82371FB (PIIX) AND 82371SB (PlIX3)

PCI ISA IDE XCELERATOR

® Bridge Between the PCl Bus and ISA Bus ® Enhanced DMA Functions
| PCl and ISA Master/Slave Interface — Two 8237 DMA Controllers

— PCl from 26-33 MHz -— Fast Type F DMA

— ISA from 7.5-8.33 MHz — Compatible DMA Transfers

«- 51SA Siots - 7 Independently Programmable
B Fast IDE Interface Channels

— Supports PIO and Bus Master IDE N X-Bus Peripheral Support

— Supports up to Made 4 Timings — Chip Select Decode

— Transfer Rates to 22 MB/Sec - Controls Lower X-Bus Data Byte

— B x 32-Bit Buffer for Bus Master IDE PCI - Transceiver

System Power Management (Intel SMM
~FlAd: Ry Suppaort)
- 1 Programmable Chip Select — Programmable System Management

= Steerable PCI Interrupts for PCI Device Plug- interrupt (SMl)-—Hardware Events,
n-Play ' Software Events, EXTSMi#
= POLSpecH ’ 612, ; — Programmable CPU Clock Control
- (BUX: {STPCLK#) ’
m Functlonallty of One 82C54 Timer — Fast On/Off Mode
— System Timer; Refresh Request; B Non-Maskable interr upts (NMI)
Speaker Tone Output — PGl System Error Reporting
B Two 82C59 Interrupt Controller Functions B NAND Tree for Board-Level ATE Testing
— 14 interrupts Supported m  208-Pin QFP
— Independently Programmable for
Edge/l.evel Sensitivity

The 82371FB (PlX) and 82371SB (PlIX3) PCl ISA IDE Xcelerators are multi-function PCl devices
implementing a PCl-to-ISA bridge function and an PCl IDE function. In eddition, the PIX3 implements a
Universal Serial Bus host/hub function, As a PCl-to-ISA bridge, the PIX/PIIX3 integrates many common /O
functions found in ISA-based PC systems—a seven-channel DMA controlier, two 82C59 interrupt controllers,
an 8254 timer/counter, and power management suppori. In addition to cormpatible transfers, each DMA
channel supporis type F transfers. Chip select decoding is provided for BIOS, real time clock, and keyboard
controlier. Edge/Lavel interrupts and interrupt steering are supported for PCI plug and play compatibility. The
PIX/PUX3 supports two IDE connactors for up to four IDE devices providing an interface for IDE hard disks
and CD ROMs. The PIX/PIIX3 provides motherboard plug and play compatibility. PHX implements two
steerable DMA channels (including type F transfers) and up to two steerable interrupt lines. PHIX3 implements
one steerable interrupt fine. The interrupt lines can be routed to any of the available ISA interrupts. Both
PHX/PIIXS lmplement a programmable chip select.

April 1997 Order Number: 280550-002
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REVISION HISTORY
Revision Date Version Description
May 1996 ' -001 Initial Release
April 1997 -002 Included information from
) Specification Update

Information in this document is provided in connection with Intel products. No license, express or implied,
by estoppe! or otherwise, to any intellectual property rights is granted by this document or by the sale of
Intel products. Except as provided in Intel's Terms and Conditions of Sale for such products, Intel assumes
no fiability whatsoever, and Intel disclaims any express or implied warranty, relating to sale and/or use of
Intel products including liability or warranties relating to fitness for a particular purpose, merchantability, or
infringement of any patent, copyright or other intellectual property right. Intel products are not intended for
use in medical, life saving, or life sustaining applications. Intel retains the right to make changes to
specifications and product descriptions at any time, without notice. The Intel 82371FB and 82371SB may
contain design defects or errors known as errata. Which may cause the products to deviate from published
specifications. Such errata are not covered by Intel's warranty. Current characterized errata are available in
“Intel 430FX TSC/TDP/PIIX Specification Update (Order#297733)and Intel 82371SB (PlIX3) PCI I1SA IDE
Xcelerator Specification Update (Order#297658). Third-party brands and names are the property of thair
raspactive owners.
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1.0. SIGNAL DESCRIPTION

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

Note that 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 '# is not present after the signal name, the signal is asserted when
at the high voltage level.

The terms assertion and negation are used extensively. This is done to avoid confusion when working with a
mixture of ‘active-low’ and ‘active-high’ signals. 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. .

Note that certain signal pins provide two separate functions. At the system level, these pins drive. other
signals with different functions through external buffers or transceivers. These pins have two different signal
names depending on the function. These signal names have been noted in the signal description tables, with
the signal whose function is being described in bold font. (For example, LA23/CS1S is in the. section
describing CS1S and LA23/CS18 is in the section describing LA23).

The following notations are used to describe the signal type.

i Input is-a-standard input-only signal.

o] Totern Pole Qutput is a standard active driver.

110 Input/Output is a bi-directional, tri-state signal.

od Open Drain allows multiple devices to share as a wire-OR.

st Schmitt Trigger input.

s Tri-State is a bi-directional, tri-state input/output pin.

sifs  Sustained Tri-state is an active low tri-state signal owned and driven by one and only one agent at a
time. The agent that drives a s/t/s pin low must drive it high for at least one clock before letting it float.
A new agent can not start driving a s/t/s signal any sooner than one clock after the previous owner tri-
states it. An external pull-up is required to sustain the inactive state until another agent drives it and
must be provided by the central resource.

1.1.  PCl Interface Signals

Signal Name Type Description

PCICLK | PCl CLOCK: PCICLK provides timing for all transactions on the PCI Bus.
All other PCI signals are sampled on the rising edge of PCICLK, and all
timing parameters are defined with respect to this edge. PCI frequencies of
25~33 MHz are supported.

AD{31:0] ' O . PCI ADDRESS/DATA: The standard PC! address and data lines. The
address is driven with FRAME# assertion and data is driven or received in
following clocks ’

C/BE[3:01# lie] BUS COMMAND AND BYTE ENABLES: The command is driven with
. FRAME# assertion. Byte enables corresponding to supplied or requested
data is driven on following clocks.

FRAME# /0 FRAME: Assertion indicates the address phase of a PCI transfer.
(s/t/s) Negation indicates that one more data transfer is desired by the cycle
initiator.
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Signal Name Type Description ,

TRDY# 0. TARGET READY: Assarted when the target is ready for a data transfer.
(sis)

IRDY# 1o . INITIATOR READY: Asserted when the initiator is ready for a data
(s/t/s) transfer.

STOP# 1o STOP: Asserted by the target o request the master to stop the current

. (s/t/s) transaction.
IDSEL | INITIALIZATION DEVICE SELECT: IDSEL is used as a chip select during
, configuration read and write transactions.

DEVSEL# Vo .| DEVICE SELECT: The PIDV/PIIX3 asserts DEVSEL# to claim a PCI
(s/t/s) transaction through positive or subtractive decoding.

PAR o CALCULATED PARITY SIGNAL: PAR is “even” parity and is calculated
on 38 bits—AD[31:0] plus C/BE[3:0}#.

SERR# I SYSTEM ERROR: SERR# can be pulsed active by any PCI device that

detects a system error condition. Upon sampling SERR# active, the
PUX/PIIX3 can be programmed to generate a ncn-maskabla interrupt
{NMI} to the CPU.

PHOLD# O PCl HOLD: The PHX/PIIX3 asserts this signal to request the PC! Bus.
The PHX3. implamams the passive release: machamam by togglmg PHOLD#
inactive for ona PCICLK.

PHLDA# l PCI HOLD ACKNOWLEDGE: This signal is asserted to grant the PCl bus
to the PIIX/PIIX3.

1.2. Motherboard VO Device Interface Signals
Signal Name Type Description
MDRO[1:0] . sk ERBOARD DEVICE DMA REQUEST: Thess signals can be -
(Pﬁx omy) int ma!ty to any of DREQ{B'O .Sj Eaah pawof raquasi/
MDAK[1:0}# ..
{PIIX Only):

: >KI3:.0.7: ]
mues acknowiedge‘ Slg es contro!iad bya. separate regsster ‘
nal-can be oonﬁgured as steemb!e mterrupts for momerboard
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intgl.

| (PIIX Only) '

Signal Name Type Description
MIRQOARQO . 1O MOTHERBOARD DEVICE INTERRUPT REQUEST: The MIRQx
{PHIX3.0nly) - o signals can be intemnally connected to interrupts IRQ{15,14,12:9,7:3].
‘ . o Each MIRQx line has a separate Route Control Register. If MIRQx and
MIRQ[1.0} A PIRQix# are steered to the same 1SA interrupt, the device connected to
the MIRQx should produce active high, level interrupts. The

MIRQO/IRQO signal has two functions (for PIIX3 only), depending on
the programiming of the IRQQ Enable bit (MIRQO Register). In the
systems that include the PIIX3 and IOAPIC, the MIRQO/IRQO pin will
function as the IRQO output and should be connected 16 the INTINZ
input of the IOAPIC. The interrupt from the Secondary IDE Channel
should be connected to the IRQT5 input on PHX3 and to the INTIN15
input on the IQAPIC. In the systerns that include the P1IX3 only, the
interrupt from the Secondary IDE Channel should be connected to the
MIRQO/IRQO input.

it an MIRQ line is steered to a given IRQ input to the internal 8259, the
corresponding ISA IRQ is masked, unless the Route Control register is
programmed to allow the interrupts to be shared. This should only be
done if the device connected to the MIRQ line and the device
connected to the ISA IRQ line both produce active high, level
interrupts.

‘MIRQO can be configured as an output 1o connect the internal 1RGO
signal'to an external IG-APIC., =

1.3. IDE interface Signals

Signal Name Type Description

DD[15:0V 170 DISK DATA: These signals directly drive the corresponding signals on

PCS#, O up to two IDE connectors (primary and secondary). In addition, these

SBHE#, 1O signals are buffered (using 2xALS245's on the motherboard) to produce

SA[19:8] o the SA[19:8], PCS#, and SBHE# signals (see separate descriptions).

APICCS# For'the PlIX3,.DD14 is'bufférad {o produce APICCS#

(PHX3) )

DIOR# (o] DISK VO READ: This signal directly drives the corresponding signal on

. . up to two IDE connectors (primary and secondary).

DiOW# o DISK /O WRITE: This signal directly drives the corresponding signal on
up to two IDE connectors {primary and secondary).

DDRQ{1:0} 1 DISK DMA REQUEST: These input'signa!s are directly driven from the
DRQ signals on the primary (DDRQO) and secondary (DDRQ1) IDE
connectors. They are used in conjunction with the PCI Bus master IDE
function and are not associated with any ISA-Compatible DMA channel.

DDAK[1:0# (0] DISK DMA ACKNOWILEDGE: These signals directly drive the DAK#
signals on the primary (DDAKOQ# ) and secondary (DDAK1#) IDE
connectors. These signals are used in conjunction with the PCI Bus
master IDE function and are not associated with any ISA-Compatibie
DMA channel.
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Signal Name Type Description

IORDY } 10 CHANNEL READY: This input signal is directly driven by the
corresponding signal on up to two IDE connectors (pnmary and
secondary).

SOE# o] SYSTEM ADDRESS TRANSCEIVER OUTPUT ENABLE: This signal
controls the output enables of the '245 transceivers that interface the
DD[15:0] signals to the SA[19:8], SBHE#, PCS# and APICCS# (PIIX3
only) signals,

SDIR o SYSTEM ADDRESS TRANSCEIVER DIRECTION: This signal controls

the direction of the ‘245 transceivers that interface the DD[15:0} signals
to the SA[19:8], SBHE#, PCIS, and APICCS# (PIIX3 only), signals.
Defauit candition is high (transmit). When an {SA Bus master is granted
use of the bus, the transceivers are tumed around to drive the ISA
address [19:8] on DD{15:3]. Tha address can then be latched by the
PIX/PHX3. In this case, the SDIR signal is low (receive). The SOE# and
SDIR signals faken together as a group can assume one of three states:

SOE# SDIR State

0 1 PCl to ISA transaction
1 1 PCito IDE
0 0 ISA Bus master

Signals Buffered from LA[23:17]

. These signals are buffered from the LA[23:17] lines by an ALS244 tri-state buffer. The output enable of this
buffer is tied asserted. These signals are set up with respect to the IDE command strobes (DIOR# and IOW#)

and are valid throughout 1/O transactions targeting the ATA register block(s).

Signal Name Type Description

LA23/ YO CHIP SELECT: C31S is for the ATA command register block and

CS1s corresponds to the inverted CS1FX# on the secondary IDE connector.
CS18S is inverted externally (see PCI Local Bus IDE saction).

LA22/ i8] CHIP SELECT: C83S is for the ATA controf register block and

CS3s corresponds 1o the inverted CS3FX# on the secondary IDE connector.
CS385 is inverted externally (see PCl Local Bus IDE saction).

LA21/ Vo CHIP SELECT: CS1P is for the ATA command register block and

cs1P corresponds to the inverted CS1FX# on the primary IDE connector. CS1P

y is inverted externally (see PCI Local Bus IDE saction).

LA20/ 11O CHIP SELECT: CS3P is for the ATA control register block and

CS3P corresponds to the inverted CS3FX# on the primary IDE connector. CS3P
is inverted externally (see PCl Local Bus IDE section).

LA[19:17] fle] DISK ADDRESS: DA[2:0] are used to indicate which byte in either the

DA[2:0} ATA command block or control black is being addressed.
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1.4. ISA interface Signals

Signal Name | Type Description

BALE O BUS ADDRESS LATCH ENABLE: BALE is an active high signal asserted
by the PHX/PIiX3 to indicate that the address (SA[19:0], LA{23:17}]) and
SBHE# signal lines are valid.

AEN o ADDRESS ENABLE: AEN is asserted during DMA cycles to prevent I/O
slaves from misinterpreting DMA cycles as valid 1/O cycles. This signal is
also driven high during PIIX/PIX3 initiated refresh cycles.

Forthe PIX, when TC.is sampled low on ihe assertion of PWORK (Externat
DMA mode), the PIX trisstates this sigriat..

SYSCLK (o) ISA SYSTEM CLOCK: SYSCLK is the reference clock for the ISA Bus and
drives the bus directly. SYSCLK is generated by dividing PCICLK by 3 or 4.
The SYSCLK frequencies supported are 7.5 MHz and 8.33 MHz. SYSCLK
is a divided down varsion of PCICLK.

Hardware Strapping Option

SYSCLK is tri-stated when PWROK is negated. The value of SYSCLK is
sampled on the assertion of PWROK: If sampied high, the ISA clock divisor
-is 3 (for 25 MHz PCI). If sampled low, the divisor is 4 {for 30 and 33 MHz
pPCi).

{OCHRDY 1o /0 CHANNEL READY: Resources on the ISA Bus negate IOCHRDY to
indicate that additional time {wait states} is required to complete the cycle.
This signal is normally high on the ISA Bus. IOCHRDY is an input when the
PHX/PIIX3 owns the {SA Bus and the CPU or a PCl agent is accessing an
ISA slave or during DMA transfers, IOCHRDY is output when an external
ISA Bus Master owns the ISA Bus and is accessing DRAM or a PIX/PIIX3

register.

10CS16# | . | 16<BIT I/O CHIP SELECT: This signal is driven by /O devices on the ISA
Bus to indicate that they support 16-bit I/O bus cycles.

IOCHK# | IO CHANNEL CHECK: IOCHK# can be driven by any resource on the ISA

Bus. When asserted, it indicates that a parity or an uncorrectable error has
accurred for a device or memory on the ISA Bus. If enabled, a NM! is

generated to the CPU.
IOR# /o] 1O READ: IOR# is the command to an ISA I/Q slave device that the slave
may drive data on to the ISA data bus (SD[15:0]).
1oW# o 1/O WRITE: IOW# is the command to an ISA IO slave devite that the slave
may latch data from the ISA data bus (SD[15:0]),
LA[23:17Y 1o/ UNLATCHED ADDRESS: The LA[23:17] address lines are bi-directional.
C818 O These address lines allow accesses to physical memory on the ISA Bus up
C83S o to 16 Mbytes.
gg;g 8 The LA[23:17] are also used to drive the IDE interface chip selects and
DA[2:0} 0 address lines via an external ALS244 buffer. See the IDE Interface signal

descriptions.
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Signal Name

Type

Description

SA[7:0],
SA[19:8/
DD{11:0}

1o
1o

SYSTEM ADDRESS BUS: These bi-directional address lines defing the
selection with the granularity of one byte within the one-Mbyte section of
memory definad 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 /O accesses, only SA{15:0]
are used.

SBHE#/
DD12

o

SYSTEM BYTE HIGH ENABLE: SBHE# indicates, when assertad, that a
byte is being transferred on the upper byte (SD{15:8]) of the data bus.
SBHE# is negated during refresh cycles.

MEMCS16#

MEMORY CHIP SELECT 16: MEMCS16# is a decode of LA[23:17]
without any qualification of the command signal fines, ISA slaves that are
16-bit memory devices drive this signal low. The PHX/PIIX3 drives this
signal low during 1SA master to DRAM Cycles.

MEMR#

1o

MEMORY READ: MEMR# is the command to a memory slave that it may
drive data onto the ISA data bus. This signal is aiso driven by the

" PUX/PIX3 during refresh cycles.

MEMW#

MEMORY WRITE: MEMW# is the command 1o a memory slave that it
may latch data from the {SA data bus.

SMEMR#

STANDARD MEMORY READ: The PIIX/PHX3 asserts SMEMR# to
request an ISA memory slave to drive data onto the data lines. if the
access is below 1 Mbyte:(00000000-000FFFFFh) during DMA compatible,
PUX/PIIX3 master, or ISA master cycles, the PIX/PlIX3 asserts SMEMR#.
SMEMR# is a delayed version of MEMR3#.

SMEMW#

STANDARD MEMORY WRITE: The PIIX/PIIX3 asserts SMEMW# to
raquest an ISA memoty slave to accept data from the data lines. If the
access is below 1 Mbyte (00000000-000FFFFFh) during DMA compatible,
PUX/PIX3 master, or ISA master cycles, the PIX/PIX3 asserts
SMEMW#. SMEMWH# is a delayed version of MEMW#,

ZEROWSH#

- ZERO WAIT-STATES: An ISA slave asserts ZEROWSH# after its address

and command signals have been decoded to indicate that the current
cycie can be shortened. A 16-bit ISA memory cycle can be reduced to two
SYSCLKs. An B-bit memory or /O cycle can be reduced to three
SYSCLKs. ZEROWS# has no effect during 16-bit /O cycles.

SD[15:0]

SYSTEM DATA: SD[15:0} provide the 16-bit data path for devices residing
on the ISA Bus. SD{15:8] correspond to the high order byte and SD[7:0]
correspond to the low order byte. SD{15:0] are undefined during refresh.
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1.5. DMA Signals

Signal Name

Type

Description

BREQ
{7:5,3:0]

DMA REQUEST: The DREQ lines are used to request DMA service from
the PIIX/PHX3 s DMA controller or for a 16-bit master to gain control of the
ISA expansion bus. The active level thigh or low) is programmed via the
DMA Command Register. The request must remain active until the
appropriate DACKx# signal is asserted.

DACK
[7:5,3:0

DMA ACKNOWLEDGE: The DACK output lines indicate that a request
for DMA service has been granted by the PIIX/PlIX3 or that a 16-bit master
has been granted the bus. The active level {high or low) is programmed via
the DMA Command Register. These lines should be used to decode the
DMA slave device with the IOR# 6r IOW# line to indicate selection. if used
to signal acceptance of a bus master request, this signal indicates when it
is legal to assert MASTER#. :

Forthe PIX, whan TC:is sampléd low on the assertion'of PWORK. "~
{Extsrnal DMA modé), the PIRG ir-states these signals. This mode'is not
available or PHX3. -7 vl T T Lot

TC

TERMINAL COUNT: The PIIX/PIIX3 asserts TC to DMA slaves as a
terminal count indicator. When all the DMA channels are not inuse, TCis
negated (low).

Hardware Strapping Option (PBX Only).
This strapping option; sélects batween the intemal ISA DMA mode and

£ pull-down res

shduld' ot be pulled down,

REFRESH#

o

REFRESH: As an output, REFRESH# indicates when a refresh cycle isin
progress. It should be used to enable the SA[7:0] address to the row
address inputs of all banks of dynamic memory on the ISA Bus. Thus,
when MEMRY# is asserted, the entire expansion bus dynamic memory is
refreshed. Memory slaves must not drive any data onto the bus during
refrash. As an output, this signal is driven diractly onto the I1SA Bus. This
signal is an output only when the PHX/PIIX3 DMA refresh controller 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.

1.6.  Timer/Counter Signals

Signal Name Type Description
SPKR 0O SPEAKER DRIVE: The SPKR signal is the output of counter 2.
0osC 1 OSCILLATOR: OSC is the 14.31818 MHz ISA clock signal. It is used by

_the internal 8254 Timer.
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1.7.  Interrupt Controller Signals

Signal Name Type i Description
IRQ[15,14, I INTERRUPT REQUEST: The IRQ signals provide both system board
11:9, 7:3,1] components and ISA Bus /O devices-with a mechanism for

asynchronously interrupting the CPU. The assertion mode of these
inputs depends on the programming of the two ELCR registers. The
1RQ114 signal must be used by the Bus Master IDE interface function
to signal interrupts on the primary IDE channel.

IRQ8# ] INTERRUPT REQUEST EIGHT SIGNAL: |RQ8# is always an active
low edge triggered interrupt input {i.e., this interrupt can not be
madified by software). Upon PCIRST#, IRQB# is placed in active low
edge sensitive mode.

IRQ12M | ANTERRUPT REQUEST/MOUSE INTERRUPT: In addition to .
providing the standard interrupt function (see IRQ[15,14,11.:9,7:3,1]
signal description), this pin can be programmed (via X-Bus Chip
Select Register) to provide a mouse interrupt function.

PIRQID:A}# { , PROGRAMMABLE INTERRUPT REQUEST: The PIRQx# signals
can be shared with interrupts 1RQ{15,14,12:9,7:3] as dascribed in the

Q For Interrupt Steering section. Each PIRQx# line has a separate Route
gg%?# Control Register. These signals require external puli-up resisters.
only) Forthe PIIX3, the' USB:interrupt is outputon PIRQD#.

INTR od CPU INTERRUPT: INTR is driven by the PHX/PHX3 to signal the CPU

that an interrupt request is pending and needs 1o be serviced. The
interrupt controller must be programmed following PCIRST# to ensure
that INTR is at a known state.

NMI od NON-MASKABLE INTERRUPT: NMI| is used to force a non-maskable
' “intetrupt to the CPU. The PIIX/PIIX3 generates an NMI when either
SERR# or IOCHK# is asserted, depending on how the NM!| Status
and Control Register is programmed.

1.8. - System Power Management (SMM) Signals
Signal Name Type Description

SMi# od SYSTEM MANAGEMENT INTERRUPT: SMi# is an active low
. synchronous output that is asserted by the PHX/PIIX3 in response to one
of many enabled hardware or software events.

STPCLK# od STOP CLOCK: STPCLK# is an active low synchronous output that is
’ asserted by the PHX/PIX3 in rasponse to one of many hardware or
software events. STPCLK# connects directly to the CPU and is
synchronous to PCICLK.

EXTSMI# ! EXTERNAL SYSTEM MANAGEMENT INTERRUPT: EXTSMi#tis a
falling edge triggered input to-the PHX/PHX3 indicating that an external
device is requesting the system 1o enter SMM mode. This signal contains
a weak internai puilup.
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1.8. X-Bus Signals

Signal Name

Type

Description

XDIR#

0

X-BUS DIRECTION: XDIR# is tied directly to the direction controt of a
74F245 that buffers the X-Bus data (XD[7:0]). XDIR# is asserted for all /O
read cycles, regardiess if the accesses are to a PIDUPIIX3 supported
device. XDIR# is only asserted for memory cycles if BIOS sapce (PHX and
PIX3) or APIC space (P1iX3 only) has been decoded. For PCI master
inititated read cycles, XDIR# is asserted from the falling edge of either
IOR# or MEMR# (from MEMR# only if BIOS space (PIEX and PHX3) or
APIC (PHX3 only) space has been decoded), depending on the cycie type.
For I1SA master-initiated read cycles, XDIR# is asserted from the falling
edge of either IOR# 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, the PIIX/PIIX3 negates XDIR#. For DMA read cycies from
the X-Bus, XDIR# Is asserted from DACKx# falling and negated from
DACKx# rising. At all other times, XDIR# is negated.

XOE#

X-BUS OUTPUT ENABLE: XOE# is tied directly to the output enable of a
74F245 that buffers the X-Bus data (XD[7:0]) from the system data bus
(SD[7:0]). XOE# is asserted wheii a PIX/PIIX3 supported X-Bus device is
decoded, and the devices decode is enabled in the X-Bus Chip Select
Enable Register (XBCS Register). XOE# is asserted from the falling edge
of the ISA commands ({OR#, IOW#, MEMR#, or MEMW#) for PC! Master
and ISA master-initiated cycles. XOE# is negated from the rising edge of
the ISA command signals for CPU and PCI Master-initiated cycles.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 paripheral in which its
decode space-has béen disabled,

DD15/ PCS#

PROGRAMMABLE CHIP SELECT: PCS# is asserted for ISA /O cycles
that are generated by PCI masters and subtractively decoded 1o ISA, if the
access hits the address range programmed into the PCSC Register. The
X-Bus buffer signals are enabied when the chip select is asserted (i.e.,itis
assumed that the peripheral that is selected via this pin resides on the X-
Bus).

BIOSCS#

BIOS CHIP SELECT: BIOSCS# is asserted during read or write accesses
to BIOS. BIOSCS# is driven combinatorially from the ISA addresses
SA[16:0] and LA [23:17], except during DMA. During DMA cycles,
BIOSCS# is not generated.

KBCS#

KEYBOARD CONTROLLER CHIP SELECT: KBCS# is asserted during
O read or write accesses to KBC locations 60h and 64h. This signal is
driven combinatorially from the ISA addresses SA[16:0] and LA [23:17].
For DMA cycles, KBCS# is never asserted.

RTCCS#

REAL TIME CLOCK CHIP SELECT: RTCCS# is asserted during read or
write accesses to RTC location 71h. RTCCS# can be tied to a pair of
external OR gates to generate the real time clock read and write command
signals.

RTCALE

REAL TIME CLOCK ADDRESS LATCH: RTCALE is used fo latch the
appropriate memory address into the RTC. A write to port 70h with the
appropriate RTC memory address that will bé written to or read from,
causes RTCALE to be asserted. RTCALE is asserted based on 1OW#
falling and remains asserted for two SYSCLKSs.

730
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Signal Name Type Description

FERR# | NUMERIC COPROCESSOR ERROR: This signal is tied to the
coprocessor error signal on the GPU. IGNNE# is only used if the
PIX/PIIX3 coprocessor eror repofting function is enabled in the XBCSA
Register. If FERR# is asserted, the PIX/PHX3 generates. an internal
IRQH1 3 to its interrupt controlier unit. The PIXX/PIIX3 then asserts the INTR
outpat to the CPU. FERR# is also used to gate the IGNNE# signal to
ensure that IGNNE# is not asserted to the CPU unless FERR# is active.
FERR# has a weak internal pull-up used to ensure a high level when the

‘coprocessor error function is disabled.

IGNNE# od IGNORE ERROR: This signal is connected to the ignore error pin on the
CPU. IGNNE# is only used if the PIIX/PIIX3 coprocessor error reporting
function is enabled in the XBCSA Register. if FERR# is asserted,
indicating a coprocessor error, a write to the Coptocessor 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.

1.10. APIC Bus Signals (PIIX3 Only) :
s Lo . Description

Signal Name Type ﬂ _
pDD14 | 1O APIC GHIP SELECT (PIIX3 only). This active low output signalis
APICCS# (23 | .assefted when thie APIC.Chip Selgct i§ enabled and a PCH originated

cyeleiis positively decoded within the programmed 10APIC addrass
spacs. The default addresses.of the IOAPIC are Memory FECO0_0000h
‘and FEC0_0010h " S e

Systermn Design Note: The DD[M]IAP&GCS# signalis demuxed extemally
* with & 245 transceiver. The output of the transceiver drives the IOAPIC’s

~CSi#sighal. At certain times the transcelver fioats its outputs, thérefore a
‘puliup reésistor on the output of the tranceiver is required to kespthis

-signal negated. o
TESTING/ 1 | amc REQUEST (PIIX3 only). This signal has two functions, depending

APICREQ# . | . | onthe programming of the-APIC Chip Select bit (XBGCS Register). See the
, | Test $ignal Description for.the TESTIN# function. APICREQH i§ asserted
by an extemnal APIC device:prior.to sending an interrupt over thé APIC
serial bus, When the PIIX3 samples this pin.active it flushes.its F-type
DMA buffers pointing towards PC1. Onea the buffersare flushed, the
" PIIX3 assetts-APICACK# 10 inform the external APIC that it can ‘proceed
to send the APIC interrupt. APICREQ# inust be synchfonous to-PCICLK.

. APIC ACKNOWLEDGE (PIX3.only). This sighal has two functions,

- depending on the programming.of the APIC:Chip Select bit (XBCS
Register). See the System FAeset Signal Description for the PCIRST#
function. The PIIX3 asserts APICACKS# after itg'internal butfers are
flushied in response to the APICREQH signal. When the IOAPIC samples
this signal asserted it knows that the PIIX3's butfers are flushed and that
it can proceed to send the APIC interrupt. The signal is driven from the
rising edge of PCICLK and is negated while PCIRST#is asserted.

PCIRSTH
APICACK#

00
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1.11. Universal Serial Bus Signals (PIIX3 Only)
L | UHWERSAL SERIALBUS CLOGKThis signal clocks tha universial serial

UNI AL BUS PORT 0. These signals are the differential data

S PORT 1. These signals are the differential data

1.12. System Reset Signals

Signal Name Type Description

PWROK | POWER OK: When asserted, PWROK is an indication to the PHX/PUX3
that power and PCICLK have been stable for at least 1 ms. PWROK can be
driven asynchronously. When PWROK is negated, the PIX/PIIX3 asserts
CPURST, PCIRST# and RSTORY. When PWROK is asserted, the
PUX/PIIX3 negates CPURST, PCIRST#, and RSTDRY.

CPURST od CPU RESET: The PIIX/PIIX3 asserts CPURST to reset the CPU. The
PUX/PHIX3 asserts CPURST during power-up and when a hard reset
sequence is initiated through the RC register. CPURST is driven
synchronously to the rising edge of PCICLK. If a hard resat is initiated
through the RC register, the PIIX/PIX3 resets it's internal registers to the
default state.

PCIRST#/

@)

PCI RESET: This signal has two functions, depending on the programming
! of the APIC Chip Select bit (XBCS Register). See the APIC Signal
APICACK# o Description for the APICACK# function. The PIX/PHX3 asserts PCIRST# to
(PIIX3 Only) reset devices that reside on the PCI Bus. The PIIX/PIIX3 asserts PCIRST#
during power-up and when a hard reset sequence is initiated through the
RC register. PCIRST# is driven inactive a minimum of 1 ms after PWROK
is driven active. PCIRST# is driven active for a minimum of 1ms when
initiated through the RC register. PCIRST# is driven asynchronously
relative to PCICLK. :

INIT oD INITIALIZATION: The PHX/PHX3 asserts INIT if it detects a shut down
‘ special cycle on the PCI Bus or if a soft reset is initiated via the RC
Register.

RSTDRV o RESET DRIVE: The PIX/PIIX3 asserts this signal during a hard reset and
during power-up 1o reset ISA Bus devices. RSTDRY is also asserted for a
minimum of 1 ms if a hard reset has been programmed in the RC Register.
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Signal Name Type Description ‘
TESTIN#/ 1 TEST INPUT: This signal has two functions, depending on the

1 programming of the APIC Chip Select bit (XBCS Register). See the APIC
f;‘iiﬁ?’é?;f; . Signal Description for the APICREQ# function. The TESTIN# signal is used

in conjunction with the IRQ signals to select the various test modes of the
PHX/PHX3. This input contains an intemal pull up resistor. After a hard
reset, this pin functions as a TESTIN# signal. An axternal weak pull-up
resistor {4.7k to 20k ohms) is required to 5V,

1.14. Power and Ground Signals .

Signal Name | Type Description

vCC ‘Power (5 Voits): This pin is connected to the 5 volt power supply.

\Velox! 'waeéf(s,sb Volts):  This pin is connected to the 3.3 velt power supply.

(PUX3Y - Noteé that, if ¢ Universal Serial Bus function js not usad this pm can -
e be connacted 10 the 5 Vot power supply, ‘

GND Ground: This pin is connected to the ground plane.
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1.15. Signal State During Reset

Table 1 shows the state of ali PUX/PUX3 output and bi-directional signals during a hard reset. A hard reset is
_ initiated when PWROK is asserted or by programming a hard reset through the RC Register.

Table 1. Output and /O Signal States During Hard Reset

Signal - State Signat State Signal State
AD[31:0) Low (PIIX) LA23/CS18 | Undefined PIRQD# (PIX3) | Tri-state
T;ivSta;é LA22/CS3s Undefined NMI Open drain
PHX3) -
e LA21/CS1P Undefined SMi# Open drain
C/BE[3:0}# Low (PliX) — -
Tr-Sta LA20/CS3P Undefined STPCLK# Open drain
F 0.
(PIX3) : 1'3':[[129:}7}/ Undefined XDIR# High
(F1X _ o
FRAME# Tri-state e XOE# High
L Low
TRDY# - Tri-state BIOSCS# Undefined
\ROve T‘ ot AEN Depends on : . (PHX)
ri-state strappin . ;
‘ : option ¢ High (PHX3)
STOP# Tri-state - Undefined
H n 11
DEVSEL# Tri-state SYSCLK onepping (PUIX)
PAR Input IOCHRDY | Tri-state High (PIIX3)
PHOLD# High (PIEX) IOR# High RTCCS# bl:rlsg(e)ﬁned
Tri-state "
(PUX3) - low# High High (PHX3) -
MDAK[1:0}# = |High MEMCS16# | Open drain RTCALE Low
(PIIX) e E MEMR# Tri-state FERR# Open drain
DD[15,13:0 Tri-stat i
Pg[S#S,SgH]E/#, e MEMW# Tristate IGNNE# Open drain
SA[19:8], SMEMR# High -
DD14 (PIIX) S w — CPURST ‘ Open drain
DD14 (PIIX). - | Tri-state VeV ° UsaPo. | Tr-state
" N : SD{15:0} Tri-state USBPO-
DD14/APICCS# | High ‘ - 2 puy
PiiXa) - oh DACK[7:5,3:0}# | Depends on UsBP1+ Tri-state
(PUX3) . : USBP1
' strapping ’ T
SA[7:0] Undefined option PCIRST# (PIX) | Low
DIOR# High TC Strapping PCIRST#/
Option
DIoW# High plon _ APICACK#
- REFRESH# | Tri-state (PliX3)
DDAK[1:0}# High '
SOER Tiah SPKR i Low INIT Low
ig .
- INTR Open drain RSTDRV High
SDIR High
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2.0. REGISTER DESCRIPTION

The 82371FB PIIX internal registers are organized into five groups—PCl Configuration Registers (function 0),
PCl Configuration Registers {function 1), {SA-Compatible Registers, PCl Bus Master IDE Registers, and
System Power Managemant Registers. These registers are discussed in this section,

The PHIX3.intemnal registers contain the same register sets.as the PHX plus:two additional register sets for me
Universal Serial Bus (USB) function—PCI Configuration Registers {function 2)-and the USB 170 Registers.

Some of the PIX/PIIX3 registers contain reserved bits. Software must deal correctly with fields that are
reserved. On reads, software must use appropriate masks to axiract the defined bits and not rely on reserved
bits being any particular value. On writes, software must ensurs 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 PIX/PIX3 contains address locations in the PC!
configuration space that are marked "Reserved”. The PHX/PHX3 responds to accesses to these address
locations by completing the host cycle. Software should not write to reserved PHX/PIEXS configuration
focations in the device-specific region (above address offset 3Fh).

During a hard reset, the PHX/PIIX3 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 attributes:

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.

RW Read/Write. A register with this aftribute can be read and written. Note that mdnv;dual 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 wntten However, a write of a 1
clears {sets to 0) the corresponding bit and a write of a 0 has no effect.

2.1. . Register Access

Table 2, Table 3, and Table 4 show the /O assignments for the PCi Configuration Registers (function 0, 1,
and 2). Table 5 shows the (/O assignments for the [SA Compatible Registers. Table 6 shows the /O
assignments for the Bus Master IDE interface registers. Table 7 shows the /O assignments for the USB 11O
registers. PCI masters have access to all PIX/PIIX3 internal registers. In addition, ISA masters have access
to some of the ISA-Compatible registers (see Table 5).

PCI Configuration Registers (functions 0, 1, and 2)

The 82371FB PliX is a multi-function device on the PCl Bus implementing two functions—PCi-to-ISA Bridge
(function 0) and IDE Interface (function 1). These functions can be independently configured with two sets of
PCI configuration registers in compliance with the PCI Local Bus Specification, Revision 2.0. The two sets of
configuration registers are accessed by the CPU through a mechanism defined tor multi-functional PCI
devices. The PHX does not assert DEVSEL# for PCI configuration cycles that target functions 2 through 7.

The PHX3 implements an additional PCl bus function—Universial Serial Bus Interface. The PIX3 does not
assert DEVSEL# for PCl .configuration cycles that target functions 3 through 7.
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ISA Compatible Registers

The ISA-Compatible registers (e.g., DMA registers, timer/counter registers, X-Bus registers, and NMi
registers) are accessed through normal /O space. Except for the DMA registers, the PHX/PUX3 positively
decodes accesses to the ISA-Compatible registers. The PIX/PHX3 subtractivély decodes accesses to all /O
space registers contained within the ISA-Compatible DMA function. This permits another device in the
systern to implement the compatible DMA function.

PCI master accesses to the ISA-Compatible registers can be 8, 16, 24, or 32 bits. However, the PUX/PUX3
only responds to the least significant byte. On writes the other bytes are not loaded and oh reads the other
bytes have invalid data. The PHX/PIIX3 responds as an 8-bit ISA 1/O slave when accessed by an ISA master.
Seethe PCl Local Bus IDE section for accesses 10 the (DE register blocks located in the IDE device

In general, accesses from CPU or PCI masters to the internal PHX/PIIX3 registers are not broadcast to the
ISA Bus. Exceptions to this are read/write accesses to 70h and FOh and write accesses to 80h, 84-86h, 88h,
8C-8Eh, 90h, 94-96h, 98h, and 9C~9Eh. These accesses are broadcast to the ISA Bus. Note that aliasing of
the 90-8Fh to 80-8Fh can be enabled/disabied via the ISA Controller Recovery Timer Reglster

Power Management Registers

There are two power management registers located in normal I/O space. These registers are accessed (by
PCl Bus masters) with 8-bit accesses. The other power management registers are located in PC!
configuration space for function 0.

PCI Bus Master IDE Registers

The PCI Bus master IDE function uses 16 bytes located in normal /O space, allocated via the BMIBA
register (a PCI base address register). All bus master IDE 1/O space registers can be accessed as 8, 16, or
32-bit quantities.

Universal Serial Bus Registers

A set of USB registers provide conirol and stdtus information for the Host ‘Controlier- am two USB ports
(T abde 7)., This ock of registers is 1O mapped into PCI /O space and control. vari oparatlons of the

A ‘Thé registars. are relotateahie via fhe UsBBTASE Regiater‘which locateﬁ iin function 0
PCI configuraﬁon space. v

"Table 2. PCI Configuration Registers—Function 0 (PCl tc; ISA Bridge)

Configuration Mnemonic Register Register
set Access

00-01h VviD Vendor ldentification RO
02-03h - DID Device Identification RO
04-05h PCICMD . PCI Command RW
06-07h PCISTS PCI Device Status | rweC
08h RID Revisioh identification RO
09-0Bh CLASSC Class Code RO
0C-0Dh _ Reserved —
Q0Eh HEDT Header Type RO

736 1998 Platform Components Databook



intgl.

82371FB (PlIX) and 82371SB (PIIX3)

Mnemonic

Configuration Register Register

' Offset Access

OF—4Bh — Reserved —

4Ch IORT ISA /O Controller Recovery Timer RW

4Dh — Reserved —

4Eh (PIX): | XBCS X-Bus Chip Select Enable R/W

4E-4Fh (PlIX3),

4E-5Fh (PIX) | — Reserved —
 50-5Fh (PIX)

60-63h PIRQRCIA:D] PCI IRQ Route Control RW

64-68h — Reserved —

68h TOM Top of Memory R/W

6A-6Bh MSTAT Miscellaneous Status RW

6C—6Fh — Researved —

70h MBIRQO Motherboard IRQ Route Control 0 RW

71 MBIRQ1 | Motherboard1RQ Raute Control 1 (PIXy | AW

C— Reserved (PHX3) - -
72-75h — Reserved —
76-77h MBDMA([1:0] Motherboard DMA Control R/W
78-79h PCSC Programmable Chip Select Control RW
7A-7Fh — Reserved —

80h —_ Reserved {PlIX) » —
_APICBASE | APIC'Base Address Relocation (PHX3}: - _RW

8th — Reserved —

82h - Reserved (PIIX) —

- pLC Deterministic Latency Control (PIX3) RW
83-9Fh — Reserved —
ACh SMICNTL SMi Control RW
Alh — Reserved -
A2-A3h SMIEN SMi Enable RwW
A4-A7h SEE System Event Enable RW
Agh FTMR Fast Off Timer W
ABh — Reserved —
AA-ABh SMIREQ SMI Request RW
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Configuration Mnemonic Register Register
Offset Access
ACh CTLTMR Clock Scale STPCLK# Low Timer R/W
ADh - Reserved —_
AEh CTHTMR Clock Scale STPCLK# High Timer RW
AF-FFh — Reserved —_
Table 3. PCI Configuration Registers—Function 1 (IDE Interface)
Contfiguration Mnemonic Register Register
set ‘ Actess
060-01h vIiD Vendor identification RO
02-03h DID Device Identification RO
04-05h PCICMD Command AW
06-07h PCISTS PCI Device Status RWC
08h RID Revision identification RO
09-0Bh CLASSC Class Code RO
0Ch —_ Reserved —
0Dh MLT Master Latency Timer RW
OEh HEDT Header Type RO
OF-1Fh — Reserved —
20-23h BMIBA Bus Master Interface Base Address W
24-3Fh —_ Reserved —_
40-43h IDETIM IDE Timing Modes R/W
44h — Reserved (PIIX} -—
SIDETIM . .| Slave iDE Timing Modes (PIIX3) AW
45-FFh — Reserved -
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Table 4. PCI Configuration: Re

82371FB (PIIX) and 82371SB (PIIX3)

Function 2 (Universial Serial Bus. !ntertace) {PlIX3 Only)

Configuration

" "Mnemonic

Register

Reglswf
- Access

L 00-01h -

vID -

| Vendor ldantiﬁcaﬁpn‘ '

| Devica identification

| B

| Command

| pevice status -

CRwWeT

_POISTS

.} Ravision Identification

| ro

QDh

L Lateﬂcy‘hmer

0Eh

. Header Type

Tmo.

OF-1gh

~ Risserved

- 20-d3h:

- 110 Bpace: Base Address

" | Reserved

.| interrupt Line

3Dh

“Interrupt Pin

3E-5Fh

" Reserved.

60h. .

| seanumM

. iZESenat Bus Release Number

| ‘Reserved

- 61-69n

Miscatlaneauss Status .

MSTAT

f}f"Reserved

LEGSUP.

"riLagacy Support

Resarved
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Table 5. ISA-Compatible and Power Management Registers

Address Address (bits) Type Name Access
{hex) FEDC BAD9S 7654 3210
o000h3 0000 0000 000x 0000 riw DMA1 CHO Base and Current PCt
Address
0001H3 0000 0000 000x | 0001 tw DMA1 CHO Base and Current | PCI
. Count
0002h3 0000 o000 | coox | o000 | ww DMA1 CH1 Base and Current PCI
Address
»0003h3 0000 0000 0Q00x 0011 Hw DMA1 CH1 Base and Current PCI
Count
000407 0000 0000 000x * 0100 | ww DMA1 CH2 Base and Current PCH
Address
ooosh® . | oooo 0000 |ooox | otot | ww DMAY CH2 Base and Current Pl
Count
0006!’\3 0000 0000 000x 0110 tiw DMA1 CH3 Base and Current fCl
Address
0007h3 0000 o000 | ooox |ot1t | ew DMA1 CH3 Bése and Current PCI
Count
0008h° 0000 0000 000x 1000 ow DMA1 Status(r) Command(w) PCI
Register
0009h3 pooo | oooc |ooox [ 1801 | wo DMA1 Write Flequest PCI
000AN3 0000 0000 000% 1010 wo DMA1 Write Single Mask Bit PCH
000Bn3 o000 |oooo [ooox | 1011 | wo - | DMA1 write Mode PCI
000Ch> 0000 0000 | 000x 1100 | wo DMA1 Giear Byte Pointer pCl
0000h3 ooo0 |ooso [ooox | 1101 | wo DMAT Master Claar pPCH
Q00ER® o000 [o0000 |ooox | 1110 | wo DMA1 Clear Mask PCt
000Fh3 0000 0000 000x 1111 r’w DMA 1 Read/Write All Mask PCi
Register Bits
0020h 0ca0 0000 001x xx00 t/w INT t Control PCIISA
0021h 0000 0000 001x xx01 rw INT 1 Mask PCINISA
0040h 0000 0000 010x% 0000 r'w Timer Counter 1 - Counter 0 Count PCI/ISA
0041h 0000 0000 010x 0001 w Timer Counter 1 - Counter 1 Count PCUISA
0042h 0000 aoo0 010x 0010 riw Timer Counter 1 - Counter 2 Count PCHISA
0043h Q000 0000 010% 0011 wo Timer Counter 1 Command Mode PCINSA
0060!\1 : 0000 0000 0110 et el r Reset XBus IRQ12/M and IRQ1 PCIISA
0061h 0000 Q000 0110 0001 r’'w NMi Status and Controi PCIISA
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Address . Address (bits) Type Name Access
(hex) FEDC | BA®8 | 7654 | 3210 ‘
OO?Oh1 0000 0000 0111 Oxx0 wo CMOS RAM Address and NMt PCIISA
Mask Reg
0o8oh%-3 0000 0000 100x | 0000 | rw DMA Page (Reserved) PCISA
0081 h3 0000 0000 100x 0004 riw DMA Channel’2 Page PCHISA
0082h3 0000 0000 1000 0010 i DMA Channel 3 Page PCHISA
0083h°% 0000 0000 100x 0011 r/w | DMA Channet 1 Page PCHISA
oo84h?3 | oooo 0000 | 100x | 0100 | w | DMAPage (Reserved) PCIASA
0085h%3 0000 0000 100x | oto1 riw DMA Page (Reserved) PCISA
0086h%3 0000 0000 100x 0t10 t/w DMA Page (Reserved) PCIISA
0087h3 0000 0000 100x 0111 t'w DMA Channel O Page PCIISA
oosgn23 0000 0000 100x | 0100 | ow DMA Page (Reserved) PCYISA
b089h3 0000 0000 100x 1001 Hw DMA Channel 6 Page PCIISA
008AKS 0000 0000 100x 1010 riw DMA Channel 7 Page PCHISA
OOSBh3 0000 0000 100x 1011 w DMA Channel 5 Page PCIASA
posch®® | ooco | oooo | 1oox | 1100 | ow DMA Page (Reserved) PCYISA
oo8ph23 | o000 0000 100x 1101 | ow DMA Page (Reserved) PCIISA
pogen3 | o000 0000 100x 1110 | ow DMA Page (Reserved) PCIISA
008Fh° 0000 0000 100x RARN itw DMA low page Register Refresh PCUISA
00AOh 06000 0000 101x xx00 tiw INT 2 Control PCUISA
00A1h 0000 0000 101x xx01 fw INT 2 Mask PCIISA
00B2h . 0000 0000‘ 1011 0010 riw Advanced Power Management R -Te]
Control
00B3h 0000 0000 1011 001 w Advanced Power Management PCl
: Status
()OCOh3 0000 0000 1100 000x | rw DMAZ CHO Base and Current | PCI
Address
00C2h3 0000 0000 1100 001x riw DMAZ CHO Base and Current o]
Count
OOCA,h3 0000 0000 1100 010x r'w DMA2 CH1 Base and Current PCI
Address
()()CGh3 0000 0000 1100 011x riw DMAZ CH1 Base and Current PCl
' Count
00C8h3 0000 0000 1100 100x riw DMA2 CH2 Base and Current PCt
Address
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Address Address (bits) Type Name Access
(hex) | FEDC | BA®8 | 7654 | 3210

00CAR3 0000 | 0000 1100 | 101x | ow DMA2 CH2 Base and Current PCI
Count

tocehd 0000 0000 1100 110x rw DMA2 CH3 Base and Current PCl
Address ‘ ‘

00CER® 0000 0000 1100 | 111x | ow DMA2 CH3 Base and Current PCI
Count

oobon? 0000 0000 1101 | ooox | ww | DMAZ Status(r) Command(w) PCI

gop2i 0000 | 0000 1101 | 001x | wo DMAZ2 Write Request " PCI

00D4n° o000 | 0000 | 1101 | otox | wo DMA2 Write Single Mask Bit PCI

oopsn® 0000 | 0000 | 1101 {o0tix | wo DMA2 Write Mode PCH

00D8h3 0000 0000 1101 100x wo DMA2 Clear Byte Pointer PCI

oobARS o000 | o000 | 1101 | 10ix | wo DMA2 Master Clear PCI

00DCh3 0000 | 0000 1101 110x | wo DMA2 Clsar Mask pc

00DER3 0000 | 0000 | 1101 [11ix | ww DMA2 Read/Write All Mask " pCI
Register Bits

00FOh 0000 0000 1111 | 0000 | wo Coprocessor Error PCIASA

04D0h 0000 |o0t00 | 1101 | o000 | ww INT-1 edgefievel control PCIISA

04D1h o000 |ot00 | 1101 fooot | ww INT-2 edgerievel control PCIISA

OCFgh 0000 1100 1111 1001 riw Reset Controf PCl

NOTES:

1. Read and write accesses to these locations are always broadcast to the ISA Bus.
2 Write accesses to these locations are broadcast to the 1SA Bus. Read Accesses are not.

PR i programmed in me 1SA Conroliet Recoveiy Timer register, the PICwilknot.alias the 90h-9Fh-address range with
ing £ %aemssh arid 8C-8Eh: Ini this case acoesdesito'the 90i- 9FK address range forthe -
: praviwsly speci ‘nddrasses are Torwarded 1o the.ISA Busior both reads and wiites.and are ignored diring ISA-Master

By dire no4ongar considsred an rsgnstars) the, that: pm’e 92 ia a!ways a dﬁﬂﬂct 184 regtstef andis always
fSA Bus.

. -PIpX3: if programmed in the ISA. Contmlter Recovery Timer rogister, the PIX3 dogg not ahas the entire 90h 9Fh address
rangs. These locations aré considersd ISA Bus register lacations and fiot PHIX3 Tegigters.

3. ISA-Compatible DMA register YO space accesses are always subtractively decoded.

742 1998 Platform Components Databook



inU 82371FB (PlIX) and 82371SB (PlIX3}
®

Tabie 6. PC! Bus Master IDE /O Registers

Fr c?l:\fsﬂe;se Mnemonic Register I}ecg(g;esr
Address
00h ) BMICP Bus Master IDE Command (primary) R/W
0th — Reserved ’ —
02h BMISP Bus Master.IDE Status (primary) RWC
03h -— Reserved -
04-07h BMIDTPP Bus Master IDE Descriptor Table Pointer (primary) R/W
08h BMICS Bus Ma;ster IDE Command (secondary) RW
09h — Reserved . —
0Ah BMISS Bus Master IDE Status (secondary) RAWC
0Bh — Reserved e
0C-0Fh BMIDTPS Bus Master IDE Descriptor Table Pointer (secondary) R/W
NOTE:

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

_Table 7. USB Host/Controller VO Registers

/O Address 3  Mnomonic " - /. Reghater Desctiption - ?c%i::r B
Base + (00-01h) | USBOMD USB Command v ‘ RW
Base + (02-03h) . | USBSTS UsBStatus” T T - CRWC
Base + (04-05h) USBINTR . USB Interrupt Enable RW
Base*(06~07h) | FRNUM Frame Number _ o v AW
Base + (08-0Bh) FRBASEADD | Frame List Base Address o RIW
Base +0Ch . | SOFMOD . | StartOf Frame Modity =~ | Aw
Base + (10-11h) | PORTSC1 | Port 1 Status/Control | | mewe
Base+ (12-13h) | PORTSC2 Port 2 Status/Control T R

* NOTE: These registers- are WORD writeable only. Byte wiites 1o these registers. have unpredictable
effects. - ' . S B o R
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2.2.  PCI Configuration Registers—PCI To ISA Bridge (Function 0)

221, VID—VENDOR IDENTIFICATION REGISTER (Function Q)

Address Offset: 00-0th
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 PCI device. Writes to this register have no effect.

Bit ) Description

15:0 Vendor ldentification Number. This is a 16-bit value assigned to Intel.

222.  DID—DEVICE IDENTIFICATION REGISTER (Function 0)

Address Offset: 02-03h

Defauit Value: . 122Eh o (PHX)
R TiOo7000h- . i - (PHXS)

Attribute: Read Only

The DID Register contains the device identification number. This register, along with the VID Register, define
the PIIX. Writes to this register have no effect. )

Bit Description
15:0 | Device Identification Number. This is a 16-bit value assigned o the PIIX.

223.  PCICMD—COMMAND REGISTER (Function 0)

Address Offset: 04-05h
Defauit Value: 0007h
Attribute: Read/Write

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

Bit : Description

15:10 Reserved. Read as 0.

9 Fast Back—t&Back Enable. (Not lmptemented) This bit is hardw:red t0 0.
: ‘Pltxs' SERR# Enabte (ssama) 1=Enable, 0=Disable. When enabled (and bit 3=1 in'the
- DLC register), a detayed fransaction timeout causss the PIIX3 1o assert the SERR# signal.
-"The PCISTS régister reports the siatus of the' SERR# signal. -

75 Reserved. Read as 0.

4 Postable Memory Write Enable. (Not Implemented) This bit is hardwired {o 0.

3 Special Cycle Enable (SCE) 1=Enable, the PIIX/PlIX3 recognizes shutdown special cycle.

0=Disable, the PIIX/PIIX3 ignores all PC! Special Cycles.
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Bit Description

2 Bus Master Enable (BME). (Not Implemented) The PHIX/P11X3 does not support disabling
its bus master capability. This bit is hardwired to 1.

1 Memory Access Enable (MAE). (Not Implemented) The PIIX/PIIX3 does not support
disabling access fo main memory. This bit is hardwired fo 1.

0 /O Space Access Enable (IOSE). The PIIX/PIIX3 does not support disabling its response to
PC1 /O cycles. This bit is hardwired to 1.

2.24. PCISTS—PCI DEVICE STATUS REGISTER (Function 0)

Address Offset: 06-07h
Defauit Value: 0200h
Attribute: Read/Write Clear

The PCISTS Register reports the occurrence of a PCi master-abort by the PHX/PHX3 or a PCl target-abort
when the PIDUPIIX3 is a master. The register also indicates the PIX/PIIX3 DEVSEL# signal timing.

Bit Description
15 Detected Parity Error (PERR). (Not Implemented) Read as 0.
14 Pﬁx Signafad ssan# Status (sems; ‘(Not. huptememd) ‘Readas 0.

& Sm smus (ssnns)-—mwc Whenvthe PIX3: assens the SERR#
‘ vstﬂﬂa‘ ﬂ‘ﬂsbﬁ lssatto 1. Soﬁwares%\this it 105 0:by writing atto it

13 Master-Abort Status (MA}—R/WC. When the PliX, as a master (for the 1SA bridge function)

generates a master-abort, MA is set to a 1. Software sets MA to 0 by writing a 1 to this bit
~ location.
12 Received Target-Abort Status (RTA}-R/WC. When the PlIX/PIIX3 is a master on the PCI

Bus (for the ISA bridge function) and receives a target-abort, this bit is set to a 1. Software
sets RTA to 0 by writing a 1 to this bit location,

11 Signaled Target-Abort Status (STA)}—R/WC. This bitis set when the PIX/PIIX3 ISA bridge
function is targeted with a transaction that the PIIX/P1iX3 terminates with a target abort.
Software sets STA to 0 by writing a 1 to this bit location.

10:9 DEVSEL# Timing Status (DEVT)RO. The PUX/PIIX3 always generates DEVSEL# with
medium timing for 1SA functions. Thus, DEVT=01. This DEVSEL# timing does not include
Configuration cycles.

PERR# Response. (Not implemented) Read as 0.

Fast Back to Back—RO. This bit indicates to the PCl Master that PHX/PIIX3 as a target is
capable of accepting fast back-to-back transactions.

6:0 Reserved. Read as 0s.
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225, RID—REVISION IDENTIFICATION REGISTER (Function 0)

Address Offset: 08h
Default Value: Refer to applicable specification update document
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.

2.2.6. CLASSC—CLASS CODE REGISTER (Function 0)

Address Offset: 09-0Bh
Default Value: 060100h
Attribute: Read Only

This register contains the device programming interface information related 16 the Sub-Class Code and Base
“Class Code definition for the PIIX3 (function 0). This register also identifies the Base Class Code and the
function sub-class in relation to the Base Class Code.

Bit Description
231 Base Class Code (BASEC). 06h=Bridge device.
6
15:8 Sub-Class Code (SCC). 01h=PCl-to-ISA Bridge.
7:0 Programming interface (Pl). 00h=hardwired as a PCI-to-ISA Bridge.

2.2.7. HEDT—HEADER TYPE REGISTER (Function 0)

Address Offset: OEh
Default Value: 80h
Attribute: Read Only

The HEDT Register identifies the PIIX/PIIX3 as a multi-function device.

Bit ' Description
7:0 Device Type (DEVICET). 8Ch=multi-function device.

2.2.8. IORT—{SA 1/O RECOVERY TIMER REGISTER (Function 0)

Address Offset: 4Ch
Default Value: 4Dh

Attribute: Read/Write

The /O recovery mechanism in the PIX/PIX3 is used to add additional recovery delay between CPU or PCI
master originated 8-bit and 16-bit I/O cycles to the ISA Bus. The PIIX/PIIX3 automatically forces a minimum |
delay of 3.5 SYSCLKs between back-to-back 8 and 16-bit /O cycles to the ISA Bus. This delay is measured
from the rising edge of the /O command {(IOR# or IOW#) to the falling edge of the next I/O command. If a
delay of greater than 3.5 SYSCLKSs is required, the I1SA IO Recovery Time Register can be programmed to
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increase the delay in increments of SYSCLKs. No additional delay is inserted for back-to-back /O *sub
cycles® generated as a result of byte assembly or disassembly. This register defaults to 8 and 16-bit recovery

82371FB (PIIX) and 82371SB (PIIX3)

enabled with one SYSCLK clock added to the standard 1/O recovery.

Bit

Descrip;lon

7

DMA . Reserved Page Register Allasing Control (DMAAC). When DMAAC=0, the PIIX/PIIX3
aliases /O accesses in the 80-9Fh rangs to the B0~8Fh range. In this cass, the PIIX/PIIX3
only forwards write accesses to these locations to the ISA Bus.

PlX: When DMAAC=1, the PIIX disables aliasing for the following registers; 80h,'34¥86h, 88h,
and 8C-BEh. When disabled, the PlIX forwards read and write accesses 10 these registers to
the ISA. o

PHX3: When DMAAC=1, the PIIX3 disables aliasing for the entire 90-8Fh range (they are
considered ISA bus register locations). When disabled, the PIX3 forwards read ands write
accesses to these registers to I1SA.

Note, that port 92h is always a distinct ISA register in the 90-9Fh range and is always
forwarded to the ISA Bus. When DMAAC=1, ISA master accesses to the 90-9Fh range are
ignored by the PHX. Also, when DMAAC=1, the PIIX/PIIX3 does not re-oad the power
management fast-off-timer with its original valua for accesses to the 90-8Fh address range.

8-Bityo hecovery Enable. 1=Enable the recovery time programmed in bits [5:3}. O=Disable
recoveary times in bits [5:3] and the recovery timing of 3.5 SYSCLKSs is inserted. )

5:3

8-Bit /O Recovery times. When bit 6=1, this 3-bit field defines the‘recovery time for 8-bit I/O.
Bit[5:3] SYSCLK Bit[5:3] SYSCLK

001 1 10 5
010 2 110 6
011 3 111 7
100 4 000 8

16-Bit VO Recovery Enable. 1=Enable, the recovery times programmed in bits {1:0].
0=Disable, programmable recovery times in bits [1:0] and the recovery timing-of 3.5 8YSCLKs
is inserted,

1.0

16-Bit VO Recovery Times. When bit 2=1, this 2-bit defines the recovery time for 18-bit /O.
Bit[1:0] SYSCLK

01
10
11
00

WA -

229,

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

Address Offset: 4Eh (PHIX)

.. 4E—4Fh (PUX3)

Default Value: 03h

Attribute:

This register enables/disables accesses to the RTC, keyboard controlier, IOAPIC (PIIX2 only), and BIOS.
Disabling any of these bits prevents the chip select and X-Bus output enable control signal (XOE#) for that

Read/Write

device from being generated. This register also provides coprocessor error and mouse functions.
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Bit

Description

15:9

PlX3: Resarved

o PIX3: API(: ‘Chip Select. When 8

3 relocated vfz;*fhe A vtC Base Address Relocation :Heg!

abled (bit 8—-1) APICCS# is asserted for PO memory

sses are memory FECO, 0000N andﬁ CO.

cycfe us»sgnmed by PIIX3 and: mccs# and XOE#

'snared Stgnat Ném ' BIte=o "'Bﬂ"sv-‘-ff

| TESTIN#APICREQ# TEsT!N# : APIGREQH
: FCSR@T#/AF‘CAGK#\ 'PCIRST# . - APICACKH. -

Extended BIOS Enable. When bit 7=1 (enabled), PCI master accesses to !ocatlons
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, the PIIX/PIIX3
allows the PCI address A{23:20} to propagate to the ISA LA{28:20] lines as all 1's, aliasing this
384-Kbyte region to the top of the 16-Mbyte space. To avoid contention, ISA addin memory
must not be present in this region (OOFBOOOO-OOFDFFFFh) When bit 7=0, the PIX/PIIX3 does
not generate BiOSCS# or XOE#,

Lower BIOS Enable. When bit 6=1 (enabled), PCI master, or ISA master accasses to the
lower 64-Khyte BIOS block (EG000-EFFFFh) at the top of 1 Mbyte, or the aliages at the top of
4 Gbyte (FFFEO0Q0~-FFFEFFFFh) resuit 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 all 1's,
aliasing this region to the top of the 16-Mbyte space. To avoid contention, ISA addin memory
must not be present in this region (00F80000-00FDFFFFh). When bit 6=0, the PHX/PIIX3 does
not generate BIOSCS# or XOE# during these accesses and does not forward the accesses to
ISA.

Coprocessor Error function Enable. 1=Enable; the FERR# input, when asserted, triggers
1IR3 (internal). FERR# is also used to gate the IGNNE# output.

IRQ12/M Mouse Function Enable. 1=Mouse funétion; O=Standard IRQ12 interrupt function.

Reserved.

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

Keyboard Controller Address Location Enable. 1=Enable KBCS# and XOE# for address
locations 60h and 64h. 0=Disable KBCS#/XOE# for accesses to these locations.

RTC Address Location Enable, 1=Enable RTCCS#/RTCALE and XOE# for accesses 1o
address locations 70-77h. O=Disable RTCCS#/RTCALE and XOE# for these accesses.
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2.2.10.  PIRQRC[A:D}—-PIRGx ROUTE CONTROL REGISTERS (Function 0)

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

These registers control the routing of the PIRQ[A:D}# signals to the IRQ inputs of the interrupt controlfer.
Each PIRQx# can be independently routed to any one of 11 interrupts. All four PIRQx# lines can be routed to
the same {RQx input. Note that the IRQ that is selected through bits {3:0] must be set to level sensitive mode
in the corresponding ELCR Register. When a PIRQ signal is routed to an interrupt controier 1RQ, the
PHX/PIIX3 masks the corresponding IRQ signal.

Bit Description
7 interrupt Routing Enable. O=Enable; 1=Disabie
6:4 Reserved. Read as Os.

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

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

0000 Reserved 0110 IRQ6 1011 IRQT1
0001 Reserved 0111 IRQ7 1100 RQ12
0010 Reserved 1000 Reserved 1101 Reserved
0011 {RQ3 1001 IRQY 1110 IRQ14
0100 1RQ4 1010 IRQ10 1111 IRQ15
0101 IRQ5 -

22.11.  TOM—TOP OF MEMORY REGISTER (Function 0)

Address Offset: 69h
Default Value: 02h
Attribute: Read/Write

This register enables the forwarding of 1ISA or DMA memory cycles to the PCI Bus and sets the top of main
memory accessible by ISA or DMA davices. Il addition, this register controls the forwarding of ISA or DMA
accesses to the lower BIOS region (E0000-EFFFFh) and the 512--640-Kbyte main memory region (80000~
9FFFFh), The Top Of Memory configuration register must be set by the BIOS.

Bit ) Description

7:4 Top Ot Memory. The top of memory can be 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 PCL.
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 111 16 Mbyte
0101 6 Mbyte
Note that the PlIX/P1IX3 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-PCl Bridge DRAM controller betwsen 15
and 16 Mbytes, the PIIX/PHX3 Top Of Memory should be set at 15 Mbytes.
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Bit Description
3 ISA/DMA Lower BIOS Forwarding Enable. 1=Enable (forwarded to PCI, if XBCS Register
bit 6=0}; O=Disable (contamed to ISA). Note that If the XBCS Register bit 6=1, ISA/DMA
accesses in this region are a!ways contained to ISA.
o | PUX: Reserved
1 ISA/DMA 512—-540-Kbyte Region Forwarding. Enable 1-Enable (forwarded to PCI)
0=Disable (contained to ISA).
0 Reserved
2,212, MSTAT—MISCELLANEOUS STATUS REGISTER (Function 0)
Address Offset: 6B-6Ah
Default Value: Undefined
Attribute: : PiX:Read/Write (bits [1:0] are read only)

PliX3: Read/Write Clear(bits. 1 is'read only)

This register provides miscellaneous status and control functions.

| -PHXay]
<1 enabled, ‘causes the PIIX3 1o rétry, without infiating a delay

- passive release must be active. 'Delayed Transactions and Passive:Releas

Bit Description
15 - PliX: Reserved. '
puxa SERR# Generation Due To Delayed Transaction—-—RMO PHXS sets th:s bittoa 1
:r;etx; x'tt generates SERR# due to a delayed trahsaction. Software sets this bit to a QOby wrxting
14:8 Reserved.
7 : ‘Pll)c' Reserved

NE Retry Ennhia (MSﬂE)—-HIW 1=Enable, 0 = Dssab!a (daiauﬁ) » Thisp bct when
non-LOCK#, PCI cyctvs ‘No delayed transactions to PUX m curf
enabled via the DLC Register (function 0; offset 82h). When disabled; the PIiX3 accepts -

; ‘thase cycles-as normal, which may include retry with initiation ota delayed transaction.
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Bit

Description

Host-to-PCl
Bridge

SERR#

"L iGate not necess:
St gystem EXTSM
o .is not used

System EXTSMI#

(Assumes minimum .. ;

assgertion of more
than one PCLK)

Exrsmq
PIX3

Reserved.

Reserved.
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Description

Bit

2.2.13. MBIRQ[1:0}—MOTHERBOARD DEVICE tRQ ROUTE CONTROL REGISTERS (Function 0)
’Addréss‘ Offsat s . 70h—MBIRCO (PHX and. PHX3)
. i 71h—MBIRCH (PHX only)-
Default Value: 80h
Aftribute: R/W

These registers control the routing of motherboard device interrupts (MIRQ[1:0]} to the internal IRQ inputs ot

the interrupt controller. Each'MIRQx# can be independently routed to any one of 11 interrupts.

Nots that, when an MIRQ line and a PIRQ# line are steered to the same ISA interrupt, the device connected
to the MIRQ line must be set for active high, level interrupts. In this case, the ISA interrupt will be masked. Bit

6 of that motherboard device IRQ Route Control Register must be programmed to a 0.

Bit

Description

7

interrupt Routing Enable. O=Enable routing; 1=Disable routing.

6

MIRO}/IRQx Sharing Enable. 0=Disable sharing; 1=Enable sharing. When sharing is
disabled and bit 7 of this register is 0, the interrupt specified by bits [3.0] is masked. Interrupt
sharing should only be-enabled when the device connected to the MIRQ line and the device
oonnected to the 1SA iRQ line both produce active high levet mterrupts

wEnahle (mao Qu@ut) 0= Dtsable (dasfamt,,‘M

Q0 'ctionsasmelPoQOomputa the IDE
; : us agisterissetbyme IRQ15 :
Q0 pin tune -as the MIRQO input and-the. IDE Iatefrum 5t
i Master IDE Status Registéris set by the MIRQO input sighal.”

Reserved. Read as zero.

interrupt Routing. When bit 7=0, this field selects the routing of the MBIRCQx to one of the
interrupt controller interrupt inputs.

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

0000 Reserved 0110 IRQ6 1011 IRQ11
0001 Reserved 0111 IRQ7 1100 IRCH2
0010 Reserved 1000 Reserved 1101 Reserved
0011 IRQ3 1001 IRQ9 1110 - IRQt4
0100 IRQ4 1010 IRQ10 1111 IRQ15
0101 IRQ5

752
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2.2.14. MBDMA[1:0}—-MOTHERBOARD DEVICE DMA CONTROL REGISTERS (Function 0)

Address Offset : 76h—MBDMAO#; 77h—MBDMA1#
Default Value: oCh
Attribute: RW

For both the PIIX and PiiX3, these registers enable/disable a type F DMA transfer (3 SYSCLK)'for a
particular DMA channel.

For the PIiX, these registers also control the routing of motherboard device DMA signals (MDRQ{1:0] and
MDAKI[1:0]) to the DREQ and DACK# sighals on the 8237 DMA controlier unit.

Bit Description
7 Type F and DMA Buffer Enable (FAST). 1=Enable for the channel selected by bits{2:0].
0=Disable for the channel selected by bits[2:0}.
6:4 Reserved.
3 | PHX{Disable Motherboard Chanhel (DMC). - When this bit 3=0, the MDRQ/MDAK# pair

_ assoclated with this channel is routad 1o the compatable ISA channel determined by.the CHNL.
Feld. (bitsfz Ct}) When bit-3=1; tha ISA DREQ/DACK# palr is used for that channel ‘ :

When a MDRQIMDAK# pair is programmed for a given 8237 DMA channel and DMG~0 (bit-3),
the corres DREQ/DACK#: pins:are masked for that channel. When DMC=1, the
asked. If both motherboard DMAs ara used, the:motherboard
tcomp%@e DMA channels: Programming both

‘ ' i { ctable dsvace v

20 | P?n)ft:;rype'r-' and: Momerboms DMA Channel Routing (cm«,y WhenDMC—O
+| steers the corresponding: ‘MORG/MDAKH sighials 104 compatable ISA channat for
’ : ; “‘ nd if FAST=1, also’enables type F transfers and the &h)'tte DMA |

=1 this field enables type F transfers and the: 4~byte DMA

; ’?fans[zfol DMA channel -
100 default (disabled) -

0 4

1 101 . 5
- 10 6
e 17

2.2.15. PCSC—PROGRAMMABLE CHIP SELECT CONTROL REGISTER {Function 0)

Address Offset: 78~79h
Default Value: 0002h
Attribute: Read/Write

This register controls the assertion of the PCS# programmable chip select ssgnal The PCS# signal is
asserted for subtractwely decoded I/O cycles generated by PCI masters that fall in the range specified by this
register. The address is programmable to any 16-bit /0 space location and the range is programmable to be
4, 8 or 16 bytes. A split range is precluded. The upper sixteen address bits (AD[31:16]) must be zero for the
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address to be decoded and the PCS# signal asserted. The PCS# signal is never asserted for 1SA bus
masters access.

Bit Description

15:2 PCS Address (PCSADDR). This field defines a 18-bit /O space address (4 byte range) that
causes the PCS# signal to assert. Address bits [3:2] may be masked (considered "don't care*)
by programming bits {1:0] of this register.

1:0 PCS Address Mask. When bit 1=1, PCSADDR3 is masked. When bit 0=1, PCSADDR2 is
masked.
Bits[1:0] Range
00 4 bytes (default)
01 B bytes, contiguous
10 : Disabled
11 16 bytes, contiguous

2.2.16.  APICBASE-—APIC BASE ADDRESS RELOCATION REGISTER (Function 0)(PHX3 Only)

Address Offset: . BOh
Default Value: 00h
Attribute: Raad/Write

This regzster provides the modrﬁar for the APIC base address APIC is mapped in’ the‘memsry space at the
locations FECO_xy00k and FECO. xy10h (x=0-FK, y=0,4,8,Ch), The value of 'y Is défines
value of x"is defingd by bits [5:2]. Thus, the' refocation’ register- provides 1:Rbyte ad
potentially 'up to 64 IOAPICs can be uniformly ‘addresses in the memory space). The' default value of 00h
provides mapping of the IOAPIC unit at the addresses FECO: 0000h and FECO_0010h: )

Bit | . S . 'Description .
7 Rnserved. Lo o

A12 Mask. THis bit determiries selects whether APtCGS# is genara(ed for one of two IOAPIC
address ranges. When bit 6=1, address bit 12 is ignoréd aliowing the’APICCS# signal to be
génerated 16r.two consecuitive EOAP#C address ranges: Exterpal 15 /neaded to select
individual IOAPICS by.combining-SA12 and APICCS#.For example, when bit 6=1. (and x and
y = 0), APICCS#1s generated for addresses FECO_0000h, FECO 0010, as wellas
FECO0_1000h,.FECO_1010: When bit 6=0, APICCS# is generateaf - Grter IOAPIC address
range.

5:2 X-Base Ad(fress. a|ts[5 2] are comparéd wuth PCI address bits AD[15: 12] respectwely
1:0 Y-Base Address. Bits[1:0] are compared with PCt addfass bits AD[1 HG], respéctively,

e
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2.217.. DLC—DETERMINISTIC LATENCY CONTROL REGISTER (Function 0) (PHX3 Only)

Address Offset: 82h
Default Value: 0OCh
Attribute: Read/Wnte

This register enables/disables. the Delayed Transactnon and:Pas ive Release: fupctions, respect:veiy Whan
enabled, these functions make the PIX3 PCI. ravision 2.1 compliant. Noté that: neizherdelaydd complation
passive release hava any effect on bus’ master DE and typa F.DMA transfars R

target Iatem:les

ISA bridges-alsc suegon QAT mde.rwhich wm now: yio&ate the
prowdes a programmable. rploass mechank to meet th equirac |
release is enabled in the 3z o

_PIiX3 s the target X
| trangaction identically-to the way the PHX: {82371 FB) responded

1998 Platform Components Databook

82371FB (PiIX) and 8237188 (PIlIX3)

755



82371FB (PlIX) and 8237188 (PIIX3) i ntel
L ]

2.2.18.  SMICNTL—SMI.CONTROL REGISTER (Function 0)

Address Offset: AOh
Default Value: 08h
Attribute: Read/Write

The SMICNTL Register provides Fast Off Timer-control, STPCLK# enable/disable, and CPU clock scaling.
This register also enables/disables the system management interrupt (SMI).

Bit Description
75 Reserved
4:3 " Fast Off Timer Freeze (CTMRFHZ) This field enables/disables the Fast Off Timer and when

enabled, selects the timer count granularity as shown below:

Bits[4:3] Count Granularity Count Granularity Count Granularity
. (33 MHz PCICLK) (30 MH2 PCICLK) ‘(25 MHz PCICLK)

0C 1 Minute’ ‘ 1.1 Minute 1.32 Minute
0t Disabled (default) . Disabled (defauit) Disabled (default)
10 1 PCICLK 1 PCICLK 1 PCICLK
11 1 Msec 1.1 Msec 1.32 Msec ‘ ‘
2 STPCLK# Scaling Enable (CSTPCLKSC). 1=Enable; 0O=Disable. When enabled {and bit

1=1), the high and low times for the STPCLK# signal are controtied by the Clock Scaling
STPCLK# High Timer and Clock Scaling STPCLK# Low Timer Registers.

1 STPCLK# Signal Epable (CSTPCLKE). 1=Enable; 0=Disable. When enabled, an APMC
Register read causes STPCLK# to be asserted. When disabled, the STPCLK# signal is
disabled and is negated (high). Software can sat this bitto 0 by writing a O to it.

0 SMI¥ Gate (CSMIGATE). 1=Enable; 0=Disable. When enabled, a system management
interrupt condition asserts the SMt# signal. When disabled, the SMI# signal is masked and
negated. This bit only affects the SMi# signal and does not affect the detection/recording of
SMi events (i.e., This bit does not effect the SMI status bits.in the SMIREQ Register). Thus, if
an SMiis pendmg when this bit is set to 1, the SMi# signal is asserted.

2.2.19. SMIEN—SMI ENABLE REGISTER (Function D)

Address Offset: A2-A3h
Default Value: 0000h
Attribute: Read/Write

This register enables the generation of SMi (asserting the SMI# signal) for the associated hardware events
(bits [5:0]), and software events (bit 7). When a- hardware event is enabled, the occurrence of a
corresponding event results in the assertion of SMi#, if enabled via the SMICNTL Register. The SMi# is
asserted independent of the current power state (Power-On or Fast Off). The default for all sources in this
register is disabled.

Bit Description

15:9 Reserved.
8 PitX: Reserved.

PIX3: Legacy USB SMI-Enable 1=Enable USB Legacy logic to generata SMi#. 0=Disable
{default).
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Bit Description
7 APMC Write SMi Enable. 1=Enable; O=Disable.
6 EXTSMi# SMI Enable. 1=Enable; 0=Disable.
5 Fast Off Timer SMi Enable. 1=Enable; 0=Disable. When enabled, the timer génerates an

SMi when it decrements to zero.

4 IRQ12 SMI Enable {PS/2 Mouse Interrupt). 1=Enable; O=Disable.

3 ] IRQ8 SMI Enable (RTC Alarm Interrupt). 1=Enable; O=Disable.

2 IRQ4 SMI Enable (COM2/COMA Interrupt or Mouse). 1=Enable; O=Disable.
1 IRQ3 SMI Enable (COM1/COM3 Interrupt or Mouse). 1=Enable; O=Disable.
0 IRQ1 SMiI Enable (Keyboard Interrupt). 1=Enable; 0=Disable.

2.2.20.. SEE~-SYSTEM EVENT ENABLE REGISTER (Function 0)

Address Offset: A4-ATh
Defauit Value: 00000000h
Attribute: Read/Write

This register enables hardware events as system events and break events for power management control.
The default for each system/break event in this register is disabled.

System events: Activity by these events can keep the system from powering down. When a system event is
enabled, the corresponding hardware event activity prevents a Fast Off powerdown condition by reloading the
Fast Off Timer with its initial count.

Break events: These events can awaken a powered down system. When a break event is ehabled. the
corresponding hardware event activity powers up the system by negating STPCLK#.

Bit Description
31 Fast Off SM! Enable (FSMIEN). 1=Enable {(system and break events); 0=Disable.
30 INTR Enable (FINTREN). 1=Enable {break event); 0=Disable. When enabled, INTR is used

as a global break event. In this case, any IRQ that is generated causes the system to
powerup via the negation of STPCLK#, regardless of the state of bits[15:3,1:0] in this

register.

For the PIIX3, this function should be disabled if an external IOAPIC is used.
29 Fast Off NMI Enable (FNMIEN). 1=Enable (system and break events); O=Disable.
28 | 82371FB PUIX: Reserved. ’ '

PHX3: Fast Oft APIC Enable {FAPICE&). 1=Enable (break avent); O—DIsabie
27:16 Reserved

15:3 Fast Off FRQ[15:3] Enable (FIRQ[15:3]EN). 1=Enable (system and break events};
O=Disable.

2 Reserved.

1:0 Fast Off IRQ[1:0] Enable (FIRQ[1:0]EN). 1=Enable (system and break events); 0=Disable.
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2.2.21. - FTMR—FAST OFF TIMER REGISTER (Function 0)

Address Offset: ABh
Default Value: OFh
Aftribute: Read/Write

The Fast Off Timer indicates (through an SMI) that the system has been idie for a pra-programmed period

of

time. When the timer expires, an SM! special cycle is generated. The count time interval is programmable

(via the SMICNTL Register). The granularity of the counter is programmabile via the SMICNTL Register.
NOTE

Before writing to the FTMR Register, the Fast Off Timer must be stopped via bits [4:3] of the SMICNTL
Register. .

Bit Description

7:0 Fast Off Timer Value. Bits {7:0] contain one less than the actual count-down value. Thus, if X
is programmed into this register, the countdown value is X+1. The X+1 value is loaded into the
countsr when an enabled system event occurs. When the Fast Off Timer reaches 00h, an SM[
is generated and the timer is re-loaded with the X+1 value. When the Fast Off Timer is
enabled (via the SMICNTL Register), the timer counts down from this value. A read from the
FTMR Register returns the value last written. ’

2.2.22. SMIREQ—SMI REQUEST REGISTER (Function 0)

Address Offset: AA-ABh
Default Value: 00h
Attribute: Read/Write

The SMIREQ Register contains status bits indicating which enabled event caused an SMI.
NOTE

1. The SMIREQ bits are set, cleared, or read independently of each other and independently of the

CSMIGATE bit in the SMICNTL Register.

2. if software attempts to set a status bit to 0 at the same time that the PIX/PIIX3 is setting it to 1, the bit
setto 1.

is

3. Each of the SMIREQ bits is set by the PIIX/PHX3 in response to the activation of the corresponding SMI

event. If the SMi avent is still active when the corresponding SMIREQ bit is set to 0, the PHX/PIIX3 do
not set the status bit back to a 1 {i.e., there is only one status indication peractive SM! event).

Bes

4. When an IRQx signal is asserted, the corresponding IRQx status bit is set to a 1. If the IRQx signal is still
active when software sets the corresponding status bit to 0, the status bit is not set back to a 1. The IRQx
may be negated before software sets the status bit to 0. However, If the status bit is set to 0 at the same
time a new IRQx is activated, the status bit remains at 1. This indicates to the SMi handler that a new

SMi event has been detectad.

5. It an IRQix is set in level mode and shared by two devices, the [RQ should not be enabled as an SMi#

event. The PliX's SMIREQ bits are essentially set with an edge. When the second IRQ occurs on
shared IRQ, there is no second edge and the SMI# will not be generated for the second IRQ.

a
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Bit ‘Description
15:9 Reserved
8 PHX: Ressrvod
1 Plﬂca*l..egmy USB SM| Status (RLUSB). Thisbitissatio 1 to lndleate thatthe USB Legacy

.k Keyhoard aused an SMI. Softwarasetsthasbﬂtaa”hy; :

7 APM SMI s:atus (RAPMC). This bit is set to 1 to indicate that a wme to the APM Contro!
Register caused an SMI. Software sets this bitto a 0 by writing a O to it.

6 EXTSME SM Status (REXT). This bit is set to 1 to indicate that EXTSMi# caused an SMI.

Software sets this bitto a 0 by writinga Oto it.

For the PIX3, the EXTSMI# signal can be used to provide a speciat profocol between the
hast-to-PCI bridge and the PHX3 (see MSTAT Register descrption, 82h; luncﬂon 0)

5 Fast Off Timer Expired Status (RFOT). This bit is set to 1 to indicate that the Fast Off Timer
expired and caused an SMI. Software sets this bit to a 0 by writing a 0 to it. Note that the timer
re-starts counting one the next clock after it expires.

4 IRQ12 Request SMI Status (RIRQ12). This bit is set to 1 to indicate that IRQ12 caused an

SMI. Software sets this bitto a 0 by writinga 0 to it.

3 IRQB# Request SMI Status (RIRQB). This bit is set to 1 to indicate that IRQ8# caused an
SMI. Software sets this bitto a 0 by writing a O to it.

2 IRQ4 Request SMI Status (RIRQ4). This bit is set to 1 to indicate that IRQ4 caused an SMI.
Software sets this bitto a 0 by writinga 0 to it.

1 IRQ3 Request SMI Status (RIRQ3). This bit is set to 1 to indicate that IRQ3 caused an SMI.
Software sets this bit to a 0 by writinga O to it.

0 {RQ1 Request SMI Status (RIRQ1). This bit is set to 1 to indicate that IRQ1 caused an SMI.

Software sets this bitto a 0 by writing a O to it.

2.223. CTLTMR-—CLOCK SCALE STPCLK# LOW TIMER (Function 0)

Address Offset: ACh
Default Value: 00h
Aftribute: Read/Write

The value in this register defines the duration of the STPCLK# asserted period when bit 2 in the SMICNTL
Register is set to 1. The value in this register is loaded into the STPCLK# Timer whan STPCLK# is asserted.
The STPCLK# timer is a divide by PCI clock. The base count for a value of 0 is 42 psec for a 50 MMz time
base, 35 usec for a 60 MHz time base, 32 usec for a 66 MHz time base. These numbers are determined as
follows: # of PCI clocks STPCLK# is asserted (or negated) = 1 + 1056 X (programmed value in register +1).

Bit Description

7:0 Clock Scaling STPCLK# Low Timer Value. Bits [7:0] define the duration of the STPCLK#

asserted period during clock throttling.
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2224, CTHTMR—CLOCK SCALE STPCLK# HIGH TIMER (Function 0)

Address Offset: AEh
Default Value: 00h .
Attribute: Read/Write

The value in this register defines the duration of the STPCLK# negated period when bit 2 in the SMICNTL
Register is set to 1. The value in this register is loaded into the STPCLK# Timer when STPCLK#¥ is negated.
The STPCLK# timer is a divide by PCI clock. The base count for a value of 0 is 42 psec for a 50 MHz time
base, 35 usec for a 60 MHz time base, 32 psec for a 66 MHz time base. These numbers are determined as
foltows: # of PCl clocks STPCLK# is asserted (or negated) = 1 + 1056 X (programmed value in register +1).

Bit Description

7:0 Clock Scaling STPCLK# High Timer Value. Bits [7:0] define the duration of the STPCLK#
negated period during clock throtlling. : ‘

23. PCI Configurétibn Registers—IDE Interface (Function 1)

The PHIX/PIIX3 are multi-function devices, as indicated by bit 7 of the Header Type Register. The PC! {DE
interface function uses Function 1.

2.3.1. 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 |dentification
Register, uniquely identify any PCI device. Writes to this register have no effect.

Bit Description

15:0 Vendor identification Number. This is a 16-bit value assigned to Intel

2.3.2. DID—DEVICE IDENTIFICATION REGISTER (Function 1)

Address Offset: 02-03h

Dsfault Value:. 1230h (PHX)
S ; F010h.(PHX3)

Attribute: Read Only

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

Bit Description

15:0 Device ldentification Number. This is a 16-bit value assigned to the PHX.
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2.3.3. PCICMD—COMMAND REGISTER (Function 1)

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

The PCICMD Register controls access to the /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 gnd invalidate Enabie (MWI). (Not implemented) This bit is hardwired to 0.

3 Special Cycle Enable (SCE). (Not implemented) This bitis hardwired to 0

2 | Bus Master FunctionEnable (BME). 1=Enable. 0=Disable.

1 Memory Space Enable (MSE). (Not implemented) This bit is hardwired to 1.

0 1/Q Space Enable (IOSE). This bit controls access to the I/O space registers. When
I08E=1, access to the Legacy IDE ports (both primary and secondary) and the PCi Bus
Master IDE /O Ragisters is enabled. The Base Address Register for the PCI Bus Master IDE
/O Registers should be programmed before this bit is set to 1.

2.3.4. PCISTS—PCI DEVICE STATUS REGISTER (Function 1)

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

PCISTS is a 16-bit status register for the IDE interface function. The register algo indicates the PHX's
DEVSEL# signal timing.

Bit Description
15 Detected Parity Error (PERR). (Not Implemented) Read as 0.
14 | SERR# Status (SERRS). (Notimplemented) Read as 0.
13 Master-Abort Status (MAS)—R/W. When the Bus Master IDE interface furiction, as a master,
generates a master abont, MA is set to a 1. Software sets MA to 0 by writing a 1 to this bit.
12 Received Target-Abort Status (RTA)—R/W. 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 RTA10 0
by writing a 1 to this bit.

1 Signaled Target Abort Status (STA}—R/W. This bit is set when the PHX/PIIX3 IDE interface
function is targeted with a transaction that the PIEX/PIIX3 terminates with a target abort.
Software resets STA to 0 by writing a 1 to this bit..

109 DEVSEL# Timing Status (DEVT)—RO. For the PiIX, DEVT=01 indicating medium timing for
DEVSEL# assertion when performing a positive decode. DEVSEL# timing does not include
configuration cycles.
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Bit Description
Data Parity Detected (DPD). (Not implemented) Read as 0. N
7 Fast Back to back Capable (FBC)}—RO. Hardwired to 1. This bit indicates to the PCi Master

that PHX, as a target, is capable of accepting fast back-to-back transactions.

6.0 Reserved. Read as 0's.

2.3.5. RID-—-REVISION IDENTIFICATION REGISTER (Function 1)

Address Offsst: 08h
Default Value: Refer to applicable specification update document
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 during manufacturing.

2.36. CLASSC-—CLASS CODE REGISTER (Function 1)

Address Offset: 09-0Bh
Default Value: 010180h
Attribute: Read Only

This register contains the device programming interface information related to the Sub-Class Code and Base
Class Code definition for the PIX3 (function 1). This register also identifies the Base Class Code and the
function sub-class in relation to the Base Class Code.

Bit Description
23:1 Base Class Code (BASEC). 01h=Mass storage device.
6
15:8 Sub-Class Code (SCC). 01h=IDE controller.
7:0 Programming Interface (Pf). 80h=Capable of IDE bus master operation.

23.7. MLT—MASTER LATENCY TIMER REGISTER (Function 1)

Address Offset: 0Dh
Default Value: 00h
Attribute: Read / Write

MLT controls the amount of time PIIX, 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 0 when determining the count value. MLT is cleared and
suspended when PIX/PIIX3 is not asserting FRAME#. When PIIX/PIIX3.asserts FRAME#, the counter
begins counting. If the PUX/PIIX3 finishes its transaction bafore the count expirss, the MLT count is ignored.
If the count expires before the transaction completes {count = # of clocks programmed in MLT), PUIX/PIIX3
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 PC! clocks) allotted to PHX. The.default value of
MLT is 00h or 0 PCt clocks.
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Bit Description
7:4 Master Latency Timer Count Value. PiiX-initiated PCI burst cycies can last indefinitely, as
long as PHLDA# remains active. However, if PHLDA# is negated after the burst cycle is
initiated, PIIX/PIIX3 limits the burst cycle to the number of PCl:Bus clocks specified by this
field.
3:0 ‘Reserved
2.3.8. HEDT—HEADER TYPE REGISTER (Function 1)
Address Offset: OEh
Defauit Value: 00h
Aftribute: Read Onily

The HEDT Register identifies the PHX/PHX3 as a muiti-function device.

Bit Description ‘ ‘
7:0 Device Type (DEVICET). 00. Multi-function device capability for PIIX/PIIX3 is defined by the
HEDT register in Function 0. '
23.9. BMIBA—BUS MASTER INTERFACE BASE ADDRESS REGISTER {Function 1)
Address Offset: 20~-23h
Defauit Value: 00000001h
Attribute: Read/Write

This register selects the base address of a 16 byte /O space to provide a software interface to the Bus

Master functions. Onily 12 bytes are actually used (6 bytes for primary and 6 bytes for secondary).

Bit

Description

31:16

Reserved. Hardwired t¢ 0.

154

Bus Master interface Base Address. These bits provide the base address for the Bus
Master interfaca registers and correspond to AD[15:4).

3:2

Reserved. Hardwired to 0.

1

Reserved.

Resource Typo 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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23.10. IDETIM—IDE TIMENG REGISTER (Function 1)

Address Offset: Primary Channel=40-41h; Secondary Channel=42-43h
Default Value: 0000h
Attribute: Read / Write Only

This register controls the PIIX's IDE interface and selects the timing characteristics of the PCI Local Bus IDE
cycie. Note that primary and secondary denotations distiguish between the cables and the 0/1 denotations
distiguish between master (0) and slave (1).

Bit Description

15 IDE Decode Enable (IDE). 1=Enable; 0=Disable. When enabled, I/O transactions on PCl}
targeting the IDE ATA register blocks (command block and control block) are positively
decoded on PCl and driven on the IDE interface. When disabled; these accesses are
subtractively decoded to ISA.

14 | PiX:Reserved. o

PUX3: Slaye IDE Tim
) TIM Ré

- values. programmed in this ragister app{y 0 both master and slave drives on each ehanne!

13:12 1ORDY Sample Point (ISP). This field selects the number of clacks between DIOx#
assertion and the first IORDY sample paint.

Bits[13:12] Number Of Clocks
00 5
01 4
10 3
11 2
11:10 Reserved
9:8 Recovery Time (RTC). This field selects the minimum number of 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=1, fast timing mode is enabled for DMA
data transfers for drive 1. Note that PIO transfers to the 1DE data port still run fn compatible
timing.
6 Prefetch and Posting Enable (PPE1). When PPE1=1, prefetch and posting to the IDE data
port is enabled for drive 1.
5 {ORDY Sample Point Enable Drive Select 1 (IE1). When IE1=0, (ORDY sampling is

disabled for Drive 1. The internat IORDY signal is forced asserted guaranteeing that IORDY
is sampled asserted 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 0, all
accessas to the enabled /O address range sample IORDY. The IORDY sampie 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 17O address range use the 16-bit compatible timing PCH local bus path.

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 /O address range use the fast timing bank PCl local
bus 1DE path. Accesses to the data port use fast timing only if bit 7 of this register {DTE1) is
zero. Accesses to all non-data ports of the enabled /O address range use the 8-bit
compatible timing PCl local bus path.

3 DMA Timing Enable Only (DTEQ). When DTEOQ=1, fast timing mode is enabled for DMA
data transfers for drive 0. Note that PIO transfers to the IDE data port still run in compatible
timing.

2 Prefetch and Posting Enable (PPEOD). 1=Enable; 0=Disable. When enabled, prefetch and
posting to the IDE data port is enabled for drive Q.

1 IORDY Sample Point Enable Drive Select 0 (IED). When {E0=0, IORDY sampling is

disabled for Drive 0. The internal IORDY signal is forced asserted guaranteeing that IORDY
is sampled asserted at the first sample point as specified by the ISP field in this register.

When [E0=1 and the currently selected drive (via a copy of bit 4 of 1x6h) is Drive 0, all
accesses to the enabled /O address range sample IORDY. The IORDY sample point is
specified by the ISP field in this register.

0 Fast Timing Bank Drive Select 0 (TIMEOD). When TIMEO=0, accesses to the data port of
the enabled /O address range uses the 16-bit compatible timing PCl local bus path.

When TIMEG=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 I/O address range use the fast timing bank PCi local
bus IDE path. Accesses to the data port use fast timing only if bit 3 of this register (DTEQ) is
0. Accesses to all non-data ports of the enabled I/O address range use the 8-bit compatibie
timing PCt local bus path.

23.11.  SIDETIM--SLAVE IDE TIMING REGISTER (Function 1) (PiIX3 Only)

Address Offset: 44h
Defautt value: ~ 0oh
Attribute: . Read/Writa.Only

This register comrols the ana's IDE lintarface and selects the timing charactenstics for the slave drives on
each IDE cmnmal “This “allows for programming of undependent operating ‘rhodes for .each IDE agent. This
raglstef 30t & t 55 is enabled in the IDETIM: Ragrster.

Descrlpﬂon

Pomt (SISN) Th:s fna!d selects the number of ciocks
st IGRDY sample point ! for the sfa_ 'drive on the

it
. 7.6

" Blts[7:6] : Number Of Clocks

00 5
o1 4
10 3
11 2
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~Bit , ‘ - ‘Description
5:4 a fiwm Recovary Time (SRTCY). Thisﬁddsa!mmemrﬁmummmberot )
clacks:betwaen the last: {ORDY# sample point:and the: DIOX# strabe ot the next cycle | for the
‘slav&dnveonthe secondary charinel. v o
Bitsis:4] “Number.Ot Glocks
oo e
[+ R ‘ L3
10 e L2
32 “mmmmnanp ihplaPolnt(PiSPﬂ This field selects the numi clocks.
, beiween,Dle# assartionandthe first IOFTDY sample pomtformesfave dnv primary.
10| Primary Brive 1 Recover Emg(mmm This field selacts f
batwesn the last IORDY # sam) ‘epointand!heb trob
= dﬁvemmepﬂmarychannel : :
' ‘sus{s.o} C L Number Ot Clocks
.00, 4.
o 3
1S 2
11 1
24.  PCl Conﬂguration Registers——Universal Serial Bus (Funchon 2) (ans
Only) -~ -
241, VID—VENDOR IDENTIFICATION REGIST ER:(Function 2) (PIX3)
Address: Orfset ' ‘
Defauit Valye: -
Audbute '

The VIO Register: comalns the vendor Idemiﬁeatwn number This register

gé
is register have no atfeet;

me Dewoe tdemiﬁcation

Reg:ster, uniquaty ;denﬂﬁes any PCI devbe
”B';"‘f-”i, e

150
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2.4.2, DID—DEVICE IDENTIFICATION REGISTER (Function 2).(PIX3)

Address Offset: 02-03h
Default Value: 7020h -
Attibute: Read Only

6 device enﬁﬁcatwnnumber :Tmszregiis'ter,__aiOngiMﬁNhe‘ VID Register; define

e Descﬂptlon o
iumber ‘,ms‘isam-mvameassagnaommepnxa

243, . PCICMD--COMMAND REGISTER(Funiction 2) (PIX3)
Address Offset: - DA-08h . .
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244, DS—DEVICE STATUS REGISTER (Function2).(PUX3):

Address Offset. 06-07h
Default Value: . 0280n
Attribute' HeadNVnte

DSRis:a 16-bil status reglster that reports'the cccurrence of a PCl mastar-abon:by the USBHC module-or a
PCI target-abort when the Serial Bus module is a master. The BlS0; iny : :
DEVSEL# slgnal nmmg thahs hardwirad in me USB HC module The s _ﬁei

Bt
e

” N |
131 Mastoz—Abon ‘Status [MAS WG When the Senal Bus moduie generates a master—abort
'MAtsseﬂoaH Soﬂwarese{: , mObywnﬂngaﬂomssbit L

12| ‘Received Targot-Aboﬁ Status (HTA)——HJWC When the Serial’ Bus module is.d masta: on v
the PCI Bus and recewes -3 targai»abort this bitis set t0 a1l SoﬂWa : :

- _writinga?tothlsbft . ; o
117 | Signaled Tarsot-Abort }-RWC. This bitis set wh]én“ihg:Sedgl Bus modulé
- | function is targeted with a Hiat the Serfal Bus module tem with a target abort,
: 'So?ftware resets: STA

ngal 16 this bit.

60 | :

2.45. ' RID—REVISION IDENTIFICATION REGISTER (Function 2. anxa)

Address.Offset: . .. 08h
Default Valtie: © .. - Referto appﬁcabie sgeciﬁcahnn update document
Atiribute: FIaad»Oniy . Coal

This 8-bit reglster contmns devnce sieppmg mformatmn Wntes to this reglster havs ho eﬁect

Bit | L : Descrlptlon 7
7:0 Revision ID Byte. The register is hardwired to tie default value duting manufacturing.
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2.4.6. CLASSC--CLASS CODE REGISTER (Function 21{PHX3): =« o1

Address.Offset: .~ - 09-0Bh. .
Default Value: .- 010180h : : : e St
Attribute:: . ReadOnly - - . - B AT SR g

24.7. MLTMASTER LATENCY TIMER REGISTER (Function 2) (PUX3) .

SB. modu?e can do

programmed i
after which it must snrrender by
MLT is OQh
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2458, HEDT—HEADER TYPE REGISTER (Function 2) (PIIX3) -

Address Offset; 0Eh
Default Value: 00h
Attribtite: - Read Only

This register identifes the Sarial Bus modie as a single function device.

'7:0. | Device Type (DEVICET). 00. Multi-function device capability for PIX/PIIX3 1S defined by the
| HEDT registerin Funcion0. - .o S R R TR

249, BASEADD—/O SPACE BASE ADDRESS (Function 2) (PUX3)

Address Offset: 20-23h
Detfault Value: o0k
Attribute: Read/Write

This register contains the base addrass of the U‘SE!‘ i/O Registers,

Bit ’ T Dﬂscriptlon
31416 - Reserved Hardwired taOs Must be writter as Os.

155 !ndexRegith%gaAdﬂ 'iansﬁsis;omespmtommr Hsimé&swﬁss_t
TR § ’respectively B

4 : ad Read as:»O.A

2.4.10.  IL—interrupt Line Register {(Function 2} (PiX3)

Address Offset: 3Ch
Default Value: 00h
Altribute:- Readlwmé

Soﬂware programs. this register with amarrupt informaﬂon concemlng the Univmsal ’

BitTp o ’ S i Dascrlption )

7:0° lnterrupt Line. . The valié in‘this tegister has rio affoct 6h PIIXS hardwara operauons o
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2.4.11. - INTRP—INTERRUPT PIN:(Function.2) (PNX3)

Address Offset: . .~ 3Dh
Default Vajua: - 04h .
Atiribute: © - - Read only

2.413. -  MSTAT--MISCELLANEOUS STATUS REGISTER (Function 2).(PlIX3) -

Address Offset: - 6A-6Bh.
Default Valug:+ "
Attribute:- . .o

This 1 S-Utregtst
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2.4.14.

LEGSUP—-LEGACY SUPPORT REGISTER (FUNCTION.2):(PHX3)

PCl Address Offset:. C0-C1h

Default:
Attribute:

2000h
Read/Write Clear

This register provides control and status capability for the legacy. keyboard and mouse functions. e

Bit

Description

* End OF A20GATE Pass-through Status (A20PTS)—R/WC. This bitissetto 1 toindicats

that the A20GATE pass-through sequence has ended. Software must use the enable bitsto "',

_dstermine the exact cause of an SMi#. Software cléats this bit by wriing a1 toit.

14

Reserved.

13

USB PIRQ Enable (USBPIRQDEN) —R/W.:1=USB interruptis 3fouted 10.PIRQD (default). = & -

0=USB interrupt does not route to PIRQD. This bit prevents the USB controltér from generating

an interrupt. Note that PHX3 will typically 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. PIIX3 sets this bitto 1 to indicate that the USB IRQis
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 controller. '

11

Trap By 64h Write Status (TBY64W)—R/WC. PIIX3 sets this'bit to 1 to indicate that a:- write.

to port 64h occurred. Software must usa the enable bits to determine the exact.causs of an'’-
SMi#: Software clears this bitby writinga 1 to it © - B AT SRR

10

Trap By 64h Read Status (TBY64R)}—R/WC. PIIX3 sets this bitto 1 to indicate that a read to

port 64h occurred. Software must use the enable bits to determine the éxact cause of an
SMI#. Software ciears this bit by writinga 1 to'it. " :

Trap By 60h Write Status (TBY60W)—R/WC. PIIX3 sets this bitto 1 to indicate that a: write
to port 60h occurred. Software must use the enable bits fo determine the exact cause of an
SMI#. Software clears this bit by writing'a: 1 to'it. IR : i . B

Trap By 60h Read Status (TBYBOR)—R/WC. PlIX3 sets this bit to 1 to indicate that a read fo
port 60h occurred. Software must use the-enable bits to determine the:.exact cause ofan .
SMi#. Software clears this bit by writing a 1to'it. : s :

SMI At End Of Pass-through Enable (SMIEPTE)—R/W. 1=Enable the genarétion of an SME

when the A20GATE pass-through sequence has ended. 0=Disable (default). " This may be

required if an-SMI is generated by a- USB.interrupt in the middie of an A20GATE pass-through .-

sequence and needs to be;seryk:_ed later.

Pass-through Status (PSS)—RO. 1=A20GATE pass-through sequence Is:currentlyin. . °
progress. O=Not currently executing the A20GATE pass-through sequence (default). 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. ‘

tel.
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- Bit ' ‘ ' Dcscrlptian - T
5o} Azmo Pass-through enabm(mov' N)—R 1=Enab§eA20€tA}’Epass_through
sequence. O=Disable {default). Whanemblsd the%ogicw‘ll pass—ﬂxmughtheiolwwing
AQOGATE command sequence;

- Cycle Address ~ Data

rite ,bih (7

! Any deviahon m me above ,saquence causes the host. contr
sequence and retum: ndard- operat%on performmg an 1o trap and genara
) appropriate snable bits ‘dre’ set :

Trap/SMI On 84h Write Enab!o mm}_ww 1—Enab|e o Trap and sm# generahon on
| “port 6ah’ write” :
, Qamsabte affaum 7

1] 'rmp/sm; n soh Wmo Enabte (BOWEN}--RM 1‘Enabie '/0 Trap and S’MY# generahon on
port 60h wiite.. L
-O=Disable (dsfaultL ‘ L ‘ ‘ ‘
I8+ BRI 2-:‘rraplsm On-60h-Head Emblo (SOREN)——RMI 1= Enable r/o Trap and SM!# generanon on
port6oh read:.
‘0=Disablé (default):
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2.5. ISA-Compatible Registers

ntel.

The ISA-Compatible registers contain the DMA, timer/counter, and interrupt registers. This group also

contains the X-Bus, coprocessor, NMi, and reset registers.

2.5.1. DMA REGISTERS

The PIIX/PlIX3 contains DMA circuitry that incorporates the functionality of two 82C37 DMA controllers
{DMA1 and DMA2). The DMA registers control the operation of the DMA controllers ‘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 VO space. Unless otherwise stated, a CPURST sets each register
to its default value.

25.1.1, DCOM—DMA Command Register

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

Attribute: Wirite Only

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

Bit Description

7 DACK# ACTIVE Leve! {DACK#[3:0, (7:5)]). 1=Active high; O=Active low.

6 DREQ Sense Assert Levsl (DREQ[3:0, (7:5)]). 1=Active Low; O=Active high.
5 Reserved. Must be 0.

4 DMA Group Arbitration Priority. 1=Rotating priority; O=Fixed priority

3 Reserved. Must be 0

2 DMA Channel Group Enable. 1=Disable; 0 = Enable.

1:0 Reserved. Must be 0.

25.1.2 DCM—DMA Channel Mode Register

/O Address: Channels 0-3=08h; Channels 4-7=0D6h

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 increment/decrement, and autoinitialization.

Bit Description
7:6 DMA Transfer Mode. Each DMA channel can be programmed in one of four different modes:
Bits[7:6] Transfer Mode
00 Demand mode
01 Single mode
10 Block mode
11 Cascade mode
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Bit Description
5 Address Increment/Decrement Select. O=increment; 1=Decrement.
4 Autoinitialize Enable. 1=Enable; 0=Disable.

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

00 Verify transfer

0 Write transter
10 Read transfer
11 lilegal

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 Channet 0 (4)
01 Channel 1 (5)
10 Channel 2 (6)
1 Channel 3 (7)
2.5.1.3. DR--DMA Request Register
11O Address: Channels 0-3—09h; 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 sub;ect o
prioritization by the priority encoder netwark. For a soffware request, the channel must be in Block
Mode. The Request Register status for DMA1 and DMAZ is output on bits [7:4] of a Status Register

read.
Bit Description
7:3 Reserved. Must be 0
2 DMA Channel Service Request. O=Resets the individual software DMA channel request bn

1=Sets the request bit. Generation of a TC ailso sets this bit to 0.

1.0 DMA Channel Select. Bits [1:0] select thé DMA channel mode register to program with bit 2,
Bits[1:0] Channel
00

Channel 0
01 Channel 1 (5)
10 Channel 2 (6)
11 Channel 3 (7)
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25.1.4. Mask Register—Write Single Mask Bit

/O Address: Channels 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 (unless the channel is programmed for autoinitialization). Setting the entire register digables all
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 controlier 2,
channel 0) also masks DMA channels [3:0].

Bit ) Description
7:3 Reserved. Must be 0.
2 Channel Mask Select. 1=Disable DREQ for the selected channel. O=Enable DREG for the

selected channel.
1:0 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)
2.5.1.5. Mask Register—Write All Mask Bits
/O Address: Channels 0-3—0Fh; Channels 4-7—0DEh
Default Value: Bit[3:0]=1; Bit[7:4]=0 (CPURST or Master Clear)
Attribute: Read/Write

A channel's mask bit is automatically set to 1 when the Current Byte/Word Count Register reaches
terminal count (unless the channel is programmed for autoinitialization). Setting bits [3:0] to 1 disables
alt DMA 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 0DEh also masks DREQ assertions from DMA controlier 1.

Bit Description

74 Reserved. Must be 0.
3:0 Channel Mask Bits. 1=Disable the corresponding DREQ(s}); 0=Enable the corresponding

DREQ(s).

Bit Channel
0 0 (4)

1 1(5)

2 2 (6)

3 3(7)
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2.5.1.6. DS-——DMA Status Register

/O Address: Channels 0-3—08h; Channels 4-7—0D0h
Default Value: 00h

Attribute: Read Only

Each DMA controller 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 channal {on its DREQ
signal line), the corresponding bit is set fo 1. When a DMA requestis 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 channet 4 is irrelevant.

DMA Base And Current Address Registers (8237 Compatible Segment)

DMA Channel 4—0C0h
DMA Channel 5—0C4h
DMA Channel 6—~0C8h
DMA Channel 7—0CCh

Bit Channel
4 0
5 1(5)
6 2(6)
7 ‘3(N
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)
2.5.1.7.
/O Address: DMA Channet 0—000h
DMA Channel 1—002h
DMA Channel 2—004h
DMA Channel 3—006h
Default Value: XXXXh (CPURST or Master Clear)
Afttribute: Read/Write

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

Register. Autoinitialize takes place only after a TC.

Bit

Description

15:0

Base and Current Address [15:0]. These bits represent address bits [15:0] used when
forming the 24-bit address for DMA transfers.
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DMA Base And Current Byte/Word Count Registers {Compatible Segment)

DMA Channel 4—0C2h
DMA Channel 5—0C6h
DMA Channe! 6—0CAh
DMA Channel 7—0CEh

2.5.1.8.
/O Address: DMA Channel 0—001h
DMA Channel 1—003h
DMA Channel 2—005h
DMA Channel 3—007h
Default Value: XXXXh (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 occlr 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 be transferred.
This applies to DMA channels 0-3. For transfers to/ffrom a 18-bit 1/Q, 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.

2.5.1.9. DMA Memory Low Page Registers

/O Address: DMA Channel 0-—-087h DMA Channel 5—08Bh
DMA Channel 1—083h DMA Channel 6—089h
DMA Channel 2—081h DMA Channel 7--08Ah
DMA Channel 3—--082h

Default Value: XXh (CPURST or Master Clear)

Attribute: Read/Write

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

Bit

Description

7:0 DMA Low Page [23:16]. These bits represent address bits {23:16] of the 24-bit DMA address

778
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2.5.1.10. DMA Clear Byte Pointer Register

11O Address: Channetls 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 to the DMA. The command initializes the byte pointer flip-
flop to a known state so that subsequent accesses to register contents address upper and lowér bytes
in the correct sequence. The Clear Byte Pointer Command (or CPURST or the Master Clear
Command) clears the intemal latch used to address the upper or lower byte of the 16-bit Address and
Word Count Registers.

Bit Description

7:0 Clear Byte Pointer. No specific pattern. Command enabled with a write to the /O port
address.

2.5.1.11. DMC~-DMA Master Clear Register

/O Address: Channel 0-3—00Dh; Channel 4-7—0DAh
Default Value: All bits undefined
Attribute: Write Only
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 tﬁe 110 port address

2.5.1.12, DCLM—DMA Ciear Mask Register

/O Address: Channel 0-3—00Eh; Channel 4-7—0DCh
Default Value: Al bits undsfined

Attribute: Write Only

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

Bit Description

7.0 Clear Mask Register. No specific pattern. Cominand enabled with a write to the I/O port
address.

2.5.2 TIMER/COUNTER REGISTER DESCRIPTION

25.2.1. TCW—Timer Control Word Register
/O Address: 043h

Defauft 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-bit or binary-
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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 select
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 Byte
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 bossible binary count is
216, 1=Bbinary coded decimal (BCD) count is used. The largest BCD count allowed is 104,

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 Ragister which latches the current states of the above mentioned variables. The value of
the counter and its status may then be read by I/O access to the counter address. Note that The Timer
Counter Register bit definitions are different during the Read Back Command than for a normal Timer
Counter Register write.

Bit

Description

7.6

Read Back Command. When bits[7:6]=11, the Read Back Command is selected during a
write to the Timer Control Word Register. Following the Read Back Command, /O reads from
the selected counter's /O addresses produce the current latch status, the current latched
count, or both if bits 4 and 5 are both 0.

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

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.
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Bit Description

3 Counter 2 Select. When bit 3=1, Counter 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 sefected with
bits 4 and 5. When bit 1=0, status and/or count will nat 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 recsived. If a
Counter is latched once 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. lf 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 normal 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 1o select the counter for latching.
Bit{7:6] Function
00 latch counter 0 select
01 latch counter 1 select
10 latch counter 2 select
11 Read Back Command select

5:4 Counter Latch Command. When bits[5:4}=00, the Counter Latch Command is selected
during a write to the Timer Control Word Register. Following the Counter Latch Command, /O

_reads from the selected counter’s I/O addresses produce the current latched count.
3:0 Reserved. Must be 0.

2.5.2.2. Interval Timer Status Byte Format Register

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 returns the status byte.

Bit Description

7 Counter OUT Pin State, 1=Pinis 1; 0=Pinis 0.
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Bit Description

6 Count Register Status. This bit indicates when ths last count written to the Count Register
{CR) has been loaded into the counting element (CE). 0=Count has been transferred from CR
to CE and is available for reading. 1=Count has not been transferred from CR fo CE and is not
yet available for reading.

54 Read/Write Selection Status. Bits[5:4] reflect the read/write selection made through bits{5:4]
of the Control Register.

Bit[5:4] Function

00 Counter Latch Command

01 R/W Least Significant Byte (LSB)
10 R/W Most Significant Byte (MSB)
11 R/W 1L.SB then MSB

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

Bit[3:1] Mode Selected Bit[3:1] Mode Selected
000 0 X1 3
001 1 100 4
X10 2 101 5

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

2.5.23. Counter Access Ports Register

/O Address: Counter 0—040h; Counter 1-—041h; Counter 2042h
Default Value: All bits undefined
Attribute: Read/Write

Each of these I/O ports is used for writing count values to the Count Registers; reading the current count
value from the counter by either 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 LS8 only, MSB only, or LSB then MSB, is defined
with the Interval Counter Control Register. The counter /O port is also used to read the current
count from the Count Register and return counter programming status following a Read Back
Command.

2.53. INTERRUPT CONTROLLER REGISTERS

The PIX/PIIX3 contains an ISA-Compatible interrupt controller that incorporates the functionality of two
82C59 interrupt controliers. The interrupt registers control the operation of the interrupt controlfler.
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25.3.1, ICW1—Initialization Command Word 1 Register
/O Address: INT CNTRL-1—020h; INT CNTRL-2—0A0h
Default Value: All bits undefined

Attribute: Write Only

A write to Initialization Comimand Word 1 starts the interrupt controller initialization sequence. Addresses
020nh and 0ACh are referred to as the base addresses of CNTRL-1 and CNTRL-2, respectively. An I/O write to
the CNTRL-1 or CNTRL-2 base address with bit 4 equal to 1 is interpreted as ICW1. For PliX-based ISA
systems, three I/O writes 1o "base address + 1" must follow the ICW1. The first write to "base address + 1"
performs ICW2, the second write performs ICW3, and the third write performs ICWA4.

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

1. The Interrupt Mask register is cleared.
2. IRQ7 input is assigned priority 7.
3. The slave mode address is setto 7.
4. Special Mask Mode is cleared and Status Read is set to IRR.
5. If IC4 was set to 0, then all functions selected by ICW4 are set to 0. However, ICW4 must be
programmed in the PIIX/P1IX3 implementation of this interrupt controlter, and {C4 must be setto a 1.
Bit Description
7:5 CW/OCW select. These bits should be 000 when programming the PHX.
4 ICW/OCW select. Bit4 must be a 1 to select ICW1. After the fixed initialization sequence to
ICW1, ICW2, ICW3, and ICWA4, the controller base address is used to write to OCW?2 and
OCWa3. Bit 4 is a 0 on writes to these registers. A 1 on this bit at any time will force the
interrupt controlter to interpret the write as an ICW1. The controlier will then expect to see
ICW2, ICWS3, and ICW4.
3 Edge/Lave! Bank Select (LTIM). This bit is disabled. Its function is replaced by the
Edge/Level Triggered Controf (ELCR) Registers.
2 ADL Ignored for the PIIX.
1 Single or Cascade (SNGL). This bit must be programmed to a 0.
0 ICW4 Write Required (IC4). This bit mustbe settoa 1.
2.5.3.2. ICW2—initialization Command Word 2 Register
IO Address: INT CNTRL-1—021h; INT CNTRL-2—0A1h
Default Value: 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 interrupt vector
table for the interrupt routines associated with each interrupt request level input.
2.0 Interrupt Request Level. Must be programmed to all Os.
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2.5.3.3. ICW3—Initialization Command Word 3 Register
1/O Address: INT CNTRL-1—021h

Default Vaiue: All bits undefined

Attribute: Write Only

The meaning of ICW3 differs between CNTRL-1 and CNTRL-2. On CNTRL-1, the master controtier, ICW3
indicates which CNTRL-1 IRQ line physically connects the INTR output of CNTRL-2 to CNTRL-1.

Bit Description
7:3 Reserved. Must be pfogrammed to all 0s.
2 Cascaded Mode Enable. This bit must be programmed to 1 selecting cascade mode.
1:0 Reserved. Must bs programmed to all Os.
2.5.3.4. {CW3—Initialization Command Word 3 Register
/O Address: INT CNTRL-2—0Ath
Default 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

73 Reserved. Must be programmed to afl Os.

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

2.5.3.5, ICW4—Initialization Command Word 4 Register
O Address: INT CNTRL-1—021h; INT CNTRL-2—0A1h
Default Value: 0th

Attribute: Write Only

Both PHX/PIIX3 interrupt controllers must have ICW4 programmed as part of their initialization sequence.

Bit Description

7:5 Reserved. Must be programmaed to all Os.

4 Special Fully Nested Mode (SFNM). Bit 4, SFNM, should normally be disabled by writing 2 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
normal end of interrupt. if this bitis 1, the automatic end of interrupt mode is programmed.

0 Mictroprocessar Mode. Must be programmed to 1 indicating an Intel Architecture-based
system.
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2.5.3.6. OCW1-Operational Control Word 1 Register

/O Address: INT CNTRL-1—021h; INT CNTRL-2—0A1h
Default Value: 00h

Aftribute: 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 aftar 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 fines of lower
priority. Unlike status reads of the ISR and {RR, for reading the IMR, no OCW3 is needed. The output data
bus contains the IMR when an /O read is active and the I/O address is 021h or 0A1h (OCWH1). All writes to
OCW1 must occur following the ICW1-ICW4 initialization sequence, since the same /O ports are used for
OCW1, ICW2, ICW3 and ICW4.

Bit Description

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

2.5.3.7. OCW2-—Operational Control Word 2 Register

I/O Address: INT CNTRL-1—020h; INT CNTRL-2-—0ACh
Default Value: Bit{4:0]=undefined; Bit{7:5}=001

Attribute: Write Only

OCW2 controls both the Rotate Mode and the End of Interrupt Mode. Following a CPURST or ICW
initiafization, the controller enters the fully nested mode of operation. Both rotation mode and specific EQI
mode are disabled following initialization.

Bit Description

7:5 Rotate and EOI Codes. R, SL, EQIl - 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 EOl Cmd 000 Rotate in Auto EOl Mode (Clear)
o1t Specific EOl Cmd 111 *Rotate on Specific EOl Cmd

101 Rotate on Non-Specific EOl Cmd 110 *Set Priority Cmd

100 Rotate in Auto EO! Mode (Set) 010 No Opsration

* L0 - L2 Are Used
4:3 OCW2 Select. Must be programmed to 00 selecting ocwa.
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Bit Description
2:0 Interrupt Level Select (L2, L1, L0). L2, L1, and LO détermine the interrupt 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 O is sufficient in this case.
Bit[2:0] Interrupt Level Bit[2:0]  Interrupt Level
000 IRQ 0(8) 100 IRQ 4(12)
00t IRQ 1(9) 101 IRQ 5(13)
010 IRQ 2(10) 110 IRQ 6(14)
011 IRQ 3(11) 111 IRQ 7(15)

2.5.3.8. OCW3—Operational Control Word 3 Register

1/0 Address: INT CNTRL-1—020h; INT CNTRL-2—0A0h

Default Value: Bit[6,0]=0; Bit[7.4:2]=Undefined; Bit]5,1]=1

Attribute: Read/Write

OCW3 serves three important functions—Enable Special Mask Mode, Poll Mode conirol, 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 Special Mask Mode (ESMM). 1=Enable SMM bit; 0=Disable SMM bit.

4:3 OCWS3 Select. Must be programmed to 01 setecting OCW3.

2 Poll Mode Command. O=Disable Poll Mode Command. When bit 2=1, the next I/O read to
the interrupt controller is treated as an interrupt acknowledge cycle indicating highest priority
request..

1:0 Register Read Command. Bits {1:0] provide control for reading the In-Service Register (ISR)

and the Interrupt Request 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 IRR". To retain the current selection (read ISR or
read [RR), always write a 0 to bit 1 when programming this register. The selected register can
be read repeatedly without reprogramming OCW3. To select a new status register, OCW3
must be reprogrammed prior fo attempting the read.

Bit{1:0] Function
00

No Action
[0} No Action
10 Read IRQ Register
11 Read IS Register
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2.5.3.9. ELCR1-Edge/lLevel Triggered Register
/O Address: INT CNTRL-1—4D0h

Default Value: 00h

Attribute: Read/Wirite

ELCR1 register allows IRQ3 - IRQ7 to be edge or level programmable on an interrupt by interrupt basis.
IRQO, IRQ1 and IRQ2 are not programmable and are always edge sensitive.

Bit Description
7 IRQ7 ECL. 0 = edge triggered mode; 1 = level sensitive mode.
6 IRQ6 ECL. 0 = edge triggered mode; 1 = level sensitive mode.
5 IRG5 ECL. O = edge triggered mode; 1 = Jevel sensitive mode.
4 IRQ4. ECL. 0 = edge triggerad mode; 1 = level sensitive mode.
3 IRQ3 ECL. 0 = edge triggered mode; 1 = level sensitive mode.
2:0 Reserved. Mustbe 0.

2.5.3.10. ELCR2--Edge/l.evel Triggered Register

1/Q Address: INT CNTRL-2—4D1h
Default Value: 00h
Aftribute: Read/Write

ELCR2 register allows IRQ{15,14,12:9] to be edge or level programmable on an interrupt by interrupt basis.
Note that, [RQ[13,8#] are not programmable and are always edge sensitive.

Bit Description

7 IRQ15 ECL. 0 = edge triggered mode; 1 = level sensitive mode.
6 IRQ14 ECL. 0 = edge triggered mode; 1 = level sensitive mode.
5 Reserved. Mustbe 0.

4 IRG12 ECL. 0 = edge triggered mode; 1 = level sensitive mode.
3 IRG11 ECL. 0 = edge triggered mode; 1 = level sensitive mode.
2 IRQ10 ECL. 0 = edge triggered made; 1 = level sensitive made.
1 1RQY ECL. 0 = edge triggered mode; 1 = level sensitive mode.
0 Raeserved. Must be 0.
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2.5.4. X-BUS, COPROCESSOR, and RESET REGISTERS

2.5.4.1. Reset X-Bus IRQ12 And IRQ1 Register
I/O Address: 60h

Default Value: N/A

Attribute: Read only

This register clears the mouse interrupt function and the kayboard interrupt (IRQ1). Reads to this address are
monitored by the PHX. When the mouse interrupt function is enabled (X-Bus Chip Select 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. A read of 60h releases IRQ12. Reads/writes flow through to the
ISA Bus.

Bit Description

7:0 Reset IRQ12 and IRQ1. No specific pattern. A read of address 60h executes the command.

2.5.4.2, Coprocessor Error Register
IO Address: FOh

Default Value: N/A

Attribute: Write only

Writing to this register causes the PIX/PIIX3 to assert IGNNE#. The PIIX/PHX3 also negates {RQ13 (internal
to the PHIX). Note, that IGNNE# is not asserted unless FERR# is active. Reads/writes flow through to the ISA
Bus.

Bit Description

7:0 No special pattern required. A write to address FOh executes the command.

2543, RC—Reset Control Register
/O Address: CFgh

Default Value: 00h

Attribute: Read/Write

Bits 1 and 2 in this register are used by the PHX/PIIX3 to generate a hard reset or a soft reset. Bit 2 should be
cleared when writing the reset type (defined by bit 1) and then bit 2 should be set to initiate the reset. The O to
1 transition on bit 2 initiates the reset. For example, to initiate a soft reset via the CF9 Reset Control Register,
write 0Ch then 04h, then read the CF9 register.

Bit Description

7:3 Reserved

2 Reset CPU (RCPU). This bit is used to initiate (transitions from 0 to 1) a hard reset (bit 1 in this
register is set to 1) or a soft reset to the CPU. During a hard reset, the PIIX/PHX3 asserts
CPURST, PCIRST#, and RSTDRV. The PIIX/PIIX3 initiates a hard reset when this register is
programmed for a hard reset or PWROK is asserted. This bit cannotbe read as a 1.
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Bit Description

1 System Reset {SRBT). This bit is used in conjunction with bit 2 in this register to initiate a hard
reset. When SRST =1, the PIX/PIIX3 initiates a hard resef to the CPU when bit 2 in this register
transitions from 0 to 1. When SRST=0, the PIIX/PIIX3 initiates a soft reset when bit 2 in this
register transitions from Qo 1.

0 Reserved

2.5.5. NMI REGISTERS

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

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

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

2. The processor will read the status stored in port 061h to determine 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 to a 0, an NMi may have been
generated by another source. The level of NMI will then remain’ active. This new NM! source will not be
recognized by the processor because there was no edge on NMI.

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

2.5.5.1. NMISC-—NMI Status And Control Register
1/O Address: 061h

Default Value: 00h

Attribute: Read/Write

This register reports the status of different system components, control the output of the speaker counter
{Counter 2), and gate 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-{PCl devices or main
memory) detects a system board error and pulses the PCI SERR# fine. This interrupt sourceis
enabled by setling bit 2 to 0. To reset the interrupt, set bit 2 to 0 and then set it to 1. When
writirig to port 061h, bit 7 must be 0.

6 IOCHK# NMI Source Status—RO. Bit 6 is set if an expansion board asserts IOCHK# on the
ISA Bus. This interrupt source is enabled by setting 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 mustbe a 0.

5 - Timer Counter 2 OUT Status—R0O. The Counter 2 OUT signal state is reflacted in bit 5. The
value on this bit following a read is the current state of the Counter 2 QUT signal. Counter 2
must be programmed following a CPURST for this bit to have a determinate value. When
writing to port 061h, bit 5 must be a 0.
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Bit Description

4 Refresh Cycle Toggle—RO. The Refresh Cycle Toggle signal toggles from either O to 1 or 1
to O following every refresh cycle. When writing to port 061h, bit 4 must be a 0.

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

2 PCl SERR# Enable—R/W. 1=Clear and Disable; 0=Enable.

For the PIIX3; the SERR# signal can be for a special protocol between the host-to-PCl bridge
and the PIIX3 (see MSTAT Register description, 6B~6Ah, 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.

2.5.5.2, NMi Enable and Real-Time Clock Address Register

/O Address: 070h
Default Value: Bit{6:0]=undefined; Bit 7=1
Attribute: Write Only

This port is shared with the real-time clock. Do not modify the contents of this register without considering the
effacts on the state of the other bits. Reads and writes to this register address flow through to the ISA Bus.

Bit Description
7 NMI Enable. 1=Disable; 0=Enabla.

6:0 Real Time Clock Address. Used by the Real Time Clock on the Base /O component to
address memory locations. Not used for NMI enabling/disabling.

2.6. System Power Management Registers

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

2.6.1. APMC—ADVANCED POWER MANAGEMENT CONTROL PORT

/O Address: 0B2h
Default Value: Q0h
Attribute: Read/Write

This register passes data {APM Commands) between the OS and the SMI handler. in addition, writes can
generate an SMI and reads can cause STPCLK# to be asserted. The PHX/PIIX3 operation is not effected 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
return the last data written. In addition, writes generate an SM, if bit 7 of the SMIEN Register
and bit 0 of the SMICNTL Register are both is set to 1. Reads cause the STPCLK# signal to
be asserted, if bit 1 of the SMICNTL Register is set to 1. Reads do not generate an SML.
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26.2. APMS—ADVANCED POWER MANAGEMENT STATUS PORT

/O Address: 0B3h
Default Value: 00h
Attribute: Read/Write

This register passes status information between the OS and the SMi hand!er The PUX/PIIX3 operation is not
effected by the data in this register.

. Bit . ‘ Description

7:0 APM Sta'tus Port (APMS). Writes store data in this register and reads return the last data
wmten

2.7.  PCl BUS Master IDE Registers
The PCI Bus master IDE function uses 16 bytes of /O space, allocated via the BMIBA register (A PCI Base

Address register). All bus master IDE /O space registers can be accessed as byte, word, or Dword
quantities. The description of the 16 bytes of 1/0 registers follows:

271.  BMICOM—BUS MASTER IDE COMMAND REGISTER

Address Offset: Primary Channel—Base + 00h; Secondary Channel—Base + 08h
Default Value: - 00h

Atiribute: Read / Write

This register enables/disables bus master capability for the 1DE function and provides direction control for the
IDE DMA transtets This register also provides bits that software uses to indicate DMA capability of the IDE

device.
Bit Description
7:4 Reserved
3 Bus Master Read/Write Control (RWCON). 0=Reads; 1=Writes, This bit must NOT be
chaﬂged whien the bus master function is active.
2:1 Reserved.

Start/Stop Bus Master (SSBM). 1=Start; 0=Stop. When this bit is set to 1, bus master
operation starts. The controller transfers data between the IDE device and memory only when
this bit is set. Master operation can be stopped by writing a 0 to this bit. This results in all state
information heing lost (i.e.; master made 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 pot 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 before 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 Channal's Bus Master IDE Status.Register.
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2.7.2. BMISTA—BUS MASTER IDE STATUS REGISTER

Address Offset: Primary Channel—Base + 02h; Secondary Channel-—Base + 0Ah
Default Value: 00h

Attribute: Read/Write Clear

This register provides status information about the IDE device and state of the IDE DMA transtfer. Table 8
describes 1DE Interrupt Status and Bus Master IDE Active bit states after a DMA transfer has been started.

Bit

Description

7

Reserved. This bitis 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.

Drive 0 DMA Capable (DMAOCAP)—R/W. 1=Drive 0 is capable of DMA transters. This bitis a
software controlled status bit that indicates IDE DMA device capability and does not affect
hardware operation.

Reserved.

IDE Interrupt Status—R/WC. This bit, when set to a 1, indicates when an IDE device has
asserted its interrupt line. When bit 2=1, and bit 0=0, i.8. 100b, all read data from the IDE device
has been transferrad to main memory and all write data has been transferred to the IDE device.
Software sets this bit to a 0 by writing a 1 to it. IRQ14 is used for the primary channel and
MIRQO is used for the secondary channel. IRQ15 is used for the Secondary Channel when
IRQO bit, bit5 in the MIRQO register, is set. If the interrupt status bit is setto a 0 by writing a 1 to
this bit while the interrupt line (IRQ14 or MIRQO) is still at the active level, this bit remains O until
another assertion edge is detected on the interrupt line.

IDE DMA Error—R/WC. This bitis set to 1 when the PUX/PHX3 encounters a target abort or
master abort while transferring data on the PCl Bus. Software sets this bit to a 0 by writing a 1
toit.

Bus Master IDE Active (BMIDEA)—RO. The PIIX/P{IX3 sets this bit to 1 when bit 0 in the
BMICOM Register is set to 1. The PHX/PIIX3 sets this bit to 0 when the last transfer for a region
is performed (where EOT for that region is set in the region descriptor). The PID{/PIX3 also sets
this bit to 0 when bit 0 of the BMICOM Register is set to 0 or when bit 1 of this register is setto .
1. When this bit is read as a zero, all data transferred from the drive during the previous bus
master command is visible in system memory, unless the bus master command was aborted.

Table 8. Interrupt/Activity Status Combinations

Bit2

Bit0 Description:

1 DMA transfer is in progress. No interrupt has been generated by the IDE device.

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 device transfer size.

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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Bit 2 Bit0O Description:

o 0 ‘Error condition. if the IDE DMA Error bitis 1, there is a problem transferring data
toffrom memory. Specifics of the error have to be determined using bus-specific
information. if the Error bit is 0, the PRD's specified a smaﬂer ‘'size than the IDE

transfer size.

2.73. BMIDTP—BUS MASTER IDE DESCRIPTOR TABLE POINTER REGISTER

Address Offset  Primary Channel—Base.+ 04h; Secondary Channel—Base + och
Default Value: 00000000N '
Attribute: Read/Write

This register provides the base memary address of the descriptor table. The Des»cnptor Table must be Dword
aligned and not cross a 4-Kbyte boundary in memory

Bit ' Description ‘
31:2 | Descriptor Table Base Address. Bits {31:2] correspond to A[31:2).

1.0 Reserved.

2.8.1.: - HSBCMD-:USB Command Register
/O'Address: . - :Base+(00-01h)
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Descrlptlon

Bit |

,‘iasetsmeﬂmlsmpbdbiack > 1. The SWDBG bit must
: when the controﬁer isinthe sfopped state. Tms ean be determmed by
checking ﬁwé HCHaﬂed Bt iﬂ the USBSTS registar :

Force Global Resumée (FGR). 1=Host Controlier sends the. Globat Hesume signalon the

USB. Software ‘bitie-0 aiter 20'mis has: &lapmwstop serwding the Giobal; Résume.
signal, At that Hme. alt USBﬁévices should be’ ready for bus activity. The ‘Host Controfier sets
this bit to 1 when aresume event (connect; disconnect, .or K-state) is detected whils in global
suspend mode: Software resets this bif 1o 0 to-end Global Resume signaling: The 1100

transition causes the port o sand a low speed EOP sxgnal This: bttmmam a1 untii the EOP. - |

,has Gompleted

is wmten 00 or after wﬂm it 400, S&twaroffrmst aiso ansufe Mﬂw Run ;tqp it (but 0)
“ig c!eared phor.to. setﬁng this ‘

{ Reset (&RESET). Whan this-bitis set; the:Host: Controﬂer sends: the globai fesst s:gnaj
on the serial bus and then resets all its logic, including the intemnal hub registers. The hub

registers are reset o their power on state. This bitis raset by the
10°'ms has dlapsed as specified in chapter 7 ot the wyse: Speciﬁ jv

-1 Note: Chip Hardware Reset: has&sesema 'eﬁact as: Glnbat Ftew Cbit 2). excem that the: Hcst
© Controlier does not send the Globial ResetonUSB. -

8o after a mmimum of

'Host Controlier Heset (HCRESET). When this bitis setto a 1, the Host Controller module

resats its internal.timers, counters; state machines, ete: mm initiat value, Any transaction
currently in progress on USB is immediately terminated. Thts tut is reset by the Host Comroller

: when the. rsset process sacomplete
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Table 8. ﬂunlStep, Debug Bit. Inmacﬂcn

swnae  RuniStop | - . Opmtionv
‘,o' o
0. 1
1 o
: .&’8‘ sh,a._,
execuﬁon theHCHamSéf

2.8.2. . USBSTS---USB Status Reglster

110 Address: Base + (02-03h)
Default Value: - 0000h

Adtribute: e Realerite Glew v
size: 16 bits o

This: regnster Indncates pending imsrmpts and vanous states of the: Host:Controllér, The smtus resu%ting fom
a- transaction’ on-the ‘seriat ‘busis not mdicated m th|s register Softwarg sets a bit. to-0 in this: regaster by

writinga 1to it

,Bf{t; .ﬂ_ I g ' v,_ﬂ)ns‘_cj;jpﬂgf)n B IR
1556 .'Hasanmd&
5 HCHalted. The Host memllar Setathis blt to 1 after it has stopped executing as
- the: Rur/Stap bit being: seﬂo 0 erlherby softwal*earby the: Host Canuoilmhardwﬁfe (an
v internal efror).
4 - Host Gommilor Process’ me TheHnst Oontrelier sels this bitto 1 When ndetentsa fatal

* -grror and indicates that the Host Controller sufféred a consistency check failure while

pracessing & Transfer Descriptor. An example of a congistency cheok failure would be finding-
an illegal PID field while processing the packet header portion of the Transfer Descriptor. (TD)
data structure. When this error pccurs, the Host Controiler clears the Ruri/Stop bitinthe. .

Command regcster to pre\tent further schedule execuﬂon A hardwm'e i’ESBt is generatad

thesystem. IS H R R St SR
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Bit - " Description

3 vPCl :Bus Error. - The Host-Coritroller sets this bit1o™1 when a sérious error occurs duinga .-

PCI -access involving the Host Controller module. PCl.conditions that'set.thig bit-to 1 include

B PCI M: Abo Cl Target / Abon. When this: e'rror acours, the Host Controller tlears
b rnmanid , eXecaum of the scheduled TDs.

-this: bit whan it. recewas a “RESUME”
only vaﬁd ﬁMHostComroﬂer hasbeenina ‘susperided
"1) e :

ntroller al _ 1 datected(actudEengmﬁeld
: ,nmabdmum }ength ﬁald In TD) audsth s are ‘enabled inthat TD,

283.  USBINTR—USB Interrupt Enable Register.

I/Q Addrass: Base + (04-05h)
Default Value: - - 0000h.

Attribute: Read/Write
size: 16 bits

This register enables/disables reporting of the oorrespondtng interrupt o the. software When a bit 1s sst and
the corresponding intérrupt:is active; an interrupt is generated to-the host.. Fatal: errors (Host Controller
Processor Error- bit'4, USBSTS Register) cannot be disabled: interrupt. sources that ‘are disabled in this
regnster Sl appeat in-the. Status Reg&ster to.allow the software to.poli for. events

Blt T ' o : ' Dolcrlption v

154 Hcserved o '

3 ' ‘shortPacket mten-um Enable 1=Enab§ed 0=D£sab!ad

2. | interrupt On Compieta (10G) Enable.. 1=Enabled; 0=Disabiad
1 | Resume Enable. 1= Enabled. 0=Disabled. - )
0 - Timeout’CRG Enable, 1= Enabled. 0=Disabled.

284, - FRNUM-Frame Number Register

VO-Address: " - - Bdsa+ (06—-07h)

Default Valtie:: * "> "0000K T
Attribute; 0 Haadlwme (Wntes must be. Word Writes)
Size: " 16bits

Bits {10:0] of this register conitain the current frame number.and this number is included. in the frame SOF
packet. This register reflects the count value of the internal frame number caunter. Bits [9:0] are used to
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List during schedule execution, (Frm Last is ane ot the datastuctures
ed by the Host- kacdter ¥

/a5 @ word, Byﬁs::m are not sqpporteé Th;s reg{stef cannot ba ‘wittervunless
£ indicated by the’ HCHarted bit {USBST A wﬁtofo

2.8.5. - FLBASEADD--Frame ListBase Address Register
| Base s (08-08N)

of ‘Borib nshebmmhgaddrassoimameeLnsunmesyswmmmW fware 10
the e execution: by: the Host:Controller.:! written;: oniy the upper 20
zero (4 Kbyfa a*went) ‘ v

s saé o mod&ty the valua used in the generanon of SOF tlming on the UsB: Only the
lise . the SOF timing of the next
X : er i

ieazure can be. used ta) adiust out any offset {
SOF- ‘cotnter.” This’ register; can a!so ‘b s
Bt so that 4l devices have the same. :
istad across the: full ranga raqumad by me use speaﬁcaimn

it's’ mmal programmad. va!ua is syst&m dependent based on the accufacy ot hardware: USB. clock -and: is
initialized by system BIOS; tmay be reprogramimed by USB systern softwarg’ at any tme. ifs new value witl
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take effect from the beginning of the next frame. This register is reset upon a Host Controller R'eset or-Global
Reset. Software must maintain a copy of its value for reprogramming if necessary. . L

Bit . ‘Description; .

Reserved.

6:0 . SOF Timing Value. Guidelines for the modification of frame time are contained in Chapter 7 of
the USB Specification. The SOF counter is initialized to a-count of 11936. The SOF cycle time
(number of SOF counter clock periods to generate a SOF)is equal to 11936.+ value in this
field. The default value is decimal 64 which. gives . a-SOF count.value of 12000. For a 12 MHz
SOF counter clock input, this. produces a:1 ms Frame period. The following table:indicates

- what- SOF Timing Valus to program into'this field far:a certain frame. .. ;- :

- Frame Length 'SOF Reg. Value
(* 12Mhz Clocks) . . B
{decimal) (decimal)

1936 L g

11937 - 1

11999 63
12000 64
12001 65
12062 126
12063 oz

2.8.7. PORTSC-—Port Status and Control Register

/O Address: Base + (10-11h}—Port 1

Base + (12-13h) —Port 2
Defauit: . 0000h . i
Access: Read/Write (WORD writeable only)
Size: 16 bits

After a Power-up and after a RESET, the initial conditions of a port are: No device connected, Port disabled,
and the bus line status is 00 (single-ended zero). Note: If a device is attached, the port state will transition to
the attached state and system software will process this as with: any status:change notification.. It may take
up to 64 USB bit times for the port transition to occur. Note that, if the Host Controfleris in Global Suspend
mode, then, if any of bits [6,3,1] gets set, the Host Controlier will signal a resume. Refer to Chapter 11 of the
USB Specification for details on hub operation. : :
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Bit T e L Descripﬁon ’

bit for any.changes to the: pmt devme conﬁsctstntu&
. ‘clmdacomect oty 1%

 bit ¢ A qu ~ hange
System software is responsible for determming v d\angeghistery :_‘;Such a8
resatsmtatttoﬂbywritmga‘!toit L S :

Table 10 @nd Tahisﬂ*‘“how ‘Host Gontmuﬁr :‘behavior wheiy. & poxi" ;
signaling and the- Host. ‘Controller. is in- 'glspend . state or:
exptanation of givert

Thls ss triig tor gither
3 iler, For proper

K-State raceived”’ fport.”
: S Detect status bit in PO“FFTSC
o ‘tegister is set, , : :

Port eniabled, disabled or | PORTSC Connect and Enable |No Effect - | No Effect . | No Effect
susperided and status bits are cleared, and ‘ :
disconnect received ‘| Connect Change and

Enabie/Disable Charige status

bits are-set.
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PO&S@U@:HM o
‘Signaling Type

smmmmpom _[ensvieapo

raceived

Port disabléd and connact| - sct  © | No Ef No Effect
R . CnnnecfStatusGhangebvtsaw TS RN I S U IUIN o L
: SSt . i

PGRTSC Connect Status and
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3.0. FUNCTIONAL DESCRIPTION

This section describes each of the major functions on the PIIX/PHX3 including the memory and /O address
map, DMA controller, interrupt controller, timer/counter, and power management. The PCI, ISA, X-Bus, and
IDE interfaces.

3.1. Memory and VO Address Map

The PIIX/PIX3 interfaces to two system buses—PCl and ISA Buses. The PHX/PHIX3 provides positive
decode for certain /O and memory space accesses on these buses as described in this section.

ISA masters and DMA devices have access to PCl memory and some of the internal PIIX/PIIX3 registers as
described in the Register Description section. ISA masters and DMA devices do not have access to host or
PCi 1/O space.

3.1.1. /0 Accesses

The PIX/PIX3 positively decodes accesses to the PCl configuration registers (PCl only), power
management registers (PCl only}, and bus master |DE interface registers (PCl only). The PHX/PIIX3.
subtractively decodes memory accesses to the APIC Registers (PCl only), The PHX/PIX3 also positively
decodes the I1SA-Compatible registers (PCl and ISA), except for the DMA register /O space which is
subtractively. decoded. For details concerning accessing these registers, see Register Description section.

The PIIX/PIIX3 also provides positive decode for BIOS, X-Bus, and system event decode for SMM support.
In addition, the PIIX/PIIX3 positively decodes PCI Bus accesses to registers located on the |DE device, when
enabled. For IDE port accesses, see PCI Local Bus IDE section.

3.1.2. Memory Address Map

For PCl accesses to ISA memory, accesses below 16 Mbytes (including BIOS space) that are not claimed by
a PCI device (subtractive decode) are forwarded to ISA. For write accesses that are not claimed by an ISA
slave, the cycle completes normally (i.e., 8-bit, 6 SYSCLK cycle). For read accesses that are not claimed by
an ISA slave, the PHX/PIIX3 returns data corresponding to the state of the ISA Bus and completes the cycle
normatly (i.e., 8-bit, 6 SYSCLK cycle).

For ISA/DMA accesses to main memory, all accesses to memory locations 0-512 Kbytes (512-640 Kbytes, if
enabled), or accesses above 1 Mbyte and below the top of memory are forwarded to the PCI Bus (Table 12).
The Top.of Mamory is equal to the value programmed in the Top.of Memory Register (bits (7:3}]). The PIIX3
can also enable ISA/DMA accesses to the VGA frame buffer space from 640-768 Kbytes (A0G00-BFFFFh).
All remaining ISA originated accesses are confined to the ISA Bus.

Table 12. DMA and ISA Master Accesses to Main Memory

Memory Space Response
Top of main memory to 128 Mbytes Confine to ISA
1 Mbyte to top of main memory Forward to main memory1
1 Mbyte minus 128 Kbytes to 1 Mbyte minus 64 Kbytes Confine to ISA?
640 Kbytes to 1 Mbyte minus 128 Kbytes Confine to ISA
512-640 Kbytes Confine to ISA3
0-512 Kbytes Forward to PCI
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NOTES: .

1. Except accesses to programmed memory hole.

2. Forward to main memory if bit 6=0 in the XBCS Register and bit 3=1 in the TOM Register.
3. Forward to main memory if bit 1=0 in the TOM Register.

3.13. BIOS MEMORY

The PHX/PIIX3 supports 512 Kbytes of BIOS space. This includes the normal 128-Kbyte space plus an
additional 384-Kbyte BIOS space (known as the exiended BIOS area). The: XBCS ‘Register provides BIOS
space access control. Access to the lower 64-Kbyte block of the 128-Kbyte space and the extended BIOS
space can be individually enabled/disabled. in addition, write protection ¢an ba programmed. for the entire
BIOS space. '

PCt Access to BIOS Memory

The 128-Kbyte BIOS memory space is located at 000E0000-00CFFFFFh (top of 1 Mbyte) and is aliased at
FFFEQOOO (top of 4 Gbytes). This 128-Kbyte byte block is split into two 64-Kbyte blocks. Accesses to the
top 64 Kbytes (000F0000-000FFFFFh) are forwarded to the ISA Bus and BIOSCS# is always generated.
Accesses to the bottom 64 Kbytes (Q00E0DO0-Q00EFFFFh) are forwarded to the ISA Bus and BIOSCS# is
only generated whan this BIOS region is enabled. 1.If this BIOS region is enabled (bit 6=1 in the XBCS
Register), accesses to the aliased ragion at the top of 4 Gbytes (FFFEDO0Oh - FFFEFFFFh) are forwarded to
ISA and BIOSCS# generated. If disabaled, these accesses are not forwarded to ISA and BIOSCS# is not
generated.

The additional 384-Kbyte region resides at FFF80000-FFFDFFFFh, If this BIOS region is enabled (bit 7=1 in
the XBCS Register), these accesses (FFF80000h-FFFDFFFFh) are forwarded to ISA and BIOSCS#
generated. i disabled, these accesses are not forwarded to ISA and BIOSCS# not generated,

ISA Access to BIOS Memory

The PIX/PIIX3 confines all 1SA-initiated BIOS accesses to the top 64 Kbytes of the 128-Kbyte region
(FOOQO-FFFFFh) to the ISA Bus, even if BIOS is shadowed in main memory. Accesses to the bottom 64
Kbytes of the 128-Kbyte BIOS regiont (EQ000-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 to the top 64-Kbyte BIOS region always generates BIOSCS#. Accesses to the bottom 64-Kbyte
BIOS region generate BIOSCS#, when this region is enabled.

3.2. PClinterface

The PHX/PHIX3 incorporates a fully PCI Bus compatible master and slave interface. As a PCY master, the
PHX/PIIX3 runs cycles on behalf of DMA, ISA masters, or a bus master IDE. As a PCl slave, the PIX/PUX3
accepts cycles initiated by PCl masters targeted for the PHX's internal register set or the ISA bus. The
PIX/PIX3 directly supports the PCI interface running at either 25 MHz, 30 MHz, or 33 MHz.

3.2.1. TRANSACTION TERMINATION
The PIIX/PIIX3 supports the standard PCI cycle terminations as described in the PCI Local Bus specification.

PUX/PIIX3 As Master—Master-initiated Termination: The PIDUPIIX3 supports three forms of master-
initiated termination: 1.) Normal termination of a completed transaction, 2.) Nonmal termination of an
incomplete transaction due to timeout (applies to line buffer operations-IDE Bus Master, 3.) Abnormal
termination due to the slave not responding to the transaction (Abort).
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PIIX/PIIX3 As a Master—Response to Target-initiated Termination: As a master, the PIIX/PIIX3 responds
in one of three ways to a target-termination— Target-Abort, Retry, or Disconnact.

PIX/PIX3 As a Target—Target-Initiated Termination: The PUX/PIIX3 supports three forms of Target-
initiated Termination — Disconnect, Retry, Target Abort.

3.2.2. PARITY SUPPORT

As a master, the PIX/PIIX3 generates address parity for read/write cycles and data parity when the
PIX/PIIX3 is providing the data. As a slave, the PIX/PIIX3 generates data parity for read cycles. The
PIX/PIX3 does not check parity and does not generate SERR#. However, the PIIX/PIIX3 does generate an
NMi when another PCI 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 plus
C/BE[3:0}#.PAR is always calculated on 36 bits, regardless of the valid byte enables. PAR is only guaranteed
to be valid one PCI clock after the corresponding address or data phase.

3.2.3. PCI ARBITRATION

The PUX/PIIX3 requests the use of the PCI Bus on behalf of ISA devices (bus masters and DMA) and IDE
DMA slave devices using the PHOLD# and PHLDA# signals. Theése signals connect to the Host-to-PCi
Bridge where the PCI arbiter is located.

ISA devices (Bus Master or DMA) assert DREQ to gain access to the ISA Bus. in response, The PIIX/PIIX3
asserts PHOLD#. The PHX/PIIX3 keeps DACK negated untit the PIIX/PIIX3 has ownership of the PCI Bus
and Memory. The PCl arbiter asserts PHLDA# to the PHIX/PIIX3 when the above conditions are met. The
PUX/PIIX3 gives ownérship of the ISA Bus (PCl and Memory) to the ISA device after sampling PHLDA#
asserted.

Arbitration

The PHX/PIIX3 requests the use of PCl bus on behalf of ISA devices, IDE Masters and USBHC channels.
The PUX/PIIX3 arbitrates for the PCl bus through the PHOLD# and PHLDA# signals. The ISA DMA/Master
channels, the IDE bus master channels and USBHC channels are arbitrated fairly as a group (fairmess
between three groups).

Muitiple Transactions on-PCl Bus(PIiX3 Only)

The USB module utilizes the arbitration. advantage: available through the PHOLD#/PHLDA#: to. do multiple
transactions on the PCl bus ‘onte it has the ownership of the bus and the MLT count has: riot’ expired. The
USBHC relinquishes. the  bus. ownership. as: soon the transactions -are completed. or the MLT counter has
expired, whichaver happens first. Refer o the DLC register description for informaition on delsyed completion

and passive relgase.
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ISA Interface

The PHX/PIX3 incorporates a fully ISA Bus compatible master and slave interface. The PIX/PIIX3 directly
drives five ISA slots without externaf data buffers. External transceivers are used on the SA{19:8] and SBHE#
signals to permit these signals to be used with the IDE interface (Figure 1). The ISA interface also prowdes
byte swap logic, O recovery suppor! wait state generation, and SYSCLK generation,

The {SA interface supports the following types of cycles:

L

PC! master-initiated /O and memory cycles to the ISA Bus

DMA compatible cycles between main memory and ISA I/O and between ISA 1/O and ISA memory
Enhanced DMA cycles between PCI memory and ISA /O (for motherboard devices only)

ISA refresh cycles initiated by either the PIX/PHIX3 or an external ISA master

ISA master-initiated memory cycles to PCI and ISA master-initiated /O cytles to the internal PI/PIIX3
registers, as shown in ISA-Compatible Register table in the Register Description section.

PHIXPIX3
BIOSCS#,
RTCCS#, SOEW,
S50{15:0] LA[23:17] SA[T:0] KBCCS# SDIR DD{15:0]
" 3
)To IDE
Connect
7y 4
3
— ALszes ]
1SA SA[19:9]
Control SBHE#
Signals PCS#
v v 4 \ 4
051908_3.drw
051908

Figure 1. 1SA Interface
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3.4. DMA Controller

The DMA circuitry incorporates the functionality of two 82C37 DMA controllers with seven independently
programmable channels (Channels 0-3 and Channels 5-7). DMA Channel 4 is used to cascade the two
controllers and defaults to cascade mode in the DMA Channel Mode (DCM) Register. In addition 10 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 setting any bit in the DMA Channel Request Register to a 1.

The DMA controlier for Channels 0-3 is referred to as "DMA-1" and the controller for Channels 4-7 is referred
to as "DMA-2".

Channel 0 ——i, Channel 4

DMA-1 DMA-
Channel 1 —o{ Channel 5 et
Channel 2w Channel 6 ~—

Channel 3 -t Channel 7 «~wdi

051902_3.drw

051902

Figure 2. Internal DMA Controlier

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 channeis [7:5] are hardwired to 16-bit count-by-words {(address shifted)
transfers. The PHX/PIIX3 provides the timing control and data size translation necessary for the DMA transfer
between the memory (ISA or main memory) and the ISA Bus device. ISA Compatible and F type DMA timing
are supported. Type F DMA is selected via the MBDMA[1:0] Registers and permits up to two channels to be
programmed for type F transfers at the same time.

The PIIX/PHX3 provides 24-bit addressing in compliance with the ISA-Compatible specification. Each channel
includes a 16-bit ISA-Compatible Current Register that contains the 16 least-significant bits of the 24-bit
address, an |SA Compatible Page Register that contains the eight next most significant bits of address. The
DMA controller also features refresh addrass generation, and auto-initialization following a DMA termination.

The DMA controiler is either in master or slave mode. in master mode, the DMA controller is either servicing
a DMA slave’s request for DMA cycles or allowing a 16-bit ISA master to use the bus (via a cascaded DREQ
signal). In slave mode, the PIIX/PIIX3 monitors both the ISA Bus and PCl, decoding and responding to /O
read and write commands that address its registers.

Note that a DMA device (I/O device) is always on the ISA Bus, but the memory referenced is located on
either an ISA Bus device or on PCl. When the PHX/PIIX3 is running a compatible DMA cycle, it drives the
MEMR# or MEMW# strobes if the address is less than 16 Mbytes (000000~-FFFFFFh). These memory
strobes are generated regardiess 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 (0000000-00FFFFFh). if the address is greater
than 16 Mbytes (1000000~-7FFFFFFh), the MEMR# or MEMW# strobe is not generated in order to avoid
aliasing problems.

The PIX/PIIX3 drives the AEN signal asserted (high) during DMA cycles to prevent the /O devices from
misinterpreting the DMA cycle as a valid 1/0 cycle. The BALE signal is also driven high during DMA cycles.
Also, during DMA memory read cycles to the PCI Bus, the PIIX/PliX3 the data on the ISA Bus is considered
random if the PCI cycle is either target aborted or master aborted.
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NOTE

1. 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 (l.e., that
the top of memory reported to the operating system is higher than the top of memory programmed in the
.PIIX/PHXS Top of Memcry reguster), the BIOS should not enabie type F for any channel.

(selected via a strappmg option-on the TG signal), the PIIX tri-states
gna and also forwam PC# niaster HO. aceesses to locamon OOBOh

34.1. TYPE F TIMING

Type F cycles occur back to back at a minimum repetition rate of 3 SYSCLKSs. The type F cycles are atways
performed using the 4 byte DMA buffer. Type F transfers and the use of the DMA buffer are invoked in the
MBDMAX Register. 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 mode {single transfer mode and demand mode are !ega!) In addition, verify transfers are not
supported with type F DMA.

The PIX device

Type FDMA write timings on DMA channiéls, only AT. compatible. ode
timings should be s

for writes. Typa FDMA read timings on DMA channels. afe. supported by the PIIX.

3.4.2. ISA REFRESH CYCLES

Refresh cycle requests are generated by two sources—the refresh controller inside the PHX/PIIX3
component or ISA Bus masters other than the PlIX. in both cases, the PIIX/PIIX3 generates the i{SA memory
refresh. The PIIX/PIIX3 enables address lines SA[7:0]. Thus, when. MEMR# goes active, the entire iSA
system memory is refreshed at one time. Memory slaves on the ISA Bus must not drive any data onto the
data bus during the refresh cycle. The PIIX/PIIX3 maintains a four deep buffer to record-internally generated
refresh requests that have not been serviced. Counter 1 in the timer register set should be programmed to
provide a request for refresh about every 15ps.

Initiated Refresh Cycle

The PIIX/PHX3 asserts REFRESH# to indicate a refresh cycle and then drives the address lines SA[7:0] onto
the ISA Bus and generates MEMR# and SMEMR#. The PIX/PIX3 drives AEN and BALE high for the entire
refresh cycle. The memory device may extend this refresh cycle by pulling IOCHRDY low.

ISA Bus refresh cycles are completely decoupled from DRAM Refresh. Transactions driven by PCl 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 psec, 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 the PIIX. The PIX/PHX3 drives address lines SA[7:0] and
MEMRi# onto the 1SA Bus. BALE is driven high and AEN is driven low for the entire refresh cycle.

If the iSA Bus master holding the bus does not a generate a refresh raquest and the PliX's internal refresh

request is not serviced within the normal 15 s, a refresh queue counter is incremented. The counter records
up to four incomplete refresh cycles, which are all executed as soon as PIIX/PIIX3 gets the ISA Bus.
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3.5. PCI Local Bus IDE

The PHX/PHX3 integrates a high performance interface from PCI to IDE. This interface is capable of
accelerated PIO data transfers as well as acting as a PC! Bus master on behalf of an IDE DMA slave device.
The PIIX/PIX3 provides an interface for.both primary and secondary IDE connectors (Figure 3).

The IDE data transfer command strobes, DMA request and grant signals, and IORDY signal interface directly
to the PIIX. The IDE data lines interface directly to the PHX, and are buffered to. provide part of the ISA
address bus as well as the X-Bus chip select signals. The IDE address and chip select signals are
multiplexed onto the LA{23:17] lines. The IDE connector signals are driven from the LA{23:17] lines by an
ALS244 buffer.

Only PCi masters have access to the IDE port. ISA Bus masters cannot access the IDE 1fO port addresses.
Memory targeted by the IDE interface acting as a PCl Bus master on behalf of IDE DMA slaves must reside
on PCH, usually main memory implemented by the host-to-PCl bridge.

PHX/PHX3
SOE# DIOR# DDRQO DDRQ1
SDIR DD{15:0} IORDY DIOW# DDACKO# DDACK1#
h 4 ]
SOE#
74ALS00

W |
som W [ e
Y Ly
LAJ20
SA[19:8] e :Dcsap#

LA[23:17) | e
PCSH A 4
iSA Bus Signals DA[2:0]
X b Y Primary
IDE
DA[2:0] Connector
Secondary
h. 4 4 IDE
Connector
051903 _3.drw
051903
NOTES:

Support for Older Drives: There are cases where the PIIX/PIIX3 asserts both IDE chip selects {(CS1x and CS3x). Some older
drives may not operate properly when both chip selects are asserted. Because the IDE chip selects are muxed with the ISA LA
lines, the 74ALS00 in the figure is used t¢ ensure proper operation of older drives by gating the LA signals with SOE#.

Figure 3. PIIX/PHX3 IDE Interface
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Two connectors: (primary and secondary) and two drives per.connector (master and slave) are supported as
shiown in Figure 4. i

PIX/PIIX3

Master Slave
(Drive 0) (Drive 1)

1 Prmer

Connector (P)

Master Slave

{Drive 0) (Drive 1)

I1 Secondary

L I Connector (S)

ideconn.drw
1DECONN

Figure 4. IDE Connector and Drive Nomenciature

351.  ATAREGISTER BLOCK DECODE

The IDE ATA I/O ports are decoded by the PIIX/PIIX3 when enabled in the PCICMD and IDETIM Registers
for function 1. (ATA stands for "AT Attachment®—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 sefect for the register. The transaction is then run using compatible timing
and 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 block is a 4 byte range. The upper 16 bits of the I/O address are dacoded

as all Os.
Primary Command Block Offset: 01FOh
Primary Control Block Offset: 03F4h

Secondary Command Block Offset: 0170h
Secondary Control Block Offset: 0374h

Table 13 specifies the registers as they affact the PHIX/PIIX3 hardware definition.
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Table 13. IDE Legacy VO port definition: COMMAND BLOCK (CS1x# chip select)

10 Offset Register Function (Read / Write) Access
00h Data R/w |
01h Error/Features RW
02h Sector Count RW
03h Sector Number RW
04h Cylinder Low RW
05h Cylinder High RW
06h Drive/Head RW
07h Status/Command RW

The Data Register is accessed as a 16-bit register for PIO transfers (except for ECC bytes). All other
registers are accessad as 8-bit quantities.

Table 14. IDE Legacy VO port definition: CONTROL BLOCK (CS3x# chip select)

10 Offset Register Function (Read / Write) Access
00h Reserved reserved
01h Reserved reserved
02h Alt Status/Device controt RW
03h Forward to ISA (Floppy) | RW

The PIIX/PIIX3 claims all accesses to these ranges. 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, the PIX/PHX3 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).

3.5.2. ENHANCED TIMING MODES

The PIIX/PIIX3 includes fast timing modes. The fast timing modes can be enabled only for the IDE data ports.
All other transactions to the |DE registers are run in single transaction mode with compatible timings.

Up to 2 IDE devices may be attached per IDE connector (drive 0 and idrive 1). For each connector in a PlIX
system, only one fast timing mode may be specified (via the IDETIM Register). This mode can be applied to
drive O, drive 1, or both. Transactions targeting the other drive will use compatible timing.

For.the PlIX3, the IDETIM arid SSDETIM Registers pemit different timing modes to be programmed for drive
0 and drive 1 of the same.connector.
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3.5.2.1. Back-To-Back PIO IDE Transactions

IDE data port transaction latency consists of startup latency, cycle latency, and shutdown latency.  Cyole
latency consists of the YO 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.

Startup latency is incurred when a PCI master cycla targeting the IDE data port is decoded and the DA[2: 0]
and CSxx# lines are not set up. Startup latency provides the satup time for the DA[2:0] and CSxxi# lines with
respect to the read and write strobes (DIOR# and DIOW#),

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. 1t provides hold time on the DA[2:0] and CSxx# lines with respect to the read and write strobes
(DIOR# and DIOW#).

Cycle latency is the latency incurred by each individual 16-bit IDE data port transfer, and consists of
command strobe width and recovery time, The command strobe assertion width is- selacted by the IDETIM
Register and may be set 10 2, 3, 4, or 5 PC| clocks. The recovery time is selected by the IDETIM Register
and may be setto 1, 2, 3, or 4 PCl clocks.

For. the PIX3, the
gtrobe" asserﬁon 1

It IORDY is asserted when the initial sample point is reached, no wait states are added. If IORDY 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.

NOTE

Bit 2 (16-bit 1/O recovery enable) of the ISA Controller Recovery Timer Register does not add wait
states 1o IDE data port read accesses when any of the fast iming modes are erabled.

3.5.2.2, IORDY Masking
The IORDY signal can be forced asserted on a drive by drive basis via the IDETIM Register.

3.5.2.3. PIO 32 Bit IDE Data Port Mode

If the 32-bit IDE data port mode is enabled (via bit 4 and O of the IDETIM Register), 32-bit accesses to the
IDE data port address (default 01FOh primary, etc.) result in two back to back 16-bit transactions to IDEThe
32-bit data port feature is enabled for all timings, not just enhanced timing.

3.5.3. BUS MASTER FUNCTION

The PHX/PIIX3 can act as a PCl Bus master on behalf of an IDE slave device. Two PCl Bus master chahnels
are provided--one channel for each IDE connector (primary and secondary). By performing the IDE data
transfer as a PCl Bus master, the PIX/PIIX3 offloads the CPU and improves system performance in
muititasking environments.

Physical Region Descriptor Format
The physical memory region to be transferred is described by a Physical Region Descriptor (PRD). The PRDs
are stored in a table in memory. The data transfer proceeds until all regions described by the PRDs in the

table have been fransferred. Note that the bus master IDE does not support memory for regions or PRDs on
ISA.
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Each PRD entry is 8 bytes in length. PRDs must be aligned on 64-Kbyte boundaries. The first 4 bytes specify
the byte address ot a physical memory region. The next two bytes specify the count of the region in bytes
(64-Kbyte limit per region). A value of zero in these two bytes indicates 64 Kbytes. Bit 7 of the last byte
indicates the end of the table (EOT). Bus master operation terminates when the last descriptor has been
retired.

Main Memory
Byte3 | Byw2 | Bytet | Byte0 Memory
Region
Memory Region Physical Base Address {31:1 [
EOT Reserved Byte Count [15:1F” | 0
. : 051910_3.drw

51910

Figure 5. Physical Reglon Descriptor Table Entry

NOTE

The memory ragion specified by the descriptor cannot straddle a 64-Kbyte boundary. This means that
the byte count can be limited to 64 Kbytes and the incrementer for the current address register need
only extend from bit 1 to bit 15. Also, the total sum of the descriptor byte counts 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 Ragister
to 0) when the drive issues an interrupt to signal transfer completion.

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 to the starting address and the transfer count of the memory buffer to 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 sstting the Read/Write Control bit. Clear the Interrupt bit and
Error bitin the Status register.

Software issues the appropriate DMA transfer command to the disk device.
Engage the bus master function by writing a 1 to the Start bit in the Bus Master IDE Command Register

for the appropriate channsl. The first entry in the PRD table is fetched by the PUX. The channei remains .

masked until the first descriptor is loaded.
The controller transfers data to/from memory responding to DMA requests from the IDE device.
At the end of the transfer, the IDE device signals an interrupt.

In response 1o the interrupt, software resets the Start/Stop bit in the command register. it then reads the
controlier status and then the drive status to determine if the transfer completed successfully.
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Note that the IRQ14 signal must be used to signal interrupts for the primary channel in bus master mode;
MIRQO must be used for the secondary channel. )

When the last data transfer for-a region has been completed on the IDE interface, the next descriptor is
fetched from the table. The descriptor contents are loaded into the Current Base and Current Count ragisters.

The last PRD in a table has the.End of List (EOL) bit set, The PCI Bus master data-transfers terminates when
the physical region described by the last PRD in the table has been completely transferred. The active bit in
the BMISx Register is sef to 0-and the DDRQx signal is masked. . )

Line Buffer
A single line buffer exists for the PCI Bus master IDE interface. This buffer is not shared with any other
_ function. The buffer is maintained in sither the read state or the write state. Writes are always 4-DWord bursts

and invalid DWords have C/BE[3:0l#=F. The size of the buffer is 32 bytes, and is aligned on the cache line
boundary. The line buffer allows burst data transfers to proceed at peak transfer rates.

ntroller(PlIX3 only)

$B transactions, each of which is described below,

a babble occuts in a frame, a hardware interrupt will be
e interrupt:will occur in empty frames which immediately
 the babble occurred and also in the. first non-empty frame. An emply frame is
tive' transfor descriptors’ (TDs): This means extra hardware interrupts can be
ystern. These inferrupts are treated as spurious interrupts by the HCD interrupt haridier. -
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A low speed length babbie occurring i a- frame followed by a- subsequent clearing.of the RurvStop bit will

cause the host controlter to lock up from which it can’ .only be restarted by-a-hardware raset. A 'lerigth- babble

occurs whéh ‘& ‘device - transmits: more fhan - the maximim nurnber. of. bits as spacmed in the transter

descn‘p%o. OFbabmm"’swmenadeviCetransmtspastm ¢ “tirni 2

does not exist an’ EOF babble occurs. If this occurs, the USB host.c it
: ny. fu‘rther,;USB transactions : are

spoed bngth Habble. is preventad by settmg the' Max Packst’ Length: field i tra
descriptor-to- a value greater than the actual ‘humber of low ‘spead bytés: that -bb. sént in a frame
(approximately 200}.. The software’ will datect the babble- by comparing the: Actual Length recor&ed inithe
transiar descriptor with a value representmg the true. Max Packet Length tor thsa -endpoint.

Low Speed Leng! BammcaqgeUSBPonDisabfa ;fasowspeedienmbabbtef ’descnpﬁonabm)

oceurs | 100t hub ‘through-which it'is atfached: will be dis
babble which. exceads past #1é EOF point, but Is an Incorrect condition !
frame. This: -means: the USB port-which is disablad. will hot receive: 5(

!f PC! ratancy at the: end cf a USB transactfon pushes the status update
then the Babbia ,
necessary for lmmediate detecﬁon -Eachof the 3 commw can be' detectedas descnbed beiow

1. NAK Status: !f the Active bit is set then no patch is needed as. the tranaécﬁqny wﬁl be_autommicauy
: retmd._, e i '

..Tirmaaw Stams 1. lhe Stalled bit:is set and Error Count = 0 AND sither thete is no.| ata Bulfer or
. theredg.no Bitstuff error; then treat thts condition as a Cﬂcrrkneou% ertor. . S

More infonmation conceming’ the PHX3 USB Host: Contraller operation ‘can: by founs! inthe. L}n&vwsal Host
Contmiter Warfacesbestgn Gusde avaiable from intel Ltterature Ceﬂter a8 dowment numher 297650
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Client Software

Universal Senal '
Systemn Bus Driver (USBD)

Softwars t

Universal Host ’
Controller Driver (HCD) i
Universal Host .
Controlier intertace’ -
(UHCH
PiX3

Universai Host Contralier (HC)

. - (Hardware

USE Device USB Device

bsb_bik drw

| UBBIRK

ity

Figure 6 USB System Conceptual View

3.7. Interval Timer

The PIDUPHX3 contains three counters that are equivalent to those found in the 82C54 programmable
interval timer. The three counters are contained in one PIX/PIIX3 timer unit, referred to as Timer-1. Each
counter output provides a key system function. Counter 0 is connected to interrupt controfler IRQO 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 controiting the state of IRQO and is typically programmed for
mode 3 operation. The counter produces a square wave with a period equal to the product 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 /O address. The counter initially asserts IRQQ 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 vaiue by two each counter period.
The counter then asserts IRQO0 when the count value reaches 0, reloads the initial count value, and repeats
the cycle, alternately asserting and negating IRQO.
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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
value is loaded one counter period after being written to the counter I/O address. The counter initially asserts
refresh request, and negates it for 1 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 to port 061h.

3.8. Interrupt Controlier

The PHX/PIIX3 provides an ISA compatible interrupt controlier that incorporates the functionality of two
82C59 interrupt controllers. The two controllers are cascaded so that 13 external and three internal interrupts
are possible. The master interrupt controller provides |RQ [7:0] and the slave interrupt controller provides IRQ
[15:8] (Figure 7). The three internal interrupts are used for intemal functions only and are not available to the
user. IRQ2 is used to cascade the two controllers together. JRQO is used as a system timer interrupt and is
tied to Interval Timer 1, Counter 0. The MIRQO/IRQO pin will function as the IRQO output and should be
connected to the INTINZ input of the IOARIC when |IRQO enable bit is set in the MIRQO register. IRQ13 is
connected internally to FERR#. The remaining 13 interrupt lines (IRQf15,14,12:3,1]) are available for external
system interrupts. Edge or level sense selection is programmable on an individual channel by channel basis.

The Interrupt unit also supports interrupt steering. The PIIX/PIIX3 can be programmed to allow the four PCi
active low interrupts (PIRQ[D:AJ#) to be internally routed to one of 11 interrupts (IRQ[15,14,12:9,7:3]}). In
addition, the motherboard interrupts (MIRQ[1:0] for PiX and MIRQO for PHX3) may be routed to any of the 11
interrupts.

The interrupt Controller consists of two separate 82C59 cores. Interrupt Controller 1 {CNTRL-1) and Interrupt
Controller 2 (CNTRL-2) are initialized separately and can be programmed to operate in different modes. The
default settings are: 80x86 Mode, Edge Sensitive (IRQ[15:0]) 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 Controller.

Note that IRQ13 is generated internally (as part of the coprocessor error support) by the PliX. IRQ12/M is
generated internally (as part of the mouse support) when bit-4 in the XBCS Register is set to a 1. When this
bit is set to a 0, the standard IRQ12 function is provided and IRQ12 appears externally.

Timer 1
IRQ8H —————P O Counter 0 ————jpi 0
TRQY ——em——p{ 1 82cs5e wim Rt ———>11 82C59

IRG1E ] 2 Core 2 Core INTR

IRQ11 ~———p 3 RQ3 ——pl 3 {To CPY)
IRQ12/Mouse ———p{ 4  Controlier 2 IRQ4 ——p 4 Controller1 [P

FERR# —P 5 IRQ5 P 5

IRQ14 ———p] 6 (Stave) IRQ6 ——p] g  (Master)

IRQ15 ————p 7 IRQ7 ————p{ 7

051804 _3.drw

Figure 7. Block Diagram of the Interrupt Controlier
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3.8.1. PROGRAMMING THE ICWs/OCWs
The Interrupt Controller accepts two types of command words generated by the CPU or bus master:

1. Initialization Command Words (ICWs): Before normal operation can begin, each Interrupt Controller in
the system must be initialized.-In the 82C59, this is a two to four byte: sequence. However, for the PIIX, each
controller must be initialized with a four byte sequence. This four byte sequence is required to configure the
interrupt controller correctly for the PHX/PIIX3 implementation. This implementation is 1SA-compatible. The
four initialization command words aré referred to by their acronyms: ICW1, ICW2, ICW3, and ICW4, The base
address for each interrupt contralier 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
PliX-based 1SA systems, three 1/O writes to "base address + 1* (021h for CNTRL-1 and 0A1h for CNTRL-2)
must follow the {ICW1. The first write 10 *base address + 1" (021h/0A1h) performs ICW2, the -second write
performs ICW3, and the third write performs ICW4..

2. Operation Command Words {OCWs): These are the command words that dynamically reprogram the
interrupt controller to’ operate in various interrupt modes. Any interrupt lines can be masked by writing an
QOCW1. A 1 wiitten in any bit of this command word masks incoming interrupt requests on the corresponding
IRQx ling. OCW2 is used to control the rotation of interrupt priorities when operating in the rotating priority
mode and to control the End of Intarrupt (EO!) function of the controller, OCW3 set up reads of the ISR and
IRR, enabla/disables the Special Mask Mode (SMM), and sets up the interrupt contraller in polled interrupt
mode. The OCWs can be written to the Interrupt Controtler any time after initialization.

3.8.2. EDGE AND LEVEL TRIGGERED MODE

In 1SA systems this mode is programmed using bit 3 in ICW1. With PIX/PIIX3 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 IRQO, 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 to high transition on the corresponding 1IRQx
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 EOl command is
issued to prevent a second interrupt from occurring.

In both the edge and level triggered modes, the IRQ inputs must remain asserted until the cycle starts (PCi
INTA cycle); with FRAME# and IRDY# both asserted. After that, the IRQ may be removed. If the IRQ input
goes inactive before this time, a default 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 1RQ7 routine is used for “clean up" simply executing a return instruction, thus ignoring the
interrupt. If IRQ7 is needed for other purposes, a default IRQ7 can still be detected by reading the ISR. A
normal RQ7 interrupt sets the corresponding 1SR 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, itis a default.

3.8.3. INTERRUPT STEERING

The PIX/PIIX3 can be programmed to allow four PCI programmable interrupts (PIRQID-A}) to be internally
routed to one of 11 inferrupts (IRQ[15,14,12:9,7:3)) using the PIRQx Route Control Register. PCLK is used to
synchronize the PIRQx# inputs. The assignment is programmable through the PIRQx Route Control
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registers. One or more PIRQx# lines can be routed to the same IRQx input. I interrupt steering is not
required, the Roule Registers can be programmed to disabls steering.

For the PIIX3, the Universal Serial Bus (USB) Module interrupt is hardwired to the PIRQD# signal. When the
USB is enabled; the USB Host. Controlter iti PIIX3.uses the' PIRQD# nput to the: intamal: Antecupt controlter. if
an I0APIC i$ used; the. USB outputs interrupts on PIRQD# to'the extarnal POAP!C ‘When'the. USB funchon is
disabled; other PCI devices can use-the PIRQD# input. -

The PIRQx# lines are defined as active low, level sensitive to allow multiple interrupts on a PCI Board to
share a single line across the connector. When a PIRQx¢# is routed to a specifisd 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, unless that ISA device can respond as an active low level
sensitive interrupt.

The 82371FB: PUX. supports” up- to' two - programmable . interrupts . (MIR@[1:0}; intended: for, -use with
matherboard devices) to be. rauted 1o, one-of the 11 interupts (IRGH15,14,12:9,7:3]) usirig: the; MBIRGX: Route
Control Register. The routing is accomplished in the same manner as for the PIRQx# mputs, sxcept that the
interrupts are-active-high; Two MIRQx lines may be routed to the same 1R input. i interrypt steering is not
tequired;  the MBIRCR registers:can, be: pfogrammed 1o dosab{a roming ‘Note: mat on%y ene miotherboard
mtarrupt (MiRQO} is avaa!ab!a cn Pll)(a o

For the 82371FB PiX, When mo-re tbsn one MiRQ line.is routed ta an lFIQ input Ino s@ﬁwme must change
the IROY's nomesponding ELCR bit 10 level sensitive mode. tnterrupt.sharing.for. motherbo; 3 :
evaluated for the particular:combination of devices under._consideration. The.IRQ selectad ~bii 'MBIRQX(3:0}
can no longerbe used by an ISA device, unless that ISA device cart respond: asan aetnve high levsl sensitive

interrupt.
PINUPHX3
Unjversat
interrupt Serlaf Bus: -
.. Module
(PHX3Only)
IRQ[15:9,84,7:1]
PIRQD# - interrupt
Steering
PIRQA:CH¥ . Logic
{(PUX Only) MIRQ1
To
(PIX and PIIX3) MIRGO Internal
82C5%s
051908 _3.drw
051909
Note: MIRQ1-is only availabe on PHX.MIRQQ is avallable on both PIX and PUX3.

Figure 8. Interrupt Steering

3.8. Stand-Alone IOAPIC Support (PlIX3)
Trig PIIX3’ suppoﬂs a stand-abne 1OAPIC device on the 1SA X-Bus. The Pllm prewdes & chip select signal

(APICCS#) for the IOAPIC it a!so pmvzdas handshake s&gna!s to masmam buﬁer cohereney in’ the IOAP!C
environmerit.
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PHX3 With VO APIC an's Whhout 10 APIC »
PUX3 VO APKC PIX3 .
No N e
‘ po1aarcess i’cs» 0014RPICCSH [— P o et ‘
TESTINHAPICREQH [f————— APICREQH TESTINHAPICREQH [l TESTN# :
PICRSTHAPICACK# [~——————JP1 APICACKS PICRSTHAPIGACK# [-———» PCRSTH .~ 71
RSTDRV RSTDRV ASTDRV |—————P ASTORV
apic_sys.drw:. -°
- wPsYS

3.10 INTH Signaling wuh Pentlum® processor Local APIC in Virtual ere Mode
enablad in v:uuaxpm ,

of operatton This' resu!ts in me fonmmng systém tmpacts
Pentmm@ umﬁmcessor 'system with:-no 10-APIC: No irmpact since the Pentium processor Local

APIC must be placed in Bypass mode of operation. This mcludes 430\!)( systams ‘with PIX3 and
430HX systems with PHX3 but no: 10-APIC!

1998 Platform Components Databook

819



82371FB (PIIX) and 8237158 (PIIX3) lntel
®

.Penﬁunﬁ uni-processar or.dual. procassor.with 10-APIC: Affects. systemns whaeh use Local APIC.in
Virtual:Wire raode.of oparation: This caivinclude Intel 4384-1)( PC& 3 withy
aniQ-APIC Sea racommanﬁations betow : }

dnsauad (biacad éh Bypass or Masked Mode) If a_second
‘ multiprocessing aparating system ey néed to be telnsta!led

Cinedy X { taflad,  the ; ‘can b placed intc
Virtual Wim ‘modet of 6peration via the !GAP!C This sowﬁon can ,sult in mcrea‘sed system
interrupt handiing {atency times. :

3.11. X-Bus Peripheral Support

The PHX/PHX3 provides positive decode (chip selects) and X-Bus buffer controt (XDIR# and XOE#) for a real
time clock, keyboard controller and BIOS for PCl and ISA initiated cycles. The PHX/PIIX3 also generates
RTCALE (address latch enable) for the RTC. The chip selects are generated combinatorially from the ISA
SA(16:0) and LA (23:17) address lines (Note that it is assumed that ISA masters drive. SA(19:16) and
LA(23:17) low when accessing /O devices). The PIUX/PHX3 also- provides PS/2 mouse support via the
IRQ12/M signal and coprocessor functions (FERR# and IGNNE#). The chip selects and X-Bus buffer control
lines can be enabled/disabled via the XBCS Ragister.

Coprocessor Error Function

This function provides coprocessor error support for the CPU and is enabied via the XBCS Register. FERR#
is tied directly to the coprocessor error signal of the CPU. If FERR# is driven active to the PIIX, an internal
{RQ13 is generated and an the INTR output from the PHX/PIX3 is driven active. When a write to /O location
FOh is detected, the PHX/PIIX3 negates IRQ13 (internal to the PIIX) and drives IGNNE# active. IGNNE#
remains active until 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 1RQ12
to the Host CPU. The PHX/PIIX3 informs the CPU of this interrupt via a INTR. A read of 60h releases iIRQ12.
It 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 1SA Bus. For additional information, see the IRQ12/M description in
the Signal Description.
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3.12. Power Management

The PUX/PIIX3 has extensive power management capability permitting a system to operate in a low power
state without being powered down. In a typical desktop personal computer there are two states — Power On
and Power-Off. Leaving a system powered on when not in use wastes power. The PlIX/PIIX3 provides a Fast
On/Off feature that creates a third state called Fast Off (Figure 10). When in the Fast Off state, the system
consumes less power than the Power-On state.

The PliX's power management architecture is based on three functions—System Management Mode (SMM),
Clock Control, and Advanced Power Management (APM). Software (called SMM code) controls the
transitions between the Power On state and the Fast Off state. The PIIX/PIIX3 invokes this software by
generating an SMI to the CPU (asserting the SMI# signal). A variety of programmable events are provided
that can generate an SMI. The SMM code places the system in either the Power On state or the Fast Off
state.

A Fast On event is an svent that instructs the computer (via an SMI to the CPU) to enter the Power-On state
in anticipation of system activity by the user. Fast On events are programmable and include moving the
mouse, pressing a key on the keyboard, an external hardware ‘event, an incoming call to a system
FAX/Modem, a RTC alarm, or the operating system. ' .

Power Switch
Turned Off

Power Switch
Turned On

Power Switch
* Turned Off

Fast Off Event

Fast On Event (Timer Expires,
{Mouse, Keyboard, EXTSMI#¥,
ComPort Activity, RTC Alarm,
EXTSMI#, RTC Alarm, APM Call) .
APM Call)

051905_3.drw

061908

Flgure 10. Fast On/Oft Flow
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3.12.1. SMM MODE

SMM mode is invoked by asserting the SMi# signal to the CPU. The PIIX/PIIX3 provides a variety of
programinable events that can generate an SMi: When the CPU receives an SMi, it enters SMM mode and
executes SMM code out of SMRAM. Depending on the current state, the SMM code places the system in
either the Power On state or the Fast Off state. in the Power On state, the computer system operates
normally. In this state one of the four programrmable events listed below can trigger an SMI.

1. A global idle timer called the Fast Off timer expires (an indication that the end user has not used the
computer for a programmed period of time).

2. The EXTSMI# pin is asserted.
3. The operating system issues an APM call.

3.122. SMiI SOURCES

The SMi# signal can be asserted by hardware interrupt events, the Fast Off Timer, an external SMI event
(EXTSMi#), and software events (via the APMC and APMS Ragisters). Enable/disable bits (in tha SMIEN
Register) permit each event to be individually masked from generating an SMi. In addition, the SMi# signal
can be globally enabled/disabled in the SMICNTL Register. Status of the individual events causing an SMi is
provided in the SMIREQ Register. For detailed information on the SMI control/status registers, refer to the
Register Description section.

Hardware Interrupt Events

Hardware events (IRQ{12,8#,4,3,1] and the Fast Off Timer) are enabled/disabled from generating an SMi in
the SMIEN Register. When enabled, the occurrence of the corresponding hardware event generates an SM!
(asserts the SMi# signal), regardless of the current power state of the system.

Fast Off Timer

The Fast Off Timer is used to indicate (through an SM!) that the system has been idle for a programmed
period of time. The timer counts down from a programmed start value and when the count reaches 00h, can
generate an SMI. The timer decrement rate is programmable (via the SMICNTL Register) and is re-loaded
@ach time a system evént occurs. This counter should not be programmed to 00h. System and break events
are described in the SEE Register.

EXTSMI#

The EXTSMI# input pin provides the system designer the capability to invoke SMM with external hardware.
For example, the EXTSMI# input could be connected to a “green button® permtttmg the user to enter the Fast
Off state by depressing a button. The EXTSMI# generation of an SM! is enabled/disabled in the SMIEN
Register.

Forthe PlIX3,the EXTSMI# signal can ba used to provide a special promcol between the host-o-PCl bridge
and the PIIX3 (sos MSTAT Register description, 6B-6Ah, functioni0). -

Software Events

Software events (accessing the APMx Registers) indicate that the OS is passing power management
information to the SMI handler. There are two Advanced Power Management (APM) registers — APM
Control (APMC) and APM Status (APMS) Registers. These registers permit software to generate an SMi; by
writing to the APMC Register. For exampls, the APMC can be used to pass an APM command between APM
0OS and BIOS and the APMS Register could be used to pass data between the OS and the SMi handler.
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The two APM Registers are located in normal /O space. The PIIX/PHX3 subtractively decodes PCl accesses
to these registers.and forwards the accesses to the ISA Bus. The APM Registers are not accessibie by ISA
mastars. Note that the remaining power management registers are located in PCl-configuration space.

3.123. CLOCK CONTROL

The CPU can be put in a low power state by asserting the STPCLK# signal. STPCLK# is an interrupt to the
CPU. Hewaver, for this type: of interrupt, the. CRU does not generate an intarrupt acknowledge cycle. Once
the STPCLK# intermmupt is executed; the CPU anters the stop grant state. In this state, the CPU's internal
clocks are disabled and instruction execution is stopped. The stop grant state is exited when the STPCLK#
signal is negated.

Software can assert STPCLK#, if enabled via the SMICNTL Register, by a:read of the APMC Register. Note
that STPCLK# can also be petiodically asserted by using clock scaling as described below.

The PIIX/PHX3 automatically negates STPCLK# when a break event occurs (if enabled in the SEE Register).
Software can-negate STPCLK# by disabling STPCLK# in the SMICNTL Register or by a write to the APMC
Register. :

Clock Scaling (Emulating Clock Divislon)

Clock scaling permits the PHX/PIIX3 to periodically place the CPU in a low power state. This emulates clock
division. When clock scaling is enabled, the CPU runs at full frequency for a pra-defined time period and then
is stopped for a pre-defined time period. The run/stop time interval ratio emulates the clock division effect
from a power/performance point of view. However, clock scaling is more effective than dividing the CPU
frequency. For example, if the CPU is in the stop grant state and a break event occurs, the CPU clock retums
to full frequency. in addition, there is no recovery time latency to start the clock.

Two programmable 8-bit clock scale timer control registers set the STPCLK# high {negate) and low (assert)

times — the CTLTMRH and CTLTMRL Registers. The timer is clocked by a 32 usec internal clock. This
allows a programmabile timer interval for both the STPCLK# high and low times of 0-8 msec.

3.13. Reset Support

The PHX/PHX3 integrates the system reset logic for the system. The PHX/PUX3 generates CPURST,
PCIRST#, and RSTDRV during power up (PWROK) and when a hard reset is initiated through the RC
register.

The following PHIX/PHIX3 signals intertace directly to the processor:

CPURST
INTR

NMI
IGNNE#
SMI#
STPCLK#

L S T S T

These signals are open drain. Thus, external logic is not required for interfacing with the processors based on
3.3V technology which do no support 5V tolerant input buffers. During power-up these signals are driven low
to prevent problems associated with 5V/3.3V power sequencing.
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Some PC| devices may drive 3.3V friendly signails directly to 3.3V devices that are not 5V tolerant. If such
ssgna&s are powered from the 5V supply they must be driven low when PCIRST# is asserted. Some of these
signals may naed to:be driven high before CPURST is negated. PCIRST# is negated 1 ms to 2 ms before
CPURST to allow time for this to occur.

3.13.1. HARDWARE STRAPPING OPTIONS

For the PIDU/PHX3, the SYSCLK signal is used during a hard reset to select the ISA clock divisor (sampled
high for divisor of 3 - 25 MHz PC) operation. Sampled low for a divisor of 4 - 33 MHz or 30 MHz PCi

operation).

A 10K ohm resistor, jumperable as a pull up or pull down, on SYSCLK, can be used to configure divide-by-3
or divide-by-4 SYSCLK frequency. The logic level sensed on SYSCLK at reset configures the frequency. An
altemate solution is using an open drain buffer enabled only during reset to drive the appropriate level on
SYSCLK.

Faor the PHX: & strapi opﬁonmmmdumgamtdrasatsdmbmml%mmman
extemal DMA modle {sampled high for ISA DMA mode and low for extemal DMA mode).
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4.0. PINOUT AND PACKAGE INFORMATION

4.1. Pinout
Q
£8
D
(=13
N O
1 !
VS5 2'0
SERR# 3
1RQ1 ] 4
) T &
1OCHKH By 8
i ———¥
SD6 3 |8
SD5 9
1RQY oy 10
Sh4 o= 11
DREQ === 12
ey 13
Sp2 D= 14
ZEROWS# is
5Dt ==y 16
S00 St 17 e j 3
IQCHRDY £ :g . PHXS Pincut changes
E i B - (from P
Skt 2
IORK 23 .36 DDV4/APICCSS .
phl £ 128 PCIRSTHAPICACKY
vss 26 130 VODS (3.3 vohs)

DREQ 30
REFAESHY ] 91
RG7 e 32

e =——
DDISPCSK ] 35
DO4 et 36

DD3 BTy 57
OD1/SBHE# =] 38

DD11/SA1S 39

134 WSNNAHGREM
142 USBP1:
148 USBP1-
i 444 LISBPOs
145, USBPO-
148° USBGLK

83388 &
'§§33§§,§%§3§§>§§§§§§§§§ *&,é’ﬁémﬁ%gggﬁ pk3_pindw
gggeleas ge2IaneRage ¢ 2790
g—g g < g S 2Ps a a

PIX3_PIN

1998 Platform Components Databook

Figure 11. PHX/PIIX3 Pin Assignment

825



82371FB (PlIX) and 82371SB (PIIX3)

826

Table 15. Alphabetical Pin Assignment

Name Pin # Type Name Pin # Type
ADO 206 1o AD30 160 1o
AD1 205 1o AD31 159 o)
AD2 204 o) AEN 20 o]
AD4 202 e} BALE 64 o
AD5 201 o] BIOSCS# 137 o
AD6 200 1o C/BEO# 198 Tleo)
AD7 199 1o C/BE1# 187 o)
AD8 197 1o C/BE2# 178 10
AD9 194 1o C/BE3# 167 Fo)
AD10 193 1o CPURST 127 o}
AD11 192 1o DACKO# 85 o]
AD12 191 1o - DACK1# 29 o]
AD13 190 1o DACK2# 60 o]
AD14 189 Vol DACK3# 21 o
AD15 188 e} DACKS5# 89 o]
AD16 177 10 DACK6# 93 o}
AD17 176 10 DACK7# 97 o
AD18 175 e} DDO/SA8 55 1o
AD19 174 1o DD1/SA9 50 1o
AD20 173 1o DD2/SA10 49 1O
AD21 172 10 DD3/SA11 48 s}
AD22 171 e} DD4/SA12 47 1o
AD23 168 1o DD5/SA13 46 e}
AD24 166 1o DD6/SA14 45 e}
AD25 165 e} DD7/SA15 44 1o
AD26 164 o) DDB/SA16 43 o}
AD27 163 1o DDY/SA17 41 1o
AD28 162 o DD10/SA18 40 1o
AD29 161 1o DD11/SA19 39 1o
AD3 203 10 DD12/SBHE# 38 1o
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Name Pin # Type Name " Pin# Type
DD13 37 o) . IRDY# 180 s}
DD14PUXy | 36 1o IRQ1 4 |
DD14/APICCS#

(PIX3) o IRQ3 58 |
DD15/PCS# 35 Vo) IRQ4 56 |
DDAKO# 115 0 IRQ5 34 !
DDAK1# 116 o IRQ6 33 |
DDRQO 108 i IRQ7 32 |
DDRQ1 111 ) ‘ IRQB# 5 1
DEVSEL# 184 - Vo] IRQS 10 }
DIOR# 113 o) IRQ10 73 i
DIOW# - . 112 o IRQ11 75 i
DREQO 87 I IRQ12 77 1
DREQH1 30 | 1RQ14 83 1
DREG2 12 i IRQ15 81 ]
DREQ3 25 i KBCS# 139 o]
DREQS 91 i LA17/DAO 86 e}
DREQ6 95 | LA18/DA1 84 Vo
DREQ7 99 1 LA19/DA2 82 o
EXTSMH# 125 I LA20/CS3P 80 o
FERR# 120 | LA21/CS1P 76 o
FRAME# 179 o LA22/CS3S 74 110
IDSEL 154 i LA23/CS1S 72 Vo)
IGNNE# 121 o MDAKT (PliX) 144 o
: USBPO+(PIIX3) .

INIT 129 o ' :

MDRQO. (PIIX) 143 i
INTR 122 o . USBP1-(PIIX3)
IOCHK# 6 | MDRQ1 (PIIX) 142 i

USBP1+{PIIX3)
IOCHRDY 18 7o

MEMCS164 70 10
I0CS16# 7 !

MEMR# 88 o
IOR# 23 110

MEMW# 90 Ve
IORDY 114 i v

MIDAKO (PHX) 1| 145 o)
Iow# 24 o USBPO-(PHIX3)
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Name © Pin# Type Name Pin # Type
MIRQO/RQO 147 o sp2 14 1/O
MIRQH (PHX) 146 o sD3 13 1o
USBCLK. (PHX3)
SD4 11 Vo
NMI 135 o
SD5 9 T’s)
0SC 136 i
SD6 8 o
PAR 186 1 o
sp7 7 1o
PCICLK 132 |
: sSD8 ‘ 92 To)
" PCIRST# (PUX) 128 o)
ah spe 94 o
PICRST#
APICACK# SD10 96 /O
(PX3) SD11 98 e
PHLDA# 110 f D12 00 o
PHOLD# 109 o Py 101 o
PxRQA# (PHX) 149 \ D14 102 o
I
PIRQA# (PIIX3) 149 10 So15 pp o
PIRQB# 150 ) P o 5
PIRQCH# 151 I p——— 3 ‘
PIRQD# 152 . | SMEVRR ” 5
PWROK 126 : SMEMW# 22 o]
REFRESH# 31 11O SMIF 123 o
RSTDRV 28 o} Py 7o 5
RTCALE 148 ' o} SPRR 1 5
RTCCS# 138 °© STOP# 185 e}
SAC g WO STPCLK# 124 o
SAT 68 Vo SYSCLK | 153 o
SA2 67 T'e} o - 5
SA3 66 Vo TESTIN# (PIIX) | 134 i
SA4 63 o , TESTIN#/
SA5 61 Ve APICREQ#
(PHX3)
SA6 59 ¥O
TROY# 181 o)
SA7 57 Ve ‘
vce 27 Vv
sSDO 17 e
VCC 53 v
SD1 16 1o
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~ Name Pin# Type

vee 54 v
vee 78 v
vee 103 v
vee 104 v
vec (Pix) . | 130 v
VCC3 (PIIX3)

vee 157 v
vee 158 v
vee 169 v
vee 183 v
vce 196 v
vee 207 v
vee 208 v
vss 1 v
Vss 2 v
vss 26 v
VSS. 42 v

Name Pin# Type

vss 51 v
vss 52 Vv
VSS ’ 65 Vv
VSS 79 \
VSsS 105 v
V8s 106 v
VSS 131 A
VSS 133 v
VSs 155 v
VSS 156 Vv
VES] 170 v
VvSss 182 Vv
Vv8S 195 v
XDIR 141 !

XOE# 140 (o]
ZEROWSH# 15 H

1998 Platform Components Databook

829



82371FB (PlIX) and 82371SB (PlIX3)

4.2. PACKAGE DIMENSIONS

]

106

L

!
s
%ﬁc;
208 &5 | ? 53
1 52 Units: mim
* Notw" Melght Naasurements sanw
as Width Measuroments
E ; pkg pix3.drw
051916
Figure 12. 208 Pin Quad Flat Pack (QFP) Dimensions
Table 16. 208 Pin Quad Flat Pack (QFP) Dimensions
Symbol Description Value (mm) .
A Seating Height 4.25 (max)
A1l Stand-off 0.05 (min); 0.40 (max)
b Lead Width 0.2+0.10
C Lead Thickness 0.15 +0.1/-0.05
D Package Length and Width, including pins 30.6+0.4
D1 Package Length and Width, excluding pins 28+02
et Linear Lead Pitch 0.5+0.1
Y Lead Coplanarity 0.08 (max)
L1 Foot Length 05+02
T Lead Angle 00 - 100
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5.0. TESTABILITY (PIIX/PlIX3)

V5.1. Test Mode Description :

The test modes are decoded from the IRQ inputs (IRQ 7, 6, 5) and qualified with the TESTIN# pin. Test mode
selection is asynchronous. These signals need to remain in their respective state for the duration of the test
modes. The test modes are defined as follows.

Table 17. Test Modes

Test Mode tRQ7 IRQ6 IRQ5 TESTING
NAND Tree 0 X X 0
NAND Tree X X 0 0
Tri-State All Outputs 1 1 1 0

5.2. NAND Tree Mode

Tri-states all outputs and bi-directional buffers except for XDIR and DACK1#. Every output buffer except for
XOIR and DACK14 is configured as an input in NAND tree mode and included in the NAND' chain. The first
input of the NAND chain is MDRQ1, and the NAND chain is routed countar-clockwise arourd the chip (e.g.,
MDRQ1, MDRQO, MDAK1#, . . .). DACK1# is an intermediate output, and XDIR is the final output. PCICLK
and TEST!N# are the only mput pins not included in the NAND chain. Note in the table above there are two
possible ways fo select NAND tree test mode.

To perform a NAND tree test, all pins included in the NAND tree shouid be driven to 1 except for the foliowing
pins, which use inverting Schmitt trigger inputs and should be driven to 0:

Table 18. Perform NAND Tree Test (Pins Driven To 0)

Pin # Pin Name
4 1RQ1
5 IRQ8#
6 {OCHK#
10 ) IBQS
18 ZEROWSH
32 IRQ7
33 IRQ6
34 IRQ5
56 IRQ4
58 IRQ3
73 IRQ10
75 IRQ11
77 IRQ12
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Beginning with MDRQ and working counter-clockwise around the chip, each pin can be toggled and a
resulting toggle observed on DACK1# or XDIR. The DACK1# output is provided so that the NAND tree test

Table 18. Perform NAND Tree Test (Pins Driven To 0)

Pin # Pin Name
81 IRQ15
83 IRQ14
126 PWROK

can be divided into two sections.

Table 19. NAND Tree

Table 19. NAND Tree

Pin# | Pin Name Notes Pin# | Pin Name | Notes
134 TESTIN# TE_STIN# should be 166 AD24
v of v MAND 167 | O/BESH
tree test. 168 AD23
32 IRQ7 Test mods select signal. 171 AD22
33 IRQ6 Test mode select signal. 172 AD21
34 IRQ5 Test mode select signal. 173 AD20
142 MDRQ1 174 AD19
143 MDRQO 175 AD18
144 MDK1 176 AD17
145 MDKO 177 AD16
146 MIRQ1 178 C/BE2#
147 MIRQO 179 FRAME#
148 RTCALE 180 IRDY#
149 PIRQA# 181 TRDY#
150 PIRQB# 184 DEVSEL#
151 PIRQC# 185 STOP#
152 PIRQD# 186 PAR
153 SYSCLK 187 C/BE1#
154 IDSEL 188 AD15
159 AD31 189 AD14
160 AD30 190 AD13
161 AD29 191 AD12
162 AD28 192 AD11
163 AD27 193 AD10
164 AD26 194 ADg9
165 AD25 197 AD8
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Table 19. NAND Tree
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Pin# | Pin Name ‘Notes Pin # | Pin Name Notes
198 C/BEO# ’ 33 IRQ6 inverted input signal
199 AD7 34 IRQ5 Inverted input signal
200 AD6 35 DD1s
201 ADS 36 DD14
202 AD4 37 bD13
203 AD3 38 DD12
204 AD2 39 | DD11
205 AD1 40 po1o
206 ADO 41 DD9
3 SERR# 43 DD8
4 IRQ1 Inverted input signal 44 DD7
5 IRQ8# Inverted input signal 45 DDé&

6 IOCHK# Inverted input signal 46 DDs
10 IRQ9 Inverted input signal 47 DD4
11 SD4 o 48 DD3
12 DREQ2 49 DD2
13 SD3 50 DD1
14 sSD2 56 DDO
15 ZEROWS# | Inverted input signal 56 RQ4 inverted input signal
16 8SD1 57 SA7
17 Sbo 58 IRQ3 Inverted input signal
18 IOCHRDY 59 SAB
19 SMEMR# 60 DACK2#
20 AEN 61 SA5
21 DACK3# 62 TC
22 SMEMW# 63 SA4
23 IOR# 64 BALE
24 IOWi 66 SA3
25 DREQ3 67 SA2
28 RSTDRV 68 SA1
29 DACK1# Intermediate NAND-tree 69 SA0
output. 70 MEMCS16#
30 DREQ1 71 loCS16#
31 , REFRESH# 72 LA23
32 1RQ7 Inverted input signal 73 IRQ10 Inverted input signal
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Table 19. NAND Tree Table 19. NAND Tree

Pin # | Pin Name Notes - Pin# | Pin Name Notes
74 LA22 111 DDRQ1
75 1RQ11 Inverted input signal 112 DIOW#
76 LA21 113 DIOR#
77 IRQ12 Inverted input signal 114 IORDY
80 LAZ20 115 DDAKO#
81 IRQ15 Inverted input signal 116 DDAK1#
82 LA1S 117 SPKR
83 IRQ14 Inverted input signal 118 SDIR
84 LA18 119 SOE#
85 DACKO# 120 FERR#
86 LA17 121 IGNNE#
87 DREQO 122 INTR
88 MEMR# 123 SMi#
89 DACKS# 124 STPCLK#
90 MEMW# 125 EXTSMI#
91 DREQS5 126 PWROK inverted input signal
92 SD8 127 CPURST#
93 DACKGE# 128 PCIRST#
94 SD9 129 INIT
95 DREQS6 132 PCICLK !nput only, not included
96 SD10 ::1‘ :;:NAND tree test
97 DACK7# 135 NMI
% SD1i 136 |0sC
% DREQ7 137 | BlOSCs#
100 | sbiz 138 |RTCCS#
101 |sbw 139 |kBOSH#
102 |SDi4 140 [xOE#
107 | SOD1S 141 [XDIR Final NAND tree output
108 DDRQO
109 PHOLD#
110 PHLDA#
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Figure 13 is a schematic of the NAND tree circuitry.

82371FB (PlIX) and 823718B (PlIX3)
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XOE#

i

SELECT

XDIR

DACK1#
— DACK1#
NAND CHAIN

XDIR

w

NAND CHAIN
SELECT

851817 3.0

o517

Figure 13. NAND Tree Circuitry

NAND Tree Timing Requirements

Allow 500 ns for the input signals to propagate to the NAND tree outputs (input-to-output propagation delay

specification).

5.3. Tri-state Mode

The TESTIN# signal must be 0 and {RQ’s 7, 6, and 5 must be 1 to enter the tri-state test mode. When in the

tri-state test mode, all outputs and bi-directional pins are tri-stated, including the NAND tree outputs.
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