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Preface

Preface

The information in this data book is subject to change without warning. This PLX data book to be
updated periodically as new information is made available.

Audience

This data book provides functional details of PLX Technology’s ExpressLane PEX 8649-AA 48-Lane,
12-Port PCIl Express Gen2 Multi-Root Switch, for hardware designers and software/firmware
engineers.

Supplemental Documentation

This data book assumes that the reader is familiar with the following documents:

» Personal Computer Memory Card International Association (PCMCIA), www.pcmcia.org

PL X Technology, Inc., www.plxtech.com

The PLX PEX 8649 Toolbox includes this data book and other supporting documentation,
such as errata, and design and application notes, aswell as the migration document from the

PEX 8648.
The Ingtitute of Electrical and Electronics Engineers, Inc. (IEEE), www.ieee.org

|EEE Sandard 1149.1-1990, IEEE Standard Test Access Port and Boundary-Scan
Architecture

|IEEE Sandard 1149.1a-1993, |EEE Standard Test Access Port and Boundary-Scan
Architecture

|EEE Standard 1149.1-1994, Specifications for Viendor-Specific Extensions

|EEE Sandard 1149.6-2003, IEEE Standard Test Access Port and Boundary-Scan
Architecture Extensions

Intel Corporation, www.intel.com

PHY Interface for the PCI Express Architecture, Version 2.00

NXP Semiconductors, www.standardics.nxp.com

The 12C-Bus Specification, Version 2.1

PCI Special Interest Group (PCI-SIG), www.pcisig.com

PCI Local Bus Specification, Revision 3.0

PCI Bus Power Management I nterface Specification, Revision 1.2
PCI to PCI Bridge Architecture Specification, Revision 1.2

PCI Express Base Secification, Revision 1.1

PCI Express Base Specification, Revision 2.0

PCI Express Base Secification, Revision 2.0 Errata

PCI Express Card Electromechanical Specification, Revision 2.0

PCI Express Mini Card Electromechanical Specification, Revision 1.1

PCI Express Architecture PCl Express Jitter and BER White Paper, Revision 1.0

ExpressCard Sandard Release 1.0

» PXI System Alliance (PX1), www.pxisa.org

PXI-5 PXI Express Hardware Specification, Revision 1.0

» SBSImplementers Forum, smbus.org

System Management Bus (SMBus) Specification, Version 2.0
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Note: In this data book, shortened titles are associated with the previously listed documents.
The following table lists these abbreviations.

Abbreviation

Document

PCI r3.0

PCI Local Bus Specification, Revision 3.0

PCI Power Mgnt. r1.2

PCI Bus Power Management Interface Specification, Revision 1.2

PCl-to-PCI Bridger1.2

PCI to PCI Bridge Architecture Specification, Revision 1.2

PCI ExpressBaserl.1

PCI Express Base Specification, Revision 1.1

PCI ExpressBaser2.0

PCI Express Base Specification, Revision 2.0

PCI ExpressCard CEM r2.0

PCI Express Card Electromechanical Specification, Revision 2.0

PCI ExpressCard Mini CEM r1.1

PCI Express Mini Card Electromechanical Specification, Revision 1.1

|EEE Standard 1149.1-1990

IEEE Standard Test Access Port and Boundary-Scan Architecture

IEEE Sandard Test Access Port and Boundary-Scan Architecture

|EEE Sandard 1149.6-2003 Extensions
1°C Busv2.1 5 . _
The 1“C-Bus Specification, Version 2.1
I12C Busv2.12
SVIBus v2.0 System Management Bus (SMBus) Specification, Version 2.0

a. Dueto formatting limitations, the specification name may appear without the super scripted

“2" initstitle.
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Terms and Abbreviations

The following table lists common terms and abbreviations used in this data book. Terms and
abbreviations defined in the PCI Express Base r2.0 are generally not included in this table.

Terms and

Abbreviations Definitions

Data-encoding scheme used on data transferred across a Link that is operating at either

80/10b Gen 1 or Gen 2 Link speed (2.5 or 5.0 GT/s, respectively).

ACK Acknowledge C_ontrol I?acket. A control packet u_sed by ad_estination to acknowledge
data packet receipt. A signal that acknowledges signal receipt.

ARI Alternative Routing-1D Interpretation.

ARP Address Resolution Protocol.

BAR Base Address register.

BER Bit error rate.

BIST Built-In Self Test.

CDR Clock/Data Recovery circuit.

CRC Cyclic Redundancy Check.

CSR Configuration Space register.

Data Beat Single data transfer in asingle clock period.

DLL DataLink Layer.

DMA Direct Memory Access.

Bg//\ilggream Device that is connected to a downstream Port.

Port that is used to communicate with a device below it in the system hierarchy.

Downstream Port A switch can have one or more downstream Ports.

DRI Data Rate I dentifier field in Training Sets.

ECC Error-Correcting Code.

ECRC End-to-end Cyclic Redundancy Check.

EIES Electrical Idle Exit Sequence.

EIOS Electrical Idle Ordered-Set.

Electrical Idle Transmitter isin a High-Impedance state (+ and - are both at common mode voltage).
EP Endpoint.

FC Flow Contral.

Field Multiple register bits that are combined for a single function.
FTS Fast Training Sequence.

Genl PCI Express Baserl.1 and below. Link transfer rate of 2.5 GT/s.
Gen 2 PCl Express Baser2.0. Link transfer rate of 5.0 GT/s.

GPIO General-Purpose Input/Output.

GT/s Giga-Transfers per second.

INCH Ingress Credit Handler.

ISR Interrupt Service Routine.
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Terms and
Abbreviations

Definitions

Lane Bidirectional pair of differential PCl Express I/O signals.
LCRC Link Cyclic Redundancy Check.
LFSR Linear Feedback Shift register.
Link Active connection between two Ports.
Primary side of the NT Port, connects to external device pins. The secondary side of the
Link Interface NT Portisreferred to asthe NT Port Mirtual Interface, and connectsto theinternal virtual PCI
Expressinterface.
Local Reference to PCI Express attributes (such as credits) that belong to the PCI Express Station.
LTSSM Link Training and Status State Machine.
LUT Lookup Table.
MPS Maximum Payload Size.
MR-IOV Multi-Root 1/0 Virtualization.
MRL Manually operated Retention Latch.
NACK Negative Acknowledge. Used in the SMBus-related content.
NAK Negative Acknowledge.
N_FTS Number of Fast Training Sequencesfield in Training Sets.
NOP No Operation.
Non-Transparent. A bridging technique used in the PCI Express Switch to isolate Memory
NT spaces by presenting the processor as an endpoint rather than another memory system.
The PEX 8649 supports one NT Port.
os Ordered-Set.
pP2P Peer-to-Peer or PCI-to-PCl (asidentified at point of use).
Functional unit that provides the PCI Express conforming system interface. Includes the
PCI Express Serializer/De-Serializer (SerDes) hardware interface modules and PCI Express interface,
Station which provides the Physical Layer (PHY), DataLink Layer (DLL), and Transaction Layer
(TL) logic.
PEC Packet Error Code.
PEX PCl Express.
PHY Physical Layer.
PIPE PHY Interface for PCI Express architecture.
PLL Phase-Locked Loop.
PM Power Management.
PME Power Management Event.
PN Port Number.
Port Interface to agroup of SerDes and supporting logic that is capable of creating a Link,
for communication with another Port.
Port ID Number, assigned in hardware, that associates a SerDes with a Port.
P-P PCl-to-PCl.
PRBS Pseudo-Random Bit Sequence.
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Terms and Abbreviations

Al-)rg;renvsiaetlinodns DETmEmnS

QoS Quiality of Service.

RAS Reliability, Availability, and Serviceahility.

RoHS Restrictions on the use of certain Hazardous Substances (RoHS) Directive.

RR Round-Robin scheduling.

Rx Receiver.

SerDes Serializ_er/DeSeriaIizer. A hi_gh-spe(_ad differential-signaling parallel-to-serial
and serial-to-parallel conversion logic attached to Lane pads.

SMBus System Management Bus.

SN SerDes Number.

SPI Serial Peripheral Interface.

SRA Shadow Register Access.

Station Logic b_I ock thgt impl emeljtsthe PCI Expressfunction,_ bounded b_y the ext_ernal pins
of the differential Transceivers and the interface to the internal switch fabric.
Register bits in which the current values are unchanged by a Hot Reset, Link Down event

Sticky Bits or a Secondary Bus Reset, whi I_ethe switch is powered. Sticky bits are reset to default values
by a Fundamental Reset. Hwlnit, ROS, RW1CS, and RWS CSR types. (Refer to Table 13-4,
“Register Types, Grouped by User Accessibility,” for CSR type definitions.)

Sticky State %cr)\r/]\l(ﬁrt:jorr)lrgéa:t ;gjses a state machine to be stuck in a particular state, unable to make

TC Traffic Class.

TCB Training Control Bit field in Training Sets.

TL Transaction Layer.

TLC Tranaaction Layer Control. The module performing PCl Express Transaction
Layer functions.

TLP Transaction Layer Packet. PCI Express packet formation and organization.

Transparent Refersto standard PCI Express upstream-to-downstream routing protocol.

TS1 Type 1 Training Sequence Ordered-Set.

TS2 Type 2 Training Sequence Ordered-Set.

Tx Transceiver.

ubDID Unique Device ldentifier.

ul Unit Interval —400 ps at 2.5 GT/s, 200 ps at 5.0 GT/s.

Upstream Device

Devicethat is connected to the upstream Port(s).

Upstream Port Port that is used to communicate with a device above it in the system hierarchy.
UTP User Test Pattern.

vVC Virtual Channel.

VC&T Virtual Channel and Type.

Vector Address and data.

Virtual Interface

Secondary side of the NT Port, connectsto theinternal virtual PCI Expressinterface.

VS

Virtual Switch.

WRR

Weighted Round-Robin scheduling.
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Data Book Notations and Conventions
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Notation / Convention

Description

Indicates that the text is hyperlinked to its description elsewhere in the
data book. L eft-click the blue text to learn more about the hyperlinked

Blue text information. This format is often used for register names, register bit and
field names, register offsets, chapter and section titles, figures, and tables.
When the signal name appearsin al CAPS, with the primary Port

PEX_XXXn[x] description listed first, field [x] indicates the number associated with

PEX_XXXp[x] the signa balls/pads assigned to a specific SerDes module/Lane. The

lowercase“n” (negative) or “p” (positive) suffix indicates the differential pair
of signas, which are always used together.

# = Active-Low signals

Unless specified otherwise, Active-Low signals are identified by a“#”
appended to the term (for example, PEX_PERST#).

Program/code samples

Monospace font (program or code samples) isused to identify
code samples or programming references. These code samples are
case-sensitive, unless specified otherwise.

command_done

Interrupt format.

Command/Status Register names.
Parity Error Detected Register parameter [bit or field] or control function.
Upper Base Address[31:16] Specific Function in 32-bit register bounded by bits[31:16].

Number multipliers

k = 1,000 (103) is generally used with frequency response.
K = 1,024 (219) is used for Memory size references.
KB = 1,024 bytes.
M = meg.
= 1,000,000 when referring to frequency (decimal notation)
= 1,048,576 when referring to Memory sizes (binary notation)

255d d = Suffix that identifies decimal values.
h = Suffix that identifies hex values.

1Fh Each prefix term is equivalent to a 4-bit binary value (Nibble).
Legd prefix termsare0, 1, 2,3,4,5,6,7,8,9,A,B,C,D,E, F.

1010b b = suffix which identifigs bi nary not.at.i on (for example, 01b, 010b, 1010b,
and so forth). Not used with single-digit values of 0 nor 1.

0 through 9 Decimal numbers, or single binary numbers.

byte 5/20/09: Add period. D, S, C
Eight hits — abbreviated to “B” (for example, 4B = 4 bytes).

LSB Least-Significant Byte.

Isb Least-significant bit.

MSB Most-Significant Byte.

msb Most-significant bit.

DWord or DW Double-Word (32 bits) is the primary register size in these devices.

QWord Quad-Word (64 hits).

Reserved Do not_modify reserved bits and w_ords. Unless specified otherwise,
these bits read as 0 and must be written as 0.

word 16 hits.
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Overview

This data book describes PLX Technology's ExpressLane™ PEX 8649, a fully non-blocking,
low-latency, low-cost, and low-power 48-Lane, 12-Port PCl Express Gen2 Multi-Root switch.
Conforming to the PCI Express Baser2.0, the PEX 8649 enables users to add high-bandwidth 1/0 to
various products, including servers, storage systems, and communications platforms. The PEX 8649's
flexible hardware configuration and software programmability allows the switch to be tailored for a
wide variety of application requirements.

The PEX 8649 is well-suited for fan-infout applications, as well as for applications requiring
peer-to-peer communication. The PEX 8649 supports two functional modes — Base and Virtual Switch:

 In Base mode, the PEX 8649 acts as a standard PCI Express switch, supporting one
Host hierarchy

* InVirtual Switch mode, the PEX 8649 supports up to four Hosts, creating up to four virtual
switches within the PEX 8649 — each with its own virtual hierarchy

Figure 1-1 illustrates several of the possible PEX 8649 Port configurations, using various Link widths.
The PEX 8649 can also support Link widths of x1 and x2, by auto-negotiating its Ports to the Link
width of the PCI Express device with which it isinterfacing.

Figure 1-1. Common Port Configurations
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1.2 Features

The PEX 8649 supports the following features:
 12-Port PCI Express switch
— 48 Lanes with integrated on-chip SerDes
— Low-power SerDes (under 90 mW per Lane)
Fully Non-Blocking Switch architecture
Relaxed Ordering

Port configuration
» 12 independent Ports

» Choice of Link width (quantity of Lanes) per unique Link/Port —x4, x8, or x16;
Link widths of x1 and x2 are also supported

« Configurable with serial EEPROM, 12C, SMBus, and/or Host software
» Designate any Port as the upstream Port (Port 0 is recommended in Base mode)

e Multi-Root support
— Up to four upstream Ports supported
— 1+1 Failover (one active and one backup)
— N+1 Failover (N active and one backup)
» High Performance
— 480 GT/s aggregate bandwidth (5.0 GT/s/Lane x 48 SerDes x 2 (full duplex))
— Integrated 5.0 GT/s SerDes speed negotiation, for each Port
— Non-Blocking Internal architecture
— Full linerate on al Ports

— Cut-Thru packet latency of less than 150 ns between symmetric (x16 to x16) ingress and
egress Ports

— Non-blocking Crossbar Switch interface supports TLP bandwidth capacity
of each x16 Link

— Maximum Payload Size — 2,048 bytes
 performancePAK™

— Read Pacing™ (intelligent bandwidth allocation)

— Multicast (supported in all modes except Legacy NT)

— Dynamic Buffer Pool Architecture for faster credit updates
e VisionPAK™

— Performance Monitoring

* Per-Port Payload and Header Counters
» Per-traffic type (Write, Read, Completion) Counters

— Error Injection and Pseudo-Random Bit Sequence (PRBS)
— SerDes Loopback
— SerDes Eye Capture

» Access Control Services (ACS) — Protection mechanisms for added data integrity
in peer-to-peer transactions

» Alternative Routing-1D Interpretation (ARI) — Enables virtualized systems and/or highly
integrated multi-function devices

ExpressLane PEX 8649-AA 48-Lane, 12-Port PCI Express Gen 2 Multi-Root Switch Data Book, Version 1.5
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e Quality of Service (QoS) support
— All Ports support one, full-featured Virtual Channel (V CQO)
— All Ports support eight Traffic Class (TC[7:0]) mapping, independently of the other Ports
— Round-Robin (RR) and Weighted Round-Robin (WRR) Port arbitration
» Non-Transparent Bridging (NT mode, supported in Base mode)
— Program any one downstream Port as the upstream Non-Transparent (NT) Port
— Enables Dual-Host, Dual-Fabric, Host-Failover applications
— Moveable upstream Port
— Cross-link Port capability
» Reliability, Availability, Serviceability (RAS) features

— PCI Express Standard Hot Plug Controller for two Ports, including optional usage models
for Manually operated Retention Latch, by way of Manually operated Retention Latch
(MRL) Sensor and Attention Button support

— Serial Hot Plug, by way of 1°C, for Hot Plug capability on all Transparent downstream Ports
— End-to-end Cyclic Redundancy Check (ECRC) and Poison bit support

— Data path protection

— Memory (RAM) error correction

— Electromechanical Interlock supported with Power Enable output

— Baseline and Advanced Error Reporting capability

— Port (Link) Status bits and GPIO available

— Per-Port error diagnostics

— Joint Test Action Group (JTAG) AC/DC boundary scan

* INTA# (PEX_INTA# and VSx_PEX_INTA#) and FATAL ERROR (FATAL_ERR#
and VSx_FATAL_ERR#) (Conventional PClI SERR# equivalent) ball support

» 20 General-Purpose Input/Output (GPIO) balls (Port Status (PEX_PORT_GOODx#) and GPIOx),
which can be used for Link Status LEDs, GPIO, and/or Interrupt inputs

» Other PCI Express Capabilities
— Lanereversd
— Polarity reversal

— Conventional PCI-compatible Link Power Management states— L0, LOs, L1, L2/L.3 Ready,
and L 3 (with Vaux not supported)

— Conventional PCI-compatible Device Power Management states — DO and D3hot
— Active State Power Management (ASPM)
— Dynamic speed (2.5 or 5.0 GT/s) negotiation, for each Port
— Dynamic Link width negotiation
» Out-of-Band Initialization options
— Seriad EEPROM
— 12C and SMBus (7-hit Slave address with 100 K bps)
» Testability — JTAG support for DC

« 27 x 27 mm?, 676-ball Flip-Chip Ball Grid Array (FCBGA) package with Heat Spreader
e Typica power —6.74W

» Microsoft Vi sta®-comp|iant

ExpressLane PEX 8649-AA 48-Lane, 12-Port PCI Express Gen 2 Multi-Root Switch Data Book, Version 1.5
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e Compliant to the following specifications:
— PCI Local Bus Secification, Revision 3.0 (PCI r3.0)
— PCI Bus Power Management Interface Specification, Revision 1.2 (PCl Power Mgmt. r1.2)
— PCI to PCI Bridge Architecture Specification, Revision 1.2 (PCl-to-PCI Bridge r1.2)
— PCI Express Base Specification, Revision 1.1 (PCl ExpressBaser1.1)
— PCI Express Base Specification, Revision 2.0 (PCl Express Base r2.0)
— PCI Express Base Specification, Revision 2.0 Errata

— PCI Express Card Electromechanical Specification, Revision 2.0
(PCI ExpressCard CEM r2.0)

— PCI Express Mini Card Electromechanical Specification, Revision 1.1
(PCI ExpressCard Mini CEM r1.1)

— |EEE Standard 1149.1-1990, | EEE Standard Test Access Port and Boundary-Scan
Architecture (IEEE Standard 1149.1-1990)

— |EEE Sandard 1149.1a-1993, |EEE Standard Test Access Port and Boundary-Scan
Architecture

— |EEE Standard 1149.1-1994, Specifications for Vendor-Soecific Extensions

— |EEE Standard 1149.6-2003, |EEE Standard Test Access Port and Boundary-Scan
Architecture Extensions (IEEE Standard 1149.6-2003)

— The I?C-Bus Specification, Version 2.1 (1°C Bus v2.1)
— PHY Interface for the PCI Express Architecture, Viersion 2.00
— System Management Bus Specification, Version 2.0 (SMBus v2.0)

ExpressLane PEX 8649-AA 48-Lane, 12-Port PCI Express Gen 2 Multi-Root Switch Data Book, Version 1.5
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Flexible and Feature-Rich 48-Lane, 12-Port Switch

Highly Flexible Port Configurations

The PLX ExpressLane PEX 8649 PCl Express Gen2 Multi-Root Switch offers a maximum of
12 configurable Ports.

Link widths can be individually configured as any power-of-two, from x1 to x16 to support specific
bandwidth needs. Additionally, Link widths can be individualy configured for each Port, through

auto-negotiation, hardware strapping, an optional serial EEPROM, and/or the 12C Slave interface.

The PEX 8649 supports several Port configurations. For example, the PEX 8649 can be used in a
fan-out application, where any Port can be designated as the upstream Port and the remaining available
Lanes are divided among up to 11 downstream Ports, of varying Link widths. Any one Port can be
designated as, or dynamically changed to be, the upstream Port (Port 0 is recommended in Base mode).

Flexible buffer allocation, along with the PEX 8649's flexible packet flow control, maximizes
throughput for applications where more traffic flows in the downstream, rather than upstream, direction.
Figure 1-1 illustrates some of the PEX 8649's common Port configurations in Conventional PCI mode
(Base mode).

The PEX 8649 can also be configured in Virtual Switch mode, where users can choose up to four Ports
as Host/upstream Ports and assign a specific quantity of downstream Ports to each Host. In this mode, a
virtual switch is created for each Host Port and its associated downstream Ports within the switch. The
traffic between the Ports of a virtual switch is completely isolated from the traffic in other virtual
switches. In addition to Base mode configurations, Figure1-1 aso illustrates common Port
configurations in Virtual Switch mode, where each ellipse represents a virtual switch within the
PEX 8649.

ExpressLane PEX 8649-AA 48-Lane, 12-Port PCI Express Gen 2 Multi-Root Switch Data Book, Version 1.5
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2.1.2

Non-Blocking Crossbar Switch Architecture

The Non-Blocking Crossbar Switch architecture is an on-chip interconnect switching fabric, which is
built upon the existing PLX Switch Fabric Architecture technology. In addition to addressing
simultaneous multiple flows, the Crossbar Switch architecture incorporates functions required to
support an efficient PCl Express switch fabric, including:

» Deadlock avoidance

* Priority preemption

» PCI Express Ordering rules
» Packet fair queuing

Oldest first scheduling

The Crossbar Switch interconnect physical topology is that of a packet-based Crossbar Switch fabric
(internal fabric) designed to simultaneously connect multiple on-chip Stations. The Crosshar Switch
protocol is sufficiently flexible and robust to support a variety of embedded system requirements.
The protocol is specifically designed to ease chip integration, by strongly enforcing Station boundaries
and standardizing communication between Stations. The Crossbar Switch architecture basic
featuresinclude:

» Multiple concurrent Data transfers
» Global ordering within the PEX 8649

» Threetypes of transactions— Posted, Non-Posted, and Completion (P, NP, and Cpl, respectively) —
meet PCl and PCI Express Ordering and Deadl ock Avoidance rules

» Optional weighting of source Ports, to support Source Port arbitration

ExpressLane PEX 8649-AA 48-Lane, 12-Port PCI Express Gen 2 Multi-Root Switch Data Book, Version 1.5

Copyright © 2013 by PLX Technology, Inc. All Rights Reserved



January, 2013

2.1.3

2131

Multi-Host Architecture

Multi-Host Architecture

The PEX 8649 alows users to configure the switch in Conventional PCI mode (Base mode),
or in Virtual Switch mode with up to four Host Ports capable of 1+1 (one active and one backup) or N+1
(N active and one backup) Host Failover. This powerful architectural enhancement enables users to
build PCl Express-based systems that support high-availability, failover, redundant, and clustered
systems.

Dual-Host and Failover Support — NT Mode Only

Note: NT mode isavailable only in Base mode.

In Base mode, the PEX 8649 supports a Non-Transparent (NT) Port (Figure 2-1), which enables the
implementation of dual-Host systems for redundancy and Host failover capability. The NT Port alows
systems to isolate Host memory domains, by presenting the processor subsystem as an endpoint, rather
than as another memory system:

» Base Address registers (BARS) are used to trandl ate addresses
» Doorbell registers are used to signal interrupts between the address domains

» Scratchpad registers are accessible from both address domains, to allow
inter-processor communication

Figure 2-1. NT Port — NT Mode Only
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2.1.3.2 Virtual Switch Mode (Multi-Host) and Failover Support

In Virtual Switch mode, the PEX 8649 can be configured with up to four upstream Host Ports, each with
its own dedicated downstream Ports. The PEX 8649 can be configured for 1+1 or N+1 redundancy. The
PEX 8649 allows the Hosts to communicate their status to one another, using special Door bell registers.

In Failover mode, if a Host fails, the Host designated for failover disables the upstream Port attached to
the failing Host, then programs the downstream Ports of that Host to its own domain. Figure 2-2a
illustrates a two-Host system in Virtual Switch mode, with two virtual switches within the PEX 8649.
Figure 2-2b illustrates Host 1 as being disabled after failing, and Host 2 having taken over al of
Host 1's endpoints.

Figure 2-2. Virtual Switch Mode (Multi-Host) and Failover Support
IEDH_&

PEX 8649

PEX 8649

' E [ d d FEnd
Pointi ' Pointd Pointd Pointi Pointi ' Pointd ' Pointa Pointi
Figure 2-2a. Multi-Host Figure 2-2b. Multi-Host Failover
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2.1.4 Low Packet Latency and High Performance

The PEX 8649 architecture supports packet Cut-Thru with a maximum latency of 150 ns between
symmetric (x16 to x16) ingress and egress Ports. This, combined with large Packet memory, flexible
common buffer/Flow Control (FC) credit pool, and Non-Blocking Internal Switch architecture, provides
full line rate on all Ports for performance-hungry applications, such as servers and switch fabrics. The
low latency enables applications to achieve high throughput and performance. In addition to low latency,
the PEX 8649 supports a Packet Payload size of up to 2,048 bytes, enabling users to achieve even
higher throughput.

21.4.1 Data Payloads

The Data Payloads are variable length with a maximum of 2,048 bytes, as defined by the Maximum
Payload Size field (available sizes are 128, 256, 512, 1,024, and 2,048, depending upon the quantity of
enabled Ports). Read Requests do not include a Data Payload.

Note: Refer to the Device Control register Maximum Payload Size field (offset 70h[7:5])
for Maximum Payload Sze Port limitations.

21.4.2 Cut-Thru Mode

Cut-Thru mode can reduce latency, especialy for longer packets, because the entire packet does not
need to be stored before being forwarded. Instead, after the Header is decoded, the packet can be
immediately forwarded. The PEX 8649 is designed to cut through TLPs, to and from every Port. By
default, all Ports are enabled for Cut-Thru. Cut-Thru mode can be disabled for all Ports, by Clearing the
Debug Control register Cut-Thru Enable bit (Base mode — Port O, except if Port OisaLegacy NT Port,
then this register exists in the NT Port Virtual Interface; Virtual Switch mode — Port O, accessible
through the Management Port, offset 350h[11]).

Cut-Thru mode, if enabled, is supported for the PEX 8649's NT Port Link Interface, if the PEX 8649
is configured for NT mode (Base mode only).

Note: The Debug Control register Cut-Thru Enable bit affects the entire switch. If Cut-Thru is enabled,
all Portsuse Cut-Thru. If Cut-Thru is not enabled, no Ports use Cut-Thru.

Caution: One of the drawbacks to using Cut-Thru modeisthat the TLP is not known to be good
until the last byte. If the TLP provesto be bad, the Cut-Thru packet must be discarded.
If the TLP has already been forwarded to another device, that TLP will be framed
with an EDB (End Data Bad), as opposed to the standard END.

ExpressLane PEX 8649-AA 48-Lane, 12-Port PCI Express Gen 2 Multi-Root Switch Data Book, Version 1.5
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2.1.5

2.1.6

2.1.7

2.1.8

2.1.9

10

Virtual Channel and Traffic Classes

The PEX 8649 supports one Virtual Channel (VCO0) and eight Traffic Classes (TC[7:0]). VCO and TCO
arerequired by the PCI Express Base r2.0, and configured at device start-up.

Data Integrity

To enable designs that require guaranteed error-free packets, the PEX 8649 provides End-to-end
Cyclic Redundancy Check (ECRC) protection and Poison bit support, as well as Error-Correcting
Code (ECC) protection on the internal data paths and memory (RAM). ECC maintains packet integrity
through the PEX 8649, by providing automatic correction of any 1-bit errors. These features are
optional in the PCI Express Baser2.0; however, PLX provides them across its entire ExpressLane
PCI Express Gen 2 switch product line.

Configuration Flexibility

The PEX 8649 provides several ways to configure its operations. For example, the PEX 8649 can be
configured through Strapping balls, Host software, an optional serial EEPROM, or the 12C Slave

interface. Additionally, the 1°C Slave interface allows for easy debug during the Development phase,
performance monitoring during the Operation phase, and driver or software upgrade.

Interoperability

The PEX 8649 is designed to be fully compliant with the PCI ExpressBaser2.0, and is
backward-compatible to the PCl ExpressBaserl.1 and PCI ExpressBaserl.0a. Additionally, the
switch supports auto-negotiation, Lane reversal, and polarity reversal, for maximum board design
and board layout flexibility. Furthermore, the PEX 8649 is designed to be interoperable with many
popular motherboards and server boards with PCl Express connections, and PCl Express endpoints
(Ethernet, RAID Controllers), as well as PLX’s family of PCI Express switches and bridges. All PLX
ExpressLane devices undergo thorough interoperability testing at PLX’'s Interoperability Lab and
compliance testing at the PCI-SIG Compliance Workshop, to ensure compatibility with PCl Express
devicesin the market.

Low Power with Granular SerDes Control

The PEX 8649 provides low-power capability that is fully compliant with the PCI Express Baser2.0
and PClI Power Mgmt. r1.2 Power Management (PM) specifications. Unused SerDes can be
automatically powered down, to further reduce power consumption.

The PEX 8649 supports SerDes output software control, to alow power and signal strength
optimization within a system. The PLX SerDes implementation supports four power levels — Off, Low,
Typical, and High. The SerDes block also supports L oopback modes and Advanced Error Reporting,
which enabl es efficient system debug and management.
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2.1.10

2.1.11

2.1.12

2.1.13

Dynamic Lane Reversal

Dynamic Lane Reversal

The PEX 8649 supports dynamic Lane reversal during the Link training process. Lane reversa
capability alows flexibility in determining board routing, so that PCl Express components can be
connected without having to crisscross wires. If the wiring of Lanes to a device is reversed (on both
Transmitters and Receivers), only one of the two connected devices must support Lane reversal.

Either of the outside Lanes (Transmitter and Receiver pairs) of the PEX 8649 programmed Link width
must be identified as being Lane 0. During Link training, both devices on the Link negotiate the Lane
numbering. During the Link Training and Status State Machine (LTSSM)’s Configuration state, the
upstream device sends TS1 Ordered-Sets, in which each connected Lane is identified by a consecutive
Lane Number, starting with Lane 0 corresponding to the physical Lane Number of the Port.

The Port reversesits Lane Numbers and attempts to re-train when any of the following conditions occur:
» No Receiver is detected on preferred Lane O
» Novalid Training Sets are received on preferred Lane 0 during the LTSSM's Polling state
» TS1 with anon-zero Lane Number Port is received on the Port's Lane O

To confirm successful Lane Number negotiation, both devices exchange TS2 Ordered-Sets with
identical Lane Numbers on each connected Lane.

Hot Plug for High Availability

Hot Plug capability allows users to replace hardware modules and perform maintenance, without having
to power down the system. The PEX 8649 Hot Plug Capability and Advanced Error Reporting features
make the switch suitable for High-Availability (HA) applications. The PEX 8649 supports both Parallel
and Serial Hot Plug. Parallel Hot Plug is supported on any of two Transparent downstream Ports, and/or
Serial Hot Plug is supported on a maximum of 11 downstream Ports.

For further details, refer to Chapter 10, “Hot Plug Support.”

Fully Compliant Power Management

The PEX 8649 supports Link (LO, LOs, L1, L2/L3 Ready, and L3) and Device (DO and D3hot)
PM states, in compliance with the PCI Express Base r2.0 and PCI Power Mgmt. r1.2 PM specifications.

For further details, refer to Chapter 11, “ Power Management.”

General-Purpose Input/Output Signals

The PEX 8649 contains 20 General-Purpose Input/Output (GPIO) balls and associated registers, that
can be programmed to function as GPIO, Link Status (PORT_GOOQOD) indicators, and/or Interrupt

inputs. Default functionality is GPIO input; however, serial EEPROM, 12C/SMBus, and/or software can
program the GPIO registers to define functionality for each 1/0. Default functionality can also be
modified by the logical value of the STRAP_TESTMODE[3:0] inputs, sampled at Fundamental Reset.
Because typical designs implement PORT_GOOD functionality for enabled Ports, GPIO[11:0] are
renamed as PEX_PORT_GOOD[23:16, 3:0]# outputs, respectively.

For further details, refer to the GPIO[31:24], PEX_PORT_GOODx#, and STRAP_TESTMODE[3:0]
signal descriptionsin Section 3.4.7, “ Device-Specific Signals,” Section 3.4.4, “ Strapping Signals,” and
Section 9.5, “ General -Purpose I nput/Output.”
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2.1.14

2.1.14.1

2.1.14.2

2.1.14.3

12

performancePAK

Exclusiveto PLX, performancePAK isasuite of unique and innovative performance features that enable
PLX’s Gen 2 switches to be the highest-performing Gen 2 switches available in the market today. The
performancePAK features consist of Read Pacing, Multicast, and Dynamic Buffer Pool.

Read Pacing

The Read Pacing feature allows users to throttle the number of Read Requests being made by
downstream devices. When a downstream device requests several long Reads back-to-back, the Root
Complex services the Read Requests from this downstream Port in a sequential order. If this Port has a
narrow Link and is therefore slow in receiving these Read packets from the Root Complex, other
downstream Ports may become starved, thus negatively impacting performance. The feature enhances
performance by allowing for the adequate servicing of all downstream devices, by intelligent handling
of Read Requests.

For further details, refer to Section 8.5, “ Read Pacing.”

Multicast — All Modes Except Legacy NT

Multicast (MC) alows programsto concurrently write the same data to a group of multiple destinations.
When Posted Memory Write and/or Address Routed Message TLPs entering the PEX 8649 are
addressed to the MC Address range (MC BARS), the PEX 8649 automatically generates and transmits, if
enabled, a copy of the original TLP (referred to as the MC Copy TLP) to the destination Ports. The MC
Address space is divided into MC Groups (MCG), defined by using MC Base Address and MC Index
Position. Each PEX 8649 Port can elect to receive an MC Copy TLP by belonging to an MCG, by
Setting the corresponding MC Receive bit. An MC TLP can be blocked using the MC Block All bit, if
required. MC Overlay Bar can be used to replace the original MC TLP's address to a Unicast Address
space, if the endpoint does not support MC.

For further details, refer to Section 8.6, “Multicast — All Modes Except Legacy NT.”

Dynamic Buffer Pool

The PEX 8649 uses a dynamic buffer pool for FC management, which uses a common pool of FC
Creditsthat is shared among other Ports within a Station. This shared buffer pool is user-programmable,
so FC credits can be allocated among the enabled Ports, as needed. Not only does this prevent wasted
buffers and inappropriate buffer assignments, any un-allocated buffers remain in the common buffer
pool, which can then be used by other Ports within the same Station, for faster FC credit updates.
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2.1.15

2.1.15.1

2.1.15.2

2.1.15.3

2.1.154

visionPAK

visionPAK

Another PLX exclusive, visionPAK is a debug diagnostics suite of integrated hardware and software
instruments that users can use to help bring their systemsto market faster. visionPAK features consist of
Performance Monitoring, Error Injection, SerDes L oopback, SerDes Eye Capture, and more.

Performance Monitoring

The PEX 8649's real-time performance monitoring allows users to literally “se€” ingress and egress
performance on each Port as traffic passes through the switch, using PLX’s Software Devel opment Kit
(SDK). The monitoring is completely passive, and therefore, has no effect on overall system
performance. Internal counters provide extensive granularity down to traffic and packet type, and even
allow for the filtering of traffic (that is, count only Memory Writes).

Error Injection

Using the PEX 8649's Error Injection feature, users can inject malformed packets and/or Fatal
errorsinto their system, then evaluate the system’s ability to detect and recover from such errors.
SerDes Loopback

The PEX 8649 supports External Tx, Recovered Clock, and Recovered Data L oopback modes.

SerDes Eye Capture

Users can evaluate their system’s signal integrity at the Physical Layer (PHY), using the PEX 8649's
SerDes Eye Capture feature. Using PLX's SDK, users can view the Receiver eye width of any Lane on
the PEX 8649. Users can then modify SerDes settings and see the impact on the Receiver eye.
Figure 2-3 presents a screen shot of the SDK’s SerDes Eye Capture feature.

Figure 2-3. PLX SDK SerDes Eye Capture Feature
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2.2

221

14

Applications

Suitable for Host-centric and peer-to-peer traffic, the PEX 8649 can be configured for a wide variety
of form factors and applications.

Host-Centric Fan-Out

The PEX 8649, with its versatile symmetric or asymmetric Lane configuration capability, allows
user-specific tuning to a variety of Host-centric applications.

Figure 2-4 illustrates a typical server design where, in a quad- or multi-processor system, users can
assign endpoints/sotsto CPU cores, to distribute the system load. The packets directed to different CPU
cores go to different (user-assigned) PEX 8649 upstream Port(s), providing better queuing and
load-balancing capability, for higher performance. Conversely, the PEX 8649 can aso be used in
Base mode, to simply fan-out to endpoints.

Figure 2-4. Host-Centric, Dual-Upstream

L PCl Express
Gen 1 or Gen 2 slots
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2.2.2 Multi-Host Systems

In Multi-Host mode, the PEX 8649 can concurrently support up to four Hosts. By creating up to four
virtual switches, the PEX 8649 alows up to four Hosts to fan-out to their respective endpoints. This
reduces the number of switches required for fan-out, saving precious board space and power
consumption. In Figure 2-5, the PEX 8649 is shared by four different servers (Hosts), with each server
running its own applications (1/0s). The PEX 8649 assigns the endpoints to the appropriate Host, and
isolates them from the other Hosts.

Figure 2-5. Multi-Host Systems
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2.2.3
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Host Failover

The PEX 8649 can also be used in applications where Host Failover is required. In the application
illustrated in Figure 2-6, two Hosts can be simultaneoudly active and controlling their own domains,
while exchanging status information through Door bell registers or the 12C Slave interface. The devices
can be programmed to trigger failover if the heartbeat information is not provided. In the event of a
failure, the surviving device will reset the endpoints connected to the failing CPU, then enumerate them
within its own domain, without impacting the operation of endpoints already within its domain.

Figure 2-6. Host Failover
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2.2.4 N+1 Failover in Storage Systems

The PEX 8649's Multi-Host feature can also be used to devel op storage array clusters, where each Host
manages a set of storage devices, independent of the other Hosts. Users can designate one of the Hosts
as the Failover Host for all the other Hosts, while actively managing its own endpoints. The Failover
Host communicates with the other Hosts for status/heartbeat information, and executes a Failover event
if/iwhen a Failover event istriggered. (Refer to Figure 2-7.)

Figure 2-7. N+1 Failover
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2.3

2.3.1

2.3.2

18

Software Usage Model

From the system model viewpoint, each PCl Express Port is a virtual PCI-to-PCI bridge, with its own
set of PCl Express Configuration registers. The recommended upstream Port in Base mode is Port 0;
however, any Port can be configured as the upstream Port through optional configuration, by way

of aserial EEPROM, the 1°C Slave interface, and/or Strapping balls. The BIOS and/or Host can
configure the other Ports, by way of the upstream Port, using Conventional PCl enumeration. In Virtual
Switch mode, any Port within the same virtual hierarchy can be designated as the upstream Port for that
particular hierarchy.

System Configuration

The virtual PCI-to-PCI bridges within the PEX 8649 are compliant to the PCI and PCI Express system
models. The Configuration Space registers (CSRs) in avirtual primary/secondary PCI-to-PCI bridge are
accessible by TypeO or Type 1l Configuration Requests, through the virtual primary bus interface
(matching Bus Number, Device Number, and Function Number). Assuming the Bus Number for the
upstream Port is 1, the PEX 8649's BDF (Bus, Device, Function) for FO and F1 is 1/0/0 and 1/0/1,
respectively.

Interrupt Sources and Events

The PEX 8649 supports the INTX Interrupt Message type (compatible with PCI r3.0 Interrupt signals)
or Message Signaled Interrupts (M SIs), when enabled. The PEX 8649 generates interrupts/M essages for
the following:

e Hot Plug or Link State events

» Device-Specific errors

» GPIO-generated events

» NT Doorbell-generated events (Base mode only)

» Management Port Doorbell events (Transparent Ports and NT Port Virtual Interface only)
» Management Link Status event (Transparent Ports and NT Port Virtual Interface only)

» Baseline and Advanced Error Reporting

Internally generated interrupts and interrupts forwarded from downstream Ports are re-mapped and
collapsed at the upstream Port(s).
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3.1 Introduction
This chapter provides descriptions of the 676 PEX 8649 signal balls. The signal name, type, location,
and a brief description are provided for each signal ball. A map of the PEX 8649's physical layout is
also provided.

3.2 Abbreviations

The following abbreviations are used in the signal tables provided in this chapter.

Table 3-1. Ball Assignment Abbreviations

Abbreviation Description
# Active-Low signal
A Analog Input signal
APWR Power (VDD10A) ballsfor SerDes Analog circuits

CMLCLKn? | Differentia low-voltage, high-speed, CML negative Clock inputs
CMLCLKp? | Differential low-voltage, high-speed, CML positive Clock inputs

CMLRn Differential low-voltage, high-speed, CML negative Receiver inputs
CMLRp Differential low-voltage, high-speed, CML positive Receiver inputs
CMLTn Differential low-voltage, high-speed, CML negative Transmitter outputs
CMLTp Differentia low-voltage, high-speed, CML positive Transmitter outputs
CPWR 1.0V Power (VDD10) balls for low-voltage Core circuits
GND Common Ground (VSS) for al circuits
| Input
1/10 Bidirectional (Input or Output)
I/OPWR 2.5V Power (VDD25) bals for Input and Output interfaces
(0] Output
oD Open Drain output
PD Weak internal pull-down resistor
PLLPWR 2.5V Power (VDD25A) balls for Phase-Locked Loop (PLL) circuits
PU Wesk internal pull-up resistor
SerDes Seriali_zer/DeSeri_quzer differential low-voltage, high-speed, I/0 signal pairs
(negative and positive)
STRAP Signals used for PEX 8649 configuration, operational mode setting, and Factory Test;

these signals generally are not toggled at runtime

a. For REFCLK input, CML sourceis recommended; however, LVDS source is supported.
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3.3 Internal Pull-Up/Pull-Down Resistors

The PEX 8649 contains /O buffers that have weak internal pull-up or pull-down resistors, indicated in
this chapter by PU or PD, respectively, in the signal ball tables (Type column). If a signal with this
notation is used and no board trace is connected to the ball, the internal resistor is usually sufficient to
keep the signal from toggling. However, if asignal with this notation is not used, but is connected to a
board trace and is not used nor driven by an external source at all times, the internal resistors might not
be strong enough to hold the signal in the inactive state. In cases such as these, it is recommended
that the signal be pulled or tied High to VDD25 or Low to VSS (GND), as appropriate, through a 3KQ
to 10KQ resistor.

Table 3-2 lists the internal pull-up and pull-down resistor values.

Table 3-2. Internal Resistor Values

Internal Resistor Minimum Typical Maximum Units
PU 74K 111K 178K Q
PD 62K 99K 179K Q
3.4 Signal Ball Descriptions

Note: If thereis more than one ball per signal name that includes a numbered range, the locations
are listed in the same sequence in which the rangeis listed, starting at the top row, from left
to right. For example, PEX_PERN15 islocated at AC22, PEX_PERn14 islocated at AC17,
and so forth.

If there is more than one ball per signal name that does not include a numbered range
(such as VDD10), the locations are listed in ascending al phanumeric order.

The PEX 8649 signals are divided into the following groups:
» PCI Express Signas
» Hot Plug Signals
— Parallel Hot Plug Signals
— Serial Hot Plug Signals
» Seriad EEPROM Signals
e Strapping Signals
» JTAG Interface Signals
« 12C/SMBus Slave Interface Signals
» Device-Specific Signals
e External Resistor Signals
» No Connect Signals
» Power and Ground Signals
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3.4.1 PCI Express Signals

PCI Express Signals

Table 3-3 defines the PCI Express SerDes and Control signals.

Table 3-3. PCI Express Signals — 195 Balls

Signal Name Type Location Description
AC22, AC21, AC20, AC19,
i AC17, AC16, AC15, AC14, Negative Half of PCI Express Receiver
PEX_PERN[15.0] CMLRN | AC13. AC12, AC11. AC10, | Differential Signal Pairsfor Station 0 (16 Balls)
AC8, AC7, AC6, AC5
D13, D12, D11, D10,
. D8, D7, D6, D5, Negative Half of PCI Express Receiver
PEX_PERN[31:16] CMLRn 1, K4, L4, M4, Differential Signal Pairs for Station 5 (16 Balls)
P4, R4, T4, U4
D14, D15, D16, D17,
. D19, D20, D21, D22, Negative Half of PCI Express Receiver
PEX_PERN[47:32] CMLRn 13, K23, 123, M23, Differential Signal Pairs for Station 4 (16 Balls)
P23, R23, T23, U23
AB22, AB21, AB20, AB19,
. AB17, AB16, AB15, AB14, Positive Half of PCI Express Receiver
PEX_PERp[15:0] CMLRp | AB13 AB12. AB11 AB10, | Differential Signal Pairsfor Station 0 (16 Balls)
AB8, AB7, AB6, AB5
E13, E12, E11, E10,
. E8, E7, E6, E5, Positive Half of PCI Express Receiver
PEX_PERP[31:16] CMLRp 35, K5, L5, M5, Differential Signal Pairsfor Station 5 (16 Balls)
P5, R5, T5, U5
El4, E15, E16, E17,
. E19, E20, E21, E22, Positive Half of PCI Express Receiver
PEX_PERp[47:32] CMLRp 22,K22, 122, M22. Differential Signal Pairs for Station 4 (16 Balls)
P22, R22, T22, U22
PCIl Express Reset
Used to cause a Fundamental Reset.
Base Mode
Refer to Section 5.1, “ Resets — Base Mode,”
for further details.
PEX_PERST# P|U AC1l Virtual Switch Mode
In Virtua Switch mode, PEX_PERST# assertion
resets all virtual switches.
Refer to Section 5.2, “ Resets — Virtual Switch Mode,”
for further details.
Note: VSX_PERST# signals, defined in Table 3-11,
are the Reset inputs for individual virtual switches.
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Table 3-3. PCI Express Signals — 195 Balls (Cont.)

Signal Name Type Location Description
AF22, AF21, AF20, AF19,
. AF17, AF16, AF15, AF14, Negative Half of PCI Express Transmitter
PEX_PETN[15:0] CMLTn | AF13 AF12, AF11 AF10, | Differential Signal Pairsfor Station O (16 Balls)
AF8, AF7, AF6, AF5
A13,A12, Al11, A10,
. A8, A7, A6, A5, Negative Half of PCI Express Transmitter
PEX_PETN[31:16] CMLTn JL, K1, L1, M1, Differential Signal Pairs for Station 5 (16 Balls)
P1,R1,T1, Ul
Al4, A15, Al6, Al7,
. A19, A20, A21, A22, Negative Half of PCI Express Transmitter
PEX_PETn[47:32] CMLTn 126, K26, L 26, M26, Differential Signal Pairs for Station 4 (16 Balls)
P26, R26, T26, U26
AE22, AE21, AE20, AE19,
. AE17, AE16, AE15, AE14, Positive Half of PCI Express Transmitter
PEX_PETp[15:0] CMLTP | AE13  AE12, AE1L AEL0, | Differential Signal Pairsfor Station 0 (16 Balls)
AES8, AE7, AE6, AE5
B13, B12, B11, B10,
. B8, B7, B6, B5, Positive Half of PCI Express Transmitter
PEX_PETp[31:16] CMLTp 2, K2, L2, M2, Differential Signal Pairs for Station 5 (16 Balls)
P2, R2, T2, U2
B14, B15, B16, B17,
. B19, B20, B21, B22, Positive Half of PCI Express Transmitter
PEX_PETp[47:32] CMLTp 105, K25, L 25, M25. Differential Signal Pairs for Station 4 (16 Balls)
P25, R25, T25, U25
Negative Half of 100-MHz PCI Express
Reference Clock Input Signal Pair
PEX_REFCLKnN CMLCLKn AF9
PEX_REFCLKnN must be AC-coupled.
Usea0.01to 0.1 uF capacitor.
Positive Half of 100-MHz PCI Express
Reference Clock Input Signal Pair
PEX_REFCLKp CMLCLKp AE9
PEX_REFCLKp must be AC-coupled.
Usea0.01to 0.1 uF capacitor.
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3.4.2

Hot Plug Signals

Hot Plug Signals

The PEX 8649 includes signals for both Parallel and Serial Hot Plug support.

Parallel Hot Plug can be implemented on any of two Transparent downstream Ports, as selected by the
Parallel Hot Plug Control register (Base mode — Port 0, except if Port O isa Legacy NT Port, then this
register exists in the NT Port Virtual Interface; Virtual Switch mode — Port O, accessible through the
Management Port, offset 3A4h[15:8 and 23:16] for Parallel Hot Plug Controllers B and C, respectively).

Serial Hot Plug can be implemented on any Transparent downstream Port. If a Transparent downstream
Port is both Parallel- and Serial Hot Plug-capable, the Serial Hot Plug Controller is used, by default,
unless the Port’s Power Management Hot Plug User Configuration register Serial Hot Plug Override
Parallel Disable bit (offset F70h[19]) is Set.

Hot Plug signals are enabled, configured, and accessed through the Slot Capability and Slot Statusand
Control registers (Downstream Ports, offsets 7Ch and 80h, respectively). Also, each Port’'s Power
Management Hot Plug User Configuration register provides additional Device-Specific configuration
and control, for both Parallel and Serial Hot Plug implementations.

Both signal types are discussed in the sections that foll ow.
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3.4.2.1

Parallel Hot Plug Signals
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The PEX 8649 includes 10 signal balls per Hot Plug-capable Port that supports the Parallel Hot Plug
Controller (HP.), as defined in Table3-4. These signals are active only for Hot Plug-capable
Transparent downstream Ports configured at start-up.

For further details regarding Hot Plug, refer to Chapter 10, “Hot Plug Support.” For alist of the default
Parallel Hot Plug Ports, refer to Section 10.8.2, “Default Paralel Hot Plug Ports — Virtual Switch

Mode.”

Notes.  All Parallel Hot Plug signals are I/O; however, their logical operation is either input
or output, as described for each signal.

All Parallel Hot Plug signals are duplicated for each Hot Plug-capable Port, as B
and C signals, which map to any Transparent downstream Port, as selected by the Parallel
Hot Plug Control register (Base mode — Port 0, except if Port Oisa Legacy NT Port, then this
register exists in the NT Port Mirtual Interface; Virtual Snitch mode — Port O, accessible
through the Management Port, offset 3A4h[15:8 and 23:16] for Parallel Hot Plug Controllers
B and C, respectively).

Table 3-4. Parallel Hot Plug Signals? for Ports C, B — 20 Balls

Signal Name Type

Location

Description

HP_ATNLED_[C, BJ#

110

B25, AB1

Hot Plug Attention LED Outputs (2 Balls)

Active-Low Slot Control Logic output that is used to drive the
Attention Indicator. Output is asserted Low to turn On (illuminate)
the LED.
Enabled when the Slot Capability register Attention Indicator
Present bit (Downstream Ports, offset 7Ch[3]) is Set and controlled
by the Slot Control register Attention Indicator Control field
(Downstream Ports, offset 80h[7:6]). When software writes to the
Attention Indicator Control field, a Command Completed interrupt
can be generated to notify the Host that the command has been
executed.
When the following conditions exist:
« Slot Capability register Attention Indicator Present bit
(Downstream Ports, offset 7Ch[3]) is Set, and
« Slot Control register Command Completed Interrupt Enable
bit is not masked (Downstream Ports, offset 80h[4] is Set), and
« Slot Control register Hot Plug Interrupt Enable bit
(Downstream Ports, offset 80h[5]) is Set,

aninterrupt (MSI, INTx Message, or PEX_INTA# and/or
V Sx_PEX_INTA# output, all mutually exclusive, on a per-Port
basis) can be generated to the Host.

If HP_ATNLED_x# are used, each requires an external
current-limiting resistor.

Note:  Although thisisan 1/O signal, itslogical operation
isoutput.

24
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Hot Plug Signals

Table 3-4. Parallel Hot Plug Signals? for Ports C, B — 20 Balls (Cont.)

Signal Name

Type

Location

Description

HP_BUTTON_[C, BJ#

110

C25, AB3

Hot Plug Attention Button Inputs (2 Balls)

Active-Low Slot Control Logic input that is connected directly
to the Attention Button, with input assertion status latched in the
Slot Status register Attention Button Pressed bit (Downstream
Ports, offset 80h[16]).
Enabled when the Slot Capability register Attention Button Present
bit (Downstream Ports, offset 7Ch[0]) is Set.
When the following conditions exist:
¢ HP_BUTTON_X# isnot masked (Slot Control register
Attention Button Pressed Enable bit (Downstream Ports,
offset 80h[Q]) is Set), and
« Slot Capability register Hot Plug Capable bit
(Downstream Ports, offset 7Ch[6]) is Set, and
« Slot Control register Hot Plug Interrupt Enable bit
(Downstream Ports, offset 80h[5]) is Set,

aninterrupt (MSI, INTx Message, or PEX_INTA# and/or

V Sx_PEX_INTA# output, all mutually exclusive, on a per-Port
basis) can be generated, to notify the Host of intended board
insertion or removal.

Notes: HP_BUTTON_x# isinternally de-bounced,
but must remain stable for at least 10 ms.

Although thisisan 1/0O signal, itslogical operation isinput.

HP_CLKEN_[C, B]#

110

F24, AE1

Hot Plug Reference Clock Enable Outputs (2 Balls)

Active-Low Slot Control Logic output that, when enabled,
controls the connection of the external REFCLK to the dlot.
Enabled when the Slot Capability register Power Controller
Present bit (Downstream Ports, offset 7Ch[1]) is Set, and controlled
by the Slot Control register Power Controller Control bit
(Downstream Ports, offset 80h[10]).

The time delay from HP_PWREN_x output assertion to
HP_CLKEN_x# output assertion is programmable (through

serial EEPROM load) from 128 to 512 ms, in the HPC Tyq, field
(offset F70h[4:3]). When thisregister field is programmed to 00b
(default), HP_PWR_GOOD_x input assertion controls the time
delay from HP_PWREN_x output assertion to HP_CLKEN_x#
output assertion.

Note:  Although thisisan 1/O signal, itslogical operation
isoutput.
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Table 3-4. Parallel Hot Plug Signals?@ for Ports C, B — 20 Balls (Cont.)

Signal Name Type Location Description

Hot Plug Manually Operated Retention Latch Sensor | nputs
(2Balls)

Active-Low Slot Control Logic input that is connected directly
to an optional Manually operated Retention Latch (MRL)
Sensor that islogic Low when the latch is closed.
Enabled when the Slot Capability register MRL Sensor Present bit
(Downstream Ports, offset 7Ch[2]) is Set.
When enabled, HP_MRL _X# input assertion enables Hot Plug
output sequencing to turn On the slot’s power (HP_PWREN_X
and HP_PWRLED_x#) and clock (HP_CLKEN_x#), and de-assert
Reset (HP_PERST _x#) after reset, asillustrated in Figure 10-2,
“Hot Plug Outputs When Power Controller Present and Power
Controller Control Bits Are Cleared,” or under software control.
A changeinthe HP_MRL_Xx# signal stateis latched in the
Slot Statusregister MRL Sensor Changed bit (Downstream Ports,
offset 80h[18]), and the state change can assert an interrupt to notify
the Host of achangein the MRL Sensor state.
When the following conditions exist:

e HP_MRL_x#isnot masked (Slot Control register

MRL Sensor Changed Enable bit (Downstream Ports,
offset 80h[2]) is Set), and

« Slot Control register Hot Plug Interrupt Enable bit

"o (Downstream Ports, offset 80h[5]) is Set,

HP_MRL_[C, BJ# PU G21,AB2 | g interrupt (MSI, INTx Message, or PEX_INTA# and/or
VSx_PEX_INTA# output, all mutually exclusive, on a per-Port
basis) can be generated.

If the associated Hot Plug-capable Transparent downstream Port
connects to a PCl Express board slot that does not implement

an MRL Sensor, HP_MRL_x# istypically connected to
HP_PRSNT _x# and a pull-up resistor, with the common node
connected to the PRSNT2# signal(s) at the slot.

If the associated Hot Plug-capable Transparent downstream Port
instead connects directly to adevice, and Hot Plug signals (such
asHP_PERST_x#) are used, pull HP_MRL_x# Low to enable
the automatic Hot Plug output sequencing following switch Reset
(PEX_PERST# or Hot Reset) de-assertion. Otherwise, if Hot Plug
signals are not used, pull HP_MRL_x# High, to hold the Hot
Plug outputs in their inactive states.

When HP_MRL_X# is enabled and the input is sampled

High on a powered slot, REFCLK to the slot is automatically
disconnected and the slot power is automatically turned Off,
asillustrated in Figure 10-3, “Hot Plug Automatic Power-Down

Sequence”

Notes: HP_MRL_X#isinternally de-bounced, but must
remain stable for at least 10 ms. HP_MRL_X#, if enabled,
is not de-bounced when sampled immediately after reset.

Although thisisan 1/0O signal, itslogical operation isinput.
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Table 3-4. Parallel Hot Plug Signals? for Ports C, B — 20 Balls (Cont.)

Signal Name

Type

Location

Description

HP_PERST [C, B]#

110

G22, AD1

Hot Plug Reset Outputs (2 Balls)

Active-Low Slot Control Logic output that is used to reset the slot.
When the Slot Capability register Power Controller Present bit
(Downstream Ports, offset 7Ch[1]) is Set, the HP_PERST _x# output
state can be controlled by software, using the Slot Control register
Power Controller Control bit (Downstream Ports, offset 80h[10]).

Note:  Although thisisan 1/O signal, itslogical operation
isoutput.

HP_PRSNT [C, B]#

110

D25, W5

Hot Plug PRSNT 2# I nputs (2 Balls)

Active-Low Slot Control Logic input that connects to the

dlot’'s PRSNT2# signal, which on the add-in board connects

to the dlot's PRSNT1# signal, which istypically grounded

on the motherboard. A changein the HP_PRSNT_x# input stateis
latched in the Slot Status register Presence Detect Changed bit
(Downstream Ports, offset 80h[19]), and the state change can assert
an interrupt to notify the Host of board presence or absence.

When the following conditions exist:

e HP_PRSNT_x#isnot masked (Slot Control register Presence
Detect Changed Enable bit (Downstream Ports, offset 80h[3],
is Set), and

¢ Slot Control register Hot Plug Interrupt Enable bit
(Downstream Ports, offset 80h[5]) is Set,

aninterrupt (MSI, INTx Message, or PEX_INTA# and/or
V Sx_PEX_INTA# output, al mutually exclusive, on a per-Port
basis) can be generated.

Notes: HP_PRSNT x# isinternally de-bounced, but must remain
stablefor at least 10 ms.

Although thisisan 1/0 signal, itslogical operation isinput.
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Table 3-4. Parallel Hot Plug Signals?@ for Ports C, B — 20 Balls (Cont.)

Signal Name Type Location Description

Hot Plug Power Enable Outputs (2 Balls)
Active-High Slot Control Logic output that controls the slot power
state. When this output is High, power is enabled to the slot.
Enabled when the Slot Capability register Power Controller
Present hit (Downstream Ports, offset 7Ch[1]) is Set.
When software turns the slot’s Power Controller On or Off
(Slot Control register Power Controller Control bit (Downstream
Ports, offset 80h[10])), a Command Completed interrupt can be
generated to notify the Host that the command has been executed.
When the following conditions exist:

¢ Slot Control register Command Completed Interrupt Enable

bit is not masked (Downstream Ports, offset 80h[4], is Set),

and
110 » Slot Control register Hot Plug Interrupt Enable bit
HP_PWREN_[C, B] PD D24, AC2 (Downstream Ports, offset 80h[5]) is Set,

aninterrupt (MSI, INTx Message, or PEX_INTA# and/or
VSx_PEX_INTA# output, all mutually exclusive, on a per-Port
basis) can be generated to the Host.

When HP_MRL_x# isenabled (Slot Capability register

MRL Sensor Present bit (Downstream Ports, offset 7Ch[2]) is Set),
HP_MRL_x# input assertion enables Hot Plug output sequencing
to turn On the slot’s power, by asserting HP_PWREN_x after reset,
asillustrated in Figure 10-2, “Hot Plug Outputs When Power
Controller Present and Power Controller Control Bits Are Cleared,”
or under software control.

Notes: HP_PWREN_x polarity is inverted with respect to
HP_PWRENX# functionality in PLX ExpressLane Gen 1 switches.

Although thisisan 1/0O signal, its logical operation is output.

Hot Plug Power Fault I nputs (2 Balls)

Active-Low Slot Control Logic input that, when asserted Low,
indicates that the slot’s external Power Controller detected
apower fault on one or more supply rails.
Enabled when the Slot Capability register Power Controller
Present bit (Downstream Ports, offset 7Ch[1]) is Set, and input
assertion statusislatched in the Slot Status register Power Fault
Detected bit (Downstream Ports, offset 80h[17]).
When the following conditions exist:

e HP_PWRFLT_x#isnot masked (Slot Control register

Power Fault Detector Enable bit (Downstream Ports,

e offset 80h[1]) is Set), and
HP_PWRFLT_[C, B]# B26, AC3 « Slot Control register Hot Plug Interrupt Enable bit
(Downstream Ports, offset 80h[5]) is Set,

aninterrupt (MSI, INTx Message, or PEX_INTA# and/or
VSx_PEX_INTA# output, all mutually exclusive, on a per-Port
basis) can be generated, to notify the Host of a power fault.

Notes: If HP_PWREN x and HP_CLKEN_x# are not used,
HP_PWRFLT_x# can be used as a general-purpose input with
status reflected in the Slot Status register Power Fault Detected

bit (Downstream Ports, offset 80h[17]), provided that the Slot
Capability register Power Controller Present bit (Downstream Ports,
offset 7Ch[1]) is Set.

Although thisisan 1/0O signal, itslogical operation isinput.
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Table 3-4. Parallel Hot Plug Signals? for Ports C, B — 20 Balls (Cont.)

Signal Name Type Location Description

Hot Plug Power Good Inputs (2 Balls)

Active-High (default) input that, when enabled (default), causes
the Slot Control Logic to delay HP_CLKEN_x# output assertion
to turn On REFCLK to the dot, until HP_PWR_GOOD_x input
is asserted to indicate that the installed modul€'s power supplies

are active and stable.
Signa polarity can be changed to Active-Low, by programming
HP_PWR_GOOD_[C, B] 1710 F25, Y3 the_serial EEPROM to Set the Port's HP_P\NR_GOOD_X
- - PD Active-Low Enable bit (offset F70h[6]). Polarity must not

be changed by 12C, because that is too slow for initialization.
HP_PWR_GOOD_x is disabled when the Port's HPC Tpg, field
(offset F70h[4:3]) is programmed to a value other than 00b, to
cause HP_CLKEN_x# output assertion to follow HP_PWREN_x
assertion, by afixed delay (128, 256, or 512 ms).

Note:  Although thisisan 1/O signal, itslogical operation isinput.

Hot Plug Power LED Outputs (2 Balls)

Active-Low Slot Control Logic output that is used to drive the
Power Indicator. This output is asserted Low to turn On (illuminate)
the LED.
Enabled when the Slot Capability register Power Indicator Present
bit (Downstream Ports, offset 7Ch[4]) is Set, and controlled
by the Slot Control register Power Indicator Control field
(Downstream Ports, offset 80h[9:8]). When software writes to the
Power Indicator Control field, aCommand Completed interrupt can
be generated to notify the Host that the command has been executed.
When the following conditions exist:
« Slot Capability register Power Indicator Present bit
1/0 (Downstream Ports, offset 7Ch[4]) is Set, and
D26, AD2 « Slot Control register Command Completed Interrupt Enable
bit is not masked (Downstream Ports, offset 80h[4], is Set),
and
« Slot Control register Hot Plug Interrupt Enable bit
(Downstream Ports, offset 80h[5]) is Set,

HP_PWRLED [C, B]#

aninterrupt (MSI, INTx Message, or PEX_INTA# and/or
VSx_PEX_INTA# output, all mutually exclusive, on a per-Port
basis) can be generated to the Host.

If HP_PWRLED_x# are used, each requires an external
current-limiting resistor.

Note:  Although thisisan 1/O signal, itslogical operation
isoutput.

a. If Hot Plug outputs (including HP_PERST x#) are used and HP_MRL_x# input is not used, pull HP_MRL _x#
input Low so that Hot Plug outputs (including HP_PERST x#) will properly sequenceif the serial EEPROM
isblank or missing. Default register values enable HP_MRL_x#, which must then be asserted to cause Hot Plug
outputs to toggle (for example, to de-assert HP_PERST x# and assert HP_PWRLED_x#).
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3.4.2.2

Serial Hot Plug Signals

Transparent downstream Ports can implement Hot Plug, by using externa 1°C 1/0 Expanders
(one 16-pin Maxim MAX7311, NXP PCA9555, or TI PCA9555 per dot —or— one 40-pin NXP
PCA9698 per two slots). All Portsimplementing Serial Hot Plug can concurrently use either type of 1/0
Expander (16- or 40-pin). The Serial Hot Plug Controller queries each 1/0O Expander for its Device ID.
40-Pin 12C 1/0 Expanders implement DeviceID, and 16-pin I/O Expanders do not. If the device
responds to the PEX 8649's Device ID query, the Serial Hot Plug Controller assumes that the 1/0
Expander is a 40-pin device. The query can be disabled, by Setting the Power M anagement Hot Plug
User Configuration register 40-Pin |/O Expander Scan Disable bit (offset F70h[17]).

Table 3-4 defines the three signa balls that support Serial Hot Plug. Additionaly, the PEX 8649
supports external Serial Hot Plug signals on the external 12C 1/O Expanders. (Refer to Section 10.9.2,
“External 12C 1/0 Expander Parts Selection and Pin Definition.”)

These signals are active only for Serial Hot Plug-capable Ports configured at start-up. For further details
regarding Hot Plug, refer to Chapter 10, “Hot Plug Support.”

Table 3-5. Serial Hot Plug Signals — 3 Balls

Signal Name Type Location Description

12C_SCL1

12C Serial Clock Linefor Serial Hot Plug Support

I2C Clock source. Used with the external 12C 1/0 Expande,
and must be bused to each 1/0 Expander’s Clock (SCL) pin.
In combination with 12C_SDA1, forms the PEX 8649

I2C Master interface.

oD AC25

12C_SCL 1 requiresan external pull-up resistor.

12C_SDA1

12C Serial Data Output for Serial Hot Plug Support

Transmits and receives 12C data. Used with the external 12C 1/0
Expander, and must be bused to each 1/O Expander’s Data
oD AE25 | (SDA) pin.

In combination with 12C_SCL 1, forms the PEX 8649
I2C Master interface.
12C_SDA1 requires an external pull-up resistor.

SHPC_INT#

Serial Hot Plug Controller Interrupt I nput

Active-Low interrupt input from external 12C 1/O Expanders.

Used only by Serial Hot Plug-capable Transparent downstream Ports.
The I/O Expander assertsits INT# output whenever any of itsinputs
change state, and de-assertsits INT# output when the corresponding
Input Port Data register (that changed state) is read. When the
SHPC_INT# Interrupt input (connected to the INT# output of al I/O
Expanders) is asserted, the 12C Master interface begins reading the
Input Port registers of all 1/0 Expanders, and copies the values to

110 B3 the appropriate hits in the corresponding Port’s Slot Status register
PU (Downstream Ports, offset 80h). The 12C Master interface halts
the reading of 1/O Expander registers when the SHPC_INT#

input de-asserts.
If used, SHPC_INT# requires an external pull-up resistor.

Notes: By default, SHPC_INT# isinternally de-bounced,

but must remain stable for at least 10 ms. Internal de-bouncing
can be disabled, by Setting the Port’s Serial Hot Plug INTx
De-Bounce Disable bit (offset F70h[18]).

Although thisisan 1/O signal, itslogical operation isinput.
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3.4.3 Serial EEPROM Signals

The PEX 8649 includes four signals for interfacing to a serial EEPROM, defined in Table 3-6.
For information regarding serial EEPROM use, refer to Chapter 6, “ Serial EEPROM Controller.”

Table 3-6. Serial EEPROM Signals — 4 Balls

Signal Name Type Location Description
1/0 Active-Low Serial EEPROM Chip Select Output
EE_CS# E26 o ) ) ) o
PU Note:  Although thisisan I/O signal, itslogical operation is output.
EE_DI (0] G23 PEX 8649 Output to Serial EEPROM Data | nput
PEX 8649 I nput from Serial EEPROM Data Output
EE DO '£ F26 | Should be pulled High to VDD25.

Note: Although thisisan I/O signal, itslogical operation isinput.

Serial EEPROM Clock Frequency Output

Programmable, by way of the Serial EEPROM Clock Frequency
register EepFreq[2:0] field (Base mode — Port O, except if Port Oisa
Legacy NT Port, then this register existsin the NT Port Virtual
Interface; Virtual Switch mode — Port 0, accessible through the
Management Port, offset 268h[2:0]), to the following:

1/0 e 1 MHz (default)

EE_SK E25 1.98 MHz

e 5MHz

e 9.62MHz

e 125MHz

e 156 MHz

e 17.86 MHz

Note: Although thisisan I/O signal, itslogical operation is output.
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3.4.4

Strapping Signals

The PEX 8649 Strapping signals, defined in Table 3-7, Set the configuration of upstream Port and
NT Port assignment, Link width, and various setup and test modes.

Internal pull-up and pull-down resistors are used to Set the default configuration; if the PEX 8649
configuration must be changed from the default, external pull-up and/or pull-down resistors can be
connected. External resistors are not required unless the Strapping signals:

* Must beinverted from the default logic state, —or—

» Are connected to circuit traces (the internal resistors are relatively weak, and may not be strong
enough to hold circuit tracesto the default input states)

After a Fundamental Reset, the Link Capability, VS0 Upstream, and Port Configuration registers
capture ball status. Strapping ball Configuration data can be changed by writing new data to these
registers from the Management Port and/or serial EEPROM. 1°C can also change Strapping ball
Configuration data; however, the STRAP_|2C_CFG_EN# input should be Low, to prevent linkup and
Host enumeration. Then, when 12C programming is complete, 12C should lastly Set the Configuration
Release register Initiate Configuration bit (Port 0, offset 3ACh[0]), to enable linkup and allow
subsequent Host enumeration.

Table 3-7. Strapping Signals — 33 Balls

Signal Name Type Location Description
Factory Test Only (2 Balls)
STRAP_DEBUG_SEL[1:0] I W6, AF3 Pull or tie Low to VSS (GN D). Optionaly, this i.nput canremain
PD unconnected, because the internal pull-down resistor holds the
input Low.

STRAP_FAST BRINGUP#

Factory Test Only

I vy 22 Must be pulled or tied High to VDD25. This input can remain
PU unconnected, because the internal pull-up resistor holds the
input High.

Compatibility Enable for Non-Compliant Gen 1 Endpoints

When STRAP_G1_COMPATIBLE# ispulled or tied High to
VVDD25, the Data Rate Identifier symbol in the TS Ordered-Sets
always advertises support for both the Gen 2 data rate and
Autonomous Change.

When STRAP_G1_COMPATIBLE# ispulled or tied Low to VSS
(GND), and the Link training sequence fails during the Configuration
state, the next time the Link Training and Status State Machine

STRAP_G1 COMPATIBLE# w1 (LTSSM) exitsthe Detect state, TS Ordered-Sets advertise only the

PU Gen 1 data rate, and no Autonomous Change support. The LTSSM
then continues to toggle between Gen 1 and Gen 2 advertisement
every time it exits the Detect state.

Notes: Thisfeature should be enabled only if a non-compliant
device will not linkup if these Data Rate | dentifier bits are Set.

Normally, thisinput should be pulled or tied High to VDD25.
Optionally, thisinput can remain unconnected, because
the internal pull-up resistor holds the input High.
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Table 3-7. Strapping Signals — 33 Balls (Cont.)

Strapping Signals

Signal Name

Type

Location

Description

STRAP _12C_CFG_EN#

Y1

12C Bus Configuration Enable

Enables or disables the 12C Bus for initial device configuration
prior to Link training.

Base Mode

L = Enables 12C Busfor initial device configuration. The serial
EEPROM isloaded after the PEX 8649 comes out of reset.

After 12C writes a1 to the Configuration Release register Initiate
Configuration bit (Port O, offset 3ACh[0]), all Ports come up at the
sametime.

Note: 12C protocol (bitstream) must be used for thisinitialization
and delayed linkup feature (not SVIBus protocol).

H = Disables 12C Bus for initial device configuration. The
Configuration Release register Initiate Configuration bit is Set
by hardware immediately after the PEX 8649 comes out of reset.
After the serial EEPROM load finishes, all Ports come up at the
sametime.

Virtual Switch Mode

STRAP_I12C_CFG_EN# isused in tandem with
STRAP_NT_ENABLE# and STRAP_NT_UPSTRM_PORTSELO
in Virtual Switch mode. For details, refer to Table 3-8, which
illustrates the relationship between the three signals.

STRAP_NT_ENABLE#

1/0

A3

Base Mode
Enable NT Mode

Active-Low input that enables and disables NT mode.
The STRAP_VS MODE[1:0] inputs must be Low for NT mode.

STRAP_NT_ENABLE# can be overridden by serial EEPROM and/or
12C programming of the VSO Upstream register NT Enable bit

(Port O, except if Port OisalLegacy NT Port, then this register exists
inthe NT Port Virtual Interface, offset 360h[13]). I f the register is
programmed by serial EEPROM and/or 12C, that must bethe

first serial EEPROM entry, or thefirst register written by 12C,
with one exception. (Refer to thefirst Note)

Software can enable or disable NT mode, by writing to the

VS0 Upstream register, if the Debug Control register Hardware/
Software Configuration Mode Control bit (Port O, except if Port O
isaLegacy NT Port, then thisregister existsinthe NT Port Virtua
Interface, offset 350h[9]) is aready Set. The mode will change,
following subsequent Hot Reset (or DL_Down condition) at the
PEX 8649's upstream Port.

L = Enables NT mode
H = Disables NT mode (default, if input is not connected)

Notes: |f STRAP_NT_ENABLE# s pulled or tied High to VDD25,
and software enables NT mode by Setting the VSO Upstream register
NT Enable bit, this register Write must be preceded by a Write that
programs the NT Port Virtual Interface PCI Class Code register
(offset 08h) to the default value for NT mode, 068000h (Other
Bridge Device).

Although thisisan 1/O signal, its logical operation isinput.
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Table 3-7. Strapping Signals — 33 Balls (Cont.)

PLX Technology, Inc.

Signal Name

Type

Location

Description

STRAP_NT_ENABLE#

1/0

A3

Virtual Switch Mode

Enable M anagement Port

Active-Low input that enables and disables the Management
Port. The Management Port is an upstream Port in

one of thevirtual switches, and is designated by the
STRAP_UPSTRM_PORTSEL[3:0] input Setting, and

the Management Port Control register Active Management
Port field (Port 0, accessible through the Management Port and
Redundant Management Port, offset 354h[4, 2:0]) value.

STRAP_NT_ENABLE# can be overridden by the serial
EEPROM value for the register’s Active Management Port
Enable bit (offset 354h[5]).

I2C or SMBus can enable or disable the Active Management
Port, by writing to the M anagement Port Control register.

If 1°C programs the M anagement Port Control register, the
STRAP_I12C_CFG_EN# input can be pulled or tied Low to VSS

(GND), to delay linkup and Host enumeration until 12C initialization
iscomplete. After 12C initialization is complete, 12C (and not SMBuS)

must then Set the Configuration Release register Initiate
Configuration bit (Port 0, offset 3ACh[0]).

Software can enable or disable the Management Port, by writing
through the Management Port, to the Management Port
Control register.

Table 3-8 helps to further illustrate the Virtual Switch
mode relationship between STRAP_NT_ENABLE#,
STRAP_NT_UPSTRM_PORTSELO, and STRAP_I2C_CFG_EN#.

L = Enables the Management Port
H = Disables the Management Port

Note: Although thisisan I/O signal, itslogical operation isinput.
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Table 3-7. Strapping Signals — 33 Balls (Cont.)

Strapping Signals

Location

Signal Name Type

Description

STRAP_NT_P2P_EN# AA1

Base Mode Only
NT PCI-to-PCl Bridge Enable

Note: If NT modeisenabled (STRAP_NT_ENABLE#=L,

or the VSO Upstream register NT Enable bit (Port 0, except if Port O
isaLegacy NT Port, then this register existsin the NT Port Virtual
Interface, offset 360h[ 13]) is Set), thisinput should be pulled or tied
Low to VSS(GND), unless the NT PCI-to-PCI bridge between
theinternal Virtual PCI Bus and the NT Port Virtual Interface must
be disabled for software compatibility to earlier NT mode switches.

If NT mode is not enabled, optionally, thisinput can remain
unconnected, because the internal pull-up resistor holdsthe
input High.

Allowsthe NT function to be logically placed on the internal
Virtua PCI Bus, or behind the PCI-to-PCI bridge for that Port.
Thisinput maps to the Debug Controal register NT P2P Enable
bit (Port 0, except if Port 0 isaLegacy NT Port, then this register
existsinthe NT Port Virtual Interface, offset 350h[14]).

Thissignal and its corresponding register bit must not be toggled
at runtime.

L = Enables NT PCl-to-PCI bridge mode, if NT mode
is enabled (pulled down to Ground (VSS))

H = Disables NT PCI-to-PCI bridge mode, if NT mode
is enabled (default; the PEX 8649 isin Legacy NT mode,
if NT modeis enabled) (pulled up to VDD25)
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Table 3-7. Strapping Signals — 33 Balls (Cont.)

PLX Technology, Inc.

Signal Name

Type

Location

Description

[4, 2:0]

STRAP_NT_UPSTRM_PORTSEL

[4, 2:1]:

[O]:
110

AB24,
AA3, G6,
A2

Base Mode
Select Upstream Non-Transparent Port (4 Balls)
Select any Port to be the upstream NT Port.

STRAP_NT_UPSTRM_PORTSEL [4, 2:0] can be overridden by
the seriadl EEPROM value for the VSO Upstream register NT Port
field (Port O, except if Port OisaLegacy NT Port, then this register
existsinthe NT Port Virtual Interface, offset 360h[12, 10:8],
respectively). If the VSO Upstream register is programmed by
serial EEPROM, that must be the first serial EEPROM entry.

12C can select a Port to be the upstream NT Port, by writing to the

VSO Upstream register. If 12C programs the VS0 Upstream register
(to change the strapped configuration for the upstream Port,

NT Port, and/or NT mode), 12C must program this register first.
The STRAP_I12C_CFG_EN# input can be pulled or tied Low to VSS

(GND), to delay linkup and Host enumeration until 12C initialization

is complete. After 12C initialization is complete, 1°C (and not SMBus)
must then Set the Configuration Release register Initiate
Configuration bit (Port 0, offset 3ACh[0]).

Software can change which Port is configured to be the NT Port,

by writing to the VS0 Upstream register, if the Debug Control
register Hardware/ Software Configuration Mode Control bit (Port O,
except if Port OisaLegacy NT Port, then this register existsin the
NT Port Virtual Interface, offset 350h[9]) is already Set.

Refer to Section 14.9, “Port Programmability,” for further details.

LLLL =PortO
LLLH=Port1
LLHL =Port 2
LLHH =Port 3
HLLL = Port 16
HLLH = Port 17

HLHL = Port 18
HLHH = Port 19
HHLL = Port 20
HHLH = Port 21
HHHL = Port 22
HHHH = Port 23

All other encodings are reserved.

Note: If NT modeisnot used (STRAP_NT_ENABLE#=H) and/or
the serial EEPROM and/or 12C programs NT mode (VSO Upstream
register NT Enable bit (Port 0, except if Port Oisa Legacy NT Port,
then thisregister existsin the NT Port Virtual Interface,

offset 360h[13], is Set), thereby overriding STRAP_NT_ENABLE#),
these inputs should be pulled or tied Low to VSS(GND), but can
remain unconnected (N/C), in which case the VS0 Upstream register
NT Port field value defaults to the logic level Set by the internal

pull-down resistors, Oh.
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Table 3-7. Strapping Signals — 33 Balls (Cont.)

Strapping Signals

Signal Name Type Location

Description

[4, 2:1]:

PD AB24,
AA3, G6,
A2

STRAP_NT_UPSTRM_PORTSEL
[4, 2:0]

[]:
110

Virtual Switch Mode
Management Port I nitialization (4 Balls)

In Virtual Switch mode, the STRAP_NT_UPSTRM_PORTSEL [4,
2:1] balls are Don't Care, and can be pulled or tied Low to VSS
(GND), or optionally, can remain unconnected. If the Management
Port is not enabled (STRAP_NT_ENABLE#=H),
STRAP_NT_UPSTRM_PORTSELO isalso Don’t Care, and

can be pulled or tied Low to VSS (GND), or optionally, can
remain unconnected.

If the Management Port is enabled (STRAP_NT_ENABLE#=L),
STRAP_NT_UPSTRM_PORTSELO is used to control Bring-Up
Options 1 and 2:
» Option 1-STRAP_NT_UPSTRM_PORTSELO=L. After
the serial EEPROM (if present) isloaded, the Management
Port comes up first, to configure the PEX 8649. When
the Management Port has completed its configuration,
Management Port software and/or the serial EEPROM (not
12C nor SM Bus) must Set the Configuration Release register
Initiate Configuration bit (Port 0, accessible through the
Management Port, offset 3ACh[Q]), to release the hold that
is preventing the remaining Links from coming up.
* Option 2—STRAP_NT_UPSTRM_PORTSELO=H.
After the serial EEPROM (if present) isloaded, all Ports
come up concurrently (provided that the seriadl EEPROM
does not Clear the Initiate Configuration bit).

STRAP_NT_UPSTRM_PORTSEL [4, 2:0] can be overridden by the
seriadl EEPROM value for the M anagement Port Control register
Active Management Port Enable bit (Port 0, accessible through the
Management Port and Redundant Management Port, offset 354h[5]).
Table 3-8 helps to further illustrate the Virtual Switch mode
relationship between STRAP_NT_UPSTRM_PORTSELO and
STRAP_12C_CFG_EN#, aswell as STRAP_NT_ENABLE#

Note: If in Virtual Switch mode, the Management Port is not
enabled and/or the serial EEPROM disables the Management Port
(Active Management Port Enable bit is Cleared, thereby overriding
STRAP_NT_ENABLE#), these inputs should be pulled or tied Low to
VSS (GND), but optionally can remain unconnected (N/C), in which
case the Management Port Control register Active Management Port
field value defaults to the logic level Set by theinternal pull-down
resistors, Oh.
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Table 3-7. Strapping Signals — 33 Balls (Cont.)

PLX Technology, Inc.

Signal Name

Type

Location

Description

STRAP PLL_BYPASS#

|
PU

Y26

Factory Test Only
Pull or tie High to VDD25, or optionally can remain unconnected.

STRAP_PROBE_MODE#

8_

Y21

Factory Test Only
Pull or tie High to VDD25, or optionally can remain unconnected.

STRAP_RESERVED16

AE24

Factory Test Only
Must be tied directly to Ground (VSS).

STRAP_RESERVED17#

H24

Factory Test Only
Pull or tie High to VDD25, or optionally can remain unconnected.

STRAP_SERDES MODE_EN#

E_

W26

Factory Test Only
Pull or tie High to VDD25, or optionally can remain unconnected.

STRAP_SMBUS EN#

8_

W3

System M anagement Bus Enable

L = Enables SMBus Slave protocol on the I2C_SCL0O
and 12C_SDAO 2-wire bus

H = Enables 12C Slave protocol onthel2C_SCLO
and 12C_SDAO 2-wire bus

STRAP_STNO_PORTCFG[1:0]

[1]:
110

(0]:

AF24,
AD24

Strapping Signalsto Select Port Configuration for Station 0
(Number of Enabled Ports(1, 2, 3, or 4), and Maximum Number
of Lanesfor Each Specific Port) (2 Balls)

Defines the enabled Port Numbers and their Link widths,

for Station 0. Programs the Port Configur ation register

Port Configuration for Sation O field (Base mode — Port 0, except if
Port Oisalegacy NT Port, then thisregister existsin the NT Port
Virtua Interface; Virtual Switch mode — Port O, accessible through
the Management Port, offset 300h[1:0]) default value.

LL = x4, x4, x4, x4
LH =x16

HL =x8, x8

HH = x8, x4, x4

STRAP_STN4_PORTCFG[1:0]

G1,C4

Strapping Signalsto Select Port Configuration for Station 4
(Number of Enabled Ports(1, 2, 3, or 4), and Maximum Number
of Lanesfor Each Specific Port) (2 Balls)

Defines the enabled Port Numbers and their Link widths,

for Station 4. Programs the Port Configur ation register

Port Configuration for Station 4 field (Base mode — Port 0, except if
Port Oisalegacy NT Port, then thisregister existsin the NT Port
Virtua Interface; Virtual Switch mode — Port O, accessible through
the Management Port, offset 300h[9:8]) default value.

LL = x4, x4, x4, x4
LH =x16

HL =x8, x8

HH = x8, x4, x4
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Table 3-7. Strapping Signals — 33 Balls (Cont.)

Strapping Signals

Signal Name Location

Type

Description

STRAP_STN5_PORTCFG[1:0] B24, C23

Strapping Signalsto Select Port Configuration for Station 5
(Number of Enabled Ports(1, 2, 3, or 4), and Maximum Number
of Lanesfor Each Specific Port) (2 Balls)

Defines the enabled Port Numbers and their Link widths,

for Station 5. Programs the Port Configur ation register

Port Configuration for Sation 5 field (Base mode — Port 0, except if
Port Oisalegacy NT Port, then this register existsin the NT Port
Virtua Interface; Virtual Switch mode — Port O, accessible through
the Management Port, offset 300h[11:10]) default value.

LL = x4, x4, x4, x4
LH =x16

HL = x8, x8

HH = x8, x4, x4

I W2, AD4,

STRAP_TESTMODE[3:0] o0 AP V6

Test Mode Selects (4 Balls)

The STRAP_TESTMODE][3:0] value defines GPIO[31:24]
and PEX_PORT_GOODx# signal functionality following
a Fundamental Reset. GPIO[31:24] and PEX_PORT_GOODx#

signal functionality can also be programmed by serial EEPROM, 12C,
and/or software.

HLHH (1011b or Bh)

* PEX_PORT_GOODx# default to the PORT_GOOD function
e GPIO[31:24] are inputs, with values reflected in the
GPIO 24 _31 Input Data register (Base mode — Port 0, except
if Port Oisalegacy NT Port, then this register existsin the
NT Port Virtual Interface; Virtual Switch mode — Port O,
accessi ble through the Management Port, offset 620h)

HHLL (1100b or Ch)

* PEX_PORT_GOODx# default to GPIO inputs, with values
reflected in the GPIO 0_11 Input Data register (Base mode —
Port O, except if Port 0isaLegacy NT Port, then this register
existsin the NT Port Virtual Interface; Virtual Switch mode —
Port 0, accessible through the Management Port, offset 61Ch)

e GPIO[31:24] default to the Serial Hot Plug PERST#
output function

HHLH (1101b or Dh)

* PEX_PORT_GOODx# default to the PORT_GOOD function
* GPIO[31:24] default to the Serial Hot Plug PERST#
output function

HHHH (1111b or Fh)

* PEX_PORT_GOODx# default to GPIO inputs, with values
reflected in the GP1O 0_11 Input Data register

e GPIO[31:24] are inputs, with values reflected in the
GPIO 24 _31 Input Data register

All other encodings are Factory Test Only.
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Table 3-7. Strapping Signals — 33 Balls (Cont.)

Signal Name Type Location Description

Base Mode

Strapping Signalsto Select Upstream Port (4 Balls)

Select any Port as the upstream Port. These inputs map to the
VS0 Upstream register Upstream Port field (Port 0, except if
Port OisalLegacy NT Port, then this register existsin the

NT Port Virtual Interface, offset 360h[4, 2:0], respectively).

In Base mode, the VSO Upstream register also controls
the enabling or disabling of NT mode, and designation of the
NT Port (if NT mode is enabled). If the VSO Upstream register

is programmed by serial EEPROM and/or I12C, this register must
be programmed first.

If 12C is used to configure the PEX 8649, the
STRAP_12C_CFG_EN# input can be pulled or tied Low
to VSS (GND), to delay linkup until I2C initialization is
complete. After 12C initialization is complete, 12C (and not

SMBus) must then Set the Configuration Release register
Initiate Configuration bit (Port 0, offset SACh[Q]).

Software can change which Port is configured to be

the upstream Port, by writing to the VS0 Upstream register,

if the Debug Control register Hardware/Software Configuration
Mode Control bit (Port 0, except if Port OisaLegacy NT Port,
then thisregister existsin the NT Port Virtual Interface,

offset 350n[9]) is already Set.
STRAP_UPSTRM_PORTSEL[3.0] : A24, G26,

PD G24, G25 | Refer to Section 14.9, “Port Programmability,” for further details.
LLLL =Port0 LHHL = Port 18
LLLH = Port 1 LHHH = Port 19
LLHL = Port 2 HLLL = Port 20
LLHH =Port 3 HLLH = Port 21
LHLL = Port 16 HLHL = Port 22
LHLH =Port 17 HLHH = Port 23

All other encodings are reserved.

Note: The upper two balls select the Sation, and the lower two
balls select the Port within that Station. While the PEX 8649 uses
Sations 0, 4, and 5, the STRAP_UPSTRM_PORTSEL[3:2]
inputs use values 0, 1, and 2 respectively, for ball compatibility
with the PEX 8648. These four PEX 8649 inputs are mapped

to the VSO Upstream register Upstream Port field (Port 0, except
if Port Oisa Legacy NT Port, then this register existsin the

NT Port Virtual Interface, offset 360h[4, 2:0]), in which the
STRAP_UPSTRM_PORTSEL3 valueis shifted up one bit to map
to offset 360h[4], and offset 360h[ 3] isinternally tied Low.
Therefore, while the STRAP_UPSTRM_PORTSEL[3:2] inputs
indicate Sations 0, 1, and 2, the corresponding register value
istrandated to indicate Sations 0, 4, and 5, respectively. The
resulting register value isthe Port Number of the upstream Port.
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Table 3-7. Strapping Signals — 33 Balls (Cont.)

Strapping Signals

Signal Name

Type

Location

Description

STRAP_UPSTRM_PORTSEL[3:0]

A24, G26,
G24, G25

Virtual Switch Mode

Strapping Signalsto Select Management Port (4 Balls)

Select any virtua switch upstream Port as the Management Port.
These inputs map to the Management Port Control register Active
Management Port field (Port 0, accessible through the M anagement
Port and Redundant Management Port, offset 354h[4, 2:0],
respectively).

The Management Port Control register also controls the enabling
or disabling of the Active Management Port, and designation and
enabling of the Redundant Management Port (which is programmed

by Management Port software, serial EEPROM, and/or I2C). The
Active Management Port, the Redundant Management Port, and/or

12C can promote the Redundant Management Port to be the Active
Management Port, by programming the register.

If the STRAP_NT_UPSTRM_PORTSELO input is Low, after

a Fundamental Reset and the serial EEPROM |oad, only the
Management Port links up. When the Management Port has
completed its configuration of the virtual switches, Management

Port software (and/or the serial EEPROM, but not 12C nor SM Bus)
must Set the Configuration Release register Initiate Configuration
hit (Port 0, accessible through the Management Port, offset 3ACh[0]),
to release the hold that is preventing the remaining Links from
coming up. If instead the STRAP_NT_UPSTRM_PORTSELO

input is pulled or tied High to VDD25, al Ports commence Link
training after the serial EEPROM load completes, following
aFundamental Reset.

If 12C is used to configure the PEX 8649, the
STRAP_12C_CFG_EN# input can be pulled or tied Low
to VSS (GND), to delay linkup until 12C initialization is complete.

After 12C initialization is complete, 12C (and/or the serial EEPROM)
must then Set the Initiate Configuration bit, to enable all Ports to
begin Link training.

LLLL =Port0 HLHL = Port 18
LLLH=Port1 HLHH = Port 19
LLHL =Port 2 HHLL = Port 20
LLHH =Port 3 HHLH = Port 21
HLLL = Port 16 HHHL = Port 22
HLLH = Port 17 HHHH = Port 23

All other encodings are reserved.
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Table 3-7. Strapping Signals — 33 Balls (Cont.)

PLX Technology, Inc.

Signal Name

Type

Location

Description

STRAP_VS MODE[1:0]

/0

D2, H3

Virtual Switch Enable (2 Balls)

Used together, to enable up to four virtual switches, depending upon
the ball states. The quantity of virtual switches enabled by these
inputsin Virtual Switch mode isreflected in the Virtual Switch
Enable register VSx Enable bits (Base mode — Port 0, except if Port 0
isaLegacy NT Port, then this register existsin the NT Port Virtual
Interface; Virtual Switch mode — Port 0, accessible through the
Management Port, offset 358h[3:0]).

For Base mode, the STRAP_VS _MODE[1:0] inputs must be

Low. For Virtual Switch mode, the STRAP_VS MODE[1:0] inputs
must be strapped to anon-zero value. If the STRAP_VS MODE[1:0]
inputs are strapped Low to enable Base mode, the serial EEPROM,

12C/SM Bus, and software cannot override the strapsto enable Virtual
Switch mode. Similarly, if the STRAP_VS MODE[1:0] inputs are
strapped to anon-zero value to enable Virtua Switch mode, the serial

EEPROM, 12C/SM Bus, and software cannot override the straps
to enable Base mode. However, in Virtual Switch mode, the serial

EEPROM, 12C/SMBuUs, and/or software can change the Virtual
Switch Table, including the quantity of enabled virtual switches.
(Refer to Section 5.5.3, “Virtual Switch Table.”)

If a design must support both Base mode and Virtual Switch mode,
without changing the STRAP_VS _MODE[1:0] input values, strap the
STRAP_VS MODE[1:0] inputs to anon-zero value. Then, if Base

mode is needed, the serial EEPROM, 12C/SMBus, and/or software
can assign all Portsto VSO (with no Ports assigned to other
virtual switches).

The STRAP_VS MODE[1:0] inputs must be Low for NT mode.

Base Mode

Pull or tie Low to VSS (GND), or optionally, these inputs can remain
unconnected (N/C), because the internal pull-down resistors Set the
default valueto LL.

LL (00b) = Single switch (default, no virtual switches)

Virtual Switch Mode

LH (01b) = Two virtua switches— VS0 and VS1
HL (10b) = Three virtua switches— VS0, VS1, and VS2
HH (11b) = Four virtual switches—V 0, VS1, VS2, and VS3

The default Port configuration assignments for virtual switches
arelisted in Table 4-1.

Note: InVirtual Switch mode, serial EEPROM, 12C/SVIBus and
software can change the virtual switch configuration, but must not
change from Base mode to Virtual Switch mode, nor vice-versa.
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Strapping Signals

Table 3-8 describes the Virtual Switch mode operation for the Strapping options.

Table 3-8. Operation for Strapping Options — Virtual Switch Mode?

STRAP_I2C_CFG_EN#

STRAP_NT_UPSTRM_PORTSELO

STRAP_NT_ENABLE#

(Active Management Port Enable)

Actions

After the seriadl EEPROM load is complete, hardware Sets the Configuration Release
register Initiate Configuration hit (Port 0, accessible through the Management Port,
offset 3ACh[0]), and all Ports come up at the same time (provided that the serial
EEPROM does not Clear the Initiate Configuration bit). (The Active Management Port
is disabled here.)

After the seriadl EEPROM load is complete, only the Management Port comes up,

and Management Port software (and/or the serial EEPROM, but not 12C nor SMBuUs) Setsthe
Configuration Release register Initiate Configuration bit, and then all other Ports come up.

After the seriadl EEPROM load is complete, hardware Sets the Configuration Release
register Initiate Configuration bit, and all Ports come up at the same time
(provided that the seriadl EEPROM does not Clear the Initiate Configuration bit).

L X

The serial EEPROM is loaded after the PEX 8649 comes out of reset. After 12C
(or the seriadl EEPROM) Sets the Configuration Release register Initiate Configuration
bit, al Ports come up at the same time.

a. Xis“Don't Care”
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3.45

JTAG Interface Signals

The PEX 8649 includes five signals for performing Joint Test Action Group (JTAG) boundary scan,
defined in Table 3-9. If JTAG is not used, these signals can remain unconnected (N/C), because the
internal pull-down resistors provide termination for the inputs.

The JTAG interface is described in Section 17.8, “ JTAG Interface.”

Table 3-9. JTAG Interface Signals — 5 Balls

Signal Name

Type Location Description

JTAG_TCK

JTAG Test Clock Input

|
PD B2 JTAG Test Access Port (TAP) Controller clock source. Frequency can
be from O to 15 MHz.

JTAG_TDI

| c3 JTAG Test Data I nput
PD Serial input to the JTAG TAP Controller, for test instructions and data.

JTAG_TDO

JTAG Test Data Output
Serial output from the JTAG TAP Controller test instructions and data.

JTAG_TMS

| B1 JTAG Test Mode Select
PD Input decoded by the JTAG TAP Controller, to control test operations.

JTAG_TRST#

JTAG Test Reset

Active-Low input used to reset the Test Access Port.
When JTAG functionality is not used, the JTAG_TRST# input should
be driven Low, or pulled Low to VSS (GND) through a 1.5K €2 resistor,

| to place the JTAG TAP Controller into the Test-Logic-Reset state, which
PD C2 disables the test logic and enables standard logic operation.
Alternatively, if JTAG_TRST# input is High, the JTAG TAP Controller
can be placed into the Test-Logic-Reset state by initializing the JTAG
TAP Controller’s I nstruction register to contain the IDCODE instruction,
or by holding the JTAG_TMS input High for at least five rising edges
of the JTAG_TCK input.
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3.4.6 12C/SMBus Slave Interface Signals

Table 3-10 defines the five signal's that support the 1°C/SMBuUs Slave interface. For further details, refer
to Chapter 7, “I2C/SMBuUs Slave Interface Operation.”

Table 3-10. 12C/SMBus Slave Interface Signals — 5 Balls

Signal Name Type Location Description

12C/SM Bus Slave Address Bits 2 through 0 | nputs (3 Balls)

Used to define the default value of the three least significant bits of the

PEX 8649 I2C/SMBuUs 7-hit Slave address, which is programmablein the
12C Configuration register Save Address field (Base mode — Port 0, except
if Port OisalLegacy NT Port, then this register existsin the NT Port Virtual
Interface; Virtual Switch mode — Port 0, accessible through the Management
Port, offset 294h[2:0]). If 12C or SMBuUSs is used, 12C_ADDR[2:0] should be
strapped to a unique address, to avoid an address conflict with any other 12c/
SMBus devices (on the same 12C BuySMBuUs segment) that have the upper
four bits of their 7-bit 1°C/SMBus Slave address also defined as value 0011b.

If the STRAP_SMBUS_EN# input (of which itsinverse value defines the
default value of the SM Bus Configur ation register SVIBus Enable bit (Base
mode — Port 0, except if Port 0 isaLegacy NT Port, then this register exists
inthe NT Port Virtual Interface; Virtual Switch mode — Port 0, accessible
through the Management Port, offset 2C8h[0])) is Low, to enable SMBus
protocol as default, the 12C_ADDR?2 input defines the same default value for
two register bits— bit 2 of the Slave address (offset 294h[2]), and the SMBus
Configuration register ARP Disable bit (offset 2C8h[8]). Specifically, if the
12C_ADDR[2:0] 110 F2. F3, E2 STRAP_SMBUS EN# input is Low (to enable SMBus protocol as default):
PU e If thel2C_ADDR2 input is Low, to enable Address Resolution
Protocol (ARP) as default, the ARP Disable bit default valueis 0,
and bit 2 of the12C Configuration register Save Addressfield defaults
to avaue of 0. In this configuration, the upper five bits of the 7-bit
Slave address default to value 00110b.

e If thel2C_ADDR2 input is High, to disable ARP as default, the ARP
Disable bit default valueis 1, and bit 2 of thel 2C Configuration
register Save Address field defaults to avalue of 1. In this
configuration, the upper five bits of the 7-bit Slave address default
to value 00111b.

Theinternal pull-up resistors cause the I2C_ADDR([2:0] inputs to default to

HHH (111b). If the I12C/SMBus Slave address must be changed to a different
value, add pull-down resistors, to force the appropriate 12C_ADDR[2:0]
inputsto alogic Low state, and the Address bits that are to be logic High
can be pulled High, or optionally, can remain unconnected. However, if the
12C_ADDR[2:0] inputs that are logic High are connected to circuit traces,
external pull-up resistors are recommended, because the internal pull-up
resistors might not be strong enough to hold the input(s) High.

Note:  Although thisisan I/O signal, itslogical operation isinput.
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Table 3-10. 1°C/SMBus Slave Interface Signals — 5 Balls

Signal Name Type Location Description

12C/SMBus Serial Clock Line

12C/SMBus hidirectional Clock line. Data on the 12C Bus can be transferred
at rates of up to 100 kbit/s (Standard mode).

12C_SCLO oD G4 12C_SCLOrequiresan external pull-up resistor.

Note: ThePEX 8649 12C/SMBus Save I nterface can stretch the Low period

of the 12C/SMBus clock while a simultaneous in-band Request that also
targets PEX 8649 registersis being processed.

12C/SMBus Serial Data /O

12C SDAO oD 3 Transmits and receives 1°C/SMBus data during 1°C/SMBus accesses
- to PEX 8649 registers.

12C_SDAO requires an external pull-up resistor.

3.4.7 Device-Specific Signals
Table 3-11 defines the Device-Specific signals — signals that are unique to the PEX 8649.

Table 3-11. Device-Specific Signals — 33 Balls

Signal Name Type Location Description

Fatal Error Output (4 Balls)

FATAL_ERR# is used in Base mode, and in Virtual Switch
mode for V0.
VSx_FATAL_ERR# are used only in Virtual Switch mode
FATAL_ERR# o C24 (one per each additional virtual switch — Virtual Switches 3
through 1, respectively).
FATAL_ERR# and/or VSx_FATAL_ERR# are asserted Low
when aFatal error is detected in the PEX 8649 and the following
conditions exist (all the same conditions that are required
to send a Fatal Error Message to the Host):
« Specific error is defined as Fatal in the Uncorrectable
Error Severity register (offset FCOh), and
« Reporting of the specific error condition is enabled,
not masked by the corresponding bit of the Uncorrectable

VS3_FATAL_ERR# AB25, Error Mask register (offset FBCh), and
VS2_FATAL_ERR# (0] W22, « Device Control register Fatal Error Reporting Enable
VS1 FATAL_ERR# AD26 bit (offset 70h[2]) —or— PCl Command register SERR#

Enable bit (offset 04h[8]) is Set

The Device Status register Fatal Error Detected bit
(offset 70n[18]) is Set, and the specific error is flagged
inthe Uncorrectable Error Statusregister (offset FB8h).
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Device-Specific Signals

Table 3-11. Device-Specific Signals — 33 Balls (Cont.)

Signal Name

Type

Location

Description

GPIO[31:24]

110
PU

AD3, AE2, Y5,
AE3, W23, AA26,
E24, C26

General-Purpose 1/0 (8 Balls)

Default functionality is determined at Fundamental Reset;
however, functionality can be switched by programming

the GPI O registers using serial EEPROM, IZC, and/or software.

GPIO[31:24] provide GPIO input functionality, by default,
when the STRAP_TESTMODE[3:0] signal values sampled

at Fundamental Reset (PEX_PERST# and/or VSx_PERST#
input de-assertion) are either value 1011b or 1111b (Bh or Fh,
respectively).

Alternatively, when the STRAP_TESTMODE[3:0] signals
sampled at Fundamental Reset are either value 1100b

or 1101b (Ch or Dh, respectively), GPIO[31:24]

function as Serial Hot Plug PERST# Reset outputs (similar
to HP_PERST _x# outputs), by default, for corresponding
Ports that include an external 12C 1/0 Expander. If an
external 12C 1/0 Expander is not present for a Port, the
corresponding GPIO[31:24] output remains Low (the Serial
Hot Plug PERST# output for that Port is not de-asserted).

If Serial Hot Plug isimplemented (using external 12C 1/0
Expanders), it is recommended that the GPIO[31:24] signals
be strapped as Serial Hot Plug PERST# Reset outputs and
routed to the dots, rather than using the PERST# outputs

from the 12C 1/0 Expanders.
Serial Hot Plug Function — Virtual Switch Mode Only

In Virtual Switch mode, GPIO[31:24] are associated to virtua

switch Ports or the Management Port, by one of two mechanisms:

1. If GPIO[31:24] are configured by STRAP_TESTMODE[3:0]
signal valuesto function as HP_PERST _x# Reset outputs,
then two of the GPIO[31:24] signals will be assigned to each
virtual switch, as default.

2. If GPIO[31:24] are configured by STRAP_TESTMODE[3:0]
signal valuesto not function as Serial Hot Plug PERST#
Reset outputs, the GPIO[31:24] signals are not associated to
the virtual switches, until Management Port software, serial

EEPROM, and/or 12C/SMBus Setsthe Virtual Switch GPIO
Update register VS GPIOs Update hit (Port 0, accessible
through the Management Port, offset 64Ch[0]), to complete
the assignment of individual GPIOx signalsto specific virtual

switches (after software, serial EEPROM, and/or 12C/SMBuUs
configures functionality in the GPIO Serial Hot Plug-related
registers (Port 0, accessible through the Management Port,
offsets 60Ch, 618h, 620h, and 628h), and assigns the signals
to virtual switches, by programming the VSx GPIO_SHP
0_7 Assignment register(s) (Port 0, accessible through the
Management Port, offsets 670h through 67Ch).

Continued...
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Table 3-11. Device-Specific Signals — 33 Balls (Cont.)

Signal Name

Type

Location

Description

GPIO[31:24]

110
PU

AD3, AE2, Y5,
AE3, W23, AA26,
E24, C26

Continued...
Serial Hot Plug Function — Virtual Switch Mode Only (Cont.)

To assign individual GPIO[31:24] signalsto specific virtual
switches, Management Port software, serial EEPROM, and/or 12Cc
can program the VSx GPIO_SHP 0_7 Assignment register(s)
(Port 0, accessible through the Management Port,

offsets 670h through 67Ch, bits[7:0]). Individual GPIO[31:24]
signal assignments must be mutually exclusive among the

virtua switches.

The 8 bitsin each VSx GPIO_SHP 0_7 Assignment register
correspond to the 8 GPIO signals, in the sequence in which they
are listed. (Refer to the registers, for signal to bit mapping.)
Setting a bit in one of the four registers assigns the signal to the
virtual switch indicated by the register name. Because any
GPI0[31:24] signal must not be assigned to more than one virtual
switch, each of the 8 bits can be Set exclusively in only one of
thefour registers. A maximum of eight GPIO[31:24] signals can
be assigned to any one virtual switch. After the VSx GPIO_SHP
0_7 Assignment register(s) are programmed, the actual
assignments do not take effect, until Management Port software,
serial EEPROM, and/or 12C Sets the Virtual Switch GPIO
Update register VS GPIOs Update bit (Port 0, accessible through
the Management Port, offset 64Ch[0]).

After the GPIO[31:24] signals are assigned to virtual switches,
each Virtual Switch Host can then configure individual GPIO
signal functionality, by programming the Virtual Switch
GPIO_SHP 0_7 Direction Control register (VS Upstream
Port(s), offset A58h). In this register, the GPIO[31:24] signals
arevirtualized, and the bit numbers do not correspond to specific
signal names.

Software can determine how many and which GPIO[31:24]
signals are assigned to a unique virtual switch, by reading the
Virtual Switch GPIO_SHP 0_7 Availability register Number
of GPIO_SHPs Available field (VS Upstream Port(s),

offset ASCh[3:0]). Virtual switch software does not determine
which of the actual GPIO[31:24] signals are assigned to the
virtual switch. The register value indicates the quantity of
signals assigned to each virtual switch.
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Device-Specific Signals

Table 3-11. Device-Specific Signals — 33 Balls (Cont.)

Signal Name

Type

Location

Description

PEX_INTA#

oD

D1

VS3_PEX_INTA#
VS2_PEX_INTA#
VSL_PEX_INTA#

oD

w21,
AA24,
Y23

Interrupt Output (4 Balls)

PEX_INTA#isused in Base mode, and in Virtual Switch mode
for VS0. VSx_PEX_INTA# are used only in Virtual Switch
mode (one per each additional virtual switch — Virtual Switches 3
through 1, respectively).

PEX_INTA# and/or VSx_PEX_INTA# Interrupt output
isenabled if:
¢ INTx Messages are enabled (PCI Command register
Interrupt Disable hit, offset 04h[10], is Cleared), and
MSls are disabled (M Sl Control register MS Enable bit,
offset 48h[16], is Cleared)
* PEX_INTA#output isenabled (ECC Error Check Disable
register Enable PEX_INTA# Ball for x Interrupt bits,
offset 720h[9, 8, 7, 6, 5, and/or 4], are Set)

For Device-Specific (RAM ECC) errors, PEX_INTA# (and not
VSx_PEX_INTA#) Interrupt output is enabled if:

« Reporting of the specific error condition in the
Device-Specific Error Statusx register bit(s), if not
masked in their corresponding Device-Specific Error
Mask x register hit(s) (Base mode — Port 0, 16, or 20,
except if any of these PortsisalLegacy NT Port, then the
register for that Station existsin the NT Port Virtual
Interface; Virtual Switch mode — Port 0, 16, or 20,
accessible through the Management Port,
offsets 700h[19:2], 708h[19:2], 710h[17:0], and/or
718n[17:0] (Status) and offsets 704h[19:2], 70Ch[19:2],
714h[17:0], and/or 71Ch[17:0] (Mask))

Note: Device-Specific (RAM ECC) errors can be signaled
by interrupt, and/or as an Uncorrectable Internal error that
isfatal (Uncorrectable Error Status register Uncorrectable
Internal Error Status Uncorrectable Error Severity register
Uncorrectable Internal Error Severity bits (offsets FB8h[ 22]
and FCOh[22], respectively, are Set).

The three interrupt mechanisms, listed bel ow, are mutually
exclusive modes of operation, on a per-Port basis,
for al interrupt sources:
¢ Conventional PCI INTx Message generation
« Native MS| transaction generation
» Device-Specific PEX_INTA# and/or
V Sx_PEX_INTA# assertion

PEX_INTA# and/or VSx_PEX_INTA# assertion (Low) indicates
that one or more of the following events and/or errors (if not
masked) were detected:

e Link state events

¢ PCI Express Hot Plug events

¢ General-Purpose Input Interrupt events

« Device-Specific Error conditions

« Device-Specific NT-Link Port events

e NT-Virtual Doorbell events

e NT-Link Doorbell events

* Management Port Doorbell-Generated interrupts

* Management Link Status events

Refer to Section 9.1.1, “Interrupt Sources or Events,” for details.
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Table 3-11. Device-Specific Signals — 33 Balls (Cont.)

Signal Name Type Location Description

Base M ode Only
PEX_NT_RESET# (0] AD25 Active-L ow Output Used to Propagate Reset in NT Mode
Pulse widthis 1 us.

Active-Low PCI Express Port Linkup Status Indicator
Outputsfor Ports 23 through 16 and 3 through 0 —or—
Programmable General-Purpose /0 (12 Balls)

PEX_PORT_GOODx# function as general-purpose inputs,
interrupt inputs, general-purpose outputs, or as the
PORT_GOOD function, as outlined below.

If the Port is not enabled, the signal defaults to GPIOx input
(default value 0).

General-Purpose | nputs

For PEX_PORT_GOODx# signals that are configured as
general-purpose inputs (by STRAP_TESTMODE[3:0] signal
strapping, sampled at Fundamental reset, with values 1111b or
1100b), or by subsequent programming (by serial EEPROM,

12C, and/or software) of the appropriate GPIO 0_9 Direction
Control and/or GPIO 10_11 Direction Control register
Direction Control hit(s) (Base mode — Port 0, except if Port Ois
alLegacy NT Port, then thisregister existsintheNT Port Virtual
Interface; Virtual Switch mode — Port 0, accessible through the
Management Port, offsets 600h and 604h, respectively) values,
input states are reflected inthe GPIO 0_11 Input Data register
(Base mode — Port 0, except if Port OisalLegacy NT Port, then
AA25,W24,Y25, | thig register existsin the NT Port Virtual Interface; Virtual

PEX_PORT_GOOD[23:16, 110 W25, E1, G3, | gwitch mode— Port 0, accessible through the Management Port,
3:.0# PU F1,G2,Y2, offset 61Ch). Inputs can be internally de-bounced, by setting

Y4,C1,D3 the corresponding GPIO 0_11 Input De-Bounce register bits
(Base mode — Port 0, except if Port OisalLegacy NT Port, then
this register existsin the NT Port Virtual Interface; Virtual
Switch mode — Port 0, accessible through the Management Port,
offset 614h).

De-bouncing is disabled, by default; if de-bouncing is enabled,
an input must be stable for approximately 1.3 msto be latched.

General-Purpose Outputs

For PEX_PORT_GOODx# signals that are configured as general-
purpose outputs in the GP1O 0_9 Direction Control and/or
GPIO 10_11 Direction Control register Direction Control bit(s)
(Base mode — Port 0, except if Port Oisalegacy NT Port, then
thisregister existsinthe NT Port Virtual Interface; Virtual Switch
mode — Port 0, accessible through the Management Port,

offsets 600h and 604h, respectively), output states are controlled
by the corresponding bit valuesin the GPIO 0_11 Output Data
register (Base mode— Port O, except if Port OisalLegacy NT Port,
then this register existsin the NT Port Virtual Interface; Virtual
Switch mode — Port 0, accessible through the Management Port,
offset 624h).

Continued...
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Table 3-11.

Device-Specific Signals

Device-Specific Signals — 33 Balls (Cont.)

Signal Name Location

Type

Description

AA25, W24, Y25,
W25, E1, G3,
F1,G2,Y2,
Y4,C1,D3

110
PU

PEX_PORT_GOOD[23:16,
3:0)#

Continued...

Interrupt Inputs

For PEX_PORT_GOODx# signalsthat are configured as Interrupt
inputsin the GPIO 0_9 Direction Control and/or GPIO 10_11
Direction Control register Direction Control bit(s) (Base mode—
Port 0, except if Port 0isaLegacy NT Port, then this register
existsin the NT Port Virtua Interface; Virtual Switch mode —
Port 0, accessible through the Management Port, offsets 600h and
604h, respectively), input states are reflected inthe GPIO 0_11
Interrupt Status register (Base mode — Port 0, except if Port 0is
alegacy NT Port, then this register existsin the NT Port Virtual
Interface; Virtual Switch mode — Port 0, accessible through the
Management Port, offset 634h). Inputs can be internally
de-bounced, by setting the corresponding GPIO 0_11 Input
De-Bounce register bits (Base mode — Port 0, except if Port Oisa
Legacy NT Port, then this register existsin the NT Port Virtual
Interface; Virtual Switch mode — Port 0, accessible through the
Management Port, offset 614h).

De-bouncing is disabled, by default; if de-bouncing is enabled,
an input must be stable for approximately 1.3 msto be latched.

Interrupt polarity (Active-High or Active-Low) isindividually
programmableinthe GPIO 0_11 Interrupt Polarity register
(Base mode — Port 0, except if Port O isalLegacy NT Port, then
thisregister existsinthe NT Port Virtua Interface; Virtua Switch
mode — Port 0, accessible through the Management Port,

offset 62Ch).

Interrupt generation can be selectively masked inthe GPIO 0_11
Interrupt Mask register (Base mode— Port 0, except if Port Oisa
Legacy NT Port, then this register existsin the NT Port Virtual
Interface; Virtual Switch mode — Port 0, accessible through the
Management Port, offset 63Ch). If aGPIO 0_11 Interrupt
Mask register bit is Set, aread of the corresponding Status bit in
the GPIO 0_11 Interrupt Statusregister returns avalue of 0.

Continued...
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Table 3-11. Device-Specific Signals — 33 Balls (Cont.)

Signal Name Type Location Description

Continued...
PORT_GOOD Function —All Modes

For PEX_PORT_GOODx# signals that correspond to enabled
Ports and are configured for PORT_GOOD functionality

(by STRAP_TESTMODE[3:0] signal strapping sampled at reset
with values 1011b or 1101b), or by subsequent programming

(by serial EEPROM, 12C, and/or software) of the appropriate
GPIO 0_9 Direction Control and/or GPIO 10_11 Direction
Control register(s) (Base mode — Port 0, except if Port Oisa
Legacy NT Port, then this register existsin the NT Port Virtual
Interface; Virtual Switch mode — Port 0, accessible through the
Management Port, offsets 600h and 604h, respectively) values.
The output states are not directly available from a single register
(dueto encoded, possibly blinking output); however, software can
determine LANE_GOOD status (Physical Layer Link status for
each Lane) from the Station x L ane Status registers (Base mode
—Port O, except if Port Oisalegacy NT Port, then this register
existsin the NT Port Virtua Interface; Virtual Switch mode —
Port 0, accessible through the Management Port, offsets 330h and
AAZ5 W24 Y25 338h). Software can also determine Maximum Link Width and

) ' ' ' | Supported Link Speedsfrom the Link Capability register in each
PEX_PORT_GOOD[23:16, /0 W25, E1, G3, | port (offset 74h[9:4 and 3:0], respectively), aswell as Negotiated
3:0]# PU F1,G2 Y2, Link Width and Current Link Speed from the Link Status
Y4,C1,D3 register in each Port (offset 78h[25:20 and 19:16], respectively).
The Link Capability and Link Statusregistersin the

NT Port Virtual Interface follow the NT Port Link Interface
configuration, and contain the same val ues as the corresponding
NT Port Link Interface registers.

If PORT_GOOD functionality is enabled, but some Ports

are not enabled due to STRAP_STNx_PORTCFGx signal
settings, the PEX_PORT_GOODx# signal s associated

with non-enabled Ports function as GPIO signals.

LED behavior when connected to PEX_PORT_GOODx# signals:
e Off —Link isdown
e On-Linkisup, 5.0 GT/s, dl Lanesare up
¢ Blinking, 0.5 seconds On, 0.5 seconds Off —
Link isup, 5.0 GT/s, reduced Lanes are up
¢ Blinking, 1.5 seconds On, 0.5 seconds Off —
Link isup, 2.5 GT/s, all Lanes are up
¢ Blinking, 0.5 seconds On, 1.5 seconds Off —
Link isup, 2.5 GT/s, reduced Lanes are up

Continued...
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Table 3-11.

Device-Specific Signals — 33 Balls (Cont.)

Device-Specific Signals

Signal Name

Type

Location

Description

PEX_PORT_GOOD[23:16,

3:0)#

110
PU

AA25, W24, Y25,
W25, E1, G3,
F1,G2,Y2,
Y4,C1,D3

Continued...
PORT_GOOD Function — Virtual Switch Mode Only

In Virtual Switch mode, PEX_PORT_GOODx# are associ ated
to specific Ports, by one of two mechanisms:

1

If the Management Port is enabled
(STRAP_NT_ENABLE#=L and/or and
STRAP_NT_UPSTRM_PORTSEL0=L, to enablethe option
to delay virtual switch Link training until Management Port
software Sets the Configuration Release register Initiate
Configuration bit (Port 0, accessible through the
Management Port, offset 3ACh[Q])), al
PEX_PORT_GOODx# signals are initially assigned to the
Management Port. In this case, the PEX_PORT_GOODx#
signals are not associated to corresponding Ports in the
virtual switches, until Management Port software, seria

EEPROM, and/or 12C/SMBus Sets the Virtual Switch
GPIO Update register VS GPIOs Update hit (Port 0,
accessi ble through the Management Port, offset 64Ch[0]),
to compl ete the assignment of individual
PEX_PORT_GOODx# signals to specific virtual switches

(after software, serial EEPROM, and/or 12C/SMBus
configures functionality in the GPI O registers (Port 0,
accessi ble through the Management Port, offsets 600h, 604h,
614h, 61Ch, and 624h)), and assigns the signalsto

virtual switches, by programming the VSx GPIO_PG 0_11
Assignment register(s) (Port 0, accessible through the
Management Port, offsets 650h through 65Ch).

Therefore, in this mode, the PEX_PORT_GOOQODx# signals
do not reflect Link status for virtual switch Ports, until

Management Port software, serial EEPROM, and/or 12C/
SMBus completes PEX_PORT_GOODx# initialization,
with one exception — the PEX_PORT_GOODx# signal

that corresponds to the Management Port reflects the
Management Port Link status, provided that PORT_GOOD
functionality is enabled (either as default, with the
STRAP_TESTMODE[3:0] inputs (sampled at
PEX_PERST# de-assertion) programmed to value Bh or Dh,
or by Management Port software, serial EEPROM, and/or

12C/SMBus programming the GPIO 0_9 Direction Control
and/or GPI1O 10 _11 Direction Control register(s) (Port O,
accessi ble through the Management Port, offsets 600h and
604h, respectively)).

If the Management Port is disabled, or if the Management
Port is enabled and STRAP_NT_UPSTRM_PORTSEL 0=H,
to alow al Portsto concurrently linkup after the serial
EEPROM download completes immediately following a
Fundamental Reset, the PEX_PORT_GOODx# signals are
individually associated to corresponding Ports. Therefore,

Continued...
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Table 3-11. Device-Specific Signals — 33 Balls (Cont.)

Signal Name Type Location Description

Continued...

PORT_GOOD Function —Virtual Switch Mode Only (Cont.)

the PEX_PORT_GOODx# signals reflect the Link status

of al enabled Ports, provided that PORT_GOQOD
functionality is enabled (either as default, with the
STRAP_TESTMODE[3:0] inputs (sampled at PEX_PERST#
de-assertion) programmed to value Bh or Dh, or by

Management Port software, serial EEPROM, and/or 12C/
SMBus programming the GPIO 0_9 Direction Control and/
or GPIO 10 11 Direction Control register(s) (Port O,
accessi ble through the Management Port, offsets 600h

and 604h, respectively)).

To assign individual PEX_PORT_GOODx# signals to specific
virtual switches, Management Port software, serial EEPROM,

and/or 12C can program the associated VSx GPIO_PG 0 11
Assignment register(s) (Port 0, accessible through the
Management Port, offsets 650h through 65Ch). Individual
PEX_PORT_GOODx# signal assignments must be mutually
exclusive among the virtual switches.

The 12 bitsin each VSx GPIO_PG 0_11 Assignment register
correspond to the 12 PEX_PORT_GOODx# signals. (Refer to the
AA25 W24 Y25, | redister, for signal-to-bit mapping.) Setting a bit in one of the four
PEX_PORT GOOD[23:16, 1/0 WZé, E1, ,G3, ' registers assigns the signal to the virtual switch indicated by the
3:0] r - PU F1, G2, Y2, register name. Because any PEX_P_ORT_GQODx# signal must
Y4 Cl. D3 not be assigned to more than one virtual switch, each of the 12
T bits can be Set exclusively in only one of the four registers.
A maximum of 12 PEX_PORT_GOODx# signals can be assigned
to any one virtual switch. After theVSx GPIO_PG 0 11
Assignment register(s) are programmed, the actual assignments
do not take effect, until Management Port software, serial

EEPROM, and/or 12C Setsthe Virtual Switch GPIO Update
register VS GPIOs Update bit (Port O, accessible through the
Management Port, offset 64Ch[0]).

After the PEX_PORT_GOODx# signals are assighed to

virtual switches, each virtual switch can then configure individual
PEX_PORT_GOODx# signal functionality, by programming the
Virtual Switch GPIO_PG 0_9 Direction Control and/or
Virtual Switch GPIO_PG 10_11 Direction Control register(s)
(VS Upstream Port(s), offsets A34h and A38h, respectively). In
these registers, the PEX_PORT_GOODx# signals are virtualized,
and the bit numbers do not correspond to specific signal names.

Software can determine how many and which
PEX_PORT_GOODx# signals are assigned to a uni