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Revision History

Version

Date

Description of Changes

1.0

November, 2005

Initial Production release Silicon Revision BB.

December, 2005

Table 16-2 — Corrected JTAG IDCODE values in Version column.

Table 17-1 — Removed “Ambient Temperature” row.

Table 18-2 — Corrected 161-Ball FBGA Package ball pitch dimension.
Global (2 places) — Changed “PCI Express host” to “PCI Express

Root Complex.”

Section 5.1.1.2 — Added note regarding No Snoop and Relaxed Ordering
bits.

Register 14-56, (Offset 68h; DEVCTL) PCI Express Device Control, Bits
[3:0] — Added “Valid only in Forward Bridge mode” to bit descriptions.

Register 14-82, (Offset 101Ch; POWER) Power — Added “(Forward
Bridge Mode Only” to register title.

Figure 18-3 — Corrected title.

1.2

June, 2006

Reorganized Chapter 2, “Ball Descriptions.” Other changes include:

¢ (Clarified reset for GPIO[3:2] in Forward and Reverse modes.

* WAKEIN# definition, added “In Forward Bridge mode,
pull WAKEIN# high.”

* IDSEL definitions, replaced “In Forward Bridge mode, IDSEL is
grounded or pulled up to 3.3V” with “It is recommended to ground
IDSEL in Forward Bridge mode to prevent it from floating.”

* PCIRSTH# definitions, changed “OD” to “TP”.

* PCLKO definitions, added “PCLKO can be connected to PCLKI
to drive PCLKI.”

* Global — Corrected PME# references to PMEIN# and PMEOUT#.

* Global — Corrected PEX_PERST# references to PERST#.

Section 4.1.1.1, replaced last two sentences of second paragraph with
“PCIRSTH# is asserted for at least 2 ms after the power levels are valid.”

Added new Chapter 9, “Bridge Operation,” and renumbered all
subsequent chapters.

Corrected Table 18-2 (formerly Table 16-2) Version column values
to reflect BB silicon revision.

Registers split into two chapters — one for Forward Bridge mode
(Chapter 15), the other for Reverse Bridge mode (Chapter 16).

Register chapters, PCI Control register, bit 26, changed first sentence
describing action when cleared.

Chapter 19, “Electrical Specifications,” changes (formerly Chapter 17):
* Replaced Sections 19.1 and 19.2 with Section 19.1, “Power
Sequence,” and Section 19.1.1, “VIO.”
* Added new Table 19-2, “Package Thermal Resistance,”
and renumbered all subsequent tables.
* Added Section 19.4.2, “SerDes Interface DC Characteristics.”
* Corrected VDD3.3 signal reference in Table 19-4 for V.
Changed “TLB” references to “TLP”.
Miscellaneous changes for readability.
Miscellaneous corrections.
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Preface

This document contains material that is proprietary to PLX. Reproduction without the express written
consent of PLX is prohibited. All reasonable attempts are made to ensure the contents of this document
are accurate; however no liability, expressed or implied is guaranteed. PLX reserves the right to modify
this document, without notification, at any time. This PLX document is periodically updated as new
information is made available.

Scope
This document describes the PEX 8111 bridge operation and provides operational data for
customer use.

Audience
This data book provides the functional details of PLX Technology ExpressLane™ PEX 8111 PCI

Express-to-PCI Bridge, for hardware designers and software/firmware engineers.
Supplemental Documentation
This data book assumes that the reader is familiar with the documents referenced below.
¢ PLX Technology, Inc.
870 Maude Ave., Sunnyvale, CA 94085 USA
Tel: 408 774-9060 or 800 759-3735, Fax: 408 774-2169, http://www.plxtech.com
— PEX 8111 Quick Start Design Note
e PCI Special Interest Group (PCI-SIG)
3855 SW 153rd Drive, Beaverton, OR 97006 USA
Tel: 503 619-0569, Fax: 503 644-6708, http://www.pcisig.com
— PCI Local Bus Specification, Revision 3.0
— PCI Local Bus Specification, Revision 2.2
— PClI to PCI Bridge Architecture Specification, Revision 1.1

— PCI Bus Power Management Interface Specification, Revision 1.1

— PCI Express Base Specification, Revision 1.0a
— PCI Express to PCI/PCI-X Bridge Specification, Revision 1.0
— PCI Express Card Electromechanical (CEM) Specification, Revision 1.0a
* The Institute of Electrical and Electronics Engineers, Inc.
445 Hoes Lane, PO Box 1331, Piscataway, NJ 08855-1331, USA
Tel: 800 678-4333 (domestic only) or 732 981-0060, Fax: 732 981-1721, http://www.ieee.org

— [IEEE Standard 1149.1-1990, IEEE Standard Test Access Port and Boundary-Scan
Architecture, 1990

— [IEEE 1149.1a-1993, IEEE Standard Test Access Port and Boundary-Scan Architecture
— IEEE Standard 1149.1b-1994, Specifications for Vendor-Specific Extensions
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Supplemental Documentation Abbreviations

Note: In this data book, shortened titles are provided to the previously listed documents.
The following table lists these abbreviations.

Abbreviation Document
PCI r3.0 PCI Local Bus Specification, Revision 3.0
PCI 2.2 PCI Local Bus Specification, Revision 2.2
PClI-to-PCI Bridge rl.1 PClI to PCI Bridge Architecture Specification, Revision 1.1
PCI Power Mgmt. rl.1 PCI Bus Power Management Interface Specification, Revision 1.1
PCI Express rl.0a PCI Express Base Specification, Revision 1.0a
PCI Express-to-PCIl/ PCI Express to PCI/PCI-X Bridge Specification, Revision 1.0
PCI-X Bridge r1.0
IEEE Standard 1149.1-1990 IEEE Standard Test Access Port and Boundary-Scan Architecture

Data Assignment Conventions

Data Width PEX 8111 Convention
1 byte (8 bits) Byte
2 bytes (16 bits) ‘Word
4 bytes (32 bits) DWORD/DWord/Dword
PEX 8111BB ExpressLane PCI Express-to-PCl Bridge Data Book v
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Terms and Abbreviations

The following table lists common terms and abbreviations used in this document. Terms and

vi

abbreviations defined in the PCI Express rl.0a are not included in this table.

Terms and Abbreviations

Terms and
Abbreviations

Definition

# Indicates an Active-Low signal.

ACK Acknowledge Control Packet. A control packet used by a destination to
acknowledge data packet receipt. A signal that acknowledges the signal receipt.

ADB Allowable Disconnect Boundary.

ADQ Allowable Disconnect Quantity. In PCI Express, the ADQ is a buffer size.
Used to indicate memory requirements or reserves.

BAR Base Address Register.

Byte 8-bit quantity of data.

CA Completion with Completer Abort status.

CFG Access initiated by PCI Configuration transactions on the primary bus.

Clock cycle One period of the PCI Bus clock.

Completer Device addressed by a requester.

CRS Configuration Retry Status.

CSR Configuration Status register; Control and Status register; Command and Status
register

DAC Dual Address cycle. A PCI transaction wherein a 64-bit address is transferred

across a 32-bit data path in two Clock cycles.

Destination Bus

Target of a transaction that crosses a bridge is said to reside on the destination bus.

DLLP Data Link Layer Packet (originates at the Data Link Layer); can contain
Flow Control (FCx DLLPs) acknowledge packets (ACK and NAK DLLPs);
and power management (PMx DLLPs).
Downstream Transactions that are forwarded from the primary bus to the secondary bus
of a bridge are said to be flowing downstream.
DWORD 32-bit quantity of data.
ECRC End-to-end Cyclic Redundancy Check (CRC)
EE Access initiated by the Serial EEPROM Controller during initialization.
Endpoints Devices, other than the Root Complex and switches, that are requesters
or completers of PCI Express transactions.
* Endpoints can be PCI Express endpoints or legacy endpoints.
* Legacy endpoints can support I/O and Locked transaction semantics.
PCI Express endpoints do not support I/O and Locked transaction semantics.
FCP Flow Control Packet devices on each link exchange FCPs, which carry header and

data payload credit information for one of three packet types — Posted Requests,
Non-Posted Requests, and Completions.

Forward Bridge mode

The primary bus is closest to the PCI Express Root Complex.

host

Computer that provides services to computers that connect to it on a network.
Considered to be in charge of the other devices connected to the bus.

PEX 8111BB ExpressLane PCI Express-to-PCl Bridge Data Book
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Terms and Abbreviations (Cont.)
Terms and -
Abbreviations Eefiniten

HwInit Hardware initialized register or register bit. The register bits are initialized by a
PEX 8111 hardware initialization mechanism or PEX 8111 Serial EEPROM
register initialization feature. Register bits are Read-Only after initialization and are
reset only with a Cold or Warm Reset.

1 CMOS Input.

I/0 CMOS Bi-Directional Input Output.

Lane Differential signal pair in each direction.

Layers PCI Express defines three layers:

* Transaction Layer — The primary function of the Transaction Layer is
assembly and disassembly of TLPs. The major components of a transaction
layer packet (TLP) are Header, Data Payload, and an optional Digest Field.

* Data Link Layer — The primary task of the Data Link Layer is to provide link
management and data integrity, including error detection and correction. This
layer defines the data control for PCI Express.

* Physical Layer — The primary value to users is that this layer appears to the
upper layers to be PCIL. It connects the lower protocols to the upper layers.

MM Access initiated by PCI Memory transactions on the primary or secondary bus,
using the address range defined by PCI Base Address 0.

MSI Message Signaled Interrupt.

NAK Negative Acknowledge.

Non-Posted Transaction A Memory Read, I/0O Read or Write, or Configuration Read or Write that returns
a completion to the master.

NS No Snoop.

(0] CMOS Output.

OD Open Drain Output.

Originating Bus Master of a transaction that crosses a bridge is said to reside on the originating bus.

Packet Types There are three packet types:

e TLP, Transaction Layer Packet

e DLLP, Data Link Layer Packet

e PLP, Physical Layer Packet

PCI PCI Compliant

PCI Peripheral Component Interconnect. A PCI Bus is a high-performance bus that
is 32 bits or 64 bits wide. It is designed to be used with devices that contain
high-bandwidth requirements (such as, the display subsystem). It is an I/O bus
that has the ability to be dynamically configured.

PCI Master (Initiator) Drives the Address phase and transaction boundary (FRAME#).
Initiates a transaction and drives data handshaking (IRDY#) with the target.

PCI Target Claims the transaction by asserting DEVSEL# and handshakes the transaction
(TRDY#) with the initiator.

PCI Transaction Read, Write, Read Burst, or Write Burst operation on the PCI Bus.
Includes an Address phase, followed by one or more Data phases.

PCI Transfer During a transfer, data is moved from the source to the destination on the PCI Bus.
TRDY# and IRDY# assertion indicates a Data transfer.

PCIE PCI Express.

PEX 8111BB ExpressLane PCI Express-to-PCl Bridge Data Book vii
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Terms and Abbreviations (Cont.)
Terms and -
Abbreviations LT L)
Port Interface between a PCI Express component and the link. Consists of transmitters
and receivers.
* Aningress port receives a packet.
* An egress port transmits a packet.
* Alink is a physical connection between two devices that consists of xN lanes.
* Anxl1 link consists of one Transmit and one Receive signal, where each
signal is a differential pair. This is one lane. There are four lines or signals
in an x1 link.
Vh L
Vi Va
A Differential Pair
s A Differential Pair
< in each direction
<
) =one Lane
This is an x7 Link
There are four signals

Posted Transaction Memory write that does not return a completion to the master.

Primary Bus Bus closest to the PCI Express Root Complex (Forward Bridge mode) or the
PCI host CPU (Reverse Bridge mode).

PU Signal is internally pulled up.

QoS Quality of Service.

RC Root Complex.

RCB Read Boundary Completion.

Request packet A non-posted request packet transmitted by a requester has a completion packet
returned by the associated completer.

A posted request packet transmitted by a requester has no completion packet
returned by the completer.

Requester Device that originates a transaction or puts a transaction sequence into the
PCI Express fabric.

Reverse Bridge Mode The primary bus is closest to the PCI host CPU.

RO Read-Only register or register bit. Register bits are Read-Only and cannot be
altered by software. Register bits are initialized by a PEX 8111 hardware
initialization mechanism or PEX 8111 Serial EEPROM register initialization
feature.

RO Relaxed Ordering.

RsvdP Reserved and Preserved. Reserved for future RW implementations. Registers are
Read-Only and must return 0 when read. Software must preserve value read for
writes to bits.

RsvdZ Reserved and Zero. Reserved for future RW1C implementations. Registers are
Read-Only and must return 0 when read. Software must use O for writes to bits.

viii PEX 8111BB ExpressLane PCI Express-to-PCI Bridge Data Book
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Terms and Abbreviations (Cont.)

Terms and Abbreviations

bits has no effect.

Terms and -
Abbreviations U
RW Read-Write register. Register bits are Read-Write and set or cleared by software to
the needed state.
RWI1C Read-Only Status. Write 1 to clear status register. Register bits indicate status when

read; a set bit indicating a status event is cleared by writing 1. Writing O to RW1C

RX Received Packet.

SC Successful Completion.

Secondary Bus The bus farthest from the PCI Express Root Complex (Forward Bridge mode)
or the PCI host CPU (Reverse Bridge mode).

STRAP Strapping pads (such as, BAROENB#, FORWARD, and EXTARB) must be
connected to H or L on the board.

STS Sustained Three-State Output, Driven High for One CLK before Float.

TC Traffic Class.

TLP Translation Layer Packet.

TP Totem Pole.

TS Three-State Bi-Directional.

X Transmitted Packet.

Upstream Transactions that are forwarded from the secondary bus to the primary bus of
a bridge are said to be flowing upstream.

UR Unsupported Request.

vC Virtual Channel.

WO Write-Only register. Used to indicate that a register is written by the Serial
EEPROM Controller.

Word 16-bit quantity of data.

PEX 8111BB ExpressLane PCI Express-to-PCl Bridge Data Book
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”L. Chapter 1 Introduction

-|.I

ECHNDLUGY’®

1.1 Features

Forward and reverse transparent bridging between the PCI Express interface and PCI Bus
PCI Express Single-Lane Port (one virtual channel)
PCI Express 2.5 Gbps per direction
PCI Express full Split Completion protocol
32-bit 66 MHz PCI Bus
Internal PCI Arbiter supporting up to 4 external PCI Masters
SPI serial EEPROM port
Internal 8-KB shared RAM available to the PCI Express interface and PCI Bus
Four GPIO balls
Low-power CMOS in 144-ball PBGA or161-ball FBGA package
1.5V PCI Express interface operating voltage, 3.3V /O, 5V tolerant PCI
Standards compliant
— PCI Local Bus Specification, Revision 3.0 (PCI r3.0)
— PClI to PCI Bridge Architecture Specification, Revision 1.1 (PCI-to-PCI Bridge rl.1)
— PCI Bus Power Management Interface Specification, Revision 1.1 (PCI Power Mgmt. rl.1)
— PCI Express Base Specification, Revision 1.0a (PCI Express rl.0a)
— PCI Express to PCI/PCI-X Bridge Specification, Revision 1.0 (PCI ExpressBridge r1.0)

1.2 Overview

The ExpressLane™ PEX 8111 PCI Express-to-PCI Bridge allows for the use of ubiquitous PCI silicon
with the high-performance PCI Express Network. As PCI Express systems proliferate, there remain
many applications that do not need the extensive bandwidth nor performance features of PCI Express.
With the PEX 8111, many existing chips and entire subsystems can be used, without modification, with
PCI Express motherboards.

1.2.1 PCI Express Endpoint Interface

Full 2.5 Gbps per direction

Single lane and single virtual channel operation

Compatible with multi-lane and multi-virtual channel PCI Express chips
Packetized serial traffic with PCI Express Split Completion protocol
Data Link Layer CRC generator and checker

Automatic Retry of bad packets

Integrated low-voltage differential drivers

8b/10b signal encoding

In-band interrupts and messages

Message Signaled Interrupt (MSI) support
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1.2.2 PCI Bus Interface

e PCI r3.0-compliant 32-bit, 66 MHz PCI interface
* PCI Master Controller allows PCI Express access to PCI target devices
e PCI Target Controller
— Allows full transparent access to PCI Express resources
— Allows Memory-Mapped access to shared RAM and Configuration registers
* PCI Arbiter supports up to four external PCI Bus Masters
* Power Management registers and PCI backplane PME# signal support
¢ Message Signaled Interrupts (MSI) support

1.2.3 Configuration Registers

* All internal registers are accessible from the PCI Express interface or PCI Bus
* All internal registers are set up through an external serial EEPROM
* Internal registers allow writes to and reads from an external serial EEPROM

* Internal registers allow control of GPIO balls

1.24 Data Transfer Pathways

* PCI transparent bridge access to PCI Express

¢ PCI Memory-Mapped Single access to internal Configuration registers

* PCI Memory-Mapped Single/Burst access to internal shared RAM

* Indexed Addressing Capability registers (offsets 84h and 88h)

¢ PCI Configuration access to PCI Configuration registers (Reverse Bridge mode only)
* PCI Express transparent bridge access to PCI Bus targets

* PCI Express Memory-Mapped Single access to internal Configuration registers

¢ PCI Express Memory-Mapped Single/Burst access to internal shared RAM

* PCI Express Configuration access to PCI Configuration registers (Forward Bridge mode only)

2 PEX 8111BB ExpressLane PCI Express-to-PCl Bridge Data Book
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1.3 Block Diagrams
Figure 1-1. PEX 8111 Block Diagram
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Figure 1-2. PEX 8111 Typical Forward Bridge Block Diagram
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Figure 1-3. PEX 8111 Typical Reverse Bridge Block Diagram
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”L. Chapter 2 Ball Descriptions

;—
TECHNOLOGY ©

2.1

2.2

Ball Description Abbreviations

Table 2-1. Ball Description Abbreviations (PBGA and FBGA Packages)

Abbreviation Description
# Active low
DIFF PCI Express Differential buffer

I Input

1/0 Bi-Directional
(6] Output

OD Open Drain Output

PCI PCI-Compatible buffer, 26-mA drive

PD 50K-Ohm Pull-Down resistor

PU 50K-Ohm Pull-Up resistor
S Schmitt Trigger

STS Sustained Three-State, driven high one Clock cycle before float
TP Totem Pole

TS Three-State

PCI Signal Pull-Up Resistors (Forward Bridge
Mode Only)

The PCI balls discussed in this chapter are generic primary and secondary PCI interface balls that do not
have internal resistors. When designing motherboards, system slot boards, adapter boards, backplanes,
and so forth, the termination of these balls must follow the guidelines detailed in the PCI r3.0. The
following guidelines are not exhaustive and should be read in conjunction with the appropriate PCI 3.0
sections.

PCI Control signals require a pull-up resistor on the motherboard, to ensure that these signals are always
at valid values when a PCI Bus agent is not driving the bus. For a 32-bit PCI Bus, these Control signals
include the following:

 DEVSEL# * INT[D:AJ# * PERR# * STOP#
* FRAME# * IRDY# * SERR# » TRDY#

The INT[D:A]# balls require pull-up resistors, regardless of whether they are used. Depending on the
application, M66EN can also require a pull-up resistor. The value of these pull-up resistors depends on
the bus loading. The PCI r3.0 provides formulas for calculating the resistor values. When making
adapter board devices where the PEX 8111 port is wired to the PCI connector, pull-up resistors are not
required because they are pre-installed on the motherboard. Based on the above, in an embedded design,
pull-up resistors can be required for PCI control signals on the bus.

PEX 8111BB ExpressLane PCI Express-to-PCl Bridge Data Book 5
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2.3 Ball Description — 144-Ball PBGA Package

This section provides descriptions of the PEX 8111 144-Ball PBGA package signal balls. The signals
are divided into six groups:

* PCI Express Signals

* PCI Signals

* Clock, Reset, and Miscellaneous Signals
* JTAG Interface Signals

» Test Signals

* No Connect Signal

¢ Power and Ground Signals

2.3.1 PCI Express Signals
Table 2-2. PCI Express Signals (9 Balls) (144-Ball PBGA Package)
Signal Type Balls Description
I Receive Minus
PERnO B7
n DIFF PCI Express Differential Receive signal.
I Receive Plus
PER A
p0 DIFF 8 PCI Express Differential Receive signal.
PCI Express Reset
/0 In Forward Bridge mode, PERST# is an input. Resets the entire PEX 8111
PERST# 6 mA B12 when asserted.
3.3V In Reverse Bridge mode, PERST# is an output. Asserted when a PCI reset
is detected.
o Transmit Minus
PETn0 A4
" DIFF PCI Express Differential Transmit signal.
PETpO o BS Transmit Plus' . .
DIFF PCI Express Differential Transmit signal.
PCI Express Clock Input Minus
REFCLK- I B6 PCI Express differential, 100-MHz spread spectrum reference clock.
DIFF Connected to the PCI Express interface REFCLK- ball in Forward Bridge
mode, and to an external differential clock driver in Reverse Bridge mode.
PCI Express Clock Input Plus
REFCLK+ I A6 PCI Express differential, 100-MHz spread spectrum reference clock.
DIFF Connected to the PCI Express interface REFCLK+ ball in Forward Bridge
mode, and to an external differential clock driver in Reverse Bridge mode.
Wake In Signal
I In Forward Bridge mode, pull WAKEIN# high.
WAKEIN# 33V C12 In Reverse Bridge mode, WAKEIN# is an input, and indicates that the
’ PCI Express Device requested a wakeup while the link remains in the
L2 state.
OD Wake Out Signal
WAKEOUT# 6 mA A9 In Forward Bridge mode, WAKEOUT# is an Open Drain output, which
3.3V is asserted when PMEIN# is asserted and the link remains in the L2 state.
6 PEX 8111BB ExpressLane PCI Express-to-PCl Bridge Data Book
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2.3.2

PCI Signals

PCI Signals

Table 2-3. PCI Signals (63 Balls) (144-Ball PBGA Package)

Signal Type Balls Description
J10,J12,J11,
K12,1.9, M9, | Address/Data Bus (32 Balls)
K8,L8,K7,L7, | The PCI address and data are multiplexed onto the same bus. During the
1/0 M7,J6, K6, | Address phase, AD[31:0] contain the physical address of the transfer.
AD[31:0] TS M6,L6,J5,H2, | During the Data phase, AD[31:0] contain the data. AD31 is the most
PCI HI, G3, G2, | significant bit. Write data is stable when IRDY# is asserted, and Read data
G1,F4,F3,F2, | is stable when TRDY# is asserted. Data is transferred when both IRDY#
E4,E3,E2,El, | and TRDY# are asserted.
D2, D1, C1,D3
Command/Byte Enable Bus (4 Balls)
The Bus command and Byte Enables are multiplexed onto the same bus.
During the Address phase, CBE[3:0]# contain the Bus command. During
the Data phase, CBE[3:0]# contain the Byte Enables. CBEO# corresponds
to byte 0 (AD[7:0]), and CBE3# corresponds to byte 3 (AD[31:24]).
CBE[3:0]# Command
0000b Interrupt Acknowledge
0001b Special cycle
0010b I/0 Read
e 0011b 1/0 Write
CBE[3:0]# TS M8, K5, H3, F1 | 0100b,0101b ~ Reserved
PCI 0110b Memory Read
0111b Memory Write
1000b, 1001b Reserved
1010b Configuration Read
1011b Configuration Write
1100b Memory Read Multiple
1101b Dual Address Cycle
1110b Memory Read Line
1111b Memory Write and Invalidate
/0
STS Device Select
Indicates that the target (bus slave) decoded its address during the current
DEVSEL# PCI Ka bus transaction. As ai in(put, DEV)SEL# indicates whether a c%evice on the
PU (Forward bus was selected.
Bridge mode only)
1/0
STS Frame
Driven by the initiator. Indicates access start and duration. When
FRAME# PCI M5 FRAMEZE is first asserted, the Address phase is indicated. When FRAME#
‘PU (Forward is de-asserted, the transaction remains in the last Data phase.
Bridge mode only)
Bus Grant (4 Balls)
/O Indicates that the central arbiter granted the bus to an agent. When the
GNT[3:0]# TS El11, F11, G9, | internal PCI arbiter is enabled,. GNT[3:0]# are outputs used to grant thg bus
PCI G10 to external devices. When the internal PCI arbiter is disabled, GNTQ# is an
input used to grant the bus to the PEX 8111. GNT[3:1]# are placed into
high-impedance state.
PEX 8111BB ExpressLane PCI Express-to-PCl Bridge Data Book 7
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Table 2-3. PCI Signals (63 Balls) (144-Ball PBGA Package) (Cont.)

Signal Type Balls Description
Initialization Device Select
Valid only in Reverse Bridge mode. Used as a Chip Select during
I Configuration Read and Write cycles. Each PCI slot or device typically
IDSEL K9 contains an IDSEL connected to a signal address line, allowing the
PCl PCI host to select individual sets of Configuration registers.
In Forward Bridge mode, it is recommended to ground IDSEL to prevent
the signal from floating.
Interrupt (4 Balls)
Asserted to request an interrupt. After assertion, must remain asserted until
/o the device driver clears it. INTx# is level-sensitive and asynchronous to
INTA#, oD El12, the CLK.
INTB#, PCI E9, In Forward Bridge mode, INTx# is an input from PCI devices. All INTx#
INTCH#, D11, signals are mapped into Assert_INTx and Deassert_INTx messages on the
INTD# PU (Forward E10 PCI Express interface.
Bridge mode only) In Reverse Bridge mode, INTI# is an output to the PCI Central Resource
Function. All Assert_INTx and Deassert_INTx PCI Express messages are
translated to INTx# transitions on the PCI Bus.
/0
STS Initiator Ready
IRDY# PCI L5 Indicates that the initiator (bus master) is ready to transfer data. Data phase
PU (Forward is complete when both IRDY# and TRDY# are asserted.
Bridge mode only)
10 Lock Atomic Operation
LOCK# STS M3 Indicates an atomic operation to a bridge that might require multiple
transactions to complete. An output in Forward Bridge mode and an input
PCI in Reverse Bridge mode.
66 MHz Enable
Indicates whether the PCI Bus is operating at 33 or 66 MHz. When low,
and the PCLKO divider value in the Device Initialization register PCLKO
I Clock Frequency field is set to 011b, the PCLKO ball oscillates at 33 MHz
MG66EN PCI D10 with a 50% Duty cycle.
When high, and the PCLKO divider value in the Device Initialization
register PCLKO Clock Frequency field is set to 011b, the PCLKO ball
oscillates at 66 MHz with a 33% Duty cycle. Read using the PCI Control
register M66EN bit. Must be grounded in 33 MHz systems.
Parity
Even parity is generated across AD[31:0], and CBE[3:0]#. That is, the
number of ones (1) on AD[31:0], CBE[3:0]#, and PAR is an even number.
/0 PAR is valid one clock after the Address phase. For Data phases, PAR is
PAR TS Il valid one clock after IRDY# is asserted on Write cycles, and one clock after
PCI TRDY# is asserted on Read cycles. PAR has the same timing as AD[31:0],
except it is delayed by one Clock cycle. The bus initiator drives PAR for
Address and Write Data phases, and the target drives PAR for Read Data
phases.
PCI Reset
In Forward Bridge mode, PCIRST# is driven when a PCI Express reset
/O is detected, or when the Bridge Control register Secondary Bus Reset bit
PCIRST# TP F10 I8 set. . o ‘
PCI In Reverse Bridge mode, PCIRST# is an input that resets the entire

PEX 8111. Reset is asserted and de-asserted asynchronously to CLK,
and is used to bring a PCI device to an initial state. All PCI signals are
asynchronously placed into a high-impedance state during reset.

PEX 8111BB ExpressLane PCI Express-to-PCl Bridge Data Book
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PCI Signals

Table 2-3. PCI Signals (63 Balls) (144-Ball PBGA Package) (Cont.)

Signal Type Balls Description
PCI Clock Input
PCLKI I DI2 All PCI signals, except RST# and interrupts, are sampled on the rising
PCI edge of PCLKI. The PCLK1 frequency varies from 0 to 66 MHz, and
it must oscillate during the serial EEPROM initialization sequence.
/0
STS Parity Error
PERR# PCI I3 Indicates that a Data Parity error occurred. Driven active by the receiving
PU (Forward agent two clocks following the data that contained bad parity.
Bridge mode only)
I Power Management Event In
PMEIN# S Hi2 Valid only in Forward Bridge mode. Input used to monitor requests to
PCI change the system’s power state.
Power Management Event Out
OD Valid only in Reverse Bridge mode. Open Drain output used to request
PMEOUT# 24 mA L12 a change in the power state. PMEOUT# is not 5V tolerant. When used
3.3V in a system with a 5V pull-up resistor on the PCI backplane PME# signal,
an external voltage translation circuit is required.
Bus Request (4 Balls)
I/0 H11. G12. HO Indicates that an agent requires use of the bus. When the internal PCI
REQ[3:0]# TS ,Gll >7777 | arbiter is enabled, REQ[3:0]# are inputs used to service external bus
PCI requests. When the internal PCI arbiter is disabled, REQO# is an output
used to request bus control, and REQ[3:1]# are unused inputs.
/0 System Error
OD Indicates that an Address Parity error, Data Parity error on the special cycle
SERR# PCI 12 command, or other catastrophic error occurred. Driven active for one PCI
PU (Forward clock period, and is synchronous to the CLK. Driven only in Reverse
Bridge mode only) Bridge mode.
Stop
Indicates that the target (bus slave) is requesting that the master stop the
/o current transaction. After STOP# is asserted, STOP# must remain asserted
STS until FRAME# is de-asserted, whereupon STOP# must be de-asserted.
STOP# PCI L4 Also, DEVSEL# and TRDY# cannot be changed until the current Data
PU (Forward phase completes. STOP# must be de-asserted in the clock following the
Bridge mode only) completion of the last Data phase, and must be placed into a high-
impedance state in the next clock. Data is transferred when both IRDY#
and TRDY# are asserted, independent of STOP#.
/0
STS Target Ready
TRDY# PCI M4 Indicates that the target (bus slave) is ready to transfer data. Data phase
PU (Forward is complete when both IRDY# and TRDY# are asserted.
Bridge mode only)
PEX 8111BB ExpressLane PCI Express-to-PCl Bridge Data Book 9
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Clock, Reset, and Miscellaneous Signals

Table 2-4. Clock, Reset, and Miscellaneous Signals (13 Balls) (144-Ball PBGA Package)

Signal Type Balls Description
I PCI Base Address 0 Register Enable
BAROENB# 33V ES When lc.>w, the PCI Base Address 0 regléter 1s. enabled.
PU When high, the PCI Base Address 0 register is enabled by the
Device-Specific Control register PCI Base Address 0 Enable bit.
0 .
3 mA Serial EEPROM Clock
EECLK TP B2 Provides the clock to the serial EEPROM. Frequency is determined by the
33V Serial EEPROM Clock Frequency register, and varies from 2 to 25 MHz.
(¢}
3 mA Serial EEPROM Chip Select
EECS# C4
TP Active-low Chip Select.
3.3V
EERDDATA I Al Serial EEPROM Read Data . . .
3.3V Used to read data from the PEX 8111. A 47K-Ohm pull-up resistor is required.
o
3 mA Serial EEPROM Write Data
EEWRDATA TP A2 Used to write data to the PEX 8111.
3.3V
External Arbiter Enable
EXTARB I Ki1 When lqw, the internal PCI arbiter services requests from an external
3.3V PCI device.
When high, the PEX 8111 requests the PCI Bus from an external arbiter.
Bridge Select
I When low, the PEX 8111 acts as a PCI-to-PCI Express Bridge
FORWARD 3.3V L11 (reverse bridge).
PU When high, the PEX 8111 acts as a PCI Express-to-PCI Bridge
(forward bridge).
General Purpose 1/0 (4 Balls)
Program as an Input or Output general-purpose ball. Internal device status
is also an output on GPIO[3:0]. Interrupts are generated on balls that are
programmed as inputs. The General-Purpose I/0 Control register is used
Vo to configure these 1/0.
12 mA GPIOO defaults to a Link Status output.
GPIO[3:0] 3 3“\1/ Al1,B10, A10, C9 | GPIO1 defaults to an input.
I;U When GPIO?2 is low at the trailing edge of reset, the TLP Controller

Configuration 0 register Limit Completion Flow Control Credit bit is set.

When GPIO3 is low at the trailing edge of reset, the TLP Controller
Configuration 0 register Delay Link Training bit is set.

For Forward Bridge mode, reset is PERST#.
For Reverse Bridge mode, reset is PCIRST#.

10
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JTAG Interface Signals

Table 2-4. Clock, Reset, and Miscellaneous Signals (13 Balls) (144-Ball PBGA Package) (Cont.)

Signal Type Balls Description
PCI Clock Output
Buffered clock output derived from the internal 100-MHz reference clock,
o with the frequency depending on the Device Initialization register PCLKO
26 mA Clock Frequency field. Signal frequency is 66 MHz when M66EN is high.
PCLKO TP H10 PCLKO is always driven and oscillates when one of the following occurs:
PCI * PCI Express REFCLK-/+ input balls are active.
* PCLKO clock divider in Device Initialization register is non-zero.
PCLKO can be connected to PCLKI as a source for the PCI input clock.
0 Power OK
PWR_OK 6 mA B9 Valid only in For\lwva.rd Bridge mode. When the available power indicated in the
33V Set Slot Power Limit message is greater than or equal to the power
) requirement indicated in the Power register, PWR_OK is asserted.
234 JTAG Interface Signals

Table 2-5. JTAG Interface Signals (5 Balls) (144-Ball PBGA Package)

Signal Type Balls Description
Test Clock
TCK I M2 Joint Test Action Group (JTAG) test clock. Sequences the TAP controller
as well as all PEX 8111 JTAG registers. Ground when JTAG is not used.
Test Data Input
Serial data input to all JTAG instruction and data registers. The Test Access
TDI I L3 Port (TAP) controller state, as well as the particular instruction held in the
PU instruction register determines which register is fed by TDI for a specific
operation. TDI is sampled into the JTAG registers on the rising edge of
TCK. Hold open when JTAG is not used.
Test Data Qutput
Serial data output for all JTAG instruction and data registers. The TAP
0 controller state, as well as the particular instruction held in the instruction
12 mA register determines which register feeds TDO for a specific operation. Only
TDO 33V L1 one register (instruction or data) is allowed as the active connection between
) TDI and TDO for any given operation. TDO changes state on the falling
TS edge of TCK and is only active during the shifting of data through the
PEX 8111. Placed into a high-impedance state at all other times. Hold open
when JTAG is not used.
Test Mode Select
I Mode input signal to the TAP Controller. The TAP controller is a 16-state
T™MS PU Mi2 FSM that provides the control logic for JTAG. The TMS state at the rising
edge of TCK determines the sequence of states for the TAP controller.
Hold open when JTAG is not used.
I Test Reset
TRST# PU L10 Resets the JTAG TAP controller when driven to ground. Ground when JTAG
is not used.
PEX 8111BB ExpressLane PCI Express-to-PCl Bridge Data Book 11
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2.3.5 Test Signals
Table 2-6. Test Signals (7 Balls) (144-Ball PBGA Package)
Signal Type Balls Description
BTON I Mi1 Test Enable .
Connect to ground for standard op operation.
BUNRI I D8 Test Mode Select .
Connect to ground for standard operation.
SMC I K1 Scan Path Mode Control .
Connect to ground for standard operation.
TEST 1 A3 Test Mode Select .
Connect to ground for standard operation.
TMC I cs Test Mode Control .
Connect to ground for standard operation.
TMC1 I Bl IDDQ Test Control Input '
Connect to ground for standard operation.
TMC2 1 Mi 1/0 Buffer Control .
Connect to ground for standard operation.

2.3.6 No Connect Signal

Caution: Do not connect the following PEX 8111 ball to board electrical paths, as this ball
is not connected within the PEX 8111.

Table 2-7. No Connect Signal — 1 Ball

Signal Name Type Location Description
No Connect
NCl1 Reserved C2 Must remain open. Do not connect this ball to board
electrical paths.

12 PEX 8111BB ExpressLane PCI Express-to-PCl Bridge Data Book
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2.3.7

Power and Ground Signals

Power and Ground Signals

Table 2-8. Power and Ground Signals (46 Balls) (144-Ball PBGA Package)

Signal Type Balls Description
AVDD Power B7 Analog Supply Voltage
Connect to the +1.5V power supply.
AVSS Ground 7 Analog Ground
Connect to ground.
Al2,B4,C3,Cl11, D9,
GND Ground | E6,F12,Gs, 4, H7, 14, | Ground (14 Balls)
J8. K2, K10 Connect to ground.
PLL Supply Voltage
VDD_P P D5
- owet Connect to the +1.5V filtered PLL power supply.
VDD_R Power A7 Receiver Supply Voltage
Connect to the +1.5V power supply.
VDD_T Power A5 Transmitter Supply Voltage
Connect to the +1.5V power supply.
C10, D4, F6, F8, G6 PCI Express Interface Supply Voltage (8 Balls)
VDDL1.5 P S e va
owet G7,19, K3 Connect to the +1.5V power supply.
VDD3.3 Power B3,BI1, L2, M10 | MO Supply Voltage (4 Balls)
Connect to the +3.3V power supply.
PCI /O Clamp Voltage (3 Balls)
VDDS5 Power F5, G8, H6 Connect to the +5.0V power supply for PCI buffers.
In a 3.3V PCI environment, connect to the 3.3V power supply.
I/O Supply Voltage (6 Balls)
VDD P ES, F9, G4, HS, H8, J7
Q ower ’ Connect to the +3.3V power supply for PCI buffers.
VSS_C Ground D7 Common Ground
Connect to ground.
VSS_PO Ground D6 PLL Ground
Connect to ground.
VSS_PI Ground C6 PLL Ground
Connect to ground.
VSS_ R Ground B3 Receiver Ground
Connect to ground.
VSS_RE Ground 7 Receiver Ground
Connect to ground.
VSS_T Ground Cs Transmitter Ground
Connect to ground.
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2.3.8 Ball Tables — 144-Ball PBGA Package
Table 2-9. Grid Order (144-Ball PBGA Package)
Grid Signal Grid Signal Grid Signal Grid Signal

Al EERDDATA D1 AD2 Gl ADI11 K1 SMC
A2 EEWRDATA D2 AD3 G2 ADI12 K2 GND
A3 TEST D3 ADO G3 AD13 K3 VDDL1.5
A4 PETn0O D4 VDDI1.5 G4 VDDQ K4 DEVSEL#
A5 VDD_T D5 VDD_P G5 GND K5 CBE2#
A6 REFCLK+ D6 VSS_PO G6 K6 ADI19
A7 VDD_R D7 VSS_C G7 VP13 K7 AD23
A8 PERpO D8 BUNRI G8 VDD5 K8 AD25
A9 WAKEOUT# D9 GND G9 GNT1# K9 IDSEL
Al0 GPIO1 D10 M66EN GI10 GNTO# K10 GND
All GPIO3 D11 INTC# Gl11 REQO# K11 EXTARB
Al2 GND D12 PCLKI G12 REQ2# K12 AD28
B1 TMC1 El AD4 H1 AD14 L1 TDO
B2 EECLK E2 AD5 H2 ADI5 L2 VDD3.3
B3 VDD3.3 E3 AD6 H3 CBE1# L3 TDI
B4 GND E4 AD7 H4 GND L4 STOP#
B5 PETpO ES VDDQ H5 VDDQ L5 IRDY#
B6 REFCLK- E6 GND H6 VDD5 L6 AD17
B7 PERNO E7 AVDD H7 GND L7 AD22
B8 VSS_R ES8 BAROENB# H8 VDDQ L8 AD24
B9 PWR_OK E9 INTB# H9 REQI1# L9 AD27
B10 GPIO2 E10 INTD# H10 PCLKO L10 TRST#
B11 VDD3.3 Ell GNT3# Hl11 REQ3# L11 FORWARD
B12 PERST# E12 INTA# H12 PMEIN# L12 PMEOUT#
Cl1 AD1 F1 CBEO# J1 PAR M1 T™MC2
C2 NC1 F2 ADS ]2 SERR# M2 TCK
C3 GND F3 AD9 I3 PERR# M3 LOCK#
C4 EECS# F4 ADI0 J4 GND M4 TRDY#
C5 VSS_T F5 VDD5 J5 ADI16 M5 FRAME#
C6 VSS_P1 F6 VDDL1.5 J6 AD20 M6 ADI18
C7 AVSS F7 VSS_RE J7 VDDQ M7 AD21
C8 T™C F8 VDDI1.5 J8 GND M8 CBE3#
Cc9 GPIOO F9 VDDQ 19 VDD1.5 M9 AD26
C10 VDD1.5 F10 PCIRST# J10 AD31 M10 VDD3.3
Cl11 GND F11 GNT2# J11 AD29 Ml11 BTON
Cl12 WAKEIN# F12 GND J12 AD30 Mi12 TMS

14 PEX 8111BB ExpressLane PCI Express-to-PCl Bridge Data Book

Copyright © 2006 by PLX Technology Inc. All Rights Reserved — Version 1.2




June, 2006 Ball Tables — 144-Ball PBGA Package

Table 2-10. Signal Order (144-Ball PBGA Package)

Grid Signal Grid Signal Grid Signal Grid Signal

D3 ADO F1 CBEO# E9 INTB# M1 T™MC2

Cl AD1 H3 CBE1# D11 INTC# M12 T™S

D1 AD2 K5 CBE2# E10 INTD# M4 TRDY#

D2 AD3 M8 CBE3# L5 IRDY# L10 TRST#

El AD4 K4 DEVSEL# M3 LOCK# D5 VDD_P

E2 AD5 B2 EECLK C2 NC1 A7 VDD_R

E3 AD6 C4 EECS# D10 M66EN AS VDD_T

E4 AD7 Al EERDDATA || E8 BAROENB# || C10

F2 ADS A2 EEWRDATA || J1 PAR D4

F3 AD9 K11 EXTARB F10 PCIRST# F6

F4 AD10 L11 FORWARD D12 PCLKI F8

Gl ADI11 M5 FRAME# H10 PCLKO Go6 VDL

G2 AD12 Al2 B7 PERnO G7

G3 AD13 B4 A8 PERpO J9

H1 AD14 C3 I3 PERR# K3

H2 ADI15 Cl11 B12 PERST# B3

J5 AD16 D9 A4 PETn0 B11

L6 AD17 E6 B5 PETpO L2 VDD3.3

M6 AD18 F12 H12 PMEIN# M10

K6 ADI19 G5 GND L12 PMEOUT# F5

J6 AD20 H4 B9 PWR_OK G8 VDDS5

M7 AD21 H7 B6 REFCLK- H6

L7 AD22 J4 A6 REFCLK+ E5

K7 AD23 J8 Gl11 REQO# F9

L8 AD24 K2 H9 REQ1# G4

K8 AD25 K10 Gl12 REQ2# H5 VbDQ

M9 AD26 G10 GNTO# HI11 REQ3# HS8

L9 AD27 G9 GNT1# J2 SERR# J7

K12 AD28 F11 GNT2# K1 SMC D7 VSS_C

J11 AD29 Ell GNT3# L4 STOP# D6 VSS_PO

J12 AD30 Cc9 GPIOO M2 TCK C6 VSS_P1

J10 AD31 Al0 GPIO1 L3 TDI B8 VSS_R

E7 AVDD B10 GPIO2 L1 TDO F7 VSS_RE

Cc7 AVSS All GPIO3 A3 TEST C5 VSS_T

MIl11 BTON K9 IDSEL C8 TMC C12 WAKEIN#

D8 BUNRI El12 INTA# Bl TMC1 A9 WAKEOUT#
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2.3.9 Physical Ball Assignment — 144-Ball PBGA Package

Figure 2-1. 144-Ball PBGA Physical Ball Assignment (Underside View)

INTA# PCLKI PERST# 12

PMEOUT# AD30 PMEIN# REQ2#

11

PCIRST#

10

PWR_OK WAKEOUT# 9

CBE3# AD24 AD25 > VDD1.5 BAROENB# VSS_R PERpO 8
AD21 AD22 AD23 PERn0O VDD_R 7
AD18 AD17 AD19 VDD1.5 VSS_P0 VSS_P1 REFCLK- REFCLK+ 6

FRAME# IRDY# CBE2# VDD_T 5

DEVSEL#
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2.4

Ball Description — 161-Ball FBGA Package

Ball Description — 161-Ball FBGA Package

This section provides descriptions of the PEX 8111 161-Ball FBGA package signal balls. The signals
are divided into six groups:

* PCI Express Signals

* PCI Signals

* Clock, Reset, and Miscellaneous Signals
* JTAG Interface Signals

* Test Signals

* No Connect Signals

¢ Power and Ground Signals

241 PCI Express Signals
Table 2-11. PCI Express Signals (9 Balls) (161-Ball FBGA Package)
Signal Type Balls Description
I Receive Minus
PERnO B9
n DIFF PCI Express Differential Receive signal.
1 Receive Plus
PER A
p0 DIFF 8 PCI Express Differential Receive signal.
/O PCI Express Reset
In Forward Bridge mode, PERST# is an input. Resets the entire PEX 8111
PERST# 6 mA C12 ’
3 r;lv when asserted. In Reverse Bridge mode, PERST# is an output. Asserted
: when a PCI reset is detected.
(0] Transmit Minus
PET B
no DIFF > PCI Express Differential Transmit signal.
(0] Transmit Plus
PETpO A6
P DIFF PCI Express Differential Transmit signal.
PCI Express Clock Input Minus
I PCI Express differential, 100-MHz spread spectrum reference clock.
REFCLK- DIEF AT REFCLK- is connected to the PCI Express interface REFCLK- ball in
Forward Bridge mode, and to an external differential clock driver in Reverse
Bridge mode.
PCI Express Clock Input Plus
I PCI Express differential, 100 MHz spread spectrum reference clock.
REFCLK+ DIFF B7 REFCLK+ is connected to the PCI Express interface REFCLK+ ball in
Forward Bridge mode, and to an external differential clock driver in Reverse
Bridge mode.
Wake In Signal
WAKEIN# I D14 In Forward Brildge mode, pull WAKEIN# blgh. o
3.3V In Reverse Bridge mode, WAKEIN# is an input, and indicates that the PCI
Express Device requested a wakeup while the link remains in the L2 state.
oD Wake Out Signal
WAKEOUT# 6 mA All | In Forward Bridge mode, WAKEOUT# is an Open Drain output, and
3.3V asserted when PMEIN# is asserted and the link remains in the L2 state.
PEX 8111BB ExpressLane PCI Express-to-PCl Bridge Data Book 17

Copyright © 2006 by PLX Technology Inc. All Rights Reserved — Version 1.2




Ball Descriptions

2.4.2

PCI Signals

PLX Technology, Inc.

Table 2-12. PCI Signals (63 Balls) (161-Ball FBGA Package)

Signal Type Balls Description
L13,J11,K12,
L12, M10, P11, | Address/Data Bus (32 Balls)
P10, P9, L9, N8, | The PCI address and data are multiplexed onto the same bus. During
Vo P8, M8, M7, L6, | the Address phase, AD[31:0] contain the physical address of the
ADI[31:0] TS N6, P7,K2,J3, | transfer. During the Data phase, AD[31:0] contain the data. AD31 is the
PCI J1,H2, H3, H1, | most significant bit. Write data is stable when IRDY# is asserted, and
G4,F3,F2,F1, | Read data is stable when TRDY# is asserted. Data is transferred when
E2,E3,E1, D3, | both IRDY# and TRDY# are asserted.
D1,D2
Command/Byte Enable Bus (4 Balls)
The Bus command and Byte Enables are multiplexed onto the same
bus. During the Address phase, CBE[3:0]# contain the Bus command.
During the Data phase, CBE[3:0]# contain the Byte Enables. CBEO#
corresponds to byte 0 (AD[7:0]), and CBE3# corresponds to byte 3
(AD[31:24]).
CBE[3:0]# Command
0000b Interrupt Acknowledge
0001b Special cycle
/o 0010b /0 Rea}d
CBE[3:0}# TS M9, P6, K1, G1 | 001D VO Write
PCI 0100b, 0101b Reserved
0110b Memory Read
0111b Memory Write
1000b, 1001b Reserved
1010b Configuration Read
1011b Configuration Write
1100b Memory Read Multiple
1101b Dual Address Cycle
1110b Memory Read Line
1111b Memory Write and Invalidate
1/0 .
STS Device Select
Indicates that the target (bus slave) decoded its address during the
DEVSEL# M4
PCI . current bus transaction. As an input, DEVSEL# indicates whether a
PU (Reverse Bridge device on the bus was selected.
mode only)
1/0
STS Frame
Driven by the initiator, and indicates the access start and duration.
FRAME# L ’
PCI . > When FRAMEH# is first asserted, the Address phase is indicated. When
PU (Reverse Bridge FRAME# is de-asserted, the transaction remains in the last Data phase.
mode only)
Bus Grant (4 Balls)
1/0 Indicates that the central arbiter granted the bus to an agent. When the
GNT[3:01# TS F12, G11,J13, | internal PCI arbiter is enabled, GNT[3:01]# are outputs used to grant the
’ PCI J14 bus to external devices. When the internal PCI arbiter is disabled,

GNTO# is an input used to grant the bus to the PEX 8111, and
GNTI[3:1]# are placed into a high-impedance state.

18
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Table 2-12. PCI Signals (63 Balls) (161-Ball FBGA Package) (Cont.)

Signal Type Balls Description
Initialization Device Select
Valid only in Reverse Bridge mode. Used as a Chip Select during
I Configuration Read and Write cycles. Each PCI slot or device typically
IDSEL N10 contains an IDSEL connected to a signal address line, allowing the
PCI PCI host to select individual sets of Configuration registers.
In Forward Bridge mode, it is recommended to ground IDSEL
to prevent the signal from floating.
Interrupt (4 Balls)
Asserted to request an interrupt. After assertion, must remain asserted
/o until the device driver clears it. INTx# is level-sensitive and
INTA#, oD Fl4, asynchronous to the CLK.
INTB#, PCI Fl13, In Forward Bridge mode, INTx# is an input from PCI devices. All
INTCH#, ) El4, INT=x# signals are mapped into Assert_INTx and Deassert_INTx
INTD# PU (Reverse Bridge El13 messages on the PCI Express interface.
mode only) In Reverse Bridge mode, INTx# is an output to the PCI Central
Resource Function. All Assert INTx and Deassert_INTx PCI Express
messages are translated to INTx# transitions on the PCI Bus.
1/0
STS Initiator Ready
IRDY# PCI P5 Indicates that the initiator (bus master) is ready to transfer data. Data
PU (Reverse Bridge phase is complete when both IRDY# and TRDY# are asserted.
mode only)
o Lock Atomic Operation
LOCK# STS P4 Indicate.s an atomic operation to a bridge that might require rnqltiple.
transactions to complete. Output in Forward Bridge mode and input in

PCI Reverse Bridge mode.

66 MHz Enable

Indicates whether the PCI Bus is operating at 33 or 66 MHz. When low,

and the PCLKO divider value in the Device Initialization register

PCLKO Clock Frequency field is set to 011b, the PCLKO ball oscillates
M6GEN I DI3 at 33 MHz with a 50% Duty cycle.

PCI When high, and the PCLKO divider value in the Device Initialization
register PCLKO Clock Frequency field is set to 011b, the PCLKO ball
oscillates at 66 MHz with a 33% Duty cycle. Read M66EN using the
PCI Control register M66EN bit. Must be grounded in 33 MHz
systems.

Parity
Even parity is generated across AD[31:0], and CBE[3:0]#. That is, the
number of ones (1) on AD[31:0], CBE[3:0]#, and PAR is an even

Vo number. PAR is valid one clock after the Address phase. For Data

PAR TS 14 phases, PAR is valid one clock after IRDY# is asserted on Write cycles,

PCI and one clock after TRDY# is asserted on Read cycles. PAR has the
same timing as AD[31:0], except it is delayed by one Clock cycle. The
bus initiator drives PAR for Address and Write Data phases, and the
target drives PAR for Read Data phases.

PCI Reset
In Forward Bridge mode, driven when a PCI Express reset is detected,
Vo or the Bridge Control register Secondary Bus Reset bit is set. In
PCIRST# TP Gl4 Reverse Bridge mode, PCIRST# is an input that resets the entire

PCI PEX 8111. Reset is asserted and de-asserted asynchronously to CLK,
and used to bring a PCI device to an initial state. All PCI signals are
asynchronously placed into a high-impedance state during reset.

PEX 8111BB ExpressLane PCI Express-to-PCl Bridge Data Book 19

Copyright © 2006 by PLX Technology Inc. All Rights Reserved — Version 1.2



Ball Descriptions

PLX Technology, Inc.

Table 2-12. PCI Signals (63 Balls) (161-Ball FBGA Package) (Cont.)

Signal Type Balls Description
PCI Clock Input
PCLKI I E12 All PCI signals, except RST# and interrupts, are sampled on the rising
PCI edge of PCLKI. The PCLK1 frequency varies from 0 to 66 MHz, and
it must oscillate during the serial EEPROM initialization sequence.
/0
STS Parity Error
PERR# PCI L2 Indicates that a Data Parity error occurred. Driven active by the
PU (Reverse Bridge receiving agent two clocks following the data that contained bad parity.
mode only)
I Power Management Event In
PMEIN# S L14 Valid only in Forward Bridge mode. Input used to monitor requests to
PCI change the system power state.
Power Management Event Out
oD Valid only in Reverse Bridge mode. Open-drain output used to request
PMEOUT# 24 mA M14 a change in the power state. PMEOUTH# is not 5V tolerant.
3.3V When used in a system with a 5V pull-up resistor on the PCI backplane
PME# signal, an external voltage translation circuit is required.
Bus Request (4 Balls)
/o Hi1. H12 Indicates that an agent requires use of the bus. When the internal PCI
REQ[3:0]# TS K13’, Ki4 arbiter is enabled, REQ[3:0]# are inputs used to service external bus
PCI requests. When the internal PCI arbiter is disabled, REQO# is an output
used to request bus control, and REQ[3:1]# are unused inputs.
/0 System Error
oD Indicates that an Address Parity error, Data Parity error on the special
SERR# PCI L1 cycle command, or other catastrophic error occurred. Driven active for
PU (Reverse Bridge one PCI clock period, and is synchronous to the CLK. Driven only in
mode only) Reverse Bridge mode.
Stop
1o Indicates that the target (bus slave). is requestir.lg that the master stop the
current transaction. After STOP# is asserted, it must remain asserted
STS until FRAME# is de-asserted, whereupon STOP# must be de-asserted.
STOP# PCI N4 Also, DEVSEL# and TRDY# cannot be changed until the current data
PU (Reverse Bridge phase completes. STOP# must be de-asserted in the clock following the
mode only) completion of the last Data phase, and must be placed into a high-
impedance state in the next clock. Data is transferred when both IRDY#
and TRDY# are asserted, independent of STOP#.
/0
STS Target Ready
TRDY# PCI M5 Indicates that the target (bus slave) is ready to transfer data. Data phase
PU (Reverse Bridge is complete when both IRDY# and TRDY# are asserted.
mode only)
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24.3 Clock, Reset, and Miscellaneous Signals

Table 2-13. Clock, Reset, and Miscellaneous Signals (13 Balls) (161-Ball FBGA Package)

Signal Type Balls Description
I PCI Base Address 0 Register Enable
BAROENB# 33V AL0 When l(?w, the PCI Base Address 0 regléter 1§ enabled.
PU When high, the PCI Base Address 0 register is enabled by the
Device-Specific Control register PCI Base Address 0 Enable bit.
0 .
3 mA Serial EEPROM Clock
EECLK TP C2 Provides the clock to the serial EEPROM. Frequency is determined by the
33V Serial EEPROM Clock Frequency register, and varies from 2 to 25 MHz.
o
3 mA Serial EEPROM Chip Select
EECS# C5
TP Active-low Chip Select.
3.3V
I Serial EEPROM Read Data
EERDDATA 33V B3 Used to read data from the PEX 8111. A 47K-Ohm pull-up resistor
' is required.
0}
3 mA Serial EEPROM Write Data
EEWRDATA A
W TP 3 Used to write data to the PEX 8111.
3.3V
External Arbiter Enable
EXTARB I M2 When lqw, the internal PCI arbiter services requests from an external
3.3V PCI device.
When high, the PEX 8111 requests the PCI Bus from an external arbiter.
Bridge Select
I When low, the PEX 8111 acts as a PCI-to-PCI Express Bridge
FORWARD 3.3V M13 (reverse bridge).
PU When high, the PEX 8111 acts as a PCI Express-to-PCI Bridge
(forward bridge).
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Table 2-13. Clock, Reset, and Miscellaneous Signals (13 Balls) (161-Ball FBGA Package) (Cont.)

Signal Type Balls Description
General Purpose 1/0 (4 Balls)
Program as an input or output general-purpose ball. Internal device status also
has the ability to be an output on GPIO[3:0]. Interrupts are generated on balls
that are programmed as inputs. The General-Purpose I/0 Control register is
used to configure these I/O.
Vo GPIOO defaults to a Link Status output.
GPIO[3:0] 12mA | BI2, D11, A12, | GpIO] defaults to an input.
3.3V 1o When GPIO?2 is low at the trailing edge of reset, the TLP Controller
PU Configuration 0 register Limit Completion Flow Control Credit bit is set.
When GPIO3 is low at the trailing edge of reset, the TLP Controller
Configuration 0 register Delay Link Training bit is set.
For Forward Bridge mode, reset is PERST#.
For Reverse Bridge mode, reset is PCIRST#.
PCI Clock Output
Buffered clock output derived from the internal 100-MHz reference clock,
(0] with the frequency depending on the Device Initialization register PCLKO
26 mA Clock Frequency field. Signal frequency is 66 MHz when M66EN is high.
PCLKO TP Hl4 PCLKO is always driven and oscillates when one of the following occurs:
PCI ¢ PCI Express REFCLK-/+ input balls are active,
¢ PCLKO clock divider in Device Initialization register is non-zero.
PCLKO can be connected to PCLKI as a source for the PCI input clock.
o Power OK
PWR_OK 6 mA Bl Valid only in Forwarq Bridge mod.e‘ When the available power indicated in
33V the Set Slot Eower L1n}1t message is greater than or equ'fll to the power
requirement indicated in the Power register, PWR_OK is asserted.
22 PEX 8111BB ExpressLane PCI Express-to-PCl Bridge Data Book

Copyright © 2006 by PLX Technology Inc. All Rights Reserved — Version 1.2




June, 2006

2.4.4

JTAG Interface Signals

JTAG Interface Signals

Table 2-14. JTAG Interface Signals (5 Balls) (161-Ball FBGA Package)

Signal Type Balls Description
Test Clock
TCK I M2 JTAG test clock. Sequences the TAP controller, as well as all PEX 8111
JTAG registers. Ground when JTAG is not used.
Test Data Input
Serial data input to all JTAG instruction and data registers. The TAP
TDI I P3 controller state, as well as the particular instruction held in the instruction
PU register determines which register is fed by TDI for a specific operation. TDI
is sampled into the JTAG registers on the rising edge of TCK. Hold open
when JTAG is not used.
Test Data Output
Serial data output for all JTAG instruction and data registers. The TAP
0 controller state, as well as the particular instruction held in the instruction
12 mA register determines which register feeds TDO for a specific operation. Only
TDO TS M3 one register (instruction or data) is allowed as the active connection between
TDI and TDO for any given operation. TDO changes state on the falling
3.3V edge of TCK and is only active during the shifting of data through the
PEX 8111. Placed into a high-impedance state at all other times. Hold open
when JTAG is not used.
Test Mode Select
I Mode input signal to the TAP Controller. The TAP controller is a 16-state
T™MS PU Ni12 FSM that provides the control logic for JTAG. The state of TMS at the rising
edge of TCK determines the sequence of states for the TAP controller.
Hold open when JTAG is not used.
Test Reset
I .
TRSTH# PU NI1 Resets the JTAG TAP controller when driven to ground. Ground when JTAG
is not used.
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245 Test Signals
Table 2-15. Test Signals (7 Balls) (161-Ball FBGA Package)
Signal Type Balls Description
BTON I M1 Test Enable .
Connect to ground for standard operation.
BUNRI I o Test Mode Select '
Connect to ground for standard operation.
SMC I K3 Scan Path Mode Control .
Connect to ground for standard operation.
TEST I ca Test Mode Select .
Connect to ground for standard operation.
TMC I D10 Test Mode Control '
Connect to ground for standard operation.
TMCI1 I D4 IDDQ Test Control Input .
Connect to ground for standard operation.
TMC2 I M1 1/0 Buffer Control .
Connect to ground for standard operation.

2.4.6 No Connect Signals

Caution: Do not connect the following PEX 8111 balls to board electrical paths, as these balls
are not connected within the PEX 8111.

Table 2-16. No Connect Signals — 18 Balls

Signal Name Type Location Description

Al, A2, A13, Al4, BI,
B2, B13, B4, E5. N1, | 0 Connect (17 Balls)

NC Reserved N2.N13,N14, P1, P2, Must .remain open. Do not connect these balls to board
P13, P14 electrical paths.
No Connect
NC1 Reserved C3 Must remain open. Do not connect this ball to board

electrical paths.
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2.4.7 Power and Ground Signals
Table 2-17. Power and Ground Signals (46 Balls) (161-Ball FBGA Package)
Signal Type Balls Description
AVDD Power s Analog Supply Voltage
Connect to the +1.5V power supply.
AVSS Ground C6 Analog Ground
Connect to ground.
A4,C13,D5, D12, E4,
GND Ground | ELLFII,12, K4 K11, | oround (14 Balls)
L4, M6, N9, P12 Connect to ground.
PLL Supply Voltage
VDD_P P B6
- ower Connect to the +1.5V filtered PLL power supply.
VDD_R Power C7 Receiver Supply Voltage
Connect to the +1.5V power supply.
VDD. T Power D6 Transmitter Supply Voltage
Connect to the +1.5V power supply.
VDDI1.5 Power B10, C1, Cl14, G2, G13, | PCI Express Interface Supply Voltage (8 Balls)
L3, L11, N7 Connect to the +1.5V power supply.
VDD3.3 Power B4, C11,Li0,N3 | VO Supply Voltage (d Balls)
Connect to the +3.3V power supply.
PCI I/O Clamp Voltage
VDD5 Power G3,H13,L7 Connect to the +5.0V power supply for PCI buffers.
In a 3.3V PCI environment, connect VDDS5 to the 3.3V power supply.
I/0 Supply Voltage (6 Balls)
VDD P F4,G12,H4,J12,1L8, N5
Q ower ’ T Connect to the +3.3V power supply for PCI buffers.
VSS._C Ground D9 Common Ground
Connect to ground.
VSS_PO Ground D7 PLL Ground
Connect to ground.
VSS_PI Ground D8 PLL Ground
Connect to ground.
VSS_R Ground A9 Receiver Ground
Connect to ground.
VSS_RE Ground B3 Receiver Ground
Connect to ground.
VSS._T Ground AS Transmitter Ground
Connect to ground.
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248 Ball Tables — 161-Ball FBGA Package
Table 2-18. Grid Order (161-Ball FBGA Package)
Grid Signal Grid Signal Grid Signal Grid Signal
Al Cl4 VDD1.5 H2 AD12 M5 TRDY#
A2 NE D1 AD1 H3 ADI11 M6 GND
A3 EEWRDATA || D2 ADO H4 VDDQ M7 ADI19
A4 GND D3 AD2 HI11 REQ3# M8 AD20
A5 VSS_T D4 TMC1 HI12 REQ2# M9 CBE3#
A6 PETpO D5 GND H13 VDD5 M10 AD27
A7 REFCLK- D6 VDD_T H14 PCLKO M11 BTON
A8 PERpO D7 VSS_PO n ADI13 M12 EXTARB
A9 VSS_R D8 VSS_P1 12 GND M13 FORWARD
A10 BAROENB# D9 VSS_C J3 AD14 M14 PMEOUT#
All WAKEOUT# || D10 TMC J4 PAR N1
Al2 GPIO1 D11 GPIO2 J11 AD30 N2 Ne
Al3 D12 GND J12 VDDQ N3 VDD3.3
Al4 D13 M66EN J13 GNT1# N4 STOP#
Bl Ne D14 WAKEIN# J14 GNTO# N5 VDDQ
B2 El AD3 K1 CBE1# N6 ADI17
B3 EERDDATA ||E2 ADS K2 ADI15 N7 VDD1.5
B4 VDD3.3 E3 AD4 K3 SMC N8 AD22
BS PETnO E4 GND K4 N9 GND
B6 VDD_P ES NC K11 OND N10 IDSEL
B7 REFCLK+ Ell GND K12 AD29 N11 TRST#
B8 VSS_RE E12 PCLKI K13 REQ1# N12 TMS
B9 PERNnO E13 INTD# K14 REQO# N13
B10 VDDI1.5 El4 INTC# L1 SERR# N14
Bl11 PWR_OK F1 AD6 L2 PERR# P1 Ne
B12 GPIO3 F2 AD7 L3 VDDL1.5 P2
B13 F3 ADS L4 GND P3 TDI
B14 Ne F4 VDDQ L5 FRAME# P4 LOCK#
C1 VDD1.5 F11 GND L6 ADI18 P5 IRDY#
C2 EECLK F12 GNT3# L7 VDD5 P6 CBE2#
C3 NC1 F13 INTB# L8 VDDQ P7 AD16
C4 TEST F14 INTA# L9 AD23 P8 AD21
C5 EECS# Gl CBEO# L10 VDD3.3 P9 AD24
Co6 AVSS G2 VDD1.5 L11 VDD1.5 P10 AD25
C7 VDD_R G3 VDDS5 L12 AD28 P11 AD26
C8 AVDD G4 AD9 L13 AD31 P12 GND
26 PEX 8111BB ExpressLane PCI Express-to-PCl Bridge Data Book

Copyright © 2006 by PLX Technology Inc. All Rights Reserved — Version 1.2




June, 2006 Ball Tables — 161-Ball FBGA Package

Table 2-18. Grid Order (161-Ball FBGA Package) (Cont.)

Grid Signal Grid Signal Grid Signal Grid Signal
Cc9 BUNRI Gl1 GNT2# L14 PMEIN# P13
C10 GPIOO GI12 VDDQ M1 T™MC2 P14 Ne
Cl11 VDD3.3 Gl13 VDDL1.5 M2 TCK
Cl12 PERST# Gl4 PCIRST# M3 TDO
C13 GND H1 AD10 M4 DEVSEL#

Table 2-19. Signal Order (161-Ball FBGA Package)

Grid Signal Grid Signal Grid Signal Grid Signal

D2 ADO C2 EECLK Bl M3 TDO
D1 AD1 C5 EECS# B2 Cc4 TEST
D3 AD2 B3 EERDDATA ||B13 D10 TMC
El AD3 A3 EEWRDATA ||B14 D4 TMC1
E3 AD4 Mi12 EXTARB ES M1 TMC2
E2 ADS M13 FORWARD N1 NI12 TMS
F1 AD6 L5 FRAME# N2 NC M5 TRDY#
F2 AD7 A4 N13 N11 TRST#
F3 ADS C13 N14 B6 VDD_P
G4 AD9 D5 P1 C7 VDD_R
H1 AD10 D12 P2 D6 VDD_T
H3 ADI11 E4 P13 B10
H2 ADI12 Ell P14 Cl
1 ADI13 F11 C3 NC1 Cl4
I3 AD14 J2 OND D13 M66EN G2

VDD1.5
K2 ADI15 K4 A10 BAROENB# G13
P7 AD16 K11 J4 PAR L3
N6 AD17 L4 Gl4 PCIRST# L11
L6 ADI18 M6 E12 PCLKI N7
M7 ADI19 N9 H14 PCLKO B4
M8 AD20 P12 B9 PERnO Cl1

VDD3.3
P8 AD21 J14 GNTO# A8 PERpO L10
N8 AD22 J13 GNT1# L2 PERR# N3
L9 AD23 Gl11 GNT2# C12 PERST# G3
P9 AD24 F12 GNT3# B5 PETn0O H13 VDD5
P10 AD25 C10 GPIOO A6 PETpO L7
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Table 2-19. Signal Order (161-Ball FBGA Package) (Cont.)

PLX Technology, Inc.

Grid Signal Grid Signal Grid Signal Grid Signal
P11 AD26 Al2 GPIOI1 L14 PMEIN# F4
MI10 AD27 D11 GPIO2 Ml14 PMEOUT# GI12
L12 AD28 B12 GPIO3 B11 PWR_OK H4
VDDQ
K12 AD29 N10 IDSEL A7 REFCLK- J12
J11 AD30 F14 INTA# B7 REFCLK+ L8
L13 AD31 F13 INTB# K14 REQO# N5
C8 AVDD El4 INTC# K13 REQI1# D9 VSS_C
C6 AVSS El13 INTD# H12 REQ2# D7 VSS_PO
Ml11 BTON P5 IRDY# HI11 REQ3# D8 VSS_P1
C9 BUNRI P4 LOCK# L1 SERR# A9 VSS_R
Gl CBEO# Al K3 SMC B8 VSS_RE
K1 CBE1# A2 N4 STOP# AS VSS_T
P6 CBE2# Al3 Ne M2 TCK D14 WAKEIN#
M9 CBE3# Al4 P3 TDI All WAKEOUT#
M4 DEVSEL#
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2.4.9 Physical Ball Assignment — 161-Ball FBGA Package

Figure 2-2.

161-Ball FBGA Physical Ball Assignment (Underside View)

P N M L K J H G F E D C B

PMEOUT# PMEIN#

Physical Ball Assignment — 161-Ball FBGA Package
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CBE3# PERn0O VSS_R
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Bottom View
(PEX 8111)
AD16 AD19 VSS_P0 VDD_R REFCLK+ REFCLK-
GND AD18 VDD_T AVSS VDD_P PETp0
TRDY# FRAME# EECS# PETn0 VSS_T
DEVSEL# PAR
AD14 AD11 EEWRDATA
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”L. Chapter 3 Reset Summary

;—
TECHNOLOGY ©

3.1 Forward Bridge Mode

Table 3-1 delineates which device resources are reset when each of the forward bridge reset sources
are asserted.

Table 3-1. Forward Bridge Reset

Device Resources
Reset Sources In':g'f:;‘g[?; . | PClinterface Logic | PCIRST# Ball °°F;‘;g‘1igtr::;°“

PCI Express PERST# ball v v v v

PCI Express Link Down v v v v?

PCI Express Hot Reset v v v v?
Secondary Bus Reset bit v v

D3 to DO v v v v
Power Management Reset

a. General-Purpose 1/0 Control register is not reset for Link Down nor Hot Reset.

3.2 Reverse Bridge Mode

Table 3-2 delineates which device resources are reset when each of the reverse bridge reset sources
are asserted.

Table 3-2. Reverse Bridge Reset

Device Resources
Reset Sources PCI Express PCI PCI PERST# | PCl Express | Configuration
Interface Logic | Interface Logic Ball Hot Reset Registers
PCI RST# ball v v v v v
Secondary Bus Reset bit 4 v
D3 to DO v v v v
Power Management Reset
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3.3 Initialization Summary

Certain PEX 8111 initialization sequences are described as follows:
¢ No serial EEPROM, blank serial EEPROM, or invalid serial EEPROM

— When the EERDDATA ball is always high, then an invalid serial EEPROM is detected.
In this case, the default PCI Device ID (8111h) is selected. A 47K-Ohm pull-up resistor
ensures that EERDDATA is high when no serial EEPROM is installed.

— Enable the PCI Express and PCI interfaces, using default register values.
* Valid serial EEPROM with Configuration register data

— Enable the PCI Express and PCI interfaces, using register values loaded from the serial
EEPROM. The Device Initialization register PCI Express Enable or PCI Enable bit
should be the last bit set by the serial EEPROM.
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41.1.2

Forward Bridge Initialization

The actions that the PEX 8111 takes upon receipt of certain reset timing and interface initialization
requirements are described in the following sections.

Forward Bridge Reset Behavior

There are three types of reset that the PEX 8111 receives over the PCI Express primary interface:

* Physical layer resets that are platform specific and referred to as Fundamental Resets
(Cold/Warm Reset)

* PCI Express Physical Layer mechanism (Hot Reset)

e PCI Express Data Link transitioning to the Down state of primary interface

These three primary interface reset sources are each described in the sections that follow. All primary
interface reset events initiate a Secondary Bus Reset which resets the PCI Bus. In addition to primary
interface reset sources, the PEX 8111 supports a PCI Bus reset by way of the Bridge Control register.

After reset is de-asserted, a device attempting a Configuration access to the PCI Bus behind the
PEX 8111 must wait for at least Trhfa (225) PCI clocks.

Fundamental Reset (Cold/Warm Reset)

The PEX 8111 uses the PCI Express PERST# signal as a fundamental reset input. When PERST#
assertion follows the power-on event, it is referred to as a Cold Reset. The PCI Express system also
generates this signal without removing power; which is referred to as a Warm Reset. The PEX 8111
treats Cold and Warm Resets without distinction. The PEX 8111 state machines are asynchronously
reset, and the Configuration registers are initialized to their default values when PERST# is asserted.
The PEX 8111 also places its PCI outputs into a high-impedance state, unless it is configured as the PCI
Bus parking agent.

The PEX 8111 propagates the Warm/Cold Reset from its primary interface to PCI reset on the
secondary interface. The PCI RST# signal is asserted while PERST# is asserted. PCIRST# is asserted
for at least 2 ms after the power levels are valid.

PCI_RST# is asserted concurrent with PERST# assertion. Once asserted, however, PCI_RST# remains
asserted for 1.0 ms. If PERST# de-asserts during that time, PCI_RST# remains active until 1.0 ms has
elapsed from the time it asserted. If PERST# is de-asserted after this time, PCI_RST# follows the
PERST# de-assertion within two PCI 33-MHz clock cycles (approximately 60 ns).

Primary Reset Due to Physical Layer Mechanism (Hot Reset)

PCI Express supports the Link Training Control Reset (a training sequence with the Hot Reset bit set),
or Hot Reset, for propagating Reset requests downstream. When the PEX 8111 receives a Hot Reset on
its PCI Express primary interface, it propagates that reset to the PCI RST# signal. In addition, the
PEX 8111 discards all transactions being processed and returns all registers, state machines and
externally observable state internal logic to the state-specified default or initial conditions. Software is
responsible for ensuring that the Link Reset assertion and de-assertion messages are timed such that the
PEX 8111 adheres to proper reset assertion and de-assertion durations on the PCI RST# signal.
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Primary Reset Due to Data Link Down

When the PEX 8111 PCI Express primary interface remains in standard operation and, for whatever
reason, the Link is down, the Transaction and Data Link Layers enter the DL_Down state. The
PEX 8111 discards all transactions being processed and returns all registers, state machines and
externally observable state internal logic to the state-specified default or initial conditions. In addition,
the entry of the primary interface of the PEX 8111 into DL_Down status initiates a reset of the PCI Bus,
using the PCI RST# signal.

Secondary Bus Reset by way of Bridge Control Register

A PCI secondary interface reset is initiated by setting the Bridge Control register Secondary Bus Reset
bit. This targeted reset is used for various reasons, including recovery from error conditions on the
secondary bus, or to initiate re-enumeration. A write to the Secondary Bus Reset bit forces the assertion
of the secondary interface PCI Reset (RST#) signal without affecting the primary interface or
Configuration Space registers. Moreover, the logic associated with the secondary interface is
re-initialized and transaction buffers associated with the secondary interface are cleared.

RST# is asserted when the Secondary Bus Reset bit is set; therefore, software must take care to observe
proper PCI reset timing requirements. Software is responsible for ensuring that the PEX 8111 does not
receive transactions that require forwarding to the secondary interface while Secondary Bus Reset bit
is set.

Bus Parking during Reset

The PEX 8111 drives the secondary interface PCI Bus AD[31:0], CBE[3:0]#, and PAR signals to a logic
low level (zero) when the secondary interface RST# is asserted.
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Reverse Bridge Initialization

Reverse Bridge Reset Behavior

A PCI Express Hot Reset (PCI Express Link Training Sequence) is generated for the following cases:
* Bridge Control register Secondary Bus Reset bit is set

* Power management state transitions from D3 to DO

PCI RST# assertion causes the PCI Express sideband Reset signal (PERST#) to assert.

Reverse Bridge Secondary Bus Reset by way of Bridge Control
Register

A PCI Express secondary interface reset is initiated by setting the Bridge Control register Secondary
Bus Reset bit. This targeted reset is used for various reasons, including recovery from error conditions
on the secondary bus, or to initiate re-enumeration.

A write to the Secondary Bus Reset bit causes a PCI Express Link Reset Training Sequence to transmit
without affecting the primary interface or Configuration Space registers. Moreover, the logic associated
with the secondary interface is re-initialized and transaction buffers associated with the secondary
interface are cleared.
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Forward Bridge PCI Interrupts

In Forward Bridge mode, the PCI INTx# signals are inputs to the PEX 8111. The interrupt is routed to
the PCI Express interface, using virtual wire interrupt messages. The PCI Express interface supports the
INTx virtual wire interrupt feature for legacy systems that still support the PCI INTx# interrupt signals.
PCI INTx# interrupts are “virtualized” in the PCI Express interface, using Assert INTx and
Deassert_INTx messages, where x is A, B, C, or D for the respective PCI INTx# interrupt signals
defined in the PCI r3.0. This message pairing provides a mechanism to preserve the level-sensitive
semantics of the PCI interrupts. The Assert_INTx and Deassert_INTx messages transmitted on the PCI
Express link capture the asserting/de-asserting edge of the respective PCI INTx# signal.

The Requester ID used in the PCI Express Assert_INTx and Deassert_INTx messages transmitted by the
PEX 8111 (irrespective of whether the source is internal or external to the PEX 8111) equals the
PEX 8111 primary interface Bus and Device Numbers. The Function Number sub-field is cleared to O.

Forward Bridge Internally Generated Interrupts

The following internal events can be programmed to generate an interrupt:
* Serial EEPROM transaction completed
¢ Any GPIO bit that is programmed as an input

¢ Mailbox register written

When one of these interrupts occurs, either a Virtual Wire interrupt or Message Signaled interrupt
is produced. Both generated-interrupt methods are described, in detail, in the following two sections.

The Mailbox registers can be written in one of two ways from the downstream side:

* Configuration transaction, using indexed addressing. The Mailbox register can be accessed using
the Main Control Register Index and Main Control Register Data registers to generate
an interrupt.

¢ Memory-Mapped transaction, utilizing the Address range defined by the PCI Base Address 0
register.
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Virtual Wire Interrupts

When MSI is disabled, virtual wire interrupts are used to support internal interrupt events. Internal
interrupt sources are masked by the PCI Command register Interrupt Disable bit and routed to one of
the virtual interrupts using the PCI Interrupt Pin register. PCI Express Assert INTx and
Deassert_INTx messages are not masked by the PCI Command register Bus Master Enable bit.
The internal interrupt is processed the same as the corresponding PCI interrupt signal.

Message Signaled Interrupts

The PCI Express interface supports interrupts using Message Signaled Interrupts (MSI). With this
mechanism, a device signals an interrupt by writing to a specific memory location. The PEX 8111 uses
the 64-bit Message Address version of the MSI capability structure and clears the No Snoop and
Relaxed Ordering bits in the Requester Attributes. There are Address and Data Configuration registers
associated with the MSI feature — Message Signaled Interrupts Address, Message Signaled
Interrupts Upper Address, and Message Signaled Interrupts Data. When an internal interrupt event
occurs, the value in the Message Signaled Interrupts Data Configuration register is written to the
PCI Express address specified by the MSI Address Configuration registers.

The MSI feature is enabled by the Message Signaled Interrupts Control register MSI Enable bit.
When MSI is enabled, the virtual wire interrupt feature is disabled. MSI interrupts are generated
independently of the PCI Command register Interrupt Disable bit. MSI interrupts are gated by the
PCI Command register Bus Master Enable bit.

Note: The No Snoop and Relaxed Ordering bits are cleared because the PEX 8111 does not support
these features.
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Reverse Bridge PCI Interrupts

In Reverse Bridge mode, the PCI INTx# signals are outputs from the PEX 8111. Each INTx# signal is
asserted or de-asserted when the corresponding PCI Express Assert_INTx or Deassert_INTx message is
received. The INTx# signals are asserted independently of the PCI Command register Interrupt
Disable bit, and only when the PEX 8111 remains in power state DO.

Reverse Bridge Internally Generated Interrupts

The following internal events can be programmed to generate an interrupt:
* Serial EEPROM transaction completed
¢ Any GPIO bit that is programmed as an input

* Mailbox register written

When one of these interrupts occurs, either an INTx# signal interrupt or Message Signaled interrupt
is produced. Both generated-interrupt methods are described, in detail, in the following two sections.

The Mailbox registers can be written in one of two ways from the downstream side:

* Configuration transaction, using indexed addressing. The Mailbox register can be accessed using
the Main Control Register Index and Main Control Register Data registers to generate
an interrupt.

¢ Memory-Mapped transaction, utilizing the Address range defined by the PCI Base Address 0
register.

INTx# Signals

When an internal interrupt event occurs, it causes a PCI INTx# signal to assert. Internal interrupt sources
are masked by the PCI Command register Interrupt Disable bit and are routed to one of the INTx#
signals, using the PCI Interrupt Pin register. The INTx# signals are asserted only when Message
Signaled Interrupts are disabled.

Message Signaled Interrupts

The PCI Bus supports interrupts using Message Signaled Interrupts (MSI). With this mechanism, a
device signals an interrupt by writing to a specific memory location. The PEX 8111 uses the 64-bit
Message Address version of the MSI capability structure. There are Address and Data Configuration
registers associated with the MSI feature — Message Signaled Interrupts Address, Message Signaled
Interrupts Upper Address, and Message Signaled Interrupts Data. When an internal interrupt event
occurs, the value in the Message Signaled Interrupts Data Configuration register is written to the
PCI Express address specified by the MSI Address Configuration registers.

The MSI feature is enabled by the Message Signaled Interrupts Control register MSI Enable bit.
When MSI is enabled, the INTx# interrupt signals for internally generated interrupts are disabled.
MSI interrupts are generated independently of the PCI Command register Interrupt Disable bit.
MSI interrupts are gated by the PCI Command register Bus Master Enable bit.
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The PEX 8111 provides an interface to SPI (Serial Peripheral Interface)-compatible serial EEPROMs.
This interface consists of a Chip Select, Clock, Write Data, and Read Data balls, and operates at up to
25 MHz. Compatible 128-byte serial EEPROMs include the Atmel AT25010A, Catalyst CAT25CO01,
and ST Microelectronics M95010W. The PEX 8111 supports up to a 16 MB serial EEPROM, utilizing
1-, 2-, or 3-byte addressing. The PEX 8111 automatically determines the appropriate addressing mode.

6.2 Serial EEPROM Data Format

The data in the serial EEPROM is stored in the format delineated in Table 6-1.

Table 6-1. Serial EEPROM Data

Location Value Description

Oh 5Ah Validation Signature
1h Refer to Table 6-2 Serial EEPROM Format Byte
2h REG BYTE COUNT (LSB) Configuration register Byte Count (LSB)
3h REG BYTE COUNT (MSB) Configuration register Byte Count (MSB)
4h REGADDR (LSB) 1% Configuration Register Address (LSB)
5h REGADDR (MSB) 1% Configuration Register Address (MSB)
6h REGDATA (Byte 0) 1% Configuration Register Data (Byte 0)
7h REGDATA (Byte 1) 1% Configuration Register Data (Byte 1)
8h REGDATA (Byte 2) 1% Configuration Register Data (Byte 2)
Sh REGDATA (Byte 3) 1% Configuration Register Data (Byte 3)
Ah REGADDR (LSB) 2" Configuration Register Address (LSB)
Bh REGADDR (MSB) 2" Configuration Register Address (MSB)
Ch REGDATA (Byte 0) ond Configuration Register Data (Byte 0)
Dh REGDATA (Byte 1) ond Configuration Register Data (Byte 1)
Eh REGDATA (Byte 2) 2™ Configuration Register Data (Byte 2)
Fh REGDATA (Byte 3) 2™ Configuration Register Data (Byte 3)
REG BYTE COUNT + 4 MEM BYTE COUNT (LSB) Shared memory Byte Count (LSB)
REG BYTE COUNT + 5 MEM BYTE COUNT (MSB) Shared memory Byte Count (MSB)
REG BYTE COUNT + 6 SHARED MEM (Byte 0) 1% byte Shared memory
REG BYTE COUNT + 7 SHARED MEM (Byte 1) 2% pyte of Shared memory
FFFFh SHARED MEM (Byte n) Last byte of Shared memory
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Table 6-2 delineates the Serial EEPROM Format Byte organization.

Table 6-2. Serial EEPROM Format Byte

Bits Description

Configuration Register Load

When cleared, and REG BYTE COUNT is non-zero, the Configuration data is read from the serial
0 EEPROM and discarded.

When set, Configuration registers are loaded from the serial EEPROM. The first Configuration Register
address is located at bytes 3 and 4 in the serial EEPROM.

Shared Memory Load

1 When set, shared memory is loaded from the serial EEPROM, starting at location REG BYTE COUNT
+ 6. The byte number to load is determined by the value in serial EEPROM locations REG BYTE
COUNT + 4 and REG BYTE COUNT + 5.

7:2 | Reserved

Initialization

After the PEX 8111 Reset is de-asserted, the serial EEPROM internal status register is read to determine
whether a serial EEPROM is installed. A pull-up resistor on the EERDDATA ball produces a value of
FFh when there is no serial EEPROM installed. When a serial EEPROM is detected, the first byte
(validation signature) is read. When a value of 5Ah is read, it is assumed that the serial EEPROM is
programmed for the PEX 8111. The serial EEPROM address width is determined while this first byte is
read. When the first byte is not SAh, then the serial EEPROM is assumed to be blank or programmed
with invalid data. In this case, the PCI Express and PCI interfaces are enabled with device default
settings. Also, the Serial EEPROM Control register Serial EEPROM Address Width field reports a
value of 00b (undetermined width).

When the serial EEPROM contains valid data, the second byte (Serial EEPROM Format Byte) is read to
determine which serial EEPROM sections are loaded into the PEX 8111 Configuration registers
and memory.

Bytes 2 and 3 determine the number of serial EEPROM locations containing Configuration register
addresses and data. Each Configuration register entry consists of two bytes of register address (bit 12
low selects the PCI Configuration registers; bit 12 high selects the Memory-Mapped Configuration
registers) and four bytes of register Write data. When bit 1 of the Serial EEPROM Format Byte is set,
locations REG BYTE COUNT + 4 and REG BYTE COUNT + 5 are read to determine the number of
bytes to transfer from the serial EEPROM into shared memory.

The REG BYTE COUNT must be a multiple of 6 and MEM BYTE COUNT must be a multiple of 4.

The EECLK ball frequency is determined by the Serial EEPROM Clock Frequency register Serial
EEPROM Clock Frequency field. The default clock frequency is 2 MHz. At this clock rate, it takes
about 24 us per DWORD during Configuration register or shared memory initialization. For faster
loading of large serial EEPROMs that support a faster clock, direct the first Configuration register load
from the serial EEPROM to the Serial EEPROM Clock Frequency register. This increases the serial
EEPROM clock frequency for subsequent DWORD:s.

Note: When operating in Forward Bridge mode, it is recommended t that the serial EEPROM sets the
Device Initialization register PCI Express Enable bit. When operating in Reverse Bridge mode,
it is recommended that the serial EEPROM sets the Device Initialization register PCI Enable bit.
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6.4 Serial EEPROM Random Read/Write Access

A PCI Express or PCI Bus master uses the Serial EEPROM Control (EECTL) register to access the
serial EEPROM. This register contains 8-bit Read and Write Data fields, Read and Write Start signals,
and related Status bits.

The following “C” routines demonstrate the firmware protocol required to access the serial EEPROM
through the Serial EEPROM Control register. An interrupt is usually generated when the Serial
EEPROM Control register Serial EEPROM Busy bit goes from true to false.

6.4.1 Serial EEPROM Opcodes

READ_STATUS_EE_OPCODE = 5
WREN_EE_OPCODE = 6
WRITE_EE_OPCODE = 2
READ_EE_OPCODE = 3

6.4.2 Serial EEPROM Low-Level Access Routines

int EE_WaitIdle()
{

int eeCtl, ii;

for (ii = 0; 1i < 100; ii++)
{
PEX 8111Read(EECTL, eeCtl); = /* read current value in EECTL
*/
if ((eeCtl & (1 << EEPROM_BUSY)) == 0) = /* loop until idle */

return(eeCtl) ;
}
PANIC ("EEPROM Busy timeout!\n");
}
void EE_Off ()

{
/* make sure EEPROM is idle */
/* turn off everything

EE_WaitIdle() ;

PEX 8111Write (EECTL, O0);
(especially EEPROM_CS_ENABLE) */
}
int EE_ReadByte()

{

int eeCtl = EE_WaitIdle();
eeCtl |= (1 << EEPROM_CS_ENABLE) |
(1 << EEPROM_BYTE_READ_START) ;
PEX 8111Write (EECTL, eeCtl); /* start reading */
eeCtl = EE WaitIdle(); /* wait until read is done */
return((eeCtl >> EEPROM_READ_DATA) & Oxff); = /* extract read data from
EECTL */
}
void EE_WriteByte(int wval)
{

/* make sure EEPROM is idle */

int eeCtl = EE_WaitIdle();
eeCtl &= ~(0xff << EEPROM_WRITE_DATA) ;
eeCtl |= (1 << EEPROM_CS_ENABLE) |
(1 << EEPROM_BYTE_WRITE_START) |
((val & Oxff) << EEPROM_WRITE_DATA) ;
PEX 811lWrite(EECTL, eeCtl);

/* make sure EEPROM is idle */
/* clear current WRITE value */

}
6.4.3 Serial EEPROM Read Status Routine

EE_WriteByte (READ_STATUS_EE_OPCODE) ;
status = EE_ReadByte();
EE_Off();

/* read status opcode */
/* get EEPROM status */
/* turn off EEPROM */
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Serial EEPROM Write Data Routine

EE_WriteByte (WREN_EE_OPCODE) ;

EE_Off ();

EE_WriteByte (WRITE_.
#ifdef THREE_BYTE_ADDRESS_EEPROM
EE_WriteByte(addr >> 16);

#endif

EE_WriteByte(addr >> 8);

EE_WriteByte (addr) ;

/* must first write-enable */

/* turn off EEPROM */

/* opcode to write bytes */

/* three-byte addressing EEPROM? */
/* transmit high byte of address */

EE_OPCODE) ;

/* transmit next byte of address */
/* transmit low byte of address */

for (ii = 0; 1i < n; 1i++)

{

}
EE_Off();

EE_WriteByte(buffer([ii]);

/* transmit data to be written */

= /* turn off EEPROM */

Serial EEPROM Read Data Routine

EE_WriteByte (READ_EE_OPCODE) ;
#ifdef THREE_BYTE_ADDRESS_EEPROM
EE_WriteByte(addr >> 16);

#endif

EE_WriteByte(addr >> 8);

EE_WriteByte (addr) ;

/* opcode to write bytes */
/* three-byte addressing EEPROM? */
/* transmit high byte of address */

/* transmit next byte of address */
/* transmit low byte of address */

for (ii = 0; 1i < n; 1i++)

buffer[ii] = EE_ReadByte (buffer[ii]); /* store read data in buffer */
}
EE_Off(); = /* turn off EEPROM */
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7.1 Introduction

The PEX 8111 supports the following Address spaces:
¢ PCI-compatible Configuration (00h to FFh; 256 bytes)
¢ PCI Express Extended Configuration (100h to FFFh)
1/0 (32-bit)
* Memory (32-bit Non-Prefetchable)
Prefetchable Memory (64-bit)

The first two spaces are used for accessing Configuration registers. (Refer to Chapter 8, “Configuration
Transactions,” for details.)

PCI Express Extended Configuration space (100h to FFFh) is supported only in Forward Bridge mode.
Table 7-1 lists which bus is primary or secondary for the PEX 8111 Forward and Reverse Bridge modes.

The other three Address spaces determine which transactions are forwarded from the primary to
secondary bus, and from the secondary to primary bus. The Memory and I/O ranges are defined by a set
of Base and Limit registers in the Configuration Header. Transactions falling within the ranges defined
by the Base and Limit registers are forwarded from the primary to secondary bus. Transactions falling
outside these ranges are forwarded from the secondary to primary bus.

The PEX 8111 does not perform Address Translation (flat address space) when transactions cross
the bridge.

Table 7-1. Primary and Secondary Bus Definitions for Forward and Reverse Bridge Modes

Bridge Mode Primary Bus Secondary Bus
Forward Bridge PCI Express PCI
Reverse Bridge PCI PCI Express
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I/0 Space

The I/O Address space determines whether to forward I/O Read or I[/O Write transactions across the
PEX 8111. PCI Express uses the 32-bit Short Address Format (DWORD-aligned) for I/O transactions.

Enable Bits

The PEX 8111°s response to I/O transactions is controlled by five Configuration register bits:
e PCI Command register /0 Access Enable bit
e PCI Command register Bus Master Enable bit
¢ Bridge Control register ISA Enable bit
* Bridge Control register VGA Enable bit
¢ Bridge Control register VGA 16-Bit Decode bit

The 1/0 Access Enable bit must be set for I/O transactions to be forwarded downstream. When cleared:

¢ All I/O transactions on the secondary bus are forwarded to the primary bus

* Forward Bridge mode — All primary interface I/O requests are completed with Unsupported
Request status

* Reverse Bridge mode — All I/O transactions are ignored (no DEVSEL# assertion) on the primary
(PCI) bus

The Bus Master Enable bit must be set for I/O transactions to be forwarded upstream. When cleared:
* Forward Bridge mode — All I/O transactions on the secondary (PCI) bus are ignored

¢ Reverse Bridge mode — All I/O requests on the secondary (PCI Express) bus are completed with
Unsupported Request status

The ISA Enable bit is discussed in Section 7.2.3, “ISA Mode.” The VGA Enable and VGA 16-Bit
Decode bits are discussed in Section 7.2.4, “VGA Mode.”

I/0 Base and Limit Registers

The following I/0 Base and Limit Configuration registers are used to determine whether to forward I/O
transactions across the PEX 8111:

* I/O Base (upper four bits of 8-bit register correspond to Address bits [15:12])
¢ I/O Base Upper 16 Bits (16-bit register corresponds to Address bits [31:16])
e I/O Limit (upper four bits of 8-bit register correspond to Address bits [15:12])
¢ I/O Limit Upper 16 Bits (16-bit register correspond to Address bits [31:16])

The I/0 base consists of one 8-bit register and one 16-bit register. The upper four bits of the 8-bit I/O
Base register define bits [15:12] of the I/O Base address. The lower four bits of the 8-bit register
determine the I/O address capability of this device. The 16 bits of the I/O Base Upper 16 Bits register
define bits [31:16] of the I/O Base address.

The I/O limit consists of one 8-bit register and one 16-bit register. The upper four bits of the 8-bit I/O
Limit register define bits [15:12] of the I/O Limit address. The lower four bits of the 8-bit register
determine the I/O address capability of this device, and reflect the value of the same field in the I/O
Base register. The 16 bits of the I/O Limit Upper 16 Bits register define bits [31:16] of the I/O Limit
address.
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Because Address bits [11:0] are not included in the Address space decoding, the I/O Address range has
a granularity of 4 KB and is always aligned to a 4-KB Address Boundary space. The maximum I/O
range is 4 GB.

I/O transactions on the primary bus that fall within the range defined by the I/O Base and Limit
registers are forwarded downstream to the secondary bus, and I/O transactions on the secondary bus that
are within the range are ignored.

I/O transactions on the primary bus that do not fall within the range defined by the I/O Base and Limit
registers are ignored, and I/O transactions on the secondary bus that do not fall within the range are
forwarded upstream to the primary bus.

Figure 7-1 illustrates I/O forwarding.

For 16-bit I/O addressing, when the I/O Base has a value greater than the I/O Limit, the I/O range is
disabled. For 32-bit I/O addressing, when the I/O base specified by the I/O Base and I/O Base Upper
16 Bits registers has a value greater than the I/O limit specified by the I/O Limit and I/O Base Upper
16 Bits registers, the I/O range is disabled. In these cases, all I/O transactions are forwarded upstream,
and no I/O transactions are forwarded downstream.

Figure 7-1. 1/0 Forwarding

Downstream
—>
. Upstream
Primary Bus - Secondary Bus
- l——————
1/0 Limit A
4 KB
Multiple
—_— F———————
1/0 Base
- l———————

I/0 Address Space
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ISA Mode

The Bridge Control register ISA Enable bit supports I/O forwarding in a system that contains an ISA
Bus. The ISA Enable bit only affects I/O addresses that are within the range defined by the I/0 Base and
Limit registers, and are in the first 64 KB of the I/O Address space.

When the ISA Enable bit is set, the PEX 8111 does not forward downstream I/O transactions on the
primary bus that are in the top 768 bytes of each 1-KB block within the first 64 KB of Address space.
Only transactions in the bottom 256 bytes of each 1-KB block are forwarded downstream. When the ISA
Enable bit is clear, all addresses within the range defined by the I/O Base and Limit registers are
forwarded downstream. I/O transactions with addresses above 64 KB are forwarded according to the
range defined by the I/O Base and Limit registers.

When the ISA Enable bit is set, the PEX 8111 forwards upstream I/O transactions on the secondary bus
that are in the top 768 bytes of each 1-KB block within the first 64 KB of Address space, although the
address is within the I/O base and limit. All other transactions on the secondary bus are forwarded
upstream when they fall outside the range defined by the I/O Base and Limit registers. When the ISA
Enable bit is clear, all secondary bus I/O addresses outside the range defined by the I/O Base and Limit
registers are forwarded upstream.

As with all upstream I/O transactions, the PCI Command register Bus Master Enable bit must be set to
enable upstream forwarding.

Figure 7-2 illustrates I/O forwarding with the ISA Enable bit set.

Figure 7-2. 1/O Forwarding with the ISA Enable Bit Set
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7.2.4 VGA Mode
The Bridge Control register VGA Enable bit enables VGA Register accesses to be forwarded
downstream from the primary to secondary bus, independent of the I/O Base and Limit registers.
The Bridge Control register VGA 16-Bit Decode bit selects between 10- and 16-bit VGA 1/O address
decoding, and is applicable when the VGA Enable bit is set.
The VGA Enable and VGA 16-Bit Decode bits control the following VGA 1/0 addresses:
* 10-bit addressing — Address bits [9:0] = 3BOh through 3BBh, and 3C0Oh through 3DFh
¢ 16-bit addressing — Address bits [15:0] = 3BOh through 3BBh, and 3COh through 3DFh
These ranges apply only to the first 64 KB of /O Address space.
7.2.41 VGA Palette Snooping
Separate VGA palette snooping is not supported by PCI Express-to-PCI bridges; however, the
PEX 8111 supports palette snooping in Reverse Bridge mode. In Forward Bridge mode, the
Bridge Control register VGA Enable bit determines whether VGA Palette accesses are forwarded from
PCI Express-to-PCI. The PCI Command register VGA Palette Snoop bit is forced to 0 in Forward
Bridge mode.
The Bridge Control register VGA 16-Bit Decode bit selects between 10- and 16-bit VGA 1/O palette
snooping address decoding, and is applicable when the VGA Palette Snoop bit is set.
The VGA Palette Snoop and VGA 16-Bit Decode bits control the following VGA 1/O Palette
Snoop addresses:
¢ 10-bit addressing — Address bits [9:0] = 3C6h, 3C8h, and 3C9h
e 16-bit addressing — Address bits [15:0] = 3C6h, 3C8h, and 3C%h
The PEX 8111 supports the following three modes of palette snooping:
* Ignore VGA palette accesses when there are no graphics agents downstream that need to snoop or
respond to VGA Palette Access cycles (reads or writes)
* Positively decode and forward VGA palette writes when there are graphics agents downstream of
the PEX 8111 that require to snoop palette writes (reads are ignored)
* Positively decode and forward VGA palette reads and writes when there are graphics agents
downstream that require to snoop or respond to VGA Palette Access cycles (reads or writes)
The Bridge Control register VGA Enable bit and PCI Command register VGA Palette Snoop bit select
the PEX 8111’s response to Palette accesses, as delineated in Table 7-2.
Table 7-2. PEX 8111 Response to Palette Access
VGA Enable VGsAnI;z:)I;tte PEX 8111 Response to Palette Accesses
0 0 Ignore all Palette accesses
0 1 Positively decode Palette writes (ignore reads)
1 X Positively decode Palette reads and writes
Note: X is “Don’t Care.”
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Memory-Mapped I/O Space

The Memory-Mapped I/O Address space determines whether to forward Non-Prefetchable Memory
Read or Write transactions across the PEX 8111. Map devices that experience side effects during reads,
such as buffers, into this space. For PCI-to-PCI Express reads, prefetching occurs in this space only
when the Memory Read Line or Memory Read Multiple commands are issued on the PCI Bus. For PCI
Express-to-PCI reads, the byte number to read is determined by the Memory Read Request TLP.
Transactions that are forwarded using this Address space are limited to a 32-bit range.

Enable Bits

The PEX 8111’s response to Memory-Mapped I/O transactions is controlled by three Configuration
register bits:

¢ PCI Command register Memory Space Enable bit
¢ PCI Command register Bus Master Enable bit
¢ Bridge Control register VGA Enable bit

The Memory Space Enable bit must be set for Memory transactions to be forwarded downstream.
When cleared:

¢ All Memory transactions on the secondary bus are forwarded to the primary bus

* Forward Bridge mode — All Non-Posted Memory Requests are completed with an Unsupported
Request status, and Posted Write data is discarded

¢ Reverse Bridge mode — All Memory transactions are ignored on the primary (PCI) bus

The Bus Master Enable bit must be set for Memory transactions to be forwarded upstream.
When cleared:

¢ Forward Bridge mode — All Memory transactions on the secondary (PCI) bus are ignored

* Reverse Bridge mode — All Non-Posted Memory Requests on the secondary (PCI Express) bus are
completed with an Unsupported Request status, and Posted Write data is discarded

The VGA Enable bit is discussed in Section 7.3.3, “VGA Mode.”

Memory Base and Limit Registers

The following Memory Base and Limit Configuration registers are used to determine whether to
forward Memory-Mapped 1/O transactions across the PEX 8111:

¢ Memory Base (bits [15:4] of 16-bit register correspond to Address bits [31:20])
* Memory Limit (bits [15:4] of 16-bit register correspond to Address bits [31:20])

Bits [15:4] of the Memory Base register define bits [31:20] of the Memory-Mapped I/O Base address.
Bits [15:4] of the Memory Limit register define bits [31:20] of the Memory-Mapped I/O Limit address.
Bits [3:0] of each register are hardwired to Oh.

Because Address bits [19:0] are not included in the Address space decoding, the Memory-Mapped 1/O
Address range has a granularity of 1 MB and is always aligned to a 1-MB Address Boundary space.
The maximum Memory-Mapped I/O range is 4 GB.

Memory transactions that fall within the range defined by the Memory Base and Limit registers are
forwarded downstream from the primary to secondary bus, and Memory transactions on the secondary
bus that are within the range are ignored.
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Memory transactions that do not fall within the range defined by the Memory Base and Limit registers
are ignored on the primary bus, and forwarded upstream from the secondary bus (provided they are not
in the Address range defined by the set of Prefetchable Memory Address registers or forwarded
downstream by the VGA mechanism).

Figure 7-3 illustrates Memory-Mapped 1/O forwarding.

When the Memory Base is programmed to have a value greater than the Memory Limit, then the
Memory-Mapped /O range is disabled. In this case, all Memory transaction forwarding is determined
by the Prefetchable Base and Limit registers and the Bridge Control register VGA Enable bit.

Figure 7-3. Memory-Mapped I/O Forwarding

Downstream
—>
Primary Bus ‘Upstream Secondary Bus
- D E—
Memory Limit A
1 MB
Multiple
—P ——
Memory Base
- D BEE—

Memory-Mapped I/0
Address Space

7.3.3 VGA Mode

The Bridge Control register VGA Enable bit enables VGA Frame Buffer accesses to be forwarded
downstream from the primary to secondary bus, independent of the Memory Base and Limit registers.

The VGA Enable bit controls VGA Memory addresses 0A0O000h through OBFFFFh.
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Prefetchable Space

The Prefetchable Address space determines whether to forward Prefetchable Memory Read or Write
transactions across the PEX 8111. Map devices that do not experience side effects during reads into
this space.

* For PCI-to-PCI Express reads, prefetching occurs in this space for all Memory Read commands
(Memory Read, Memory Read Line, and Memory Read Multiple) issued on the PCI Bus

* For Memory Read commands, the Device-Specific Control register Blind Prefetch Enable bit
must be set for prefetching to occur

* For PCI Express-to-PCI reads, the byte number to read is determined by the Memory Read
Request; therefore, prefetching does not occur

Enable Bits

The PEX 8111°s response to Prefetchable Address space is controlled by three Configuration register
bits:

¢ PCI Command register Memory Space Enable bit

¢ PCI Command register Bus Master Enable bit

¢ Bridge Control register VGA Enable bit

For further details, refer to Section 7.3.1, “Enable Bits.”

Prefetchable Base and Limit Registers

The following Prefetchable Memory Base and Limit Configuration registers are used to determine
whether to forward Prefetchable Memory transactions across the PEX 8111:

¢ Prefetchable Memory Base (bits [15:4] of 16-bit register correspond to Address bits [31:20])

¢ Prefetchable Memory Base Upper 32 Bits (32-bit register corresponds to Address bits [63:32])
* Prefetchable Memory Limit (bits [15:4] of 16-bit register correspond to Address bits [31:20])

¢ Prefetchable Memory Limit Upper 32 Bits (32-bit register corresponds to Address bits [63:32])

Bits [15:4] of the Prefetchable Memory Base register define bits [31:20] of the Prefetchable Memory
Base address. Bits [15:4] of the Prefetchable Memory Limit register define bits [31:20] of the
prefetchable memory limit. For 64-bit addressing, the Prefetchable Memory Base Upper 32 Bits and
Prefetchable Memory Limit Upper 32 Bits registers are also used to define the space.

Because Address bits [19:0] are not included in the Address space decoding, the Prefetchable Memory
Address range has a granularity of 1 MB and is always aligned to a 1-MB Address Boundary space.

The maximum Prefetchable Memory range is 4 GB with 32-bit addressing, and 261 bytes with
64-bit addressing.

Memory transactions that fall within the range defined by the Prefetchable Memory Base and Limit
registers are forwarded downstream from the primary to secondary bus, and Memory transactions on the
secondary bus that are within the range are ignored.

Memory transactions that do not fall within the range defined by the Prefetchable Memory Base and
Limit registers are ignored on the primary bus, and forwarded upstream from the secondary bus
(provided they are not in the Address range defined by the set of Memory-Mapped I/O Address registers
or forwarded downstream by the VGA mechanism).
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When the Prefetchable Memory Base is programmed to a value greater than the Prefetchable
Memory Limit, then the Prefetchable Memory range is disabled. In this case, all Memory transaction
forwarding is determined by the Memory Base and Limit registers and the Bridge Control register
VGA Enable bit.

Consider the four Prefetchable Memory Base and Limit registers when disabling the Prefetchable
range.
Figure 7-4 illustrates both Memory-Mapped I/O and Prefetchable Memory forwarding. In the
illustration, Dual Address cycles (DAC) indicate 64-bit addressing.
Figure 7-4. Memory-Mapped I/O and Prefetchable Memory Forwarding
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64-Bit Addressing

Unlike Memory-Mapped I/O memory that must be below the 4-GB Address Boundary space,
prefetchable memory is located below, above, or span the 4-GB Address Boundary space. Memory
locations above the 4-GB Address Boundary space must be accessed using 64-bit addressing. PCI
Express Memory transactions that use the Short Address (32-bit) format target the non-Prefetchable
Memory space, or a Prefetchable Memory window below the 4-GB Address Boundary space. PCI
Express Memory transactions that use the Long Address (64-bit) format target locations anywhere in the
64-bit Memory space.

PCI Memory transactions that use Single Address cycles only target locations below the 4-GB Address
Boundary space. PCI Memory transactions that use Dual Address cycles target locations anywhere in
the 64-bit Memory space. The first Address phase of Dual Address transactions contains the lower 32
bits of the address, and the second Address phase contains the upper 32 bits of the address. When the
upper 32 bits of the address are zero (Oh), a Single Address transaction is always performed.

Forward Bridge Mode

Below 4-GB Address Boundary Space

If the Prefetchable Memory Base Upper 32 Bits and Prefetchable Memory Limit Upper 32 Bits
registers are both cleared to 0, addresses above the 4-GB Address Boundary space are not supported.
In Forward Bridge mode, if a PCI Express Memory transaction is detected with an address above 4 GB,
the transaction is completed with Unsupported Request status. All Dual Address transactions on the PCI
Bus are forwarded upstream to the PCI Express interface.

Above 4-GB Address Boundary Space

If the Prefetchable memory is located entirely above the 4-GB Address Boundary space, the
Prefetchable Memory Base Upper 32 Bits and Prefetchable Memory Limit Upper 32 Bits registers
are both set to non-zero values. If a PCI Express Memory transaction is detected with an address below
4 GB, the transaction is completed with Unsupported Request status, and all single address transactions
on the PCI Bus are forwarded upstream to the PCI Express interface (unless the transactions fall within
the Memory-Mapped I/O or VGA Memory range). A PCI Express Memory transaction above the
4-GB Address Boundary space, that falls within the range defined by the Prefetchable Memory Base,
Prefetchable Memory Base Upper 32 Bits, Prefetchable Memory Limit, and Prefetchable Memory
Limit Upper 32 Bits registers, is forwarded downstream and becomes a Dual Address cycle on the PCI
Bus. If a Dual Address cycle is detected on the PCI Bus that is outside the range defined by these
registers, it is forwarded upstream to the PCI Express interface. If a PCI Express Memory transaction
above the 4-GB Address Boundary space does not fall within the range defined by these registers, it is
completed with Unsupported Request status. If a PCI Dual Address cycle falls within the range
determined by these registers, it is ignored.
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Spans 4-GB Address Boundary Space

If the Prefetchable memory spans the 4-GB Address Boundary space, the Prefetchable Memory Base
Upper 32 Bits register is cleared to 0, and the Prefetchable Memory Limit Upper 32 Bits register is
set to a non-zero value. If a PCI Express Memory transaction is detected with an address below the
4-GB Address Boundary space, and is greater than or equal to the Prefetchable Memory Base address,
then the transaction is forwarded downstream. A single address transaction on the PCI Bus is forwarded
upstream to the PCI Express interface, if the address is less than the Prefetchable Memory Base address.
If a PCI Express Memory transaction above the 4-GB Address Boundary space is less than or equal to
the Prefetchable Memory Limit register, it is forwarded downstream to the PCI Bus as a Dual Address
cycle. If a Dual Address cycle on the PCI Bus is less than or equal to the Prefetchable Memory Limit
register, it is ignored. If a PCI Express memory transaction above the 4-GB Address Boundary space is
greater than the Prefetchable Memory Limit register, it is completed with Unsupported Request status.
If a Dual Address cycle on the PCI Bus is greater than the Prefetchable Memory Limit register, it is
forwarded upstream to the PCI Express interface.
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Reverse Bridge Mode

Below 4-GB Address Boundary Space

If the Prefetchable Memory Base Upper 32 Bits and Prefetchable Memory Limit Upper 32 Bits
registers are both cleared to 0, then addresses above the 4-GB Address Boundary space are not
supported. In Reverse Bridge mode, if a Dual Address transaction on the PCI Bus is detected, the
transaction is ignored. If a PCI Express Memory transaction is detected with an address above the 4-GB
Address Boundary space, it is forwarded upstream to the PCI Bus as a Dual Address cycle.

Above 4-GB Address Boundary Space

If the Prefetchable memory is located entirely above the 4-GB Address Boundary space, the
Prefetchable Memory Base Upper 32 Bits and Prefetchable Memory Limit Upper 32 Bits registers
are both set to non-zero values. The PEX 8111 ignores all Single Address Memory transactions on the
PCI Bus, and forwards all PCI Express Memory transactions with addresses below the 4-GB Address
Boundary space upstream to the PCI Bus (unless they fall within the Memory-Mapped I/O or VGA
Memory range).

A Dual Address transaction on the PCI Bus that falls within the range defined by the Prefetchable
Memory Base, Prefetchable Memory Base Upper 32 Bits, Prefetchable Memory Limit, and
Prefetchable Memory Limit Upper 32 Bits registers is forwarded downstream to the PCI Express
interface. If a PCI Express Memory transaction is above the 4-GB Address Boundary space and falls
outside the range defined by these registers, it is forwarded upstream to the PCI Bus as a Dual Address
cycle. Dual Address transactions on the PCI Bus that do not fall within the range defined by these
registers are ignored. If a PCI Express Memory transaction above the 4-GB Address Boundary space
falls within the range defined by these registers, it is completed with Unsupported Request status.

Spans 4-GB Address Boundary Space

If the Prefetchable memory spans the 4-GB Address Boundary space, the Prefetchable Memory Base
Upper 32 Bits is cleared to 0, and the Prefetchable Memory Limit Upper 32 Bits register is set to a
non-zero value. If a PCI Single Address cycle is greater than or equal to the Prefetchable Memory Base
address, then the transaction is forwarded downstream to the PCI Express interface. If a PCI Express
Memory transaction is detected with an address below the 4-GB Address Boundary space, and is less
than the Prefetchable Memory Base address, then the transaction is forwarded upstream to the PCI Bus.
If a Dual Address PCI transaction is less than or equal to the Prefetchable memory limit register, it is
forwarded downstream to the PCI Express interface. If a PCI Express Memory transaction above the
4-GB Address Boundary space is less than or equal to the Prefetchable Memory Limit register, it is
completed with Unsupported Request status. If a Dual Address PCI transaction is greater than the
Prefetchable Memory Limit register, it is ignored. If a PCI Express Memory transaction above the
4-GB Address Boundary space is greater than the Prefetchable Memory Limit register, it is forwarded
upstream to the PCI Bus as a Dual Address cycle.

When a PCI Express Memory transaction above 4 GB is greater than the Prefetchable Memory Limit
register, it is forwarded upstream to the PCI Bus as a Dual Address cycle.

VGA Mode

The Bridge Control register VGA Enable bit enables VGA Frame Buffer accesses to be forwarded
downstream from the primary to secondary bus, independent of the Prefetchable Memory Base and
Prefetchable Memory Limit registers.

The VGA Enable bit controls VGA Memory addresses 0A0000h through OBFFFFh.
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| Introduction

Configuration Requests are initiated only by the Root Complex in a PCI Express-based system, or by
the Central Resource function in a PCI-based system. In the PCI r3.0, the term central resource is used
to describe bus support functions supplied by the host system, typically in a PCI-compliant bridge or
standard chipset. (Refer to the PCI 3.0, Section 2.4, for further details.)

Devices in a PCI Express or PCI system have a Configuration space that is accessed using Type O or
Type 1 Configuration transactions:

¢ Type 0 Configuration transactions are used to access internal PEX 8111 Configuration registers

¢ Type 1 Configuration transactions are used to access PEX 8111 devices that reside downstream

The Configuration address is formatted as follows.

Table 8-1. PCI Express

31 24 | 23 19|18 16 | 15 12 | 11 8|7 2|1 0
. . Extended .
Bus Number Device Function Rsvd Register Register Rsvd
Number Number Address
Address
Table 8-2. PCI Type 0 (at Initiator)
31 16 | 15 11 (10 8|7 21 0
Single bit decoding of Device Number Rsvd Function Register 0 0
g & Number Number
Table 8-3. PCI Type 0 (at Target)
31 11|10 8|7 21 0
Function Register
Rsvd Number Number 0 0
Table 8-4. PCI Type 1
31 24 | 23 16 | 15 11|10 8|7 21 0
. Device Function Register
Rsvd Bus Number Number Number Number 0 !
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Type 0 Configuration Transactions

The PEX 8111 only responds to Type 0 Configuration transactions on its primary bus that address the
PEX 8111 configuration space. A Type 0 Configuration transaction is used to configure the PEX 8111,
and is not forwarded downstream to the secondary bus. The PEX 8111 ignores Type O Configuration
transactions on the secondary bus. Type 0 Configuration transactions always result in the transfer of
1 DWORD.

When Configuration Write data is poisoned, the data is discarded, and a Non-Fatal Error message is
generated, when enabled.

Type 1 Configuration Transactions

Type 1 Configuration transactions are used for device configuration in a hierarchical bus system. The
PEX 8111 responds to Type 1 Configuration transactions. Type 1 Configuration transactions are used
when the transaction is intended for a device residing on a bus other than the one where the Type 1
request is issued.

The Bus Number field in a Configuration transaction request specifies a unique bus in the hierarchy on
which transaction targets reside. The PEX 8111 compares the specified Bus Number with two
PEX 8111 Configuration registers — Secondary Bus Number and Subordinate Bus Number — to
determine whether to forward a Type 1 Configuration transaction across the PEX 8111.

When a Type 1 Configuration transaction is received on the primary interface, the following tests are
applied, in sequence, to the Bus Number field to determine how the transaction must be handled:

o If the Bus Number field is equal to the Secondary Bus Number register value, and the conditions
for converting the transaction into a special cycle transaction are met, the PEX 8111 forwards the
Configuration Request to the secondary bus as a special cycle transaction. When the conditions
are not met, the PEX 8111 forwards the Configuration Request to the secondary bus as a Type 0
Configuration transaction.

* If the Bus Number field is not equal to the Secondary Bus Number register value, but is within
the range of the Secondary Bus Number and Subordinate Bus Number (inclusive) registers,
the Type 1 Configuration Request is specifying a bus located behind the PEX 8111. In this case,
the PEX 8111 forwards the Configuration Request to the secondary bus as a Type 1 Configuration
transaction.

o If the Bus Number field does not satisfy the above criteria, the Type 1 Configuration Request
is specifying a bus that is not located behind the PEX 8111. In this case, the Configuration
Request is invalid:

— If the primary interface is PCI Express, a completion with Unsupported Request status
is returned

— If the primary interface is PCI, the Configuration Request is ignored, resulting in a
Master Abort
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Type 1-to-Type 0 Conversion

Type 1-to-Type 0 Conversion

The PEX 8111 performs a Type 1-to-Type O conversion when the Type 1 transaction is generated on the
primary bus and is intended for a device directly attached to the secondary bus. The PEX 8111 must
convert the Type 1 Configuration transaction to Type 0, thereby allowing the PEX 8111 to respond to it.

Type 1-to-Type 0 conversions are performed only in the downstream direction. The PEX 8111 generates
Type 0 Configuration transactions only on the secondary interface, never on the primary interface.

Forward Bridge Mode
The PEX 8111 forwards a Type 1 transaction on the PCI Express interface to a Type 0 transaction on the
PCI Bus, when the following are true:

e Type 1 Configuration Request Bus Number field is equal to the Secondary Bus Number
register value.

* Conditions for conversion to a special cycle transaction are not met.

The PEX 8111 then performs the following on the secondary interface:

Clears Address bits AD[1:0] to 00b.

Derives Address bits AD[7:2] from the Configuration Request Register Address field.
Derives Address bits AD[10:8] from the Configuration Request Function Number field.
Clears Address bits AD[15:11] to Oh.

Decodes the Device Number field and asserts a single Address bit in the range AD[31:16] during
the Address phase.

6. Verifies that the Configuration Request Extended Register Address field is zero (Oh). When the
value is non-zero, the PEX 8111 does not forward the transaction, and treats it as an Unsupported
Request on the PCI Express interface, and a Received Master Abort on the PCI Bus.

Nk wd =

Type 1-to-Type O transactions are performed as Non-Posted transactions.
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8.4.2 Reverse Bridge Mode

The PEX 8111 forwards a Type 1 transaction on the PCI Bus to a Type 0 transaction on the PCI Express
interface, when the following are true during the PCI Address phase:

¢ Address bits AD[1:0] are O1b.

* Type 1 Configuration Request Bus Number field (AD[23:16]) is equal to the Secondary Bus
Number register value.

¢ Bus command on CBE[3:0]# is a Configuration read or write.

¢ Type 1 Configuration Request Device Number field (AD[15:11]) is zero (Oh). When the value
is non-zero, the transaction is ignored, resulting in a Master Abort.

The PEX 8111 then creates a PCI Express Configuration Request, according to the following:

Sets the request Type field to Configuration Type 0.

Sets the Register Address field [7:2] from the Configuration Request Register Address field.
Clears the Extended Register Address field [11:8] to Oh.

Sets the Function Number field [18:16] from the Configuration Request Function Number field.

Clears the Device Number field [23:19] from the Configuration Request Device Number field
(forced to Oh).

6. Sets the Bus Number field [31:24] from the Configuration Request Bus Number field.

RS

Type 1-to-Type O transactions are performed as Non-Posted (Delayed) transactions.
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Type 1-to-Type 1 Forwarding

Type 1-to-Type 1 transaction forwarding provides a hierarchical configuration mechanism when two or
more levels of bridges are used. When the PEX 8111 detects a Type 1 Configuration transaction
intended for a PCI Bus downstream from the secondary bus, it forwards the transaction unchanged to
the secondary bus.

In this case, the transaction target does not reside on the PEX 8111 secondary interface; however, is
located on a bus segment further downstream. Ultimately, this transaction is converted to a Type O or
special cycle transaction by a downstream bridge.

Forward Bridge Mode
The PEX 8111 forwards a Type 1 transaction on the PCI Express interface to a Type 1 transaction on the
PCI Bus when the following are true:

* Type 1 Configuration transaction is detected on the PCI Express.

* Value specified by the Bus Number field is within the range of bus numbers between the
Secondary Bus Number (exclusive) and Subordinate Bus Number (inclusive).

The PEX 8111 then performs the following on the secondary interface:

1. Generates Address bits AD[1:0] as 01b.

2. Generates the PCI Register Number, Function Number, Device Number, and Bus Number from
the PCI Express Configuration Request Register Address, Function Number, Device Number,
and Bus Number fields, respectively.

3. Generates Address bits AD[31:24] as Oh.

4. Verifies that the Configuration Request Extended Register Address field is Oh. When the value
is non-zero, the PEX 8111 does not forward the transaction, and returns a completion with

Unsupported Request status on the PCI Express interface, and a Received Master Abort on the
PCI Bus.

Type 1-to-Type 1 Forwarding transactions are performed as Non-Posted transactions.

PEX 8111BB ExpressLane PCI Express-to-PCl Bridge Data Book 61
Copyright © 2006 by PLX Technology Inc. All Rights Reserved — Version 1.2



Configuration Transactions PLX Technology, Inc.

8.5.2

8.6

62

Reverse Bridge Mode
The PEX 8111 forwards a Type 1 transaction on the PCI Bus to a Type 1 transaction on the PCI Express
interface when the following are true during the PCI Address phase:

¢ Address bits AD[1:0] are O1b.

* Value specified by the Bus Number field is within the range of bus numbers between the
Secondary Bus Number (exclusive) and Subordinate Bus Number (inclusive).

¢ Bus command on CBE[3:0]# is a Configuration read or write.

The PEX 8111 then creates a PCI Express Configuration Request, according to the following:

Sets the Configuration Request Type field to Configuration Type 1.

Sets the Register Address field [7:2] from the Configuration Request Register Address field.
Clears the Extended Register Address field [11:8] to Oh.

Sets the Function Number field [18:16] from the Configuration Request Function Number field.
Sets the Device Number field [23:19] from the Configuration Request Device Number field.
Sets the Bus Number field [31:24] from the Configuration Request Bus Number field.

SN

Type 1-to-Type 1 Forwarding transactions are performed as Non-Posted (Delayed) transactions.

Type 1-to-Special Cycle Forwarding

The Type 1 Configuration mechanism is used to generate special cycle transactions in hierarchical
systems. Special cycle transactions are ignored by the PEX 8111 acting as a target, and are not
forwarded across the PEX 8111.

In Forward Bridge mode, special cycle transactions are only generated in the downstream direction
(PCI Express-to-PCI).

In Reverse Bridge mode, special cycle transactions are also generated in the downstream direction
(PCI-to-PCI Express).

A Type 1 Configuration Write Request on the PCI Express interface is converted to a special cycle on
the PCI Bus when the following conditions are met:

¢ Type 1 Configuration Request Bus Number field is equal to the Secondary Bus Number

register value.

e Device Number field is all ones (1h)

e Function Number field is all ones (1h)

* Register Address field is all zeros (Oh)

* Extended Register Address field is all zeros (Oh)

When the PEX 8111 initiates the transaction on the PCI Bus, the Bus command is converted from a
Configuration write to a special cycle. The Address and Data fields are forwarded, unchanged, from the
PCI Express-to-PCI Bus. Target devices that recognize the special cycle ignore the address, and the
message is passed in the Data word. The transaction is performed as a Non-Posted transaction; however,
the PCI target response (always Master Abort in this case) is not returned to PCI Express. After the
Master Abort is detected on the PCI Bus, the successful completion TLP is returned to PCI Express.
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8.7

8.7.1

PCI Express Enhanced Configuration Mechanisms

PCI Express Enhanced Configuration Mechanisms

The PCI Express Enhanced Configuration mechanism adds four extra bits to the Register Address field,
to expand the space to 4,096 bytes. The PEX 8111 forwards Configuration transactions only when the
Extended Register Address bits are all zeros (Oh). This prevents address aliasing on the PCI Bus, which
does not support Extended Register Addressing.

When a Configuration transaction targets the PCI Bus and contains a non-zero value in the Extended
Register Address bits, the PEX 8111 treats the transaction as if it received a Master Abort on the
PCI Bus.

The PEX 8111 performs the following:

1. Sets the appropriate status bits for the destination bus, as if the transaction had executed and
received a Master Abort.

2. Generates a PCI Express completion with Unsupported Request status.

3. Indexed addressing of the Main Control Block registers.

Memory-Mapped Indirect (Reverse Bridge Mode Only)

In Reverse Bridge mode, the PEX 8111 provides the capability for a PCI host to access the downstream
PCI Express Configuration registers, using PCI Memory transactions. The 4-KB region of the Memory
range defined by the PCI Base Address 0 register is used for this mechanism. Memory reads and writes
to PCI Base Address 0 register offsets 2000h to 2FFFh result in a PCI Express Configuration
transaction. The Transaction address is determined by the Enhanced Configuration Address register.
The format of this Address register is delineated in Table 8-5.

After the Enhanced Configuration Address register is programmed to point to a particular device, the
entire PCI Express endpoint 4-KB Configuration space is directly accessed, using Memory Read and
Write transactions. Only single DWORD:s are transferred during Enhanced Configuration transactions.

Table 8-5. Enhanced Configuration Address Register Format

31 30 28 | 27 20 | 19 15 | 14 12 | 11 0

Enhanced
Enable

Device Function
Rsvd Bus Number Number Number Rsvd
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Configuration Retry Mechanism

Forward Bridge Mode

Bridges are required to return a completion for all Configuration Requests that cross the PEX 8111 from
PCI Express-to-PCI, prior to expiration of the Root Complex’s Completion Timeout Timer. This
requires that bridges take ownership of all Configuration Requests forwarded across the PEX 8111.

When the Configuration Request to PCI successfully completes prior to the PEX 8111’s CRS Timer
(CRS Timer register, offset 1060h) expiration, the PEX 8111 returns a completion with Successful
status to PCI Express.

When the Configuration Request to PCI encounters an error condition prior to the CRS Timer
expiration, the PEX 8111 returns an appropriate error completion to PCI Express.

When the Configuration Request to PCI does not complete successfully or with an error, prior to
CRS Timer expiration, then the PEX 8111 returns a completion with Configuration Retry Status (CRS)
to PCI Express.

Although the PEX 8111 returned a completion with CRS to PCI Express, the PEX 8111 continues
to keep the Configuration transaction alive on the PCI Bus. The PCI r3.0 states that after a PCI master
detects a Target Retry, it must continue to Retry the transaction until at least one DWORD is transferred.
The PEX 8111 Retries the transaction until it completes on the PCI Bus, or until the PCI Express-to-PCI
Retry Timer expires.

When another PCI Express-to-PCI Configuration transaction is detected while the previous one is
Retried, a completion with CRS is immediately returned.

If the first Configuration transaction completes on the PCI Bus after the second Configuration
transaction returns with a completion of CRS status on the PCI Express interface, the PEX 8111
discards the completion information. Bridges that implement this option are also required to implement
bit 15 of the PCI Express Device Control register as the Bridge Configuration Retry Enable bit.

When the Bridge Configuration Retry Enable bit is cleared, the PEX 8111 does not return a completion
with CRS on behalf of Configuration Requests forwarded across the PEX 8111. The lack of a
completion results in eventual Completion Timeout at the Root Complex.

By default, bridges do not return CRS for Configuration Requests to a PCI device behind the PEX 8111,

which might result in lengthy completion delays that must be comprehended by the Completion
Timeout value in the Root Complex.

Reverse Bridge Mode

In Reverse Bridge mode, the PEX 8111 detects completion with CRS status from a downstream
PCI Express device. The Device-Specific Control register CRS Retry Control field determines the
PEX 8111 response in Reverse Bridge mode when a PCI-to-PCI Express Configuration transaction is
terminated with a Configuration Request Retry Status.

Tabl