow. More complete descriptions are provided later
in this section.

Clock Control: When the operating sysiem, application program, or sysiem software is not performing useful
work, the processor complex (Processor, Host Bridge, DRAM, L2 Cache) does not need to be executing cycles
and, therefore, can be placed in a Standby mode.

» Fiexible STPCLK# Mechanism for Host Clock Control *
e Throttling: STPCLK# Duty Cycle Control for Low Frequency Emulation
« Stop Grant State: With Processor Clock input RUNNING
s  Stop Clock State: With Processor Clock input STOPPED
* Clock Wake-up (Clock Break Events) from Interrupts, Device Monitors, Bus Activity.
* Burst Mechanism for Hardware-Controlied Return to Standby
» Fast and Slow Burst timers
e PCl Clock Control (CLKRUN#) is independent from Host Clock Control.
¢ SRAM ZZ mode for L2 power management during Standby.
« Therma! Management Input for Clock Throttling during critical thermal condition.

Peripheral Device Management: Peripheral device resources are monitored to detect when a specific
device is idle. PlIX4 then informs system power management software, which can place that individual device
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into a power managed condition {such as Local Standby or Powered Off). Accesses targeting that device are
then monitored. When detected, an SMI# is generated to allow the software to restere the device to
operation.

» 14 distinct device monitors and idle timers for various system devices
«  Four generic device monitors
« Can monitor devices on PCI or ISA bus
* Can monitor General Purpose Inputs

o /O SMi# traps with I/O cycle restart timing

e Device address ranges can be used to forward cycles to ISA bus

System Management: In addition to individual devices, PIX4 provides capabilities to monitor other events
within the system, including an external power button, notebook lid or other type of switch, global system activity,
thermal atarm input, countdown timers, and SMBus message generation and receipt. These events can generate
an SM! to the processor allowing the software to manage system as necessary.

System Suspend: Once the power management software has determined that the system is fuily idle or that a
critical system event has occurred, it can place the system into a suspend state, which allows for increased
power savings. The software configures PiIX4 for the type of suspend, types of resume or Wake-up events, and
then PliX4 automatically transitions the system into suspend. When an enabled resume event is detected, PliX4
automatically restores the system to operation.

+ Three suspend states
s Power-on-Suspend (POS) with three system reset options
s Suspend-to-RAM (STR)
s Suspend-to-Disk (STD) or Soff Off (SOff)

e  Global Standby Timer {also active during suspend} to monitor for overall system idleness and as
a resume timer

¢ Power Bution Input (PWRBTN#)
« Override feature forcing immediate transition to Soft Off
« Battery Low indication pin (BATLOW#)
« Shadow registers for standard AT write only registers to save and restore system state information
* “Resume Well” to monitor wake-up events during suspend
» Resume power and reset sequencing

11.2. Clock Control

PliX4 provides the ability to separately control the system Host clocks and PCI clocks. The Host Clock Control
primarily uses the procassor clock controf features, but adds unique capabilities to allow for more fiexible and
robust power management. it supports both the:Pentium processor Stop Grant and Stop Clock states, as well as
the Pentium ! processor Stop Grant and Sleep states or Quick Start and Deep Sleep states. The PCi Clock
Control foliows the Clock Run mechanism as described in the PCI Mobile Design Guide. An example system
configuration is shown in Figure 10. )

11.2.1. HOST CLOCK CONTROL MECHANISMS

PlIX4 support four primary Host Clock Control Mechanisms, with three types of variations. System events can
be monitored to break out of clock control modes or to generate burst execution. Software enables clock control
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by setting {CC_EN] bit along with other optional control bits. Table 32 details register bit settings required to
place the PlIX4 clock control into the various modes of operation. Figure 11 and Figure 12 give examples of

various clock control conditions.

« Primary Mechanisms
s Stop Grant or Quick Start
e Sleep
» Stop Clock
e Deep Sleep
* Variations
« Manual Throttle
s Thermal Throttle

82371A8 (PliX4)
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Table 32. Clock Control Programming Modes

Clock Controt Mode Register Read CC_EN STP_CLK_EN SLEEP_EN | THT_EN
Thermal Throttle X X X | X
Disable Clock Control 0 X X X
Stop Grant/Quick Start Lvi.2 1 X X 0
without Throttle
Stop GranQuick Start LviL2 1 X X 1
with Throtle
Reserved LVL3 1 0 0 X
Sleep LVL 3 1 0 1 X
Stop Clock LVL 3 1 1 0 X
Deep Sleep LVL3 1 1 1 X
Enable Burst Execution’ LvL3 1 X X X

NOTES: .
1. gusrzi.execuﬁon is enabled for any of the above modes (except disabled and thermal throttle) if BRST_EN bit

Stop GRANT or Quick Start State: Initiated by a read to the LVL2 register, the STPCLK# signal is asserted
and PIIX4 waits for the processor to issue a Stop Grant bus cycle. When Stop Grant cycle is terminated, PliX4
asserts the ZZ pin to the L2 SRAM, if the [ZZ_EN] bitis set. PlIX4 does not assert-the CPU_STP# signal and the
Host clocks remain running in this state. In this state, the processor disabies clocks to portions of its internal
logic, but is able to sncop host bus cycles in order to maintain cache coherency. To exit this state, PliIX4 negates
the ZZ signal {if applicable) and then negates STPCLK#.

Sieep State: Initiated by a read to the LVL3 register, the STPCLK# signal is asserted and the processor issues
a Stop Grant bus cycle. When Stop Grant cycle is terminated, PlIX4 asserts the ZZ pin to the L2 SRAM if the
[ZZ_EN] bit is set and after 50 PC! clocks asseris the SLP# signal. PliX4 does not assert the CPU_STP# signal
and the Host clocks remain running in this state. in this state, the processor disables clocks to portions of its
interal logic. The processor does not snoop host bus cycles and system designers must ensure that no host
cycles to main memory are executed by other system masters. Disabling of the PCi arbiter is a method used by
the Host Controller, for example. To exit this state, PlIX4 negates the SLP# signal. waits approximately 32 us
and then negates the ZZ signal (if applicabie); two PCI clocks later STPCLK# is negated.

Stop CLOCK State (Pentium Il processor only): Initiated by a read to the LVL3 register, the STPCLK# signal
is asserted and the processor issues a Stop Grant Bus Cycle. When Stop Grant cycle is terminated, PlIX4
asserts the ZZ pin to the L2 SRAM if the [ZZ_EN] bit is set, asserts the SUS_STAT 1# signal to Host Bridge to
enable Suspend Refresh for the DRAM, and then asserts the CPU_STP# signal to the clock synthesizer. The
Host clocks stop running in this state. The processor does not snoop host bus cycles and system designers
must ensure that no host cycles to main memory are executed by other system masters. To exit this state, PlIX4
negates the CPU_STP# signal. At this time PIIX4 loads the Fast Burst Timer (s@e below) with the [CPU_LCK]
value and count down allowing time for the processor PLL to lock. After the timer expires, PiIX4 negates the
SUS_STAT1# signal, the ZZ signal (if applicable), and finally STPCLK#.

Deep Sleep State (Pentium Il processor oniy): Initiated by a read to the LVL3 register, the STPCLK# signal is
asserted and the processor issues a Stop Grant Bus Cycle. When Stop Grant cycle is terminated, PliX4 asserts
the ZZ pin to the L2 SRAM if the [ZZ_EN] bit is set, asserts the SLP# signal, asserts the SUS_STAT1# signal to
Host Bridge to enable Suspend Refresh for the DRAM and then asserts the CPU_STP# signal to the clock

1998 Platform Components Databook



intgl.

synthesizer. The Host clocks stop running in this state. The processor does not snoop host bus. cycles and
system designers must ensure that no host cycles to main memory are executed by other systerm masters. To
exit this state, PHX4 negates the CPU_STP# signal. Again, PlIX4 loads the Fast Burst Timer with the
[CPU_LCK] value and count down aliowing time for the processor PLL to lock. After the timer expires, PIIX4
negates the SUS_STAT1# signal, the SLP# signal, and Zz signal
(if applicable), and STP_CLK#.

System Throttle Control: If the system has been placed into the Stop Grant or Quick Start states and
[THT_EN] bit is set, PliX4 toggles the STPCLK# signal and Z2Z signal (if [ZZ_EN] set) with a period of 244 us
{approximately eight 32-kHz clock periods) and a programmable duty cycle. This system toggles between full-
speed operation and the Stop Grant or Quick Start state. The duly cycle can be set in 12.5% increments by
programming the [THTL_DTY] bits in the Processor Control (P_CNTRL) register. This emulates a reduced

frequency Host clock, resutting in associated power savings.

Thermal Throttle Control: lf the THRM# signal is asserted for greater than 2 seconds and the system is not in
a Stop Clock, Sleep, or Deep Sleep state, PlIX4 automatically starts toggling the STPCLK# signal and ZZ signal
(it (ZZ_EN] sef) with a period of 244 us and a programmable Duty Cycle. This system toggles between full-
speed operation and the Stop Grant State. The Duty Cycle can be set in 12.5% increments by programming the
[THRM_DTY] bits in the Count B (CNTB)} register. The functionality of thermal throttling is independent of
[THRM_EN] bit, which is used to enable events for other power management functions. The [THRM_DTY] field
must be programmed by the BIOS. This emulates a reduced frequency Host clock, resulting in reduced powar
and thermal output. When the THRM# signal s negated, the system retumns to clock control previously in use.

Stop Break and Burst Execution: Once the hardware has been placed info a clock control state, it can be
restored to full operation by system hardware or software. Software can restore the system to full operation by
clearing the [CC_EN] bit. Hardware evenis can be enabled to return the system fo a non-clock controlled
condition. If the [BRST_EN] bit is reset, these events are called Stop Break Events. Alternatively, if the
[BRST_EN] bit is set, these events are called Burst Events.

Stop Break events completely retumn the system to non-clock controlied state. To restore clock control, software
must set the desired clock control configuration and again perform a read from LVL2 or LVL3 registers to initiate
the control.

Burst events cause the reload of a Burst timer, which begins to count down from its loaded value. While the timer
is counting, the system retums to full clock operation. Once the burst timer expires, the system automatically
returns to the clock controlled state. P1IX4 provides two different burst timers, a fast burst timer {(which generates
a short count} and a siow burst timer (which generates a longer court).

Care must be taken before placing the system into a LVL2 or LVL3 state when the [BRST_EN] bit is set. Prior to
LVL2 or LVL3 register read, software must ensure that no external burst events are active and only
Device 3 idle timer shouid be enabled as a burst event. The Device 3 idie timer is then enabled with all reload
events disabled. The LVL2 or LVL3 register read is performed placing the system into a LVL2 or LVL3 clock
control condition. The Device 3 idle timer will then generate a burst event upon expiration. During this first burst,
the desired burst events are then enabled. Failure to follow this procedure may cause the PlIX4 to miss LVL2 or
LVL3 register reads.

The thermal throttle state is not affected by [CC_EN] bit settings, nor are any hardware Stop Break or Burst
events.

Stop Break events are the logical “OR” of Fast Burst and Slow Burst Events. If the [BRST_EN] bit is high, the
Burst events reload their associated burst timer. When the [BRST_EN] bit is low, these -events generate
a Stop Break event. The Fast Burst and Slow Burst timer and burst event programming information is
shown on next page.
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Fast Burst Timer Programming information:
Resolution: 1 ms
Count: 5 bit [FB_CNT]

Slow Burst Timer Programming Information:
Resolution: 1 sec

Count: 4 bit [SB_CNT}
Fast Burst Timer Programming Information (for PLL Lock):
Resolution: 1y or 1 ms [CPU_SEL]
Count: 5 bit [CPU_LCK]
Fast Burst Events
1RQO: [BRLD_EN_IRQO]
IRQ8: {BRLD_EN_IRQ8]
NMI, INIT, IRQ[1,3:7,9:15): [BRLD_EN_IRQ]
PC! Bus Master Activity: [BRLD-_EN_8M]
Device 0-13 Monitors: [BRLD_EN_DEVx] x=1-13
Slow/Fast Burst Select: [BRLD_SEL_DEVx] x=1-3, 5
PCH Activity (FRAME# Assertion): [BRLD_EN_PCH}
GPI1 Asserted: {BRLD_EN_PME]
LID Asserted: [BRLD_EN_PME]
— Polarity Select: [LID_POL}
PWRBTN# Asserted: [BRLD_EN_PME]
SMi# Event: [BRLD_EN_PME]
Siow Burst Events
Device 0-13 Monitors: [BRLD_EN_DEVX] x=1-3,5
Slow/Fast Burst Select: [BRLD_SEL_DEVx] x=1-3, 5
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Figure 11. Clock Control Mechanisms (NON-Burst)
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Figure 12. Clock Control Mechanisms (with BURST Enabled)

1122,  STOP CLOCK AND DEEP SLEEP STATE EXAMPLE SEQUENCE

The Stop Clock Mode requires special consideration to aliow the processor PLL to stabilize before starting any
activity that would require the processor to snoop its internal cache. The following is an example of system
transition into and out of Stop Clock. Figure 13 shows an example timing diagram. The numbers shown in braces
{} below correspond to the numbers shown in Figure 13.

Entering the processor Stop Clock State:

+ Software sets PliX4 for the appropriate Clock Control Mechanism.

e Software disables the PCI arbiter in the Host Bridge.

s Software sets PliX4 to enable the Stop Clock Mode by reading LVL3 Register.

» PliX4 asserls STPCLK# pin.

+ Processor accepts STPCLK# interrupt, flushes buffers, sends the STOP GRANT bus cycle.

+ The Host Bridge forwards Stop Grant bus cycle to PCI bus and does PCl Master Abort.

+ The Host bridge completes the Stop Grant bus cycle by returning an RDY# (BRDY#) to the processor.

* Processor gates the intemal clocks to the processor core and enters the Stop Grant state. PliX4 asserts the
ZZ pin to the SRAM if the [ZZ_EN] bit is set.
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PliX4 waits up to 2-32-kHz clock periods after receiving the Stop Grant Bus Cycle to aliow the Host Bridge
to complete pending cycles to DBAM. PliX4 then asseris the SUSTAT1# signal i the MHost
Bridge {1}.

PiiX4 waits an additional 32-khz clock period while the Host Bridge switches from Normal Refresh to
Suspend Refrash, then assents the CPU_STP# signal to the clock synthesizer which stops the Host clock to
the processor, host bridge, 1.2 SRAM, and SDRAM. The processor is.now in the Stop Clock State {3}.

The processor will stay in this state until a Stop Break or Burst Event occurs.

Leaving the processor Stop Clock State:

A Stop Break or Burst Event occurs.
PliX4 negates the CPU_STP# signal to the clock synthesizer to start the Host clocks.

PliX4 waits for the processor PLL to start and lock {about 1 ms + 1 32-khz period) then negates the
SUS_STAT1# signal {4}. The Host Bridge will switch from Suspend Refresh fo Normal Refresh after the
SUS_STAT1# signal is negated.

PIiX4 waits up to 2-32-kHz periods and then negates the STPCLK# signal {5}. If the ZZ signal was enabled,
PiiX4 will negate the ZZ signal a minimum of 2 PCI clocks before the STPCLK# signal is negated {8}.

Processor returns 1o the On state and resumes normal execution.
Software re-enables the Host Bridge PCI Arbiter.

NOTE

PCI masters must not be granted the bus befare the processor is ready to snoop the PCi cycles
(STPCLK# negated). Therefore, when the system enters the Stop Clock State the PCl Arbiter (Host
Bridge) must be disabled. When the PCI arbiter is disabled any request to the arbiter (REQ# or PHOLD#
from PiiX4) should generate an SMIi# so that power management software. can re-enable the atbiter.
These requests can be trapped using the Device 8 (LPT) Peripheral Device Monitor,
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Figure 13. Stop Clock Example

11.2.3. PCI CLOCK CONTROL

PliX4 manages the PCI Clock Control through the CLKRUN# protocol as specified by the PCI Mobile Design
Guide Rev 1.0. PlIX4 acts as the CLKRUN# Central Resource.

If the [CLKRUN_EN] bit is set in the Clock Control Register, PIX4 requests to stop the PC! Clock if the bus has
been idle for 26 PCi Clocks. PiiX4 asserts the PCI CLKRUN# signat high for four clocks. If no other device in the
system denies the request to stop before the 5th PCI clock, then PiIX4 asserts the PCI_STP# signal to the clock
synthesizer to gate the PCI Clocks to the system.

PiIX4 should always receive a PCl clock even after the clocks have been stopped to the rest of the system. The
clock synthesizer must have one non-gated PCI clock signal routed to PiIX4. The clock synthesizer must follow
the timing diagrams shown in Figure 18 and Figure 19 for stopping and starting the PCI clocks.

11.3. Peripheral Device Management

The PliX4 Peripheral Device Management mechanisms provide means to detect an idle peripheral device and o
trap accesses to a peripheral device that has been powered down. Device activity can aiso reload the Globa!
Standby Timer or can generate a Clock Control Stop Break or Burst Event. Device Accasses (/O or Memory)
are monitored from the PCI bus. For devices that sit on the ISA Bus, these accesses can be forwarded to the
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ISA Bus. PliX4 contains 14 separate device monitors, each capable of detecting activity for a different type of

device. Figure 14 illustrates the logic associated with each device monitor.

Device
Access
Re-Load Idle Timer SMi#
(for each device)
(1’0, Mem)

Global Timer Re-Load

DACK# Clock Break/Burst Timer Reload

S » [ldie Status]

To Clock Control

I GPt Trag Swig
(for each device)

Forward Cycle to EIO Bus

>
>

-»[Trap Status])

(With/DEVSEL# for /O Re-Start)

dev_mon

Figure 14. Device Monitoring Logic

11.3.1. DEVICE IDLE TIMER

Each Device has an Idle Timer {except Device 12 and 13) that can be reloaded by activity on that device.
Individual device monitors are configured to monitor a specific type of device, such as an {DE hard drive or the
audio subsystem. Activity indication is specific to each device and can include the following:

« Device Access. Specific /O or Memory ranges associated with that device are monitored on the PCI bus.
Most devices have multiple options to allow for a wide range of system configurations.
+ DMA Acknowledge. DACK# used for DMA transfers by the device, if applicable (Audio, Floppy, LPT).

« General Purpose Input. Most device monitor can waich for assertion of a specific General Purpose Input
(GP1) pin. Each GP! signal can have its assertion polarity modified to be high or low. Two GP! signals

(device 12 and 13} can also be enabled for edge transition detection.

« System Activity. Miscellaneous activity such as Keyboard or Mouse interrupt, PCI bus Master activity, or
PCI bus utitization (used to monitor for graphics activity) may be monitored for specific devices.

A device access, DACK# assertion, or GPi signal can be enabied to reload the device's Idle Timer as well as to

reload the Giobal Standby Timer or the Fast Burst or Slow Burst Timers.

Some of the device monitors can serve multiple functions. For example, the Device 3 IDE Secondary {DE Drive
1 monitor can also te enabled as a programmable Software Timer. The Device 8 LPT monitor can be enabled to

monitor parallel port activity or PCI Bus Master activity.

When the Idle Timer expires (due to no reload activity}, an idle Status bit is set and an SMi# is generated if
enabled. The power management software can then place the idle device into a power managed condition. The
idie timers stop counting when the [SM_FREEZE] bit is set. This can be used to keep the idle timers from

counting down when the system is executing an SMi routine.
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11.3.2. '~ DEVICE TRAP

Each device monitor can enable an 10 Trap so that when software makes an access to the enabled /O or
memory range a Trap Status bit is set and an SMi# is generated if enabled. The 1/O trap SMi# is synchronous to
the completion of the /O instruction in the processor. The /O instruction is completed when the BRDY# is
returned to the processor. PiIX4 coordinates the assertion of SMi# to the processor with the generation of
BROY# to the processor from the Host Bridge such that the SMi# is generated at least
3 HCLKs before Ready is generated. This allows the processor to perform an 1O restart cycle. if the device to be
trapped is a PCl device, PliX4 must be enabled to claim the cycle so that the SMi# can be generated
synchronously. The device should be programmed to send the /O access cycle to the 1SA bus where it is
terminated nommatly (although read cycles will retum unknown data).

11.3.3. PERIPHERAL DEVICE MANAGEMENT SEQUENCE
Following is a brief description of the peripheral device power management process.

* Setup: The system’s power management software initializes the access 1/O address ranges and the Idle
Timer counter for each peripheral device. '

» On-to-Off Transition: When power management softiware enables the Idle Timer for that device, the Idle
Timer begins to count down. Any access to a peripheral device’s I/O address (also DACK# or GP1 assertion
if enabled) reloads that device's Idle Timer. i the peripheral device's Idle Timer expires, the idle Status bit is
set, and an SMI# is generated. The power management software (SMi# handier) identifies the device by the
status bit, then puts the peripheral device into a low power state, disables the Idie Timer hardware, and
enables the I/O Trap hardware.

» Off-to-On Transition: When the system requires an l/O access to that device range, the access is frapped,
an SMI# is generated, and the corresponding /O Trap SMI status bit is set. The power management
software determines which device was accessed, restores the peripheral device to the “on” state, clears the
Trap SMi status bits, and then enables the Idle Timer hardware. The processor then issues an /O restart to
access the device again.

11.3.4. DEVICE LOCATION ON PCI BUS OR ISA BUS

Most of the peripheral devices have the capability fo exist on the PCI Bus or the ISA/EIO Bus. However, PHiX4
does not support RTC or Keyboard Controller o be resided on the PCI Bus. The Device Activity Monitor is
watching cycles on the PCI bus to generate activity events. The davice monitors also can be enabled to forward
cycles to the device’s enabled addresses to the 1SA bus. Devices that reside on the ISA Bus must have both
address ranges selected and enabled AND the ISA/EIO forwarding enabled.

PCl accesses to external IDE devices on the PCI bus do not generate power management events (ldle timer
reloads, global standby timer reloads, burst timer reloads, /O traps). Power management of extemal
PCl-based IDE devices must use other means to monitor the activity of those devices. On next page are the
following methods for system BIOS to use to monitor extemal PCl-based IDE devices:
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1. If there is a need to monitor accesses to the IDE controller to keep the giobal standby timer from expiring,
then the IRQs should be enabled (GRLD_EN_IRQ) as a reload event for the global standby timer.

2. Ifthere is a need to monitor an external IDE controller for idleness, use the following algorithm

a. Disabte the external IDE controller. Set the P11X4 to trap on the IDE access and enable the intemal IDE
controller.

b. When the SMI is generated, the idle timer can be started, the internal IDE confroller disabled, and the
instruction redone to the external IDE controller. The IDE device is then assumed to be active during idie
timer count down.

¢. When the idle timer times out, an SMI is generated and the PlIX4 should again be set to trap, the
external IDE device disabled, and the idle timer started.

d. If the idle timer times out before the trap occurs, then the external IDE controller is idle and can be put
into a lower power mode. The PlIX4 is then set up to trap as in number 3; below,

e. Ifthe trap occurs first, the IDE device is not idle. The BIOS then retums to step b, above.

3. If there is a need to perform /O trapping on an external IDE controller, set the PHiX4 to trap on the IDE
access and enable the PlIX4 intemal IDE controller. When the SMI is generated, the intemal IDE controlier
can be disabled, the external controller enabled, and the 1/O cycle restarted,

Table 33. Periphera! Device Overview

Device Access Reload
Peripheral Device Access Address DACK# GPI Idle Timer | Global | Fast | Slow
Count | Standby | Burst | Burst
0. Primary IDE 1FCh-1F7h IDE CNT-A X X
Drive 0 3F6h PDDACK#
1. Primary IDE 1FOh-1F7h IDE GPI5 CNT-A X X X
Drive 1 3F6h PDDACK#
2. Secondary IDE | 170h~177h IDE GPI6 CNT-A X X X
Drive 0 376h SDDACK#
3. Secondary IDE | 170h-177h IDE GPIO SWCNT X X X
Drive 1 376h SDDACK#
(Software SMI
Timer)
4. Audio 300h-303h MIDI any/all: GPI13 CNT-B X X
310h-313h MIDI
320h-323h MIDI DACK|x]#
330h-333h MIDI 01,3567
200h—207h GAME
388h-38Bh ADLIB
'220h—-233h SB-8/16
240h—-253h SB-8/16
260h—273h SB-8/16
280h—293h 5B-8/16
530h-537h MSS
604h-60Bh MSS ! s
E8Ch-E87h MSS
F40h~F47h MSS
5. FDD 3FOh-3F5h, 3F7h DACK2# GPI14 CNT-B X X X
370h-375h, 3F7h
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Table 33. Peripheral Device Overview

Device Access Reload
Peripheral Device Access Address DACK# GPI idle Timer | Global | Fast | Siow
Count | Standby [ Burst | Burst
6. Serial A 3F8h-3FFh COM1 GPI15 CNT-B x x
(Modem) | 2F8h-2FFh COM2
220h-227h
228h—22Fh
238h-23Fh
2E8h-2EFh COM4
338h-33Fh
3E8h-3EFh COM3
7. Seriai B (iR) 3FB8h~3FFh COM1 GPi16 CNT-B X X
2F8h-2FFh COM2
220h-227h
228h—-22Fh
238h-23Fh
2E8h—2EFh COM4
338h-33Fh
3E8h~3EFh COM3
8. LPT LPT_DEC_SEL:3 one of: GPI17 | BM_CNT X X
0,0=3BCh-3BFh,
78Ch-7BEh, DACK[x#
0,1=378h~37Fh, 0.1.3
778h-77Ah,
1,0=278h-27Fh,
678h—67Ah,
(8.) Bus Master PCIREQ[A:D}#, Devs X X
Activity ; PHOLD# Timer
9. Generic I/O 16-byte I/O range GPl4 CNT-C X X
Range 0
10. Generic YO 16-byte /O range GPI18 CNT-C X X
Range 1
11. User Interface | 1M to 8M Mem range GPI19 | CNT-D X X
Graphics AQDOOCh~BFFFFh
Keyboard 3BOh~3DFh VGA
Mouse 60h, 64h
PCI Utilization | IRQO, IRQ12/M
12. CARDBUS 0 | 16-byte I/O range GPI20 X X
32-KB—4-MB Mem
range
16-byte /O range GPi21 X X

13. CARDBUS 1

32-KB-4-MB Mem
range
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11.3.5. DEVICE SPECIFIC DETAILS

For each device monitor, the system events which. can cause actions such as timer reloads or IO traps are
listed. The power management resources affected by these events are also listed. The names of register bits
which are programmed to enable power management resources or status bits set when events occur are shown
in brackets for each item. More specific information can be found in the register bit descriptions.

11.3.5.1. Device 0: IDE Primary Drive 0

Device 0 monitors only the Primary IDE device, drive 0. The IDE device DRV bit (bit 4 of port 1F6h) is
shadowed to determine if drive 0 is active on the primary connector.

Device 0 System Events:
-— PCl accesses to IO address 1F0-1F7h, 3F6h, independent of IDE enable in PCi
function 1, if IDE drive 0 is active. This allows monitoring of devices on PCl or ISA bus.
This can cause idie, burst, or global standby timer reloads or 10 trap SMI#.
— PDDACK# assertion if primary IDE drive 0 is. active and BMIDE is active for primary
connector. This can cause only idle, burst and global standby timer reloads.
— There are no General Purpose Inputs associated with Device 0.

Device 0 idie Timer:

Resolution: 1,second or 8 second [IDL_SEL_DEV(Q]
Count: 4 bit [IDL_CNTA]
Device 0 Idle Timer Reload: [iIDL_EN_DEV0]
Global Standby Timer Reload: [GRLD_EN_DEV0]
Burst Timer Reload {Slow Burst Only):[BRLD_EN_DEVO0]
Idle Timer Expiration SMI#: [IDL_EN_DEVO] [IDL_STS_DEVO)]
10 Trap SMl#: [TRP_EN_DEV0] [TRP_STS_DEVO(]
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11.3.5.2.

11.3.5.3.

Device 1: IDE Primary Drive 1

Device 1 monitors the Primary IDE device, drive 1 and GPI5. The IDE device DRV bit (bit 4 of port
1F6h) is shadowed to determine if drive 1 is active on the primary connector.

Device 1 System Events:

— PCI accesses to 10 address 1F0-1F7h, 3F6h, independent of IDE enable in PC!
function 1, if IDE drive 1 is active. This can cause idle, burst or global standby timer

reloads or 1O trap SMI#.

— PDDACK# assertion if primary IDE drive 1 is active, the 1DE interface is configured as
primary and secondary and BMIDE is active for primary channel. This can cause only
idle, burst,. and global standby timer reloads.

— Assertion .of GPI5. The polarity of active signal (high or low) is selectable. This can
cause idle, burst, or global standby timer reloads or 1O trap SMi#.

Device 1 idle Timer:
Resolution: 1 second or 8 second
Count: 4 bit
GPl Enable:
GP! Polarity Select:
Device 1 idie Timer Reload:
Global Standby Timer Reload:
Burst Timer Reload:
Fast or Slow Burst Select:

[IDL_SEL_DEV1}
[IDL_CNTA]
[GPI_EN_DEV1]
[GPI_POL_DEV1]
[IDL_EN_DEV1)
[GRLO_EN_DEV1]
[BRLD_EN_DEV1)
[BRLD_SEL_DEV1]

{die Timer Expiration SMi#: [IDL_EN_DEVY] {IDL_STS_DEV1]
Trap SMi#: [TRP_EN_DEV1]  [TRP_STS_DEV1]
Device 2: IDE Secondary Drive 0 :
Device 2 monitors the Secondary IDE device, drive 0 and GPI6. The IDE device DRV bit (bit 4 of port
176h) is shadowed to determine if drive 0 is active on the secondary connector.
Device 2 System Events:

~— PCI accesses to 10 address 170-177h, 376h, independent of IDE enable in PCl
function 1, if secondary IDE drive 0 is active. This can cause idle, burst, or global
standby timer reloads or 1O trap SMI#.

-— SDDACK# assertion if secondary IDE drive 0 is active, the IDE interface is configured
as primary and secondary and BMIDE is active for secondary channel. This can cause
only idle, burst, and global standby timer reloads.

- Assertion of GPi6. The polarity of active signal (high or low) is selectable. This can
cause idle, burst, or global standby timer refoads or {C trap SMi#.

Device 2 Idie Timer:
Resolution: 1 second or 8 second [IDL_SEL_DEV2]
Count: 4 bit [IDL_CNTA]
GPl Enable: [GPI_EN_DEV2]
GPI Polarity Select: [GPi_POL_DEV2]
Device 2 Idie Timer Reload: {IDL_EN_DEV2]
Global Standby Timer Reload: [GRLD_EN_DEV2]
Burst Timer Reload: [BRLD_EN_DEV2]

Fast or Slow Burst Select: [BRLD_SEL_DEV2]

Idie Timer Expiration SMi#: [IDL_EN_DEV2] [IDL_STS_DEVZ]
Trap SMi#: [TRP_EN_DEVZ] [TRP_STS_DEV2]

intel.
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11.3.5.4. Device 3: IDE Secondary Drive 1

82371AB (PliX4)

Device 3 monitors the Secondary IDE device, drive 1 and GPI0. The IDE device DRV bit (bit 4 of port
176h) is shadowed to determine if drive 1 is active on the secondary connector. Device 3 can also be
used as a Software SMi# Timer. It has a configuration bit fo disable the 'Idle Timer Reload so that the
timer can be allowed to expire based only on the timer count. ’

Device 3 System Events:

— PCl accessas to 10 address 170-177h, 376h, independent of IDE enable in PCI
function 1, if secondary IDE drive 1-is active. This can cause idle, burst, or global
standby timer reloads or (O trap SMl+#. '

— "SDDACK# assertion:if secondary IDE drive 1 is active, the IDE interface is configured
as primary and secondary and BMIDE is active for secondary channel. This can cause
only idie, burst, and global standby timer reloads.

— Assertion of GP10. The polarity of active signal (high or low) is selectable. This can
cause idle, burst, or global standby timer reloads or 1O trap SMi#.

Device 3 idie Timer:
‘ Resolution: 1 msec or 8 sec
Count: 4 bit
GP1 Enable:
GPI Polarity Select:
Device 3 Idie Timer Reload:

Idie Timer Reload Disable (SW):

Giobal Standby Timer Reload:
Burst Timer Reload:

Fast or Slow Burst Select:
Idie Timer Expiration SMi#:
Trap SMi#:
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[IDL_SEL_DEV3]

[SW_CNT]

[GPI_EN_DEV3]

(GPI_POL_DEV3]

[IDL_EN_DEV3]
[IDL_RLD_EN_DEV3]
[GRLD_EN_DEV3]
[BRLD_EN_DEV3]
(BRLD_SEL_DEV3]

DL_EN_DEV3]  [IDL_STS_DEV3]
[TRP_EN_DEV3] [TRP_STS_DEV3)
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11.3.5.5.

Device 4: Audio

Device 4 monitors an audio subsystem and GPI13. The available address ranges encompass the
following types of audio devices, 8/16-bit Sound Blaster, standard Game Port, ADLIB music
synthesizer, Microsoft Sound System, and MID!. The actual address ranges selectable for each type
is shown below.

Device 4 System Events:

— PCl accesses to any of the enabled 10 addresses (ses below). This can cause idle,
burst, or global standby timer reloads, 10 trap SMI#, or forwarding of the cycle from PCl
to ISA.

— DACKx# assertion (x=0,1,3,5,6,7) if enabled (see below). This can cause only idle,
burst, and giobal standby timer reloads.

— Assertion of GPI13..The polarity of active signal (high or low} is selectable. This can
cause idle, burst, or global standby timer reloads.

Device 4 Address Ranges:

Sound Blaster 8/16: 220-22Fh, 230-233h or [SB_EN]
240-24Fh, 250-253h or [SB_SEL]}
260-26Fh, 270-273h or
280-28Fh, 290-293h

Game Port: 200~-207h [GAME_EN]

ADLIB Synthesizer: 388-388h [SB_EN]

Microsoft Sound System: 530-537h or [MSS_EN]
604-60Bh or [MSS_SEL]
E80-E87h or
F40-F47h ;

MiDE: 300-303h or {MIDI_EN]
310-313h or [MIDI_SEL]
320-323h or
330-333h

Device 4 Idle Timer:

Resolution: 1 second

Count: 5 bit [IDL_CNTB]

GPI Enable: [GPI_EN_DEV4}

GPI Polarity Select: [GPI_POL_DEV4]

DACKx# Enables: [DACKx_EN_DEV4] where x=0,1,3,5,6,7
Device 4 ISA Forwarding Enable: [EIO_EN_DEV4]

Device 4 idle Timer Reload: (IDL_EN_DEV4]

Global Standby Timer Reload: [GRLD_EN_DEV4]

Burst Timer Reload (Fast Burst Only): [BRLD_EN_DEV4]}

idle Timer Expiration SMi#: [IDL_EN_DEV4} [IDL_STS_DEVA4]
Trap SMi#: [TRP_EN_DEV4] ([TRP_STS_DEV4)
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11.3.5.6. Device 5: Floppy Disk Drive
Device 5 monitors accessses to Floppy Drive Controller or GP114.

Device 5 System Events:

— PCl accesses to 10 addresses for the floppy drive, selectable below. This can cause
idie, burst, or globat standby timer reioads, 10 trap SMi#, or forwarding of the cycle from
PClto 1SA.

- DACK2# assertion if enabled (see below). This can cause only idle, burst, and global
standby timer reloads.

— Assertion of GPI14. The polarity of active signal thigh or low} is selectable. This can
cause idle, burst, or global standby timer reloads.

Device § Address Ranges:
Floppy Drive: 3F0-3F5h, 3F7h or [FDC_MON_EN]
370-375h, 377h [FDC_DEC_SEL]
Device 5 idle Timer:
Resolution: 1 second
Count: 5 bit [IDL_CNTB]
GPI Enable: [GPI_EN_DEVS)
GPI Polarity Seiect: [GPI_POL_DEV5]
DACK2# Enable: [RES_EN_DEV5]
Device 5 ISA Forwarding Enable: [EIO_EN_DEVS])
Device 5 Idle Timer Reload: [IDL_EN_DEVS]
Global Standby Timer Reload: [GRLD_EN_DEV5]
Burst Timer Reload: [BRLD_EN_DEVS5]
Fast or Slow Burst Select: [BRLD_SEL_DEVS5]
Idle Timer Expiration SMi#: {IDL_EN_DEVS] - [IDL_STS_DEVS]
Trap SMi#: {TRP_EN_DEVS5] [TRP_STS_DEVS]

1998 Platform Components Databook

431



82371AB (PlIX4) .
Intelse

11.3.5.7. Device 6: Serlal Port A

Device 6 monitors accesses to Serial Port A or GP!15. Device 7 also monitors serial port resources.
This gives the capability to monitor two separate serial ports in a system.

Device 6 System Events:

— PCl accesses to 10 addresses for a serial port, selectable below. This can cause idle,
burst, or global standby timer reloads, 1O trap SMi#, or forwarding of the cycle from PCI
to ISA.

— Assertion of GPI15. The polarity of active signal (high or low) is selectable. This can
cause idle, burst,. or global standby timer reloads.

Device 6 Address Ranges:

Serial Port A: 3F8-3FFh or [SA: MON_EN]
2F8-2FFh or [COMA_DEC_SEL)
220-227h or
228-22Fh or
238-23Fh or
2E8-2EFh or
338-33Fh or
3E8-3EFh

Device 6 Idie Timer:
Resolution: 1 second
Count: 5 bit {IDL_CNTB]
GPI Enable: [GPI_EN_DEVS]
GP! Polarity Select: [GPI_POL_DEVSs]
Device 6 ISA Forwarding Enable: [EIO_EN_DEVS&}
Device 6 Idle Timer Reload: [IDL_EN_DEVS]
Giobal Standby Timer Reload: [GRLD_EN_DEVS&]
Burst Timer Reload (Fast Burst Only): [BRLD_EN_DEVS&]
Idle Timer Expiration SMH#: [IDL_EN_DEVE] [IDL_STS_DEVS]
Trap SMi#: [TRP_EN_DEVS] [TRP_STS_DEVSE]
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11.3.5.8.

82371AB (PlIX4)

Device 7: Serial PortB

Device 7 monitors accesses to Serial Port B or GP116. Device 6 also monitors serial port resources.
This gives the capability to monitor two.separate serial ports in a system.

Device 7 System Events:

— PCI accesses to IO addresses for a serial. port, selectable below. This can cause idle,
burst, or global standby timer reloads; 1O trap SMi#, or forwarding of the cycle from PCI
to ISA.

— Assertion of GPI16. The polarity of active signal (high or iow) is selectable. This can
cause idle, burst, or global standby timer reloads.

Device 7 Address Ranges:

Serlai Port B: 3F8-3FFh or [SB_MON_EN]
2F8-2FFhor [COMB_DEC_SEL)
220-227h or
228--22Fh or
238-23Fh or
2E8-2EFh or
338-33Fh or
3E8-3EFh

Device 7 idle Timer:
Resolution: 1 second
Count; 5 bit [IDL_CNTB]
GPi Enable: {GPI_EN_DEV7]
GPI Polarity Select: [GPI_POL_DEV7]
Device 7 ISA Forwarding Enable: {EIO_EN_DEVT7]
Device 7 idle Timer Reload: {IDL_EN_DEVT}
Giobal Standby Timer Reload: [GRLD_EN_DEV7)
Burst Timer Reload (Fast Burst Only): [BRLD_EN_DEV7]
Idle Timer Expiration SMi#: [IDL_EN_DEV7] [IDL_STS_DEV7]
Trap SMi#: [TRP_EN_DEV7] [TRP_STS_DEV7]
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11.3.5.9.

Device 8: LPT (Parallel Port)

intgl.

Device 8 monitors accesses to Parallel Port or GPI17. it can aiso be used to monitor for PCI Bus

Master activity (PlIX4 or any other PCI Master).

Device 8 System Events:
— PCl accesses to 10 .addresses for a parallel port, selectable below. This can cause idle,
hurst, or global standby timer reloads, 10 trap SMi#, or forwarding of the cycle from PC!

to ISA.

— DACKx# assertion (x=0,1,3) if enabled {see below). This can cause idle, burst, and

global standby timer reloads.

— Assertion of GPI17. The polarity of active signal (high or low) is selectable. This can
cause idle, burst, or global standby timer reloads.

— Assertion of PCIREQ[0:3} or PHOLD#, signifying PCl Master activity. This can cause
idle, burst, or giobal standby timer reloads or 1O trap SMi#. The Bus Master activity can
be programmed to.cause a Trap SMi# independently of IO address accesses.

Device 8 Address Ranges:

LPT (Paralle! Port):

Device 8 Idle Timer:

Resolution: 1 msec or 1 sec

Count: 5 bit
GPl Enable:

GPI Polarity Select:

DACKx# Enables:

378-37Fh, 778-77Ah or
278-27Fh, 678-67Ah or
3BC-3BFh, 7BC-7BEh

(IDL_SEL_DEVS]
[BM_CNT]
[GPI_EN_DEVS]
[GPI_POL_DEVS]
[RES_EN_DEVS] .

[LPT_MON_EN]
[LPT_DEC_SEL]

DACKx# Select (DACKx#=0,1,3):
Device 8 ISA Forwarding Enable:

Device 8 idle Timer Reload:

Global Standby Timer Reload:
Burst. Timer Reload {Fast Burst Only):

Decode, DACK GPI:

Above and Bus Master:

Bus Master Only:

idle Timer Expiration SMi#:
Trap SMi# (LPT or GPI only):
Trap SMI# (Bus Master only):
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[LPT_DMA_SEL)

[EIO_EN_DEVE]

[IDL_EN_DEVS]

[GRLD_EN_DEVS}

[BRLD_EN_DEVS]

[BRLD_EN_BM]
[IDL_EN_DEVS]

{BM_RLD_DEVS]

{IDL_STS_DEVS]

[TRP_EN_DEVS] [TRP_STS_DEVS]

[BM_TAP_EN]

[BM_STS}
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11.3.5.10. Device 9: Generic /O Device 0
Device 8 monitors a device on the PC| bus with a programmable 10 address or GPI4.

Device 9 System Events:

— PCl accesses to programmable 10 addresses, selectabie below. This can cause idle,
burst, or global standby timer reloads, 10 trap SMi#, or forwarding of the cycle from PCI
to ISA. It can optionally generate a Chip Select signal (PCS04). The address consists of
a 16-bit base address and 4-bit mask, ailowing an address range from
110 16 bytes.

— Assertion of GPl4. The polarity of active signal (high or low) is selectable. This can
cause idle, burst, or global standby timer reloads.

Device 9 Address Ranges: [GDEC_MON_DEV9)
Programmable Base Address: {BASE_DEVS]
Programmable Mask: [MASK_DEV9]

Device 9 idie Timer:
Resolution: 1 second

Count: 5 bit [IDL_CNTC}
GPi Enable: [GPI_EN_DEVY]
GP1 Polarity Select: [GPI_POL_DEV9]
Device 9 ISA Forwarding Enable: [EIO_EN._DEVSE]
Chip Select (PCS0#) Enable: [CS_EN_DEV9]
Device 9 Idle Timer Reload: [IDL_EN_DEVS]
Global Standby Timer Reload: [{GRLD_EN_DEV9}
Burst Timer Reload (Fast Burst Only): [BRLD_EN_DEVS]
{die Timer Expiration SMH#: [IDL_EN_DEVS] [IDL._STS_DEV9]
Trap SMI#: [TRP_EN_DEVS] [TRP_STS_DEV9]

*
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11.3.5.11,

Device 10: Generic 1/O Device 1
Device 10 monitors a generic 1/O device with a programmable 10 address or GP118.

Device 10 System Events:

— PCI accesses o programmable 10 addresses, selectable below. This can cause idle,
burst, or global standby timer reloads, 10 ‘trap SMI#, or forwarding of the cycle from PCI
to ISA. it can optionally generate a Chip Select signal (PCS1#). The address consists of
a 16-bit base address and 4-bit mask, allowing an address. range from
1 1o 16 bytes.

— Assertion of GPI18. The polarity of active signal (high-or-low) is selectable. This can
cause idle, burst, or globat standby timer reloads.

Device 10 Address Ranges: [GDEC_MON_DEV10]
Programmabie Base Address: [BASE_DEV10]
Programmable Mask: [MASK_DEV10]

Device 10 idle Timer:
Resolution: 1 second

Count: 5 bit [IDL_CNTC]
GPI Enable: [GPI_EN_DEV10}
GPI Polarity Select: [{GPI_POL_DEV10]
Device 10 ISA Forwarding Enable: [EIO_EN_DEV10]

Chip Select (PCS1#) Enable: [CS_EN_DEV10]

Device 10 Idle Timer Reload: [IDL_EN_DEV10]

Global Standby Timer Reload: [GRLD_EN_DEV10]

Burst Timer Reload (Fast Burst Only); [BRLD_EN_DEV10}

ldle Timer Expiration SMi#: [IDL_EN_DEV10] [IDL_STS_DEV10]
Trap SMi#: (TRP_EN_DEY10] [TRP_STS_DEV10]
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Device 11: User Interface (Keyboard, Mouse, Video)

Device 11 monitors the system’s. primary user interfaces, the keyboard, a PS/2 mouse, or the video

subsystem. It

contains special logic to-monitor the PCI bus utilization.in order to detect video activity.

This will allow a system to playback video without power managing the video subsystem due to user
inactivity (no keyboard or mouse movement).

Device 11 System Events:

PCl accesses to programmabie linear frame buffer addresses, selectable below. The

linear frame buffer address consists of a 12-bit base address and 2-bit mask, allowing a

trame buffer address range from 1 Mbyle to 4 Mbyles. This can cause burst timer
reloads only.

PCl accesses to VGA O addresses (3B0-3DFh) or the A and B segment video
memory ranges (A000-BFFFh). This can cause burst timer reloads only.

PCl accesses to Keyboard Controller /0 addresses (60h, 64h). This can cause idle,
burst, or giobal standby timer reloads, 10 trap SMi#, or forwarding KBC cycles to ISA.
PCI bus utilization is monitored and a system event is generated if the number of PCI
data phases {as measured by FRAME# assertion) exceeds a set limit. This can cause
idle or global standby timer refoads.

Assertion of GPI19. The polarity of active signal (high or low) is selectable. This can
cause idie, burst, or global standby timer reloads or 1O trap SMi#. .

Assertion of IRQ1 or IRQ12/M. These can cause idle, burst, or global standby timer

reloads or 10 trap SMi#.

Device 11 Linear Frame Butfer Ranges:
Programmable Base Address:
Programmable Mask:

Device 11 VGA Decode:

Device 11 A,B Segment Decode:

Device 11 Idle Timer:

Resolution: 1 second or 1 minute

Count: 5 bit
GP1 Enable:
GP1 Polarity Select:
IRQ1 Enable:
IRQ12/M Enable:
KBC Decode Enable:
Device 11 ISA Forwarding Enable:
PCI Bus Utilization Enable:
Threshold:
Percent Active:
Device 11 Idle Timer Reload:
Global Standby Timer Reload:

[LFB_DEC_EN]
[LFBASE-DEV11)
[LFMASK_DEV11]
[GRAPH_IO_EN]
[GRAPH_AB_EN)

[IDL_SEL_DEV11]
[IDL_CNTD)
[GPI_EN_DEV11]
[GPI_POL_DEV11]
[IRQ1_EN_DEV11]
[IRQ12_EN_DEV11]
[KBC_EN_DEV11]
[KBC_EIO_EN]
[VIDEO_EN]
[BUS_UTIL]
(%BUS_UTIL]

[VIDEO_STS]

[IDL_EN_DEV11]

[GRLD_EN_DEV11]

Burst Timer Reload (Fast Burst Only): [BRLD_EN_DEV11}

idie Timer Expiration SMi#:
Trap SMi#:
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11.3.5.13.

Device 12: Cardbus Siot (or Generic ¥O and MEM Device)

Device 12 monitors a generic /O device or Memoty device with a programmable IO or memory
address or GPI20. Its operation is the same as Device 13.

Device 12 System Events:

— PCt accesses to programmable IO addresses and memory addresses, selectable
below. This can cause burst, or global standby limer reloads, 10 trap SMI#, or
forwarding of the cycle from PCI to 1SA. The 10 address consists of a 16-bit base
address and 4:bit mask, allowing an 10-address range from 1 to 16 bytes. The memory
address congists of a: 17-bit base address (AD{31:15]) and a 7-bit mask {AD[21:15]).
This provides memory ranges from 32 Kbytes to 4 Mbytes in size.

— Assertion of GPI20. The polarity of active signal (high. or low) is selectable. It can also
be enabled as edge-triggered. This can cause burst, or globat standby timer reloads or

10 trap SMb#.

— There is no idie timer associated with Device 12.

Device 12 10 Address Range:

Programmable 10 Base Address:
Prograimmmable 10 Mask:

Device 12 Memory Address Range:

Programmable Mem Base Addr:
Programmable Memory Mask:

Device 12 kile Timer: NONE
GPt Enable:

GPI Polarity Select:
GP1 Edge Detect Enable:

Device 12 ISA Forwarding Enable:
Global Standby Timer Reload:

Burst Timer Reload (Fast Burst Only): [BRLD_EN_DEV12]
Trap SMl#:
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[IO_EN_DEV12)
[IBASE_DEV12}
[IMASK_DEV12]
[MEM_EN_DEV12]
[MBASE_DEV12]
[MMASK_DEV12]

[GPI_EN_DEV12]
[GPI_POL_DEV12}
[GPI_EDG_DEV12)
(EIO_EN_DEV12)
[GRLD_EN_DEV12)

[TRP_EN_DEV12] [TRP_STS_DEVi2]
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Device 13: Cardbus Slot (or Generic YO and MEM Device)

Device 13 monitors a genaeric /O device or Memory device with a programmable IO or memory
address or GPI21. lis operation is the same as Device 12.

Device 13 System Events:

~ PCi accesses to programmabie 10 addresses and memory addresses, selectable
below. This can cause burst, or global standby timer reloads, 1O trap SMi#, or
forwarding of the cycle from: PCl to ISA. The 1O address consists of a 16-bit base
address and 4-bit mask, allowing an 1O address range from 1 to 16 bytes. The memory
address consists of a 17-bit base address (AD[31:15)) and a 7-bit mask {(AD[21:15}).
This provides memory ranges from 32 Kbytes to 4 Mbytes in size.

— Assertion of GPI21. The polarity of active signal (high or low) is selectable. it can also
be enabled as edge-triggered. This can cause burst; or global standby timer reloads or

1O trap SMH.

— There is noidle timer associated with Device 13.

Device 13 10 Address Range:
Programmable |0 Base Address:
Programmable 10 Mask:

Device 13 Memory Address Range:
Programmable Mem Base Addr:
Programmable Memory Mask:

Device 13 Idle Timer: NONE

GPI Enable:

GPI Polarity Select:
GPI Edge Detect Enable:

Device 13 1SA Forwarding Enable:

Global Standby Timer Reload:

[IO_EN_DEV13)]
[IBASE_DEV13]
[IMASK_DEV13]
[MEM_EN_DEV13]
[MBASE_DEV13)
[MMASK_DEV13)

[GPI_EN_DEV13]
[GPI_POL_DEV13]
[GPI_EDG_DEV13]
[EIO_EN_DEV13]
[GRLD_EN_DEV13]

Burst Timer Reload (Fast Burst Only): [BRLD_EN_DEV13]

Trap SM¥#:
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11.4. Suspend/Resume and Power Plane Control

11.4.1. SYSTEM SUSPEND

PlIX4 supports three different Suspend modes. The PiIX4 power management architecture is designed to allow
a single system: to support multiple suspend modes and to switch between those modes as required. A
suspended system can be resumed via a number of different events. It will then return to full operation where it
can continue processing or be placed into another suspend mode (potentially a lower power mode than it
resumed from).

The standard system usage model for these modes are described here and include Power On Suspend (POS),
Suspend to- RAM (8TR), and Suspend to Disk (STD). This definition allows for other system usage modeis
which use the PliX4 suspend/resume control signals in other ways. The standard system mode names are used
throughout ~ this document. Table 34 summarizes these modes. along with their target
systemn power.

Power On Suspend (POS) System Model
All devices are powered up except for the clock synthesizer. The Host and PCl clocks are inactive and PlIX4
provides control signals and 32-kHz Suspend Clock (SUSCLK) to allow for DRAM refresh and to tum off the

clock synthesizer. The only power consumed in the system is due to DRAM Refresh and leakage current of the
powered devices.

When the system resumes from POS, PilX4 can optionally resume without resetting the system, can reset the
processor only, or can reset the entire system. When no reset is performed, PlIX4 only needs to wait for the
clock synthesizer and processor PLLs ta lock before the system is resumed. This takes typically 20 ms.
Suspend to RAM (STR)

Power is removed from most of the system components during STR, except the DRAM. Power is supplied to
Suspend Refresh logic in the Host Controller, and RTC and Suspend Well logic in PIIX4. PlIX4 provides control
signals and 32-kHz Suspend Clock (SUSCLK) to ailow for DRAM refresh and to turn off the clock synthesizer
and other power planes.

P1IX4 wiil reset the system on resume from STR.

Suspend to DISK (STD)

Power is remaved from most of the system components during STD. Power is maintained to the RTC and
Suspend Well logic in PIIX4.

PliX4 will reset the system on resume from STD.

This state is aiso called the Soft Off (SOff) state. The difference depends on whether the system state is
restored by software to a pre-suspend condition or if the system is rebooted.

Mechanical Off (MOff)
This is not a suspend state. This is a condition where all power except the RTC battery has been removed from

the system. It is typically controlled by a mechanical switch tuming off AC power to a power supply.
it could be used as a condition in which a mobile system's main battery has been removed.
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Table 34. Different Power Management Modes Supported (Standard System Model)

PM-Mode System Strategy System Target System Target
) Power ; Resume Latency
Global Standby All monitored devices are powered off, and the | Variable Variable
processor's clock is stopped.
Powersd-on Same as Global Standby, but power is <250 mW ~20 ms
Suspend (POS) | removed fiom the clock generators.
Suspend to RAM | Power is removed everywhiere in the system <20 mW ~1sec
{STR) except: power management section of PlIX4,
slow refresh logic in the memory controller and
graphics chips, and the graphics and DRAM
memory. .
Suspend to Disk/ Power is removed everywhere except the <300 uW < 30 sec
Soft Off power management sections of PHX4.
(STD/Soff)

PlIX4 controls the system entering the various suspend states through the suspend control signals listed in
Table 35. Upon initiafion of ‘suspend, PHX4 will assert the SUS_STAT[1:2]#, SUSA# SUSB#, and SUSCH
signals in a well defined setquence to switch the system imo the desired power state. The SUSA#, SUSB#, and
SUSCH# signals can be used to control various power planes in the system. The SUS_STAT1# signalis a status
signal that indicates to the host bridge when 10 enter or exit a suspend state, or when 1o enter or exit a stop clock
state (when the system is still running). This is typically used to place the DRAM controller into a Suspend
Refresh mode of operation. The SUS_STAT2# signal is ‘a stalus signal that can be used to indicate to othér
system devices when to enter or exit a suspend state (like the graphics and Cardbus controllers). See “System
Suspend And Resume Control Signaling” section for sequencing details. Note that these signals are associated
with a particular type of suspend mode and power plane for descriptive purposes in this section. The system
designer can, however, use these signals to control any type of function desired.

The. system is placed i a $uspend mode by programming the Power Management Control register. The

Suspend Type is first programmed and then the Suspend Enable bit is set. This causes PlIX4 to automatically
sequence into the programmed suspend mode.
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Tabie 35. Power State Decode

Power State | RSMRSTH |SUS_STAT1#| SUS_STAT2# | susas SUSB# susce
on - , 1 x' 1 1 1 1
POS 1 0 0 0 1 1
STR 1 0 0 0 0 1
STD/SOFF 1 0 0 o 0 0
Mechanical Oft 0 0 0 0 0 o]

NOTES:

1. SUS_STAT14 is also used when the system is running. It indicales to the Host-to-PCl bridge when to switch
between the normal and suspend refresh mode for DRAM Stop Clock support. In the Stop Clock condition,
HCLK is stopped and the Host-to-PC! bridge must run DRAM refresh off the SUSCLK input,

11.4.2. SYSTEM RESUME

PlIX4 can be resumed from either a Suspend or Soft Off state. Depending on the system's suspend state,
different features can be enabled to resume the system. There are two classes of resume events, those whose
logic resides in the PliX4 main power well and those whose logic resides in the PlIX4 Suspend well. Those in the
Suspend well can resume the. system from any Suspend or Soft Off stale. Those in the main power well can only
resume the system from a Powered On Suspend state. Table 36 lists the suspand states that can be enabled for
a particular resume event.

Upon detection of an enabled resume event, PlIX4 will set appropriate status signals and automatically transition
its suspend coptrol signals bringing the system into a “full on” condition. The sequencing is shown in the “System
Suspend And Resume Control Signaling” section.

Table 36. Resume Events Supported in Different Power States

Suspend States
Resume Event POS STR STD/SOff Mot

RTC Alarm (IRQ8}* x X ’ x
SMBus Resume Event (Slave Port Match) X X X
Serial A Ring (RI) X X X
Power Button (PWRBTN#) X X X
EXTSMI (EXTSMI#) 'S X X
LiD (LID) X X X
GPI1 X X X
GSTBY Timer Expiration X X X
interrupt (IRQ[1,3:15}) X
uss X
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System Resume Events

PWRBTN# Asserted: {PWRBTN_EN]
LID Asserted: [LID_EN]
— Polarity Select: [LID_POL]
GPI1 Asserted: [GPI_EN]
EXTSMi# Asserted: [EXTSMI_EN]
SMBus Events: [ALERT_EN]
[SLV_EN]
[SHDW1_EN]
[SHDW2_EN]
Globat Standby Timer Expiration: [GSTBY_EN]
Ring Indicate Assertion (Ri#): [RI_EN]
ATC Alarm (IRQ8): [RTC_EN]
USB Resume Signaling: (POS Only) [USB_EN]
tRQ[1,3:7,9:15]: (POS Only) [IRG_RSM_EN]

RTC Alarm only suppotis internal RTC. For external RTC implemeniations, the IRQ8 must be tied to one of the
other resume input signals (GPI1, LID, EXTSMI#,R#) for the resume functionality.

The PWRBTN# and LID signals are intemally debounced for 16 ms. They must be active for greater than this
debounce time for the resume to be recognized.

The GPH, EXTSMI#, IRQ[15:9,7:3,1}, and USB resume events must be active for a minimum of 64 pus
(approximately 2 RTC clock periods) for the resume to be recognized.

Giobal Standby Timer Resume

The Global Standby Timer is used to monitor for global system activity during normal operation and can be
reloaded by system activity events. Upon expiration, it generates an SMI# (see “System Management” section
for additional information on Globat Standby Timer). When the system is placed in a Suspend Mode, the Global
Standby Timer can be used to generate a resume event. The Global Standby Timer can enable four different
timer resolutions for wake-up times from approximately 30 seconds to 8.5 hours, This afiows the system to
transition into-a lower power suspend state.
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11.4.3.

SYSTEM SUSPEND AND RESUME CONTROL SIGNALING

InteL

PtiIX4 automatically controls the signals required to transition the system betwaen the various power states. It
provides control for Host and PCI clocks, main memory and video memory refresh, system power plane control,
and system reset.

Figure 15-Figure 17 show the system timings for changing the power states of a system using the standard
POS/STR/STD models. The table notes provide information on how these signals operate in non-standard
modes of operation (e.g., Suspend to RAM mode without removing Core well power).

11.4.3.1.

Power Supply Timings

Suspend Well Power

RTC Well Power ’ f
} t1

Core Well Power

pwrsag
Figure 15. PIIX4 Power Well
Table 37. PiIX4 Power Well Timings
Sym | Parameter Min. | Max | Unit Notes
t1 Fﬁ’C Well Power to Suspend Well Power 0 ns
2 Sﬁspend Well Powar to Core Well Power 0 ns
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11.4.3.2. Power Level Active Status Signal Timings

Suspend Well Power
S

ASMRST# j

Core Well Power [

PWROK /

pwerst

Figure 16. RSMRST# and PWROK Timings

Table 38. Power Supply Timings

Sym Parameter Min | Max | Unit | Notes
t3 Suspend Well Power to RSMRST# inactive 1 ms
4 Core Well Power to PWROK Active 1 ms
15 RSMRST# Inactive to PWROK Active 0 ns
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11.4.3.3. Power Management Signal Timings (Powered From Suspend Power Well)

This section shows the timing relationships for PlIX4 power management signais that are powered from the
Suspend Power well. These timings hold independent of the condition of Core Well power or the PWROK signal.

Suspend Weil Power ,

RSMRST# /

SUS_STAT1-2)#

SUS[A-CH

SUSCLK

ramsig

Figure 17. Suspend Well Power and REMRST# Activated Signals

Table 39. Suspend Well Power and REMRST# Activated Signals Timings

Sym | Parameter Min | Max Unit | Notes
t6 Resume Well Power and RSMRST# Active to SUS_STAT[1:2]# 1 | RTC 1
Active |
t7 Resume Well Power and REMRST# Active to SUS[A:C)# Active 1 RTC 1
18 Resume Well Power and RSMRST# Active to SUSCLK Low 1 RTC 1
t9 RSMRST# Inactive to SUS[A:CJ# Inactive 1 2 RTC 1
NOTES:

1. These signals are controlled off an internal RTC clock. 1 RTC unit is approximately 32 ys.
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11.4.3.4. PCi Clock Stop and Start Timing Relationships

Figure 18 and Figure 19 show the timing relationship for the control of system PCICLK. The system PCICLK
timings must be followed exactly for proper operation of PC/PClI DMA or Serial: IRQ logic. If:PC/PCI DMA and
Serial IRQs are not used in the system, the system PCICLK stop timings must meet the system developer's
requirements. :

PN

PCI_STP# \ /

exapcick | [ L L L LI LT LTI vur

Figure 18. PCI Clock Stop Timing

]

PCI_STP# /

exapcics | [ L[ L0 L L L g
System PCICLK m

peistan

Figure 19. PC! Clock Start Timing
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11.4.3.5.

intel.

Power Management Signal Timings (Powered From PiiX4 Main Core Well)

Figure 20 shows the timing relations for Power Management signals powered from the PiiX4 Core well. Here the
power active status signals (RSMRST# and PWROK) transition after the application of ail-power to PIIX4. It can
be applied to situations where two or more of the PIIX4 power planes are connected together. it also shows
timings when RSMRST# and PWROK are connacted together.

RTC Well Power

et

Suspend Well Power /
Core Welt Power /
RSMRST# / ]
PWROK
116 '-
CPU_STP#/PCI_STP# - Float \
-‘n 5 t' " t7 ‘-
PCICLK / CPU CLK Running X Stopped |
PCI_RST#
CPURST |
bt 9—-—4
- 118 ’.
SLP# \ ]
-t 198 ~ene
.118a¥.
STPCLK#

Figure 20. Core Well Power ai

nd PWROK Actiyated Signals (Core Well Power Applied

Before RSMRAST# inactive)
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Table 40. Core Well Power and PWROK Activated Signals Timings
Sym , Parameter Min | Max | Unit| Notes
t10 f:J'oryet Well Power and PWROK Inactive to CPU_STP# and PCI_STP# | 1 |RTC] 1
oa
t11 Core Well Power and PWROK Inactive to PCIRST# Active 1 RTC 1
12 | Core Well Power and PWROK Inactive to CPURST Active 1 |RTC| 1
113 - | Core Well Power and PWROK inactive to SLP# Inactive 1 RTC 1
{14 | Core Well Power and PWROK inactive to STPCLK# Inactive 1 RTC 1
115 . | CPU_STP# and PCI_STP# Float to Clocks Running 2
116 PWROK Active to CPU_STP# and PCI_STP# Active 1 RTC 1
17 CPU_STP# and PCI_STP# Active to Clocks Stopped 2
118 | PWROK Active to SLP# Active 0 ns 3
t18a | PWROK Active to STPCLK# Active 0 ns 3
118 | PWROK Active to SLP# Inactive 1 2 |RTC} 1,3
t19a | PWROK Active to STPCLK# Inactive 1 2 |RTC| 1,3
NOTES:

1. ‘These signals are controlled off an internal RTC clock. 1 RTC unit is approximately 32 ps.

2. There are no specific requirements for these timings related to PIIX4. The system manufacturer should
make sure that the clocks on power up meet any other system specifications. As a minimum, the clocks
must be available and stable after time t30 shown in Figure 22.

3. These timings depend on the refative timings between ASMRST# and PWROK. If RSMRST# goes inactive
2 RTC periods bafore PWROK active, then SLP# and STPCLK# will remain inactive. If RSMRST# goes
inactive less than 2 RTC periods before PWROK active, then an active pulse will be seen on SLP# and
STPCLK#.
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11.4.3.6. Power Management Signal Timings (Powered From PHX4 Main Core Well)

Figure 21 shows the timing relations for Power Management signals powered from the PlIX4 Main Core well.

Here the Suspend well power active status signais (RSMRST#) transition before the application of Core well
power-to PiIX4.

RTC Well Power /
Susperxd Well Power /

ASMRST# /

Core Well Power /

PWROK ' f

CPU_STP#/PCI_STP#

4127'.

Running X Stopped i

PCICLK / CPU CLK

PCI_RST#

CPURST

SLP#

STPCLK#

Figure 21. Core Well Power and PWROK Activated Signais (RSMRST# Inactive Before
Core Well Power Applied)
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Table 41. Core Well Power and PWROK Activated Signals Timings

82371AB (PliX4)

Sym Parameter Min Max | Unit | Notes
t20 | Core Well Power and PWROK Inactive to CPU_STP# and PCI_STP# 11 RTC 1
Float
121 Core Welf Power and PWROK Inactive to PCIRST# Active 1 | RTC 1
22 Core Well Power and PWROK Inactive o CPURST Active 1 | RTC 1
23 | Core Weli Power and PWROK Inactive to SLP# Active 1 | RTC 1
t24 Core Well Power and PWROK Inactive to STPCLK# Active 1 | RTC 1
25 | CPU_STP# and PCI_STP# Float to Clocks Running 2
126 | PWROK Active to CPU_STP# and PCI_STP# Active 1 | RTC 1
127 CPU_STP# and PCI_STP# Active to Clocks Stopped 2
NOTES: '

1. These signals are controiled off an internal RTC clock. 1 RTC unit is approximately 32 ps.

2. There are no specific requirements for these timings related to PliX4. The system manufacturer should
make sure that the clocks on power up meet any other system specifications. As a minimum, the clocks
must be available and stable afler time 130 shown in Figure 22.

1998 Piatform Components Databook

451



452

82371AB (PliX4)

11.4.3.7.

Mechanical Off to On Condition Timings

Figure 22 shows the fransition from a Mechanical Off condition to the On condition. The signal states begin at
the final states shown in Figure 20 and Figure 21.

RSMRST#
PWROK

SUSIA-CI#

SUS_STAT[1-2}¢

v-—-tSO——-|
; /

» 31 I.
SUSCLK [ Running ]
e 128
CPU_STP#/ PCI_STP# /
A e
PCICLK / CPU CLK Stopped X Running |
#1132 l-
PCI_RST# |
-[ 133 |-
CPURST | Adtive X inactive |
SLP# L
STPCLK# L

moltoon

Figure 22. Mechanical Off to On
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Table 42. Mechanical Off to On Timings

Sym Parameter Min | Max Unit | Notes
128 SUS[A:CJ# Inactive to CPU_STP# and PCI_STP# Inactive 16 ms 1
129 CPU_STP# and PCI_STP# Inactive to Clocks Running 2 PCICLK 2
t30 { CPU_STP# and PCI_STP# Inactive to SUS_STAT[1:2}# Inactive 1 ms
31 SUS_STAT[1:2}# Inactive to SUSCLK R‘unning 1 RTC 3
132 SUS_STAT[1:2}# Inactive to PCI_RST# Inactive 1 RTC 3
133 | PCI_RST# Inactive to CPURST Inactive 1 RTC 3

NOTES:

1. This transition requires both a minimum of 16-ms wait for clock synthesizer PLL lock and PWROK to be
active. if PWROK goes active after 16 ms from SUS|JA:C}# inactive, the transition will occur a minimum of 1
RTC period from PWROK active.

2. See Figure 18 and Figure 19 for exact PCICLK requirements for use with PC/PCI DMA and Serial IRQs.
3. These signals are controlled off an internal RTC clock. 1 RTC unit is approximately 32 ps.
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11.4.3.8. On State to Power On Suspend State Timing

This section describes the signal transitions from On state to Power On Suspend state.

PWRO

SUS{A]

SuUSs(B-

SuUsSCL

PCICLK / CPU

CPURS

SLP

STPCLK

+ tasl-

\

olt38 l-

\

Runnin

137 j&

I

[ Clocks

1\
4 lﬂas
A

Clocks Stopped

inactive E

-' t35

Figure 23. On to POS
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Table 43. On to POS Timings
Sym Parameter Min | Max Unit Notes
134 | CPU_STP# and PCI_STP# Inactive to STPCLK# Active 1 RTC 1,2
135 | STPCLK# Actlive to SLP# Active 1 RTC 1,3
136 | SLP# Active to SUS_STAT[1:2}# Active 1 RTC 1
137 | SUS_STAT[1:2}# Active to CPU_STP# and PCI_STP# Active 1 RTC 1
138 | CPU_STP# and PCI_STP# Active to SUS[AJ# Active 1 RTC 1
139 | CPU_STP# and PCI_STP# Active to Clocks Stopped 2 PCICLK| 4,5
(if applicable)
NOTES:

1.

2.
3.
4

o

These signals are controlied off an internal RTC clock. 1 RTC unit is approximately 32 ps.
CPU_STP# and PCI_STP# will only be active if system is under clock control.
This transition wilt also wait for the Stop Grant cycle to execute.

ftis up to the system vendor to determine if CPU_STP# and PCI_STP# signals are used to control system
clocks.

See Figure 18 and Figure 19 for exact PCICLK requirements for use with PC/PCt DMA and Serial IRQs.
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11.4.3.9.

Power On Suspend to On Timing (With a Full System Reset)

This section describes the system transition from Power On Suspend to On with a full system reset.

Resume Event

PWROK

SUS_STAT[1-2)#

SUS{A#
SUS[B-CJ#

SUSCLK

CPU_STP#/ PCI_STP#

PCICLK / CPU CLK

PCI_RST#

CPURST

SLP#

STPCLK#

X ]
n——-——i47—-*
) SE—
» 140 ]-
N —
L " Running \
145 «149 t‘
/ [
4t46|.
r Clocks Stopped X Clocks Running X
- 141 '. +{148 je
—\ ) SEm—
-~ 142 '- 4150'-
[tnactie X Active % lnactive |
» 143 '.
—t AW
- 144 t-
— (.

Figure 24. POS to On (w/Processor & PCl Reset)
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Table 44. POS to On (w/Processor & PCl Reset) Timings

82371AB (PliX4)

Sym Parameter Min | Max Unit. | Notes
140 | Resume Event to SUS{AJ# Inactive 1 RTC 1
t41 | Resume Event to PCI_RSTi# Active 1 RTC 1
t42 | Resume Event to CPURST Active 1 RTC 1
t43 | Resume Event to SLP# Inactive 1 RTC 1
t44 | Resume Event to STPCLK# Inactive 1 RTC 1
145 | SUS[AJ# Inactive to PCI_STP# and CPU_STP# Inactive 16 ms 2
t46 | PCI_STP# and CPU_STP# Inactive {o Clocks Runniyng 2 PCICLK 3
t47 | PCI_STP# and CPU_STP# Inactive to SUS_STAT[1:2}# Inactive 1 ms
t48 | SUS_STAT[1:2}# Inactive to PC!I_RST# Inactive 1 RTC 1
143 | PCI_RST# Inactive to PCI_STP#, CPU_STP# allowed to change 1 RTC 1
t50 | PCI_RST# Inactive o CPURST Inactive 1 RTC 1

NOTES:

1. These signals are controlled off an internal RTC clock. 1 RTC unit is approximately 32 ys.

2. This transition requires both a minimum of 16-ms wait for clock synthesizer PLL lock and PWROK to be
active. If PWROK goes active after 16 ms from SUS[A:C}# inactive, the transition will occur a minimum of 1
RTC period from PWROK active. PWROK remains active throughout standard POS system usage.

3. See Figure 18 and Figure 19 for exact PCICLK requirements for use with PC/PCI DMA and Serial IRQs.
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11.4.3.10. System Transition From Power On Suspend to On (With Only Processor Reset)

This section desctibes the system transition from Power On Suspend to On with only a processor reset.

Resume Event

PWROK

SUS_STAT[1-2J#

SUS[AJ#

SUS[B-Cl#

SUSCLK

CPU_STP#/PCI_STP#

PCICLK/ CPU CLK

PCI_RST#

CPURST

SLP#

STPCLK#

n—-——t57——-ol

.t51I'

/

Running

t55

» 158 I-

/

—

l Clocks Stopped

.Itss'—
X

Clocks Running l

-—t52'0

.159'.

I Inagtive X

Active

Xlnactive ]

-

153 lo
1/
» 154 l.

\

_

(-

poston2

Figure 25. POS to On (w/Processor Reset)
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Table 45. POS to On (w/Processor Reset) Timings

Sym Parameter Min | Max Unit | Notes
t51 | Resume Event to SUS[AJ# Inactive 1 RTC 1
152 | Resume Event o CPURST Active 1 RTC 1
t53 | Resume Event to SLP# Inactive 1 RTC 1
154 | Resume Event to STPCLK# Inactive 1 RTC 1
155 | SUS[A}J# Inactive to PCI_STP# and CPU_STP# Inactive 16 ms 2
t56 | PCI_STP# and CPU_STP# Inactive to Clocks Running 2 PCICLK 3
157 | PCI_STP# and CPU_STP# Inactive to SUS_STAT[1:2)# Inactive 1 ms
158 | SUS_STAT[1:2}# Inactive to PCI_STP# and CPU_STP# aliowed to 2 RTC 1

change
159 | SUS_STAT[1:2}# Inactive to CPURST Inactive 2 RTC 1
NOTES:

1. These signals are controlied off an intemal RTC clock. 1 RTC unit is approximately 32 us.

2. This transition requires both a minimum of 16-ms wait for clock synthesizer PLL lock and PWROK to be
active. If PWROK goes active after 16 ms from SUS[A:CJ# inactive, the transition will occur a minimum of 1
RTC period from PWROK active, PWROK remains active throughout standard POS system usage.

3. See Figure 18 and Figure 19 for exact PCICLK requirements for use with PC/PCH DMA and Serial IRQs.
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11.4.3.11.

This section describes the system transition from Power On Suspend to On with.no resets performed.

Power On Suspend to On Timing (With No Resets)

Resume Event

PWROK

SUS_STAT(1-2#

SUS[AJ#
SUS[B-Cl#

SUSCLK

CPU_STP#/ PCI_STP#

PCICLK / CPU CLK
PCI_RST#

CPURST

SLP#

STPCLK#

. |
;.--:63—.’
/
» 160 l-
r
| Running X
161

n—t64—vl

/ \

-ltez l-

[ Clocks Stopped

X Clocks Running

Inactive

.tesl-
/

.-]zsel-
/

postoon3

Figure 26, POS to On (No Reset)
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Table 46. POS to On {(w/Processor Reset) Timings

82371AB (PliX4)

Sym Parameter Min | Max| Unit | Notes
160 | Resume Event to SUS[AJ# Inactive 1 RTC 1
t61 | SUS[AJ# Inactive to PCI_STP# and CPU_STP# inactive 16 ms 2
t62 | PCI_STP# and CPU._STP# Inactive to Clocks Running 2 | PCICLK 3
163 | PCI_STP# and CPU_STP# Inactive to SUS_STAT[1:2}# Inactive 1 ms
164 | SUS_STAT([1:2]# Inactive to PCI_STP# and CPU_STP# allowed to 2 RTC 1

change :
165 | SUS_STAT[1:2}# Inactive to SLP# Inactive 1 RTC 1
t66 | SLP# Inactive to STPCLK# Inactive 1 RTC 1
NOTES: ‘

1. These signals are controlled off the intemal RTC clock. 1 RTC is approximately 32 us.

2. This transition requires both a minimum of 16-ms wait for clock synthesizer PLL lock and PWROK to be
active. If PWROK goes active after 16 ms from SUS[A:CJ# inactive, the transition will occur a minimum of 1

RTC period from PWROK active. PWROK remains active throughout standard POS system usage.

3. See Figure 18 and Figure 19 for exact PCICLK requirements for use with PC/PCI DMA and Serial IRQs.
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11.4.3.12. On State to Suspend to RAM State Timing

]

rzat.
\

PWROK I
-—-—t80—01
Core Well Power ' \ :
«lt69 '-
SUS_STAT[1-2}# \
ofi72 fe
SUS[A-BJ# \
SUSICI#
SUSCLK | Runining , X ]
170 | .174'. »181 l-
CPU_STP#/PCI_STP# { / \ [/ Fioat | X Invaid  }——o
-I I.m .lng I-
PCICLK / CPU CLK | Running X Stopped X invalid ]
»{t75 '- 182 l.
PCI_RST# \ [ nvaid ]
+{176 l. »183 '.
cPURsST [ Inactive X Active] X Invalid ]
-Itss e - 177 '. -t84lo
SLP# \ [ U _tvalid ]
ut67lo » 178 I- +185 ‘-
steeekd  \ /- e ]

ontostr

Figure 27. On to STR
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Table 47. On to STR Timings

Sym ) Parameter Min | Max Unit | Notes
167 - | CPU_STP# and PCI_STP# Inactive to STPCLK# Active 1 RTC 1,2
168 | STPCLK# Active to SLP# Aclive 1 RTC 1,3
t69 | SLP# Active to SUS_STAT[1:2}# Active 1 ' RTC 1
{70 | SUS_STAT[1:2}# Active to CPU_STP# and PCI_STP# Active 1 RTC 1
71 | CPU_STP# and PCI_STP# Active to Clocks Stopped 2 PCICLK 4,5
{72 | CPU_STP# and PCI_STP# inactive 1o SUS[A:B}# Active 1 RTC 1
{73 ] SUS[A:B}# Active to PWROK Inactive 0 ns 6
t74 | PWROK inactive to CPU_STP# and PCI_STP# Float 1 RTC 1
175 | PWROK Inactive to PCI_RST# Active 1 RTC 1
t76 | PWROK Inactive to CPURST Active 1 RTC 1
{77 | PWROK Inactive to SLP# Inactive 1 RTC 1
t78 | PWROK Inactive to STPCLK# Inactive 1 RTC 1
{79 | CPU_STP# and PCI_STP# Float to Clocks tnvalid 0 ns 7
180 | PWROK Inactive to Core Well Power Removed 0 ns

181 | Core Wall Power Removed to PCI_STP# and CPU_STP# Invalid 0 ns

182 | Core Well-Power Rerrioved to PCIRST# invalid 0 ns

183 | Core Well Power Removad to CPURST invalid 0 ns

t84 | Core Well Power Removed to SLP# Invalid 0 ns

185 | Core Well Power Removed to STPCLK# invalid 0 ns

NOTES:

1.

2.
3.
4

o

These signals are controlied off the internal RTC clock. 1 RTC is approximately 32 ps.
CPU_STP# and PCI_STP# will only be active if system is under clock control.
This transition will also walit for the Stop Grant cycle to execute.

Itis up to the system vendor to determine if CPU_STP# and PCI_STP# signals are used to control system
clocks.

See Figure 18 and Figure 19 for exact PCICLK requirements for use with PC/PC! DMA and Serial IRQs.

It is up to the system vendor to determine if SUS[A:B]# signals are used to contro! system power planes. If
power remains applied to system board and PWROK stays active during STR, the PHX4 signals remain in
the states shown after 73.

Clocks may or may not be running depending on condition of Power Supply voltages.
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11.4.3.13.

Suspend-To-RAM to On Timing (With Full System Reset)

This section describes the system transition from Suspend To RAM to On with a full system reset.

Resume Event [ X }
-—-t94——-'
PWRO /
7m7~
Core Well /
~—noo—-'k
e
- 186
SUSIA- /
susIC] \
susct [ Rupnin J
~j@sf J‘:g?)‘tg?__.
| 198 | - t1o1‘~
invali X_Fica \ / ‘ (- /
dssp  lop oope
pcictk/cPU [ lnvalid X_Runnin X Runnin ]
= 189f+ Stopped o t101a
[Cinvaid T\ A
~ 190 H 1102
CPURS.  {___ invalid XI._Aqg‘ve X_inactive |
-:91'.
stp | ___Invalid -/
qzsztr
STPCLK | tnvalid /
stoen

Figure 28. STR to On
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82371AB (PiIX4}

Sym Parameter Min | Max Unit | Notes
186 Resume Event to SUS[A:BI# inactive 1 RTC 1
t87 | SUS[A:BJ# Inactive to Core Well Power Applied 0 ns
t8g Core Well Power Applied to PCI_STP# and CPU_STP# Float 0 ns
189 Core Well Power Applied to PCi_RST# Active 0 ns
190 Caore Well Power Applied to CPURST Active 0 ns
191 Core Well Power Applied to SLP# Inactive 0 ns
192 Core Well Power Applied to STPCLK# inactive 0 ns
193 PCI_STP# and CPU_STP# Float to Clocks Running 2
194 Core Well Power Applied to PWROK Active 1 ms
195 PWROK Active to CPU_STP# and PC!_STP# Active 0 ns
196 PCI_STP# and CPU_STP# Active to Clocks Stopped 2 PCICLK 3
197 PWROK Active to CPU_STP# and PCI_STP# Inactive 1 RTC 1
198 | SUS[A:B}# inactive to CPU_STP# and PCI_STP# Inactive 16 ms
199 | CPU_STP# and PCI_STP# Inactive to Clocks Running 2 | PCICLK 3
t100 | CPU_STP# and PCl_STP# Inactive to SUS_STAT[1:2}# Inactive 1 ms
1101 SUS_STAT[1:2)# Inactive to CPU_STP# and PCl_STP# allowed 2 " RTC 1

to change

t101a | SUS_STAT{1:2}# Inactive to PCI_RST# Inactive 1 RTC 1
t102 | PCI_RST# Inactive 1o CPURST Inactive 1 RTC 1

NOTES:

1. Thase signals are controlled off the internal RTC clock. 1 RTC is approximately 32 ps.

2. There are no specific requirements for these timings related to PI[X4. The system manufacturer should
make sure that the clocks on power up meet any other system specifications. As a minimum, the ciocks
must be available and stable after time t99.

3. See Figure 18 and Figure 19 for exact PCICLK requirements for use with PC/PCI DMA and Serial {RQs.
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11.4.3.14.

On State to Suspend to-Disk/Soft Off State Timings

This section describes the signal transitions from On state to Suspend to Disk/Soft Off state.

-—-‘mo
PWROK \ /T
..-—m7-—.|
Core Well Power \
0—-1“05
SUS_STAT[1-2]# \
e 1108
SUS[A-CJ# \
100
suscik | Running
o—wl 1106 --lnﬂ 1118
CPU_STP#/PCI_STP# L 7 \ / Float Lovalid  p——
-l |-t1o7 l-o{mf 7
PCICLK / CPU OLK ... RUNning X IStoppea{__|invaiid ]
--Imz o—olmg
PCI_RST# \ [imaid |
.ms’- ~—-lt120
CPURST' Inactive ¥ Active X lavalid |
| l.—-ho:z -ma*- -—-’nm
sLP# \ / \_vaid___]
1103 »{t115 '- -—-inzz
STPCLK# \ / \_invalid |

Figure 29. On to STD/SOff
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Table 49. On to STD/SOff Timings

Sym Parameter Min Max Unit Notes
1103 | CPU_STP# and PCI_STP# inactive to STPCLK# Active 1 RTC 1,2
1104 | STPCLK# Active to SLP# Active 1 RTC 1,3
t105 | SLP# Active to SUS_STAT[1 :2]# Active 1 RTC 1
1106 | SUS_STAT{[1:2]# Active to CPU_STP# and PCI_STP# Active 1 RTC 1
1107 | CPU_STP# and PCI_STP# Inactive to Clocks Stopped 2 PCICLK ] 1,4,5
1108 | CPU_STP# and PCI_STP# Inactive to SUS[A:C}# Active 1 RTC 1
1109 | SUS|A:C)# Active to SUSCLK Low 1 RTC 1
1110 | SUS[A:CJ# Active to PWROK Inactive 0 ns 6
t111 | PWROK Inactive to CPU_STP# and PCI_STP# Float 1 RTC 1
t112 | PWROK Inactive to PCI_RST# Active 1 RTC 1
1113 | PWROK inactive to CPURST Active 1 RTC 1
t114 | PWROK Inactive to SLP# inactive 1 RTC 1
t115 | PWROK inactive to STPCLK# inactive 1 RTC 1
t116 | CPU_STP# and PCI_STP# Float to Clocks Invalid 0 ns 1
1117 | PWROK Inactive to Core Well Power Removed 0 ns
1118 | Core Welli Power Removed to PCI_STP# and CPU_STP# invalid 0 ns
t119 | Core Well Power Removed to PCIRST# Invalid 0 ns
120 | Core Well Power Removed to CPURST Invalid 0 ns
t121 | Core Well Power Removed to SLP# Invalid 0 ns
t122 | Core Well Power Removed to STPCLK# Invalid 0 ns

NOTES:

1. These signals are controlled off the intemal RTC clock. 1 RTC is approximately 32 ys.

2. CPU_STP# and PCI_STP# will only be active if system is under clock control.

3. This transition will also wait for the Stop Grant cycle to execute.

4. ltis up to the system vendor to determine if CPU_STP# and PCI_STP# signals are used to control system

5. g::';si.gure 18 and Figure 19 for exact PCICLK requirements for use with PC/PCI DMA and Serial IRQs.

6. ltis up to the system vendor to determine if SUS[A:C}# signals are used to control system power planes. If

power remains applied to system board and PWROK stays active during STD, the PilX4 signals remain in
the states shown after t110.
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11.4.3.15.

Suspend-To-Disk to On (With Full System Reset)

This section describes the system transition from Suspend To Disk to On with a full system reset.

Resume Event [ X ]
-—:131———’ -
PWROK /
ol 1124
Core Well Power / .
0—1137——-‘
/
t23} 1,
susjaci ____ [
-—-1nsa
SUSCLK /[ Running. /
1134 ] t132 |
o135
- I—nzs - n4o|-
L tnvalid X Float / \‘ ]
J nso(- f—‘lﬂis—‘l e
PCICLK/ CPU CLK [ Invalid X _Buming X X Running ]
o [z Stopped ] 1139
[ ovalig |\ AR
-~ l’ 127 ’I t-n41
CPURST |___Invalid X _Active i Xinactive
.-.' 1128
stP# | nvalid | -/
1129
STPCLK# | lovalid  /

stcioon
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Figure 30. STD/SOff to On
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Table 50. STD/SOff to On Timings

Sym Parameter Min | Max | Unit | Notes
1123 | Resume Event to SUS[A:C)# Inactive 1 RTC 1
1124 | SUS[A:CJ# Inactive to Core Wall Power Applied 0 ns

t125 | Core Well Power Applied to PCI_STP# and CPU_STP# Float 0 ns

1126 | Core Well Power Applied to PCI_RST# Active 0 ns

1127 | Core Well Power Applied to CPURST Active 0 ns

{128 | Core Well Power Applied to SLP# Inactive 0 ns

129 | Core Well Power Applied to STPCLK# Inactive 0 ns

1130 | PCI_STP# and CPU_STP# Float to Clocks Running 2
1131 | Core Well Power Applied to PWROK Active 1 ms

1132 | PWROK Active to CPU_STP# and PCI_STP# Active 0 ns

1133 | PCI_STP# and CPU_STP# Active to Clocks Stopped 2 JPCICLK 3
t134 | SUS[A:CJ# Inactive to CPU_STP# and PCI_STP# Inactive 16 ms

t135 | PWROK Active to CPU_STP# and PCI_STP# inactive 1 RTC 1
t136 PCI_STP# and CPU_STP# Active to Clocké Running 1 2 PCICLK 3
t137 | CPU_STP# and PCI_STP# Inactive to SUS_STAT[1:2}# Inactive 1 ms

1138 | SUS_STAT[1:2]# Inactive fo SUSCLK Runming ‘ 1 RTC 1
1139 | SUS_STAT([1:2]# Inactive to PCI_RST# Inaciive 1 RTC 1
1140 | SUS_STAT[1:2]# Inactive to CPU_STP# and PCi_STP# allowed to 2 RTC 1

change
t141 | PCI_RST# Inactive to CPURST Inactive 1 RTC 1
NOTES:

1. These signals are controfled off the internal RTC clock. 1 RTC is approximately 32 ps.

2. There are no specific requirements for these timings related to PlIX4. The system manufacturer should
make sure that the clocks on power up meet any other system specifications. As a minimum, the clocks
must be available and stable after time t136.

3. See Figure 18 and Figure 19 for exact PCICLK requirements for use with PC/PC! DMA and Serial IRQs.
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11.44. SHADOW REGISTERS

PliX4 includes a shadow mechanism for storing the data written to the standard AT write only registers. In the
transition 1o Suspend mode, the contents of these registers can be read and saved so the system state can be
restored when resumed.

Once placed in the “Alternate Access” mode, various registers that would otherwise be inaccessible can be read
and written. This allows a system to restore the configuration that was present in PHX4 bafore going into a
suspend state.

To enable the Alt Access mode, set the following bit to 1: PCI Function 0, Regisler BOh, Bit 5.

NOTE

No provisions are made for stopping events from occurring while the BIOS is reading or restoring register
values. The BIOS shouid exercise great care in using this feature. For example, when reading the status
of the DMA controller, all the DMA channels should be temporarily masked.

The following tables show the changes to the read and write: accesses associated with the various modules.
When the Alt Access mode is enabled, some read and write oycles will cause alternative registers to be
accessed.

See the description for Miscellaneous Support Register, PCI Function 2 (offset FFh) for details on saving and
restoring the RTC Index value.

NOTE
It is. assumed that no other accesses to the module will be permitted once in ALT Access Mode.

Table 51. DMA Controller Registers in Alternate Access Mode

YO Location | R/W Standard Mode Usage " ALT Access Mode
0000h W | Base Address for CHO Current Address for CHO
000Ch R Current Address for CHO Base Address for CHO
0001h W Base Byte Count for CHO Currant ‘Byte Count for CHO
0001h R Current Byte Count for CHO Base Byte Count for CHo
0002h W | Base Address for CH1 | Current Address for CH1
0002h R Current Address for CH1 Base Address for CH1
0003h w Base Byte Count for CH1 Current Byte Cdum for CH1
0003h R Current Byte Count for CH1 Base Byte Count for CH1
0004h w Base Address for CH2 Current Address for CH2
0004h R Current Address for CH2 Base Address for CH2
0005h w Base Byte Count for CH2 Current Byte Count for CH2
0005h R Current Byte Count for CH2 Base Byte Count for CH2
0006h w Base Address for CH3 Current Address for CH3
0006h R Current Address for CH3 Base Address for CH3
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Table 51. DMA Controller Registers in Alternate Access Mode

VO Location | R/W Standard Mode Usage V ALT Access Mode
0007h w Base Byte Count for CH3 Current Byte Count for CH3
0007h R | Current Byte Count for CH3 Base Byte Count for CH3
0008h w ,,Command Register (CH[0:3)]) Status Register (CH[0:3])
0008h R Status Register (CH[0:3]) 1st Read: Command Register (CH[0:3]}
2nd Read: Request Register (CH[0:3])
3rd Read: Mode Register (CHO)
4th Read: Mode Register (CH1)
5th Read: Mode Register (CH2)
6th Read: Mode Register (CH3)

000%9h w Request Register (CH[0:3]) Reserved

000%h R Reserved Reserved

000AhN w Write Single Mask (CH[0:3)) Reserved

000Ah R Reserved Reserved

000Bh W | Mode Register (CH[0:3]) Reserved

000Bh R Reserved Reserved

000Ch w Clear Byte Pointer Clear Byte Pointer

000Ch R Reserved Reserved

000Dh W | Master Clear Master Clear

0000h R | Reserved Reserved

000Eh W | Clear Masks Clear Masks

000Eh R Reserved Reserved

0C0Fh w Write All Mask (0-3) Wrile All Mask (0-3)

000Fh R | Reserved Read All Masks {0-3)

00COh w Base Address for CH4 Current Address for CH4

00Cch R Current Address for CH4 Base Address for CH4

00C2h w Base Word Count for CH4 Current Word Count for CH4

00C2h R | Current Word Count for CH4 Base Word Count for CH4

00Cah W | Base Address for CHS Current Address for CHS

00C4h R Current Address for CH5 Base Address for CH5

00C6h W Base Word Count for CH5 Current Word Count for CH5

00C6h R Current Word Count for CH5 Base Word Count for CH5

00C8h w Base Address for CHE Current Address for CH6
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Table 51. DMA Controlier Registers in Alternate Access Mode

VO Location | RW Standard Mode Usage ALT Access Mode
00Csh R | Current Address for GHE Basa Address for CH6
00CAR W | Base Word Count for CHE Current Woerd Count for CH6
00CAh R | Curent Word Count for CH6 Base Word Count for CH6
00CCh W | Base Address for CH7 | Current Address for CH7
00CCh R |Current Address for CH7 Base Address for CH7
00CEh W .- | Base Word Count for CH7 Current Word Count for CH7
00CEh R Current Word Count for CH7 Base Word Count for CH7
00D0h W Command Register (CH[4:7]) Status Register (CH{4:7})
00DOh R Slatus Register (CH[4:7]) 1st Réad: Command Register (CH[4:7))
2nd Read: Request Register (CH[4:7])
3rd Read: Mode Register (Ch 4)
4th Read: Mode Register (Ch 5)
5th Read: Made Register (Ch 6)
6th Read: Mode Register (Ch 7)
00D2h W Request Register (CH[4:7]) Reserved
00Db2h R |Reserved Reserved
00D4h W | write Single Mask (CH[4:7]) Reserved
00D4h R Reserved Reserved
00D6h W | Mode Register (CH[4:7]) Reserved
00D6h R | Reserved Reserved
00DB8h w ; Clear Byte Pointer Clear Byte Pointer
0oDsh R Reserved Reserved
00DAh W | Master Clear Master Clear
Q0DAR R |Reserved Reserved
00DCh W | Clear Masks Clear Masks
00DCh R |Reserved Reserved
00DEh w | write All Mask (0-3) Write All Mask (4-~7)
00DEh R | Reserved Read All Masks (4-7)
NOTES:

1. This allows reading and restoring all of the initial base addrass and byte/word counts. Also makes it possible
to read command, mode, and mask registers, as weli as restore status, mode, and mask register.
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Table 52. NMi Enable Bit Changes in Alternate Access Mode

/O Location.

RW

Standard Mode Usage

ALT Access Mode

0070h (bit 7 only)

R

Write Only for NMI Enable Bit

Read Bit Enable Bit

Table 53. Programmable Interval Timer Changes in Alternate Access Mode

/O Location R/W Standard Mode Usage ALT Access Mode

0040h R | Status Byte Counter 0 1st Read: Status Byte Counter 0
2nd Read: CRL for Counter 0
3rd Read: CRu for Counter 0
4th Read: CRu for Counter 1
-5th Read: CRwm for Counter 1
6th-Read: CRu for Counter 2
7th Read: CRu for Counter 2

0041h Status Byte Counter 1 Status Byte Counter 1

0042h | status Byte Counter 2 Status Byte Counter 2

The BIOS must perform seven consecutive reads from port 40h in alternate access made. If BIOS deviates from
this it may get Inacctirate data, it also allows BIOS to set the alt access bit and still read the ‘status of all the
counters. Setting the Alt Access Mode automatically clears the high/low fiip flop. When the ALT Access Mode is
entered the timers do not stop counting, hence the current values will change from the time the initial value is

read.
Table 54. Pragrammable Interrupt Controller
/O Location R/W Standard Mode Usage ALT Access Mode
0020h R | Interrupt Request Register for Cntrl 1 | 1st Read: 1ICW1 for Cntri 1
2nd Read: ICW2 for Cntr 1
3rd Read: ICW3 for Cntrl 1
4th Read: ICW4 for Cnitri 1
5th Read: OCW1 for Cntri 1
6th Read: OCW?2 for Cntrl 1
7th Read: OCWS3 for Cntri 1
8th Read: ICW1 for Cntri 2
9th Read: ICW2 for Cntd 2
10th Read: ICW3 for Cniil 2
11th Read: ICW4 for Cntrd 2
12th Read: OCW1 for Cntrl 2
13th Read: OCW2 for Cntrl 2
14th Read: OCW3 for Cnirl 2
0021h in-Service Register for Cntrl 1 in-Service Register for Cntrl 1
Q0ACh Interrupt Request Register for Cntrl 2 | Interrupt Request Register for Cntrl 2
0CAth In-Service Register for Cntri 2 In-Service Register for Cntrl 2
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11.5. System Management,

PliX4's syster management capabilities include providing means to communicate system activities {0 system
management software and to communicate with other devices on the system board. The first #em is performed
through the System Management Interrupt (SM1). function while the second is done with a System Management
Bus host and stave controller.

1151.  SMIOPERATION

System Managemem lnterrupts are generated to the processor through the assertion of the SMi signal, Various
system events,’ t:fescnbed below, will cause the SMi# signal to be asserted if enabled.

Figure 31 shows the operation of SMi ‘generation logic. SMI generation is enabled by setting the {SMI_EN] bit
and controlled by the End of SMI [EOS] bit:- The [EOS] bit is first sel to enable the generation of the first SMI.
When an énabled SMi# generation event occurs, the EOS bit is reset to 0. When this bit is cleared the SMi#
signal to the processor is asserted. The processor then enters System Management Mode (SMM) and the SMI
handier services all requesting SMis. I an 8MI event occurs while PlIX4 has this bit cleared, no additional SMis
to the processor are generated; however, the appropriate status bits are set. Al the end of the SMi handler,
software sets this bit. When set, PliX4 drives the SMi# signal inactive for a minimum of 1 PCI clock. The
combination of this bit being set, and another SMi request being active (one of the SMi status bits is sef) causes
PliX4 to reset [EOS] bit again and re-assert the SMI signal to the processor. . ‘

NOTE

EOS bit will-not get set until all SMI status bits are cleared. Therefore, before exiting, the SMI handier
needs 1o verify that the bitis actually set. Otherwise, there could be ancther périding SMi that will prevent
the EOS bit from being get. In this case, the SMt handler will need to clear that SMI status bit and set the
EQS bit again.

SMI # =1

Any Enabled
EOS SMI Event

Unarmed SMI#=0

ami_op

Figure 31. SMi Operation
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11.5.2. SMi# GENERATION EVENTS

Some of the events can also:generate the ACPI compatible System Contro! Interrupt (SC). or suspend state
resume events. The SMI# or SCI is selectable with the [SCI_EN] bit. When set to 1, these events generate an
SCli, it enabled. When reset, these events generate an SMi#, if enabled. See the “APIC Support” section for
additional details on ACPI and SCI. See the “Suspend/Resume and Power Plane Control* section for additional
details on system suspend and resume.

When an event geherates an SM event, it sets a status bit. Status bits from various sources are combined
together (“ORed"} to create hierarchical status bits. The hierarchical status bits cannot be reset by software.
Their respective “children” status bits must all be cleared in order for them to clear.

PWRBTN# Asserted: [PWRBTN_EN] [PWRBTN_STS]
[PWRBTNOR_EN] [PWRBTNOR_STS]

— The PWRBTN# input signal can be used to generate an SMI# upon its assertion. it contains
a 16-ms debounce circult to filter out mechanical switch bounce. When asserted, it will set
the [PWRBTN_STS] bit after the 16-ms debounce. This will cause generation of an SMI# if
enabled. If the PWRBTN# signal is held active for greater than 4 seconds and Power Button
Override feature is enabled, the [PWRBTN_STS] bit is cieared, the [PWRBTNOR_STS] bit
is set, and P11X4 will automatically transition the system into the Soft Off Suspend State (see
the “Suspend/Resume and Power Plane Contral” section for more details on Soft Off
Suspend). This signal can also be used to generate an SCI or a suspend state rasume

event.
LID Asserted: [LID_EN]) [LID_STS8)
— Polarity Select: [LID_POL]

— The LID signal, when asserted, sets the [LID_STS] bit after a 16-ms debounce, and when
enabled, generates an SMI#. The assertion polarity can be controlied to allow system code
to detect when LID signal transitions from low to high or high to low. This signal can also be
used to generate an SCi or a suspend state resume event.

GPH1 Asserted: [GPI_EN] {GPI_STS]

— The GPI1 signal, when asserted LOW, will set the [GPI_STS] bit, and when enabled will
generate an SMi#. This signal can also be used to generate an SCi or a suspend state
resume event.

EXTSMi# Asserted: [EXTSMI_EN] [EXTSMI_STS]

— The EXTSMI# signal, when asserted, will set the [EXTSMI_STS] bit, and when enabled will
generate an SMi#. This signal can also be used to generate a suspend state resume event.

SMBus Events: [ALERT_EN] [ALERT_STS)
[SLV_EN] [SLV_STS]
[SHDW1_EN] [SHDW1_STS]
[SHDW2_EN} [SHDW2_STS)

— The System Management Bus (SMBus) controlier has various means to generate an SMi#.
These can also be used to generate a suspend state resume events. See the “SMBus
Functiona! Description” section on page 265 for additional infarmation.
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Global Standby Timer Expiration: [GSTBY_EN] [GSTBY_STS]

— The Global Standby Timer will set the [GSTBY_STS] bit upon expiration, and.if enabled will
generate an SMi#. It can also be used 10 generate a suspend state resume events. See
below for more information on Giobaf Standby Timer operation.

PCl Bus Master Requests: [BM_TRP_EN] [BM_STS]

— Assertion: of PCIREQ{0:3] or PHOLD#, signifying: PCI Master activity will generate an SMi#
it enabled. This cah also cause idle, burst, or global standby timer reloads as part of Device
8 Monitor logic.

APMC Control Register Write: [APMC_EN] [APM_STS]
— Writes to the APM Control Register (APMC, 1O port B2h) generate an SMi#, if enabled.
USB Legacy Keyboard/Mouse: [LEGACY_USB_EN] [LEGACY_USB_STS]

— The USB Legacy Keyboard logic uses. SMI# generation as part of its operation. See the
“USB Host Controller- Functional. Description” section. and the “Universal Host Controller
intarface -Design Guide” document for additional information. concerning USB Legacy
Keyboard. The [LEGACY_USB_EN} bit must be set active in order for USB Legacy
Keyboard to function.

Software Timer SMI: [IOL_EN_DEV3] [IDL_STS_DEV3]
[IDL_RLD_EN_DEV3]

— The idle Timer for Device 3 Monitoring can be used as a Software SMi Timer. if the ldie
timer reload events are disabled (via [IDL_RLD_EN_DEV3] hit}, the timer will count down
without reload and its expiration will generate an SMi#. See the “Peripheral Device
Management” section for more information on idle timer operation.

Device Monitor Trap: [TRP_EN_DEVX]: [TRP_STS_DEVX]
x=0-13 {DEV_8TS]

- The IO Traps for Device Monitoring subsystem generate an SMi# when the programmed
trap event occurs. The [DEV_STS] bit is logical “OR” of [TRP_STS_DEVx ‘and
[IDL_STS_DEVx] bits. See the “Peripheral Device Management” section for more
information on device monitor idie timer operation.

Device Monitor Idle Timer Expiration: [IDL_EN_DEVx] [IDL_STS_DEVxX]
x=0-11 [DEV_STS]

— The ldle Timers for.Device Monitoring subsystem count down and generate an SMI# upon
expiration; if -enabled. The [DEV_STS] bit is logical “OR” of [TRP_STS_DEVX] and
[IDL_STS_DEVx] bits. See the “Peripheral Device Management” section for more
information on device monitor idle timer operation.

PliX4 Master Abort on PCIl [P4MA_EN] [PM4A_STS]

- If enabled,. a Master Abort to a PlIX4 initiated PCl cycle will generate an SMi#.

1998 Platform Components-Databook



-y 2
II’\U@ 82371AB (PlIX4)

Giobal Release: {BIOS_EN] [BIOS_STS]

— Writes to the Power Management 1 Control Register (PM1_CNTRL) with bit 2 set will
gensrate an SMi# if enabled. See the "Peripheral Device Management” section for more

information.
Thermai Afarm (THRM# Assertion): [THRM_EN] [THRM_STS]
— Polarity Select: [THRM_POL]

- The THRM# signal will set the [THRM_STS] bit when asserted and if enabled will generate
an SMI#. The assertion polarity can be controlied to allow system code to detect when
THRM# signal transitions from low to high or high to low. This signal can also be used to
generate an SCI. When asserted, the THRM# will also cause automatic clock throttling (see
the “Clock Control” section for additional details).

11.5.3. GLOBAL STANDBY TIMER OPERATION

The Global Standby Timer is used to monitor for global system activity during normal operation and can be
reloaded by system activity events. When enabled, the timer loads and starts counting down. Enabled system
events cause the timer to reload its inifial value and begin counting down again. If no system events reload the
timer, it will eventually count to zero. Upon this expiration, it generates an SMI#. When the system is placed in a
Suspend Mode, the Global Standby Timer can also be used to generate a resume event,

The global standby timer stops counting when the SM_FREEZE bit is set. This can be used {o keep it from
counting down when the system is executing an SMI routine. The SM_FREEZE bit is disregarded while in a
Suspend state, so that the Global Standby Timer counts down independent of SM_FREEZE value.

Globail Standby Timer Programming Information:

Resoiution: 32 second or 4 minute [GSTBY_SEL}
Count: 7 bit [GSTBY_CNT]
Count and SMi# Enable: [GSTBY_EN]
Expiration Status: [GSTBY_STS]
Global Standby Timer Reload Events
IRQ1, IRQ12/M: [GRLD_EN_KBC_M8]
NML, INIT, IRQ[1,3:7,9:15]: [GRLD_EN_iRQ]
Device 013 Monitors: [GRLD_EN_DEVx] x=0-13
Video Monitor {(PCI Bus Utilization): [VIDEO_EN]
PC1 Bus Master Activity: [BM_RLD_DEVS]

[GRLD_EN_DEV8]
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11.54. SMBUS FUNCTIONAL DESCRIPTION

The System Management Bus (8MBus) is a two-wire interface through which the system can communicate with
simple power-related chips. With SMBus, a device can provide manufacturer information, indicate its model/pan
numbeér, save its state for a suspend event, report different types of errors, accept control parameters, and retum
status.

PHX4 provides a SMBus host controlier, host controller slave port, and two SMBus slave shadow ports. The
SMBus host controller provides a mechanism for.the processor to initiate communications with SMBus
peripherals. This can be used to configure system devices or to query devices for status. The SMBus slave
interface provides a mechanism for other SMBus masters io communicate with PiiX4 and can be used to
generate interrupts or resume events for a suspended system. PlIX4 also supports the SMBus ALERT#
protacol. PliX4’s SMBus controlier has 3.3V input buffers, which requires the system’s SMBus to be designed
with a 3.3V termination voltage. The programming model is split between function 3 PCI configuration registers
and SMBus {/O space registers.

The System Management Bus is a subset of the Phillips* I'C* protocol.

sSmB SMB Slave Intarface
Host - Host Slave
Controller - Shadow Ports

F 3

Figure 32. SMBus Interface

11.54.1. $MBus Host interface

A SMBus Host Controller is used to send commands fo various SMBus devices. The PliX4 SMBus controller
implements a full host controller implementation. The PHX4 SMBus controller supports seven command
pratocols of the SMBus interface (see Systern Management Bus Specification, Revision 1.0): Quick Command,
Send Byte, Receive Byte, Write Byte/Word, Read Byte/Word, Block Read, and Block Write.

To execute a SMBus host transaction, the type of transfer protocol, the address of SMBus device, the device
specific command, the data, and any control bits are first setup. Then the START bit is set, which causes the
host controller 1o execute the transaction. When the transaction is completed, PliX4 generates an interrupt, if
enabled. The imerrupt can be selected betwesen IRQS or SMi#. The system software can wait for interrupt to
signal completion or it can monitor the HOST_BUSY status bit. An interrupt is also signated if an error
occurred during the transaction or if the transaction was terminated by software setting the KILL bit. The
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SMBHSTCNT, SMBHSTCMD, SMBHSTADD, SMBHSTDATO, SMBHSTDAT1, and SMBBLKDAT registers
should not be accessed after setting the START bit while the HOST_BUSY bit is active {(until completion of
transaction).

The SMBus controller will not respond to the START bit being set unless all interrupt status bits in the
SMBHSTSTS register have been cleared.

For Block Read or Block Write protocols, the data is stored in a 32-byte block data storage array. This array is
addressed via an intemal index pointer. The index pointer is initialized to zero on each read of the SMBHSTCNT
register. After each access to the SMBBLKDAT register, the index pointer is incremented by one. For Block
Write transactions, ‘the data to be transferred is stored in this array and the byte ‘count is stored in
SMBHSTDATO register prior to initiating the transaction. For Block Read transactions, the SMBus peripheral
determines the amount of data transferred. After the transaction completes, the byte count transferred is located
in SMBHSTDATQ register and data is stored in the block data storage array. Accesses to-the array during
execution of the SMBus transaction always start at address 0.

Any register values needed for computation purposes should be saved prior to the starting of a new transaction,
as the SMBus host controlier updates the registers while executing the new transaction.

11.5.4.2, SMBus Slave interface

PliX4 supports three separate mechanisms for SMBus peripherals to communicate to PilX4. in addition to
transferring data, these mechanisms can generate an interrjpt or resume the system from a suspend state.

The first mechanism consists of accesses to the SMBus controiler host slave port at address 10h. (Note this
address is actually 0001 000x as this is a 7-bit address (bits{7:1]) with bit 0 being R/W bit.) The host slave port
responds to Word Write transactions only with the incoming data being stored in the SMBSLVDAT register and
incoming command in the SMBSHDWCMD register. An interrupt or resume event is generated
(it enabled) if the incoming command matches the command stored in SMBSLVC register and at least one bit
read into the SMBSLVDAT register matches with the corresponding bit in the SMBSLVEVT register.

The second mechanism monitors for accesses to the SMBus controller slave shadow ports at addresses stored
in SMBSHDW1 and SMBSHDW?2 registers. The shadow slave ports responds to Word Write transactions only
with the incoming data being stored in the SMBSLVDAT register and incoming command being stored in the
SMBSHDWCMD register. An interrupt or resume event is generated (if enabled) when the slave shadow ports
are accessed. -

The SLV_BSY bit indicates that the PlIX4 slave interface is receiving an incoming message. The SMBSLVCNT,
SMBSHDWCMD, SMBSLVEVT, SMBSLVDAT, and SMBSLVC registers should not be accessed while the
SLV_BSY bit is active (untit completion of transaction).

The third method for SMBus devices o communicate with PIIX4 is with the SMBALERT# signal. When enabled
and the SMBALERT# signal is asserted, PI[X4 generates an interrupt or resume the system from a suspend
state. This simple mechanism allows a device without SMBus master capabilities to request setvice from the
SMBus host (P1IX4). To determine which device asserted the SMBALERT# signal, the PlIX4 host controller
should be programmed to execute a read command using the Alert Response Address.

Once the slave interface has received a transaction and generated an interrupt, it will stop responding to new
requests until all the interrupt status bits in the SMBSLVSTS register are cleared.
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11.6. ACPI Support

PliX4 supports the ACP! /O Register mapping, the SCI interrupt and the Power Management Timer. PiiX4 also
supports a semaphore mechanism to coordinate access to the power management resources by either ACPI or
the BIOS.

11.6.1. SC] GENERATION

The THRM#, GPi1#, LID, and PWRBTN# can be enabled to generate the ACPI interrupt, SCI {internal IRQY) or
an SMi#. The SMi# or SCl is selectable with the [SCI_EN] bit. When set to 1, these events generate an SCI, if
enabled. When reset, these events generate an SMi#, if enabled. See the “System Management” section for
additional details on' SM! and the THRM#, GP11#, LID and PWRBTN# events.

SCI Generation Events

PWRBTN# Asserted: [PWRBTN_EN]
LID Asserted: [LID_EN]

— Polarity Seleci: [LID_POL}
GPI1 Asserted: [GPI_EN]}
Thermal Alarm (THRM# Assertion): [THRM_EN]

— Polarity Select: [THRM_POL)
Power Managerment Timer Expiration: [TMROF_EN]
BIOS Release: [GBL_EN]

11.6.2. POWER MANAGEMENT TIMER

A power management timer is used by the OS to evaluate when the system is idle. The fimer consists of a
constantly running time base (14.31818 MHz/4 or 3.579545 MHz), a running time base vaiue, and a singie
interrupt source {Figure 33). The interrupt source indicates that the counter has changed bit 23 (high to low or
low to high); this condition generates a System Cantrol Interrupt (SCH). The overflow interrupt is used by
software to understand when the timer is about to overflow, and allows software to emulate a much
larger timer.

24-bit ) PM1_8TS.0
Counter - PM Timer

3579545 MHz>—b  Bits [23:0] State Machine

24 TMROF_EN

TMR_VAL PM1_EN.O
PM1_TMR.[23:0]

pwt_lim

Figure 33. Power Management Timer
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Power Management Timer Programming Information:

Clock Frequency: 3.579545 MHz (14.31818 MHz/4 clock)

Start Count: 24 bit [TMR_VAL]}
Timer Overflow Status: [TMROF_STS)
SCI Generation [TMROF_EN]

11.63. GLOBAL LOCK

If the BIOS and ACP| software share resources via a common /O pont, the Globat Lock feature must be used as
a semaphore 1o arbitrate access to these shared resources. For example, if both the BIOS and the ACPI driver
use the system management microcontroller control/status ports to manage the system, this access must be
controlled using the Global Lock feature.

in the event of a resource conflict, the Globai Lock logic is used by the ACP1 driver to inform the BIOS driver that
it is finished using a shared resource. The BIOS software accesses the GBL_RLS bit to attempt to gain
ownership of the lock. This access sets the BIOS_STS bit. ACPI software releases the lock by setting the
BIOS_EN bit. PilX4 then generates an SMI which informs BIOS software that the shared resource is now
available.

Likewise, if the ACP! attempts to use the shared resources and there is a confiict, the Global Lock logic is used
by the BIOS software to inform the ACP| driver that it is finished using the shared resource. The ACPI software
accesses the BIOS_RLS bit to attempt to gain ownership-of the lock. This access sets the GBL_STS bit. BIOS
software releases the lock by setting the GBL_EN bit. PtiX4 then generates an SCi which informs ACP! software
that the shared resource is now avallable. :
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12.0. PINOUT INFORMATION

[ 2 3 4 5 [ 7 8 8 10 12 13 14 15 16, 0 17, 18 18 20

® 2 @€ ©® 8 & ® B B € B e & v » ®w "B 6 @ W A
PCIR- AD27 IDSEL AD18 FRA- SERA# AD13 ADS ADS ADY PCIR- PHLD- SDOD6 SDD4 SDD13 SDDR- SDD- SDA2 PDD8 PDD7
ST# ME # EQBY  Ax EQ . ACKS

® & & & e e & s " B S5 B S e e o e e & B
AD31  AD26 AD23 AD18 1RDY# PAR AD12 ADBE ADG ADO PCIR- PHO- SDD9 SDD- S$DD SDI-  SDAY. SDC: PDDS PDDS6

EQCH¥  (D#¥ " oW sS4 ‘

® e ® e @ e ® ° ® @ ° ° & o e o ® ¢ = e c

AD3G AD25 AD22 ADI7 TRDY# Cr-  AD1t Ch AD3 CLK-° PCIR- 5007 SDO5 SDD3 SDDY4  $DI- SDAO SDC- PDD10 PDOS
BE1# BEG# AUNS  EQDW OR¥ . 534

® & e e 8 e e & & * & ®w O & O & ® w8 D

AD28  C/ AD20  Cr- STOPH ADI4 ADIC AD6 - AD2 VSS PCl- SDDB SDD10 SDD2 SODI5 S10- PDD- POD3 PDD-  PDD4
BE3#. BE2# CLK ROY 12 1

[ I o % e [ [ ] L ] L) . [} [ ) . @ e = @ . [ E

AD29 -ADR4 | ADR21 AD1E na. ADIS VBS AD7 VGG PCIR- VCC VCC  VSS 8OD12 SDDO  VCC PDD14 PDDY PDDI3 PBOD2
SELY EQAx

[ (Jd L [ d [ ) [ ] - . @ [ ® . [ F
usB- GPO- GPO- GPO.- VCC VCG vCC' veo BDi-  PDI-  POD--PDBHS PDDO
P1+ 28 29 3¢ TOWH  OR#

. .o @ o 03 e . ) . .. @ G
PIR- USB-  GPi- @GPO- GPO. VCC PDAQ PDAZ DAt PDD. PO
Qow " POs . 21 o 27 ACKa . ADY

- . & [ * . s 8 ® e |H
dgpi-  USB USB - GPI  GPI. PDE- PDC-  APLS THRM# TRQU

18 P1- PO- 18 20 5% St - CCSe

* ® o e o e ©® 8 @ a °® ® ° @ J
OCok OGi¢ GPl-  NC VS$ V8§ VS§ VSS VvsS VREF APIC- STP. SER.  IRQY

14 {UsSB) ACKS# CLXé 1RQ

- L) L) . . - [ ] [ . . ; . L L] K
KBC: ATC. @Pl  GPL VCC V8§ VS8 V8S  VSS ZZ SPXR APIC- FERRS SLPH
- CS# - CS¥ 16 17 - {UBB} REQ#¥

[ 3 L3 ] . L) - 4 ® [ ® . . L] L] L
ATC- 'GP CiLK- PCS0# GPI- VSS V¥88 VSS  VvS§S VOO WGN- INIT- TR ONMI
ALE . 13 48 15 {RTC) NE#

e ® o e " e e e s & e ® ® Y]
REQ- BIOS- XDIR¥# XOE# NC V88 VS8S VS8 VSS NC = RSM- POWER .CPU- & A20-

Ak CS# RSTH oK RST M#

. ® [ L] ) [ [ ] [] [ N
GNTA¥ REQ- NC MCCS¥ PCSt# VCG SMBAL- NC  RTCX1 RCIN#

B¥ {SUS) ERT#

e ® e o e e & & e ® @ P
A20-  GNT- REQ- GNT.  PIR. VCE LD SUS-  Ri# GP SMI
GATE B# C# C# acs CLK 1

* * ) [ ] [ [ - . [ L) R
CPU_. PCI - PIR-  PIR- NC vCC  VCC VCC  VCC CON- CoN.  SMB- ATC-
STP# STP# QAR QB4 {5US8) FIGY FiG2 CLK X2

»® ® ® ® e e e ® e & s e © o ° e » e o e T

SD6  S03 IOCH- OWH . SA18 VCC SYS- SA8 IRQ3  BSA4  SA1  LA23 |IRQ- LAI8 DACK. SDS  SUS_ SUS_ GPO- SMB-
RDY CLK 12M 54 STATt# STAT2¢ H DATA

® ® # ©® e & ® 8 2 ® & 8 S8 ° ° & W s » u
IRQS- 5D2 SME. SA18 DHRE. DRE- SA1t IRQS SA8 BALE SA0 JRQ10 LA20 DACK- MEM- [DRE- DRE. SUSCH BAT- PWR-
ouTt Mwa Q3 a o4 Wi Qs Qr LOWS BTN#

L d ° * [ ] L) [ . [ ] * ® ® L [ L ® [ . . [ v
SO7 DRE.- SO0 5A19 DACK- SA{4 - SA12 IRGE SA7 TC O8C 10C8- LA21 [RQ14 MEM- DACK- SD11 TEST* SUSB# EXT.

[>}] 3% 16# R# &% SMi¥

* [ ] e [ [ ° [ ® [ . . . L] [ ] (J ° [] [ e @ w
RST- SD4° 501 SME. SAY7 DACK- REFR- SA10 JRQ4 SA5 SA2  SB8H- IRQ11 LA19 DRE. SD8 DACK- SD13 SD15 SUSAN
DRV MRAY 14 ESH# E¥ Qo 78

e o e ® e ® & e 8 e e e e » e s B 4 e A
OCHK# SDS ZERO- AEN JOR¥ SA15 SA13 IRQ7 SABR DACK- SA3 MEM- LAR2 (RQ15 LA17 DRE- SD14 SD12 3D14 1RQ8#

wsH 24 CS164 Qs
~ 7
pixd_pen
NOTE: For multiplexed pins, only one of the two signal names is shown in this figure. For example, the name for
“¥Y20” only lists IRQ8#(instead of IRQB#/GPI6). The pin list in Table 55 includes both signal names for
the muitiplexed pins.

Figure 34. PiIX4 Pinout

482 .1998 Platform Components Databcok



intgl.

82371AB (PlIX4)

Table 55. PUX4 Table 55. PlX4 Table 55. PlIX4 Table 55. PHX4
Alphabetical PinList  Alphabetical PinList  Alphabetical PinList  Alphabetical Pin List
Name Pin Name Pin Name Pin Name Pin

ADO B10 APICCS# H18 DREQ7 u17 IRQO H20
AD1 A10 APICREQ# | K18 EXTSMI# V20 IRQ1 J20
AD10 D7 GPIS FERR# K19 IRQ3 To

AEN Y4
AD11 c7 FRAME# A5 IRQ4 w9
AD12 B7 A20GATE | P1 GNTA# N1 IRO5 us
AD13 A7 A20M# M20 GNTB# P2 IRQE V8
AD14 D6 BALE u1o GNTCH P4 iRQ7 Y8
AD15 E6 (B;‘F‘,‘T;OW#’ uis GPI1 P19 IRQB#/GPIE | Y20
AD16 E4 ~oscs v GPI13 L2 gg}ezcguw U1
AD17 c4 : GPl14 J3

C/BECH cs IRQ10 u12
AD18 B4 GPI15 L5

CrBE1# cé IRQ11 W13
AD19 Ad GPIE K3 ’

C/BE2# D4

IRQ12M T13

AD2 D9 GPI17 Ka

C/BESH D2 IRQ14 V14
AD20 D3 GPI18 H1 :

CLkas L3 IRQ15 Yi4
AD21 £3 GPI19 H4

CLKRUN# |10
AD22 c3 GPI20 HS KBCCS# K1

CONFIG1 R17 GP026
AD23 83 CONFIG2 R18 GPi2! G8 LA17 Yi5
AD24 E2 CPURST M19 GPOO G4 LA18 T14
AD25 c2 CPU_STP# . |R1 GPO8 LA LA19 Wi4
AD26 B2 DACKO# U1 GPO27 G5 LA20 U13
AD27 A2 DACK1# w6 GPO28 F2 LA21 Vi3
AD28 D1 DACK2# Y10 GPO29 F3 LA22 Y13
AD29 E1 DACK3# V5 GPO30 F4 LAZ3 T12
AD3 s DACKS# T15 IDSEL A3 LIDGPI10 | P16
AD30 c1 DACK6# V16 IGNNE# L7 MCCS# N4
AD31 B1 DACK7# wi7 | [INT L8 MEMCS16# | Y12
AD4 B9 | DEVSEL# E5 INTR L19 MEMR# V15
ADS A9 OHREQO wis IOCHK#/GPIO | Y1 MEMW# Uis
AD6 D8 DREQ1 ué IOCHRDY T3 NMI L20
AD7 E8 DREQ? V2 10CS164# V12 OCOo# Ji
ADS8 B8 DREQ3 us IOR# Y5 OC1# J2
AD9 A8 DREQS Y16 IowW# T4 0sC v
APICACK# | J17 DREQG6 U16 IRDY# B5 PAR 86
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Table 55. PliX4 Table 55, PHX4 Table 55. PIX4 Table 55. PHX4

Alphabetical Pin List Alphabetical Pin List  Alphabetical PinList  Alphabetical Pin List
‘ Name | pin Name Pin ‘Name ~Pin Name Pin

PCICLK  |D11 PHOLD# B12 SA2 w11 SDD12: E14
PCIREQA# [E10 | |PHLDA# FA12 SA3 ¥11 | |sppi1a A15
PCIREQB# | A11 PIORDY G20 SA4 T10 SDD14 c15
PCIREQCH# | B1t PIRQA# R3 SAS W10 SDD15 D15
PCIREQD# |Ctt | |PIRQB# R4 SAB ue SDD2 D14
PCIRST# A1 PIRQCH P5 SA7 Vo SDD3 cl4
PCLSTP¢  |R2 PIRQD# Gt SA8 Y9 SDD4 A4
PCSO# L4 PWRBTN# | U20 SAg’ T8 SDD5 c13
PCS1# N5 PWROK M18 SBHE# Wiz SDD6 A13-
PDAO G16 RCIN# N20 SDo V3 SDD? c12
PDA1 G18 RI#GPI2  |P18 | |sSD1 w3 SDD8 D12
PDA2 G617 RSMRAST# | M17 SD10 Y17 SDD9 B13
PDCS1# H17 RTCALE/ L1 SD11 V17 'SDDACK# | A17
PDCS3# H16 GPo25 SD12 Y18 SDDREQ | A16
R G R S SD13 wis | |SDIOR# c16
PDD1 E18 .y NS sD14 v19 | |sDiow# B16
PDD10 c18 p— — 8015 w19 SERR# A6
PDD11 D19 REFrEsr 1wo sD2 u2 SIORDY D16
PDD12 D17 REGARGPE |1 D3 T2 SERIRQ/GPI7 | J19
PDD13 E19 REQBHGPE | N2 SD4 w2 SLP# K20
PDD14 £17 REQcHGPI 1Pa SDs Y2 ggg?mﬂw N17
PDD15 F19 RSTORY o SD6 T1 —— —
PDD2 E20 SAD o1 SD7 V1 ’
PDD3 D18 Fye — SD8 W16 SM?‘?ATA T20
PDD4 D20 ST gres SD9 T16 SMFMR* w4
PDD5 c20 SATT ™ SDAO c17 SMEMW# us
PDD6 B20 SATo v SDA1 B17 | |SMi# P20
PDD7 A20 SATS = SDA2 A18 SPKR_ K17
PDD8 1 A13 SATa e SDCS1# 'B18 STOP# D5
PDOY B19 SATS e SDCS34 ci8 STPCLK# J18
PDDACK# G19 SA1e - SDDO E15 SUSA# W20
PDDREQ F18 SAT7 Y SDD1 |B15 | |SUSB# vig
PDIOR# F17 SATE Ua SDD10 D13 | |SUSC# u18
PDIOW# F16 SA19 va SDD11 B14 SUSCLK P17
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Table 55. PlIX4 Table 55. PHX4 Table 55. PliX4 Table 55. PliX4
Alphabetical Pin List Alphabetical Pin List Alphabetical Pin List Aiphabetical Pin List

Name Pin Name Pin Name Pin Name Pin
SUS_STAT1# | T17 TEST# \At: UsBPO- H3 XOE# M4
SUS_STAT2# | T18 THRM#GPI8 | H19 USBP1+ F1 ZEROWSH# Y3
SYSCLK T7 TRDY# C5 usBP1- H2 prd K16
TC V10 USBPO+ G2 XDIR# M3

Table 56. PHX4 Pin List (Power, Ground, and No Connects)

Name Ball
Vee E9, E11, E12, E186, F5, F6, F14, F15, G6, P15, R6, R7, R15, Té
Vco(RTC) L16
Vee(SUS) N186, R16
Vec(UsB) K5
VREF J16
Vss D10, E7, E13, J[9:12], K[9:12}, L{9:12], M[9:12]
Vss{USB) J5
No Connect Pins J4, M5, M16, N3, N18, R5
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13.0. PiiX4 PACKAGE INFORMATION

This specification outlines the mechanical dimensions for PIIX4. The package is a 324-pin ball grid

array (BGA).
TOP VIEW SIDE VIEW
Pin #1
Cg!!ner < D >
e

[« D1 >

] i L

/e . A
Pin #11.D. 4’ ' ’\\

—t E1 E
\ o // v AZ_’_J‘J:_A
" { ' A _____’ ‘__1
et
. c
prg34_3

Figure 35. PlIX4 324-Pin Baii Grid Array (BGA)
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12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Pin #1
Cormer

€ OO0 Ww O =Y 4 2o D> 8 x

&oooooooooooooooooo%iW
0000000000000 0000O0 00

00000000000000000000] T
00000000000 000000000
0000000000000 0000000

@

000000 0000000
000000 00000
00000 00000
00000 0000 00000 2
00000 0000 00000 g
00000 0000 00000 g
00000 0000 00000 -
00000 00000
00000 000000
0000000 000000

0000000 OLOOOOLCOOOOO
QO0ODOOOOOOOOOOOOOOCOOO
0000000V OOOOOOOOOOO
O000O0O0OOOOCOOOOLOOOGCO -
OEOOOO@@O@OOOOOOOOOO\ m

J AN I

-

™

324 Balls
20x20
Matri

intgl.
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phgaee 2

Figure 36. PIIX4 324-Pin Ball Grid Array (BGA) Ball Pattern
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Table 57. PliX4 324-Pin Ball Grid Array (BGA)

Symbol =1.27 (solder ball pitch)
Min' Nominal' Max'
A 1.90 (2.06) 2.09 (2.29) 2.30 (2.52)
Al 0.50 0.60 0.70
A2 1.12 1147 ' 1.2
D 26.80 ]127.00 27.20
D1 24.00 24.70
E 26.80 27.00 27.20
E1 24.00 24.70
| 1.44 REF.
J 1.44 REF.
M .20 (Depopulated)
N 324
b 0.60 0.76 0.90
c 0.28 (0.44) 0.32 (0.52) 0.38 (0.60)
f 8,05 REF.
Remark 2 Layer (4 Layer)'
NOTES:

1. All dimensions are in millimeters.

2. ‘M represents the maximum solder ball matrix size,

3. ‘N represents the maximum allowable number of solder balls.

4. PHX4 is currenfly shipping with only 2 layer substrate. There are currently no plans to ship 4 layer pans.
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14.0. TESTABILITY

14.1. Test Mode Description

PliX4 supports two types of test modes, a tri-state test mode and a NAND tree test mode. Table 58 lists IRQ
decodes necessary to enter each test mode. The test modes are decoded from the IRQ inputs (IRQ[7:3]) and

qualified with the TEST# pin.
Table 58. Test Mode Selection
Test Mode IRQ7 IRQ6 RQ5 lRQd | IRQ3 TEST#
No Test Mode Selected: 0 0 0 ] 0 0 0
NAND Tree 1 0 0 0] (4] 1 0
NAND Tree 2 0 0 0 1 o 0
NAND Tree 3 0 0 0 1 1 0
NAND Tree 4 0 0 1 0 0 0
NAND Tree 5 0 0 1 0 1 0
All NAND Trees 1 1 1 1 1 0
Tri-state All Outputs 0 1 0 0 1 0

The entry into a test mode is shown in Figure 37. Each test mode entry sequence is characterized by two active
low pulses on the-test pin. During thé first active low pulse the desired test mode should be driven onto the IRQ
lines. The test mode is latched into PiIX4 on the rising edge of the first TEST# pulse. The test mode is actually
entered upon the rising edge of the second active low TEST# pulse. To change test modes, the same sequence
should be followed again. To restore the PliX4 to normal operation, execute the sequence with 1IRQ[7:3]=00000
(No Test Mode Selected).

RSMRST# / \
PWROK / \

st \_____ [\ [ TestModeEntered \
Q73] Lo X TestMode X

All Output Signals Tri-Stated X NAND Tree J
Output Enabled

Other Signal Outputs [ _X

testmode

Figure 37. Test Mode Entry (NAND Tree Example)
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14.2. Tri-state Mode

When in the tri-state test mode, all outputs and bi-directional pins are tri-stated, including the NAND
tree outputs.

14.3. NAND Tree Mode

PiiX4 has five independent NAND trees. Each one can be enabled by itself or all five can be enabled at once.

When a NAND tree is enabled, all output and bi-directional buffers within that tree are tri-stated, except for the
NAND tree output. All output and bi-directional buffers for pins not in the selected NAND tree are tri-stated.
Every output signal except for each NAND tree’s output buffer is configured as an input and is included in the
NAND chairt, Table 60-Tabla 64 on page 279 list each NAND tree pin ordering, with the first value being the first
input and the last value being the NAND tree output.

Table 65 lists the signal pins not included in any NAND tree.
There are two methods for performing a NAND tree test.

1. The first is to drive all NAND tree input pins to 0. The output of the NAND tree will be a 1. Starting at the last
signal in the NAND tree (signal at bottom of list next to output), drive a 1 onto each signal, one at a time. The
NAND tree output will toggle on each input signal transitioned from 0 to 1. Allow 500 ns for the input signals
to propagate to the NAND tree outputs (input-to-output propagation delay specification).

2. The second method works in reverse. Drive all NAND tree input pins to a 1. Then starting at the first signal in
the NAND tree (signal at top of each list), drive a 0 onto each signal, one at a time. The NAND tree output
will toggle on each input signal transitioned from 1 to 0. Allow 500 ns for the input signals to propagate to the
NAND tree outputs (input-to-output propagation delay specification).

tel.
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Figure 38 is a schematic of the NAND tree circuitry.

oz, T e
AD%__:_D——]

®

®

L J
smsr,___L:j}—

S04

RTCALE
RTCALE

NAND Chain Select

randtres

Figure 38. NAND Trae Circuitry (NAND Tree #1 example)

Table 59. NAND Tree Select Pins

Pin Name Ball Notes
Position

TEST# V18 Test mode latch signal.
IRQ7 Y8 Test mode select signal.
IRQ6 V8 Test mode sefect signal.
IRQS5 ) Test mode select signal.
IRQ4 w9 Test mode select signal.
IRQ3 T9 Test mode select signal.
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Table 60. NAND Tree #1 (IRQ[7:3]=00001) Table 60. NAND Tree #1 (IRQ[7:3]:00001) (Cont'd)
Pin Name Bali Notes Pin Name Ball Notes
Position Position
AD22 co3 GPI3 Lo2
AD31 BO1 GPI15 ; L05
AD16 E04 BIOSCS# Mo2
AD25 coz XDIR# M03
GPO27 Go5 REQA# MOt
AD20 | po3 REQB# NO2
AD30 co1 GNTA# NO1
PCIRST# A01 XOE# MO4
GPI20 HO5 A20GATE PO1
GPO30 Fo4 GNTB# PO2
C/BE3# D02 MCCS# NO4
AD21 E03 REQC# P03
GPO29 F03 PCS1# NO5
AD28 D01 CPU_STP# RO1
GPOO Go4 PCI_STP# RO2
AD24 E02 GNTCH# PO4
GPI21 GO03  SD6 To1
GPI19 Ho4 PIRQA# RO3
GPO28 F02 IRQY Uo1
AD29 E01 SD3 To2
USBPOP Go2 ' PIRQB# RO4
USBPON Ho3 SD2 uo2
USBP1P Fo1 IOCHRDY To3
USBPIN Ho2 SMEMW# Uo3
GPI14 Jo3 PIRQC# PO5.
PIRQD# Go1 SD7 Vo1
GPI18 HO1 IOW# To4
oco# Jo RSTDRV w01
GP!16 K03 DREQ2 V02
ocC1# Joz SA18 uo4
RTCCS# K02 SA16 T05
GPI17 Ko4 SD4 Wo2
KBCCS# Ko1 RTCALE LO1 NAND
PCSO# L04 g'a‘?.fu}
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Table 61. NAND Tree #2 (IRQ[7:3]=00010)

Table 61. NAND Tree #2 (IRQ{7:3]=00010)}(Cont'd)

82371AB (PiiX4)

1998 Platform Components Databook

PinName Ball . Notes Pin Name Ball Notes
Pasition Position

sSBo V03 SA2 Wit
SDs Y02 SA3 Y11
IOCHK# Yoi SA1 T
SYSCLK 107" SBHE# - W12
DREQ3 uos 10CS16# Vi2

- 8D1 W03 MEMCS164 Y12
SA19 Vo4 IRQ11 W13
DREQ1 uos LA22 Y13
ZEROWSH# Y03 LAZ1 V13

" SA9 . To8" IRQ10 ui2
DACK3# Vo5 . IRQ15 Y14
SA14 V06 LA23 T12
SMEMR# w4 LA19 W14
SA11 uo7 LA20 U
AEN Y04 IRQ14 V14
SA17 W05 IRQ12 T13
SA12 Vo7 LA17 Y15
IRQ5 uos DREQO ' W15
DACK1# W06 DACKO# U4
IOR# Y05 DREQS Y16
REFRESH# Wo7 MEMR# Vis
IRQ3 To09 SD10 Y17
IRQ6 V08 MEMWS# uis
SA15 Y06 sD8 W16
SA10 wos DACKT# W17
SA4 T10 DAGK6# V16
$AB U0y - SD11 V17
SA7 Vo9 LA18 T14
SA13 Yo7 SD12 Y18
iRQ7 Y08 DREQS6 u16
IRQ4 wo9 SD13 wis
TC vio~ DREQ7 Ui7
SA8 Y09 SD14 Y19
SAS5 w10 SD15 w19
BALE u10 sD9 T16
DACK2# Y10 DACK5# T15 NAND
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Table 62. NAND Tree #3 (RQ[7:3]=00011) Table 63. NAND Tree #4 (IRQ[7:3}=00100){Cont'd)
Pin Name Ball ‘Notes Pin'Name Ball Notes
'~ Position . Position
SUSA# W20 zz K16
IRQS# ’ Y20 SERIRQ J1g
SUSC#H# w18 STPCLK# Jis
SUS_STATH# | T17 IRQ1 J20
LD P16 THRM# H19
SUSB# V19 IRQO H20
EXTOMIE V2o APICCS# H18
CONFIGT v APICACK# J17
—t PIORDY G20
SUS_STAT2# T18 SODARE o
CONFIG2 R18 , PDCS1# H17
BATLOW# ute PDAT 18
SUSCLK P17 PDCS3# H16
PWRBTN# u20 ‘ PDDO F20
RiA# P18 PDD15 F19
SMBALERT# Ni7 PDA2 G17
SMBCLK - R19 PDDRQ F18
SMBDATA T20 PDD2 E20
P P19 PDIOR# Fi7
GPO8 T19 NAND PDD4 D29
CHAIN 3 .PDD13 E19
QUTPUT PDD11 D19
PDD1 E18
Table 63. NAND Tree #4 (IRQ[7:3]=00100) PDD2 D18
Pin Name -Ball Notes PDAO G16
7 Position PDDS 20
SMi¥ P20 PDD14 E17
RCIN# N20 s v
&F#RST ; i’?: PDIOW# F16
. PDD12 D17
A20M# ; M20 006 5
INTR 119 DDS ==
IGNNE# 117 e T
NMI 20 D07 ren
APICREG# K18 e v AND
FERR# K19 CHAIN 4
SLP# K20 OUTPUT
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Table 64. NAND Tree #5 (IRQ[7:3)=00101) Table 64. NAND Tree #5.{IRQ{7:3]=00101){Cont'd)
Pin Name Ball Notes Pin-Name . Ball Notes
Position 1 Position

SDCS3# ci18 AD4 B09
SDDOo Et5 AD3 co9
SDAO C17 ADS ) A09
SIORDY D16 AD8 BO8
sDD12 Ei4 AD9 AO8
SDCS1# B18 C/BEO# Ca8
SDD15 D15 | AD2 Dog
SDA2 A18 AD13 A07
SDIOR# C16 AD12 ' BO7
SDA1 B17 ADS Do8
SDD14 C15 AD11 co7
SDD2 D14 AD7?7 EO08
SDDAK# A17 SERR# A06
SDIOWH# B16 PAR BO6
SDD3 c14 FRAME# AQ5
SDD10 D13 AD10 Do7
SDP1 B15 C/BE1# cos
SDDRQ Al16 AD14 Dos
SDD11 814 AD19 Aj4
SDD5 c13 IRDY# BOS
SDD13 A15 AD18 BO4
SDD9 B13 TRDY# Co05
8SDD8 D12 AD17 Co4
8bD7 c12 IDSEL AO03
SDD4 A4 STOP# DO5
SDD6 A13 AD23 803
PCIREQD# ci1 AD15 EO6
PHLDA# Ai2 DEVSEL# EOS
PCIREQC# B11 AD27 A02
PCIREQB# A1l C/BE2# Do4
CLOCKRUN# C10 ADZ286 BO2

ADO B10 PHOLD# B12 NAND
PCIREQA# E10
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®

Bit Description

7:6 DMA CH 3 Select. This field defines the type of DMA performed on this channel.
Bits{7:6] DMA Type

00 Normal ISA DMA (default)
0t PC/PCI DMA

10 Distributed DMA

1" Reserved

5:4 | DMA CH 2 Select. This field defines the type of DMA performed on this channel.
Bits[5:4) DMA Type

00 Normal ISA DMA (default)
01 PC/PCI DMA

10 Distributed DMA

11 Reserved

3:2 | DMA CH 1 Select. This field defines the type of DMA performed on this channel.
Bits[3:2] DMA Type

00 Normal ISA DMA (default)
01 PC/PCI DMA

10 Distributed DMA

11 Reserved

1:0 DMA CH 0 Select. This field defines the type of DMA performed on this channel.
Bits[1:0] DMA Type

00 Nommal ISA DMA (default)
o1 PC/PCI DMA

10 Distributed DMA

11 Reserved

4.1.18. DDMABP—DISTRIBUTED DMA SLAVE BASE POINTER REGISTERS (FUNCTION 0)

Address Offset: 92-93h (CHO-3); 94-95h (CH5-7)
Default Value: 0000h
Attribute: Read/Write

These registers provide the base address for distributed DMA slave channel registers, one for each DMA
controller. Bits 5:0 are reserved to provide access to a 64-byte 10 space (16 bytes per channel). The channels
are accessed using offset from base address as follows (Note that Channel 4 is reserved and is not accessible).

Base Offset Channel
00-0Fh 0,4
10-1Fh 1,5
20-2Fh 2,6
30-3Fh 3,7
Bit Description

15:6 | Base Pointer. IO Address pointer to DMA Slave Channel registers. Corresponds to PCI address
AD[15:6].

5:0 Reserved. Read as 0.
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