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Preface

Theinformation in this data book is subject to change without notice. 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 8608-BA 8-Lane,
8-Port PCl Express Gen 2 Switch, for hardware designers and software/firmware engineers.

Supplemental Documentation

This data book assumes that the reader is familiar with the following documents:
» PLX Technology, Inc. (PLX), www.plxtech.com
The PLX PEX 8608 Toolbox includes this data book and other supporting documentation,
such as errata, and design and application notes.

e Thelnstitute of Electrical and Electronics Engineers, Inc. (IEEE), www.ieee.org

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

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

— |EEE Sandard 1149.1-1994, Specifications for Vendor-Specific Extensions

— |EEE Standard 1149.6-2003, | EEE 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
— Thel2C-Bus Specification, Version 2.1
» PCI Specid 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 Specification, Revision 1.0a
— PCI Express Base Specification, Revision 1.1
— PCI Express Base Specification, Revision 2.0
— PCI Express Base Specification, Revision 2.0 Errata
— PCI Express Card Electromechanical Specification, Revision 2.0
— PCI Express Mini Card Electromechanical Specification, Revision 1.1
— PCI Express Architecture PCI Express Jitter and BER White Paper, Revision 1.0
» Personal Computer Memory Card International Association (PCMCIA), www.pcmcia.org
— ExpressCard Standard Release 1.0
» PXI Systems Alliance (PXI), 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.0a

PCI Express Base Specification, Revision 1.0a

PCI ExpressBaserl.1

PCI Express Base Specification, Revision 1.1

PCI Express Baser2.0

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

|EEE Standard 1149.6-2003

IEEE Standard Test Access Port and Boundary-Scan Architecture
Extensions

1°C Busv2.1 5 . ,
The 1°“C-Bus Specification, Version 2.1
I2C Busv2.12
SVIBusv2.0 System Management Bus (SMBus) Specification, Version 2.0

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

“27 initstitle.
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Terms and Abbreviations

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 not included in this table.

Terms and
Abbreviations

Definitions

Data-encoding scheme used on data transferred across aLink that is operating at either Gen 1 or Gen 2

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

ACK A_cknovvl edge Control Pack_et. Contrc_)l packet used by a destination to acknowledge data packet receipt.
Signa that acknowledges signal receipt.

AMCAM Address—mappi ng CAM that determi nes amemory Requ%t route. Contains mirror copies of the PCI-to-PCI
bridge Memory Base and Memory Limit registersin the switch.

ARI Alternative Routing-1D Interpretation.

BAR Base Address register.

BER Bit error rate.

BUSNOCAM Bgs Number-mapping CAM that determines Fhe Completion route. (;ontai ns mirror. copies of the PCI-to-PCI
bridge Secondary Bus Number and Subordinate Bus Number registersin the switch.

CAM Content-Addressable Memory.

CDR Clock Data Recovery.

CRC Cyclic Redundancy Check.

CSRs Configuration Space registers.

DLL DataLink Layer.

DMA Direct Memory Access.

Downstream Device

Devicethat is connected to a downstream Port.

Downstream Port

Port that is used to communicate with a device below it within the system hierarchy. A switch can have one
or more downstream Ports.

ECC Error-Correcting Code.

ECRC End-to-end Cyclic Redundancy Check.

EIOS Electrical Idle Ordered-Set.

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

EP Endpoint.

FC Flow Control.

Field Multiple register bits that are combined for a single function.

GPIO General-Purpose Input/Output.

GT/s Giga-Transfers per second.

Half Station Internal hardware processing partition of Even- or Odd-numbered (Even or Odd) Ports.

INCH Ingress Credit Handler.

InitFC Initialization Flow Control.

IOCAM I/Q Address-mapping CAM that dgtermi nes an I/Q Request route. Contains mirror copies of the PCI-to-PCl
bridge I/O Base and |/O Limit registersin the switch.

JTAG Joint Test Action Group.

Lane A bidirectional pair of differential PCl Express 1/O signals.

LCRC Link Cyclic Redundancy Check.
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Terms and
Abbreviations

Definitions

Link Interface

Primary side of the NT Port, connects to external device pins. The secondary side of the NT Port
iscalled the NT Port Virtual Interface, and connectsto the internal virtual PCl Express interface.

Loca Reference to PCI Express attributes (such as credits) that belong to the PCI Express Link logic.
LTSSM Link Training and Status State Machine.
LUT Lookup Table.
MRL Manually operated Retention Latch.
NACK Negative Acknowledge. Used in the SMBus-related content.
NAK Negative Acknowledge.
N_FTS Number of Fast Training Sequences field in Training Sets.
Non-Transparent. A bridging technique used in the PCI Express Switch to isolate Memory spaces
NT by presenting the processor as an endpoint rather than another memory system. The PEX 8608 supports

one NT Port.

Partial Completion

In PCI Express, asingle Read can have one or more Completions with data. If more than one Completion
isreturned, they are referred to as Partial Completions.

Functional unit that provides the PCI Express conforming system interface. Includes the Serializer/

E(ﬂkEﬁ(ggr]? DeSerinizer (SerDes) hardware i_nterface modules and PCI Expr_essinterface, Whic_h 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.
Port Interface to agroup of SerDes and supporting logic that is capable of creating a Link,
for communication with another Port.
P-P PCl-to-PCl.
PRBS Pseudo-Random Bit Sequence.
QoS Quality of Service.
RAS Reliability, Availability, and Servicesbility.
RoHS Restrictions on the use of certain Hazardous Substances (RoHS) Directive.
RR Round-Robin scheduling.
Rx Receiver.
SerDes Ser_ializer/DeSeriaIizer. A high-speed differential-signaling parallel-to-serial and serial-to-parallel conversion
logic attached to Lane pads.
SMBus System Management Bus.
SPI Serial Peripheral Interface.
SSC Spread-Spectrum Clock.
ExpressLane PEX 8608-BA 8-Lane, 8-Port PCI Express Gen 2 Switch Data Book, Version 1.3
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Terms and Abbreviations

Terms and
Abbreviations

Definitions

Register bits in which the current values are unchanged by a Hot Reset, Link Down event, or Secondary Bus
Reset, while the switch is powered. Sticky bits are reset to default values by a Fundamental Reset. Appliesto

Sticky Bits ROS, RW1CS, and RWS CSR types, and sometimes Hwinit. (Refer to Table 13-5, “ Register Types, Grouped
by User Accessibility,” for CSR type definitions.)

Sticky State Condition that causes a state machine to be stuck in a particular state, unable to make forward progress.

TC Traffic Class.

TL Transaction Layer.

TLC Transaction Layer Control. The module performing PCI Express Transaction Layer functions.

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

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

TS1 Type 1 Training Sequence Ordered-Set.

TS2 Type 2 Training Sequence Ordered-Set.

TX Transceiver.

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

Upstream Device

Device that is connected to the upstream Port.

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

VC Virtual Channel. The PEX 8608 supports two Virtual Channels, VCO0 and VC1.
VCO Voltage-Controlled Oscillator.

Vector Address and data.

Virtual Interface

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

WRR

Weighted Round-Robin scheduling.
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Data Book Notations and Conventions

viii

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 all CAPS, with the primary Port description

PEX_XXXn[x] listed first, field [X] indicates the number associated with the signal balls/

PEX_XXXp[X] pads assigned to a specific SerDes module/Lane. The lowercase “n

(negative) or “p” (positive) suffix indicates the differential pair of signals,
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 toidentify
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 (10%) 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 val ues.

1Fh Each prefix term is equivalent to a 4-bit binary value (Nibble).
Legal prefix termsare 0, 1, 2,3,4,5,6,7,8,9,A,B,C,D, E, F.

1010b b = suffix which identifies bi nary notation (flor. example, 01b, 010b,
1010b, and so forth). Not used with single-digit values of O nor 1.

0 through 9 Decimal numbers, or single binary numbers.

byte Eight bits — 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 Double-Word (32 hits) isthe primary register size in these devices.

QWord Quad-Word (64 hits).

Reserved Do not.modify Reserved hits and vyords Unless specified otherwise,
these bits read as 0 and must be written as 0.

word 16 bits.
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13-72. 204h Odd Port Lanes — Electrical Idle for
Compliance Mask, and Receiver Detect Maskand Status . . . ................... 298

13-73. 210h Physical Layer User Test Pattern, Bytes O through 3. .. ....... .. ... .. ... ... .... 301
13-74. 214h Physical Layer User Test Pattern, Bytes 4 through 7. .. ... ... ... ... .. ... ... .... 301
13-75. 218h Physical Layer User Test Pattern, Bytes 8 through 11........................... 302
13-76. 21Ch Physical Layer User Test Pattern, Bytes 12 through 15 .. ....................... 302
13-77. 220h Even Ports — Physical Layer Command/Status . . .. ........... .. ..., 303
13-78. 224h Odd Ports — Physical Layer Command/Status. . . ... ........... .. 307
13-79. 228h Even Ports — Physical Layer Test. . . . ... ..o e 311
13-80. 22Ch Odd Ports — Physical Layer Test. . . ... ...t e e 314
13-81. 230h Even Ports — Disable/Quiet/Test Pattern Rate. . . ............. .. ..o i, 317
13-82. 234h Odd Ports — Disable/Quiet/Test Pattern Rate ............... ... ... 321
13-83. 238h Common Physical Layer Command/Status. . . .......... ..ot 325
13-84. 23Ch Common Physical Layer Safety and Test . . . ... ... ... i 326
13-85. 240h Even Ports — SerDes Quad 0 DiagnosticData . .............c. ... 328
13-86. 244h Odd Ports — SerDes Quad 2 DiagnosticData . . . ............ .. 330
13-87. 250h Even Ports — Physical Layer Safetyand Test ............ ... ... ... 332
13-88. 254h Odd Ports — Physical Layer Safetyand Test . .. ......... ... ... 335
13-89. 258h Even Ports —User Test Pattern Delay . . . .......... ot 338
13-90. 25Ch Odd Ports —User Test Pattern Delay .. ...... ... .. .. 343

Device-Specific Registers — Serial EEPROM

(Offsets 260h — 26Ch) . . .. ..ot e e 348
13-91. 260h Serial EEPROM Status and Control . .......... .. it 348
13-92. 264h Serial EEPROM BUffer . . ... ... 351
13-93. 268h Serial EEPROM Clock Frequency . . ... ... e e e 352
13-94. 26Ch Serial EEPROM 3" Address Byte . . 353

Device-Specific Registers — Miscellaneous Control

(Offset 28Ch) . . o 354
13-95. 28Ch Miscellaneous CoNntrol. . . . .. ... ..t 354

Device-Specific Registers — I°C Slave Interface

(Offsets 290h — 2C4h) . . ...t e e e 355
13-96. 294h 12C CONfIQUIALION . . . . . v v ettt e e e e e e e e e e 355

Device-Specific Registers — Bus Number CAM

(Offsets 2C8h — 304N . . . vt 356
13-97. 2C8h BUSNOCAMO . . . ..ot e e e e e 357
13-98. 2CCh BUSNOCAML. . .. . e e e e e e 357
13-99. 2D8h BUSNOCAMA . . .. o e 357
13-100. 2DCh BUSNOCAMS. . . ..t e e 358
13-101. 2EOh BUSNOCAMSG . . . .ottt e e e e e e e e e 358
13-102. 2E4h BUSNOCAMYT . . . . e e e 358
13-103. 2E8h BUSNOCAMS . . . . e e 359
13-104. 2ECh BUSNOCAMO. . . . . e e e 359
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Device-Specific Registers — 1/0 CAM

(Offsets 308 — 340N . .. ..o 360
13-105. 308h IOCAMO . . . .ottt et e e 361
13-106. 30Ah IOCAML . . . .t 361
13-107. 3100 IOCAMA . . . 362
13-108. 3120 IOCAMS . . .. 362
13-109. 314h IOCAMS . . . . ittt 363
13-110. 316h IOCAMYT . . e 363
13-111. 318h IOCAMS . . . 364
13-112. 31AK IOCAMO . . e 364

Device-Specific Registers — SMBus Slave Interface

(Offset B44N) . ... 365
13-113. 344h SMBuUs Configuration . . . ... ... .. e 365

Device-Specific Registers — Address-Mapping CAM

(Offsets 348h —444h) ... ... e e 367
13-114. 348h AMCAMO Memory Baseand Limit................ .. . i 369
13-115. 34Ch AMCAMO Prefetchable Memory Baseand Limit ............................. 369
13-116. 350h AMCAMO Prefetchable Memory Base Upper 32 Bits. . . .. ... .. ...t 369
13-117. 354h AMCAMO Prefetchable Memory Limit Upper 32 Bits . . . .. ....... .. ... ... ...... 369
13-118. 358h AMCAM1 Memory Baseand Limit. .. ... ... .. . . . . .. 370
13-119. 35Ch AMCAML Prefetchable Memory Baseand Limit ............................. 370
13-120. 360h AMCAML1 Prefetchable Memory Base Upper 32 Bits. . . .......... ..o, 370
13-121. 364h AMCAML1 Prefetchable Memory Limit Upper 32Bits . . . ....................... 370
13-122. 388h AMCAM4 Memory Baseand Limit. ...... ... . . . . .. 371
13-123. 38Ch AMCAM4 Prefetchable Memory Baseand Limit . ............................ 371
13-124. 390h AMCAMA4 Prefetchable Memory Base Upper 32 Bits. . . .. ... ...t 371
13-125. 394h AMCAM4 Prefetchable Memory Limit Upper 32Bits . . . .............. ... ...... 371
13-126. 398h AMCAMS5 Memory Baseand Limit. .. ............ ... . . ... 372
13-127. 39Ch AMCAMS5 Prefetchable Memory Baseand Limit ............................. 372
13-128. 3A0h AMCAMS5 Prefetchable Memory Base Upper 32 Bits. . . .. ......... .. ... 372
13-129. 3A4h AMCAMS5 Prefetchable Memory Limit Upper 32Bits. . . ........... .. .. ... ... 372
13-130. 3A8h AMCAMG6 Memory Base and Limit. .. ... ... .. . . . . .. 373
13-131. 3ACh AMCAMEG6 Prefetchable Memory Baseand Limit............................. 373
13-132. 3BOh AMCAMS6 Prefetchable Memory Base Upper 32Bits. . . ....................... 373
13-133. 3B4h AMCAM®6 Prefetchable Memory Limit Upper 32Bits. .. ....................... 373
13-134. 3B8h AMCAM7 Memory Base and Limit. .. ... ... ... . ... . . ... 374
13-135. 3BCh AMCAM?7 Prefetchable Memory Base and Limit. . ........................... 374
13-136. 3COh AMCAMY Prefetchable Memory Base Upper 32 Bits .. ....................... 374
13-137. 3C4h AMCAMY Prefetchable Memory Limit Upper 32 Bits. . . ........... ... .. ...... 374
13-138. 3C8h AMCAM8 Memory Baseand Limit. . ........... ... .. . ... 375
13-139. 3CCh AMCAMS Prefetchable Memory Baseand Limit. . ........................... 375
13-140. 3DOh AMCAMS Prefetchable Memory Base Upper 32 Bits .. .......... .. ... ....... 375
13-141. 3D4h AMCAMS Prefetchable Memory Limit Upper 32 Bits. . . ........... ... .. ... ... 375
13-142. 3D8h AMCAM9 Memory Baseand Limit. .. ... ... .. . . i 376
13-143. 3DCh AMCAM9 Prefetchable Memory Baseand Limit. . ........................... 376
13-144. 3EOh AMCAM?9 Prefetchable Memory Base Upper 32Bits. . . ....................... 376
13-145. 3E4h AMCAM?9 Prefetchable Memory Limit Upper 32Bits. . . ............... .. ...... 376
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Device-Specific Registers — Vendor-Specific Dual Cast

Extended Capability (Offsets 448h —51Ch) . ... i e e 377
13-146. 448h Vendor-Specific Extended Capability Header .. ............. .. ... .. ... .. .... 379
13-147. 44Ch Vendor-Specific Header 1. .. ... ... i e e e e e 379
13-148. 450h Dual Cast Low BARD. . . ...ttt e 380
13-149. 454h Dual Cast High BARD . . ... ...t e e e e e 380
13-150. 458h Dual Cast Low BARO Translation. . . ... e 380
13-151. 45Ch Dual Cast High BARO Translation. . . ... e 380
13-152. 460h Dual Cast Low BARO Setup. . . ..ot e 381
13-153. 464h Dual Cast HIgh BAROD SetUp . . . ...ttt e e e e e 381
13-154. 468h Dual Cast Low BARL. . . ...t 382
13-155. 46Ch Dual Cast High BAR L . . .. ... e e e e 382
13-156. 470h Dual Cast Low BAR1 Translation. . ... ... .. e 382
13-157. 474h Dual Cast High BARL Translation .. ........ ... . .. e 382
13-158. 478h Dual Cast Low BARL Setup. . . ..ot e 383
13-159. 47Ch Dual Cast HIgh BARL Setup. . . .ottt e e e e e 383
13-160. 480h Dual Cast Low BARZ. . . .. oo 384
13-161. 484h Dual Cast High BARZ . . ... ... i e e e e 384
13-162. 488h Dual Cast Low BAR2 Translation. . . ... e 384
13-163. 48Ch Dual Cast High BAR2 Translation. . . ........... . e 384
13-164. 490h Dual Cast Low BAR2 Setup. . . ..ot e e 385
13-165. 494h Dual Cast HIgh BAR2 SetUp . . ..ottt e e e e e 385
13-166. 498h Dual Cast Low BARSB . . ... . 386
13-167. 49Ch Dual Cast High BARS . . .. . ... e e e e 386
13-168. 4A0h Dual Cast Low BAR3 Translation .. ............ . e 386
13-169. 4A4h Dual Cast High BAR3 Translation . . .. ... .. e 386
13-170. 4A8h Dual Cast LoWw BAR3 SetUP . . ..ottt e 387
13-171. 4ACh Dual Cast High BAR3 SetUp. . . ..ttt e e e e e 387
13-172. 4B0Oh Dual Cast LoW BARA. . . .. e 388
13-173. 4B4h Dual Cast High BAR4 . . .. ... . e e 388
13-174. 4B8h Dual Cast Low BAR4 Translation . ... .......... . 388
13-175. 4BCh Dual Cast High BAR4 Translation. . . . ... . e 388
13-176. 4CO0h Dual Cast LW BARZ Setup . .. ..ot e 389
13-177. 4C4h Dual Cast HIgh BARA Setup. . . ..ot i i e e e e e e 389
13-178. 4C8h Dual Cast Low BARS . ... ..o e 390
13-179. 4CCh Dual Cast High BARS. . . .. ... . . e e e e 390
13-180. 4D0Oh Dual Cast Low BARS Translation .. ........ ... .. e 390
13-181. 4D4h Dual Cast High BARS Translation. . .. ... ... e e 390
13-182. 4D8h Dual Cast Low BARS Setup . . ..ottt e 391
13-183. 4DCh Dual Cast High BARS SetUp . ...ttt e e e e 391
13-184. 4EOh Dual Cast LOW BARG. . . .. ..o 392
13-185. 4E4h Dual Cast HIgh BARG . . .. . ...t e e e e 392
13-186. 4E8h Dual Cast Low BARG Translation . ... ..... ... . ... 392
13-187. 4ECh Dual Cast High BARG Translation. . .. .......... .. e 392
13-188. 4F0h Dual Cast LOWBARG SetUD . . ..ottt e e e e 393
13-189. 4F4h Dual Cast High BARG Setup . . . ..ot ii  ee eceeeeeeea 393
13-190. 4F8h Dual Cast Low BART . . . ..o 394
13-191. 4FCh Dual Cast High BAR7 . . . . ... e e e e 394
13-192. 500h Dual Cast Low BAR7 Translation. . . ... e 394
13-193. 504h Dual Cast High BAR7 Translation .. ........ ... . ... .. 394
13-194. 508h Dual Cast Low BAR7 Setup. . . ..ottt e e 395
13-195. 50Ch Dual Cast High BAR7 SetUp. . ..ottt e e e e e e e 395
13-196. 510h Dual Cast Source Destination Port . ... ... . i 396
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ACS Extended Capability Registers

(Offsets 520h — 52Ch) . . . ... e e e 397
13-197. 520h ACS Extended Capability Header. . . ... i 397
13-198. 524h ACS Control and Capability . ......... . . 398
13-199. 528h Egress Control VECIOr. . . . .. .ottt e e 400

Device-Specific Registers

(Offsets 530N — F8Ch) . .. ... i e 401

Device-Specific Registers — Virtual Channel Weighted

Round Robin Arbitration (Offsets 530h —540h). . . ... ... 403
13-200. 5300 VCWRR O . .ot e e e 404
13-201. 534h VC WRR L. . e e e e 404
13-202. 538h VC WRR 2 . .. 405
13-203. 540h VC Fixed Arbitration Select. . . ... ... ... e 405

Device-Specific Registers — Read Pacing

(Offsets 544h — 554N . . . .. 407
13-204. 544h Read Pacing Control. . .. ... .. i e e 408
13-205. 548h Read Spreading Control. . . . ... . 409
13-206. 54Ch Read Pacing Threshold O. . . . ... .. ... e 410
13-207. 550h Read Pacing Threshold 1. ... ... .. ... .. . e 410
13-208. 554h Read Counter ClIEAr . . .. ...\ttt e e 411

Device-Specific Registers — Port Configuration

(Offsets 574h — B28h) . . . ... 413
13-209. 574h Port Configuration. . . . ... .. .. e 414

Device-Specific Registers — General-Purpose Input/Output

(Offsets B2Ch — B5Ch) . . .. 415
13-210. 62Ch GPIO 0_15 Direction Control. . ... ...ttt e e e 416
13-211. 630h GPIO 16, 29, 30 Direction Control . . ... ... . i 420
13-212. 638h GPIO 0_16, 29, 30 Input De-BOUNCE . . . . ..ottt e 421
13-213. 63Ch GPIO 0_15Input Data . . . . . oottt e e 422
13-214. 640h GPIO 16,29, 30 Input Data . . ... ..ottt 424
13-215. 644h GPIO 0_15 OUtPUL DAL . . . . . o o o oo oo e e e e e e e e e e e e e e e e e e e e e e e 425
13-216. 648h GPIO 16,29, 30 Output Data. . . . .. ottt e 427
13-217. 64Ch GPIO 0_16, 29, 30 Interrupt Polarity . .. ... . 428
13-218. 650h GPIO 0_16, 29, 30 Interrupt Status . . . ... ..ottt 428
13-219. 654h GPIO 0_16, 29,30 Interrupt Mask . . ... ... . 428

Device-Specific Registers — Ingress Control and Port Enable

(Offsets 660h —

13-220.
13-221.
13-222.
13-223.
13-224.
13-225.
13-226.

BTN ) . o 429
660h INGress CONtrol. . . ... . 430
664h Ingress Control Shadow . . . . ... ... e 431
668h Port Enable Status . . . ... ... e 433
66Ch Negotiated Link Width for Ports 0,4, 5,6, 7 . ... .. i 435
670h Negotiated Link Width for Ports 8, 9. . .. ... ... . i e 437
674h Port Cut-Thru Enable Status . ... ....... .. e 437
678h Ingress PLLRAM ECC 1-Bit COUNter. . . .. ...t e e e 439
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Device-Specific Registers — IOCAM Base and Limit

Upper 16 Bits (Offsets 680h —6BCh) ............ ... ... ... .. ...
13-227. 680h IOCAMUP O ...ttt e
13-228. 684h IOCAMUP 1 ... . e
13-229. 690N IOCAMUP 4 . .
13-230. 694h IOCAM UP 5 . ... e
13-231. 698N IOCAMUP 6 . ... e e e e e e
13-232. 69Ch IOCAM UP 7 . .. e e e
13-233. 6A0N IOCAMUP 8 . . . o e
13-234. 6A4h IOCAMUP O . .. . e e e

Device-Specific Registers — Base Address Shadow

(Offsets BCON — 73Ch) ...ttt e e e e e
13-235. 6C0Oh BARO Shadow for Port 0. . ............ . ...
13-236. 6C4h BAR1 Shadowfor Port 0. ...
13-237. 6C8h BARO Shadow for Port 1...... ... . i
13-238. 6CCh BAR1 Shadow for Port 1 .......... .. i
13-239. 6EOh BARO Shadow for Port4 .. ... ... . . . e
13-240. 6E4h BAR1 Shadow for Port4 .. ... ... . . . ..
13-241. 6E8h BARO Shadow for Port5. ... ... . . . ..
13-242. 6ECh BAR1 Shadow for Port 5. .. ... e i
13-243. 6FOh BARO Shadow for Port 6. ...t
13-244. 6F4h BARL1 Shadow for Port 6. ...
13-245. 6F8h BARO Shadow for Port 7 . .. ... ... .
13-246. 6FCh BAR1 Shadow forPort 7. ... ... .. . . . ...
13-247. 700h BARO Shadow forPort8 . ........... ... . . ...
13-248. 704h BAR1 ShadowforPort8 ............ i
13-249. 708h BARO Shadow forPort 9 ............ i i
13-250. 70Ch BAR1 Shadow for Port 9. .......... i

Device-Specific Registers — Virtual Channel Resource Control

Shadow (Offsets 740h —83Ch) .. ... ... i e e e
13-251. 740h Port 0 VCO Resource Control .......... ...
13-252. 744h Port 0 VC1 Resource Control ......... ...t
13-253. 748h Port 1 VCO Resource Control ........... ...
13-254. 74Ch Port 1 VC1 Resource Control . . .......... ...,
13-255. 760h Port4 VCO Resource Control . ........... . ... ...,
13-256. 764h Port4 VC1 Resource Control ............ ... ... ...,
13-257. 768h Port 5 VCO Resource Control .......... ...,
13-258. 76Ch Port 5 VC1 Resource Control . ...
13-259. 770h Port 6 VCO Resource Control ........... ...,
13-260. 774h Port 6 VC1 Resource Control ............ ... ... ...,
13-261. 778h Port 7 VCO Resource Control ... ......... . ... ...
13-262. 77Ch Port 7VC1Resource Control . . ......... ...,
13-263. 780h Port 8 VCO Resource Control ........... ...
13-264. 784h Port 8 VC1 Resource Control ......... ...,
13-265. 788h Port 9 VCO Resource Control ........... .ot
13-266. 78Ch Port 9 VC1 Resource Control .. ........... ...

Device-Specific Registers — Ingress Credit Handler Port Pool

(Offsets 940h —94Ch) . . .. ... e
13-267. 940h INCH Port Pool for Ports 0, 1. ..., ..o
13-268. 944h INCH Port Pool for Ports 4,5, 6, 7. . ... oo oo
13-269. 948h INCH Port Pool for Ports 8, 9. ... ... oo
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Device-Specific Registers — Vendor-Specific Extended

Capability 2 (Offsets 9500 —95Ch) . .. .. .. i e e e e 478
13-270. 950h Vendor-Specific Extended Capability 2 . ......... ... ... ... . .. .. 478
13-271. 954h Vendor-Specific Header 2. . . ... . ... . 478
13-272. 958h PLX Hardwired Configuration ID .. ... ... ... . i e 479
13-273. 95Ch PLX Hardwired ReViSION ID . . ... .t e e 479
Device-Specific Registers — ACS Extended Capability
(Offsets 980h — OFCh). . . ... e e 480
13-274. 980h ACS Port 0 Control and Capability . . . ......... ... . 481
13-275. 984h ACS Port 0 Egress Control VECIOr . . ... ..ottt e e 484
13-276. 988h ACS Port 1 Controland Capability . . ......... ... .. 485
13-277. 98Ch ACS Port 1 Egress Control Vector . . ... .. oottt 488
13-278. 9A0h ACS Port 4 Control and Capability. . . ... .. 489
13-279. 9A4h ACS Port 4 Egress Control Vector . . ... .. ... 492
13-280. 9A8h ACS Port 5 Control and Capability. . . ... .. 493
13-281. 9ACh ACS Port 5 Egress Control Vector. . . ... ..ot e 496
13-282. 9BOh ACS Port 6 Control and Capability. . ......... ... . i 497
13-283. 9B4h ACS Port 6 Egress Control VeCtor . . . ...t e 500
13-284. 9B8h ACS Port 7 Control and Capability. . ... ... ... 501
13-285. 9BCh ACS Port 7 Egress Control Vector. . . . ...t e 504
13-286. 9COh ACS Port 8 Control and Capability. . . ......... ... .. . 505
13-287. 9C4h ACS Port 8 Egress Control Vector. . . ... ..ot e 508
13-288. 9C8h ACS Port 9 Control and Capability. . ........... ... . . 509
13-289. 9CCh ACS Port 9 Egress Control Vector. . . ... ..ot e 512
Device-Specific Registers — Ingress Credit Handler Threshold
(Offsets ADON — B7Ch) .. ..o e e e 513
13-290. AQOOh, A18h, A60h, A78h, A90h, AA8h, ACOh, AD8h INCH Threshold Port x
VCO POSEEA . . oot te 515
13-291. AO4h, A1Ch, A64h, A7Ch, A94h, AACh, AC4h, ADCh INCH Threshold Port x
VCO NON-PoSted . ... e 517
13-292. A08h, A20h, A68h, A80h, A98h, ABOh, AC8h, AEOh INCH Threshold Port x
VCO Completion . . . ... 519
13-293. AOCh, A24h, A6Ch, A84h, A9Ch, AB4h, ACCh, AE4h INCH Threshold Port x
VCL POSIEA . . oot e 520
13-294. A10h, A28h, A70h, A88h, AAOh, AB8h, ADOh, AE8h INCH Threshold Port x
VCINON-PoSted . ... e 522
13-295. Al4h, A2Ch, A74h, A8Ch, AA4h, ABCh, AD4h, AECh INCH Threshold Port x
VCL Completion. . . . ... 523
Device-Specific Registers — Physical Layer
(Offsets B80h — C30N) .. ..o 524
13-296. B80h Even Ports — Loopback Master Status/Control . ................ . ... .. ...... 525
13-297. B84h Odd Ports — Loopback Master Status/Control . . .......... .. ... .. ... .. ...... 528
13-298. B88h Even Ports 0, 4, 6 — Receiver Error COUNters . ........o v ittt 530
13-299. B8Ch Odd Ports 1, 5, 7 — Receiver Error Counters. . .. ...ttt 530
13-300. B90Oh Even Port 8 — Receiver Error COUNters .. ...t 531
13-301. B94h Odd Port 9 — Receiver Error COUNEIS . . . .o vttt i et 531
13-302. B98h SerDes Drive Level 0. .. ... . e 532
13-303. BAOh SerDes Drive Level 2. . . . ... 533
13-304. BA8h Post-Cursor Emphasis Level 0. . . .. ... 534
13-305. BBOh Post-Cursor Emphasis Level 2. . ... ... .. e e e 535
13-306. BB8h Receiver Equalization Level 0 .. ... ... ... i 536
13-307. BBCh Receiver Equalization Level 1. . ......... . e e 536
13-308. BCOh Signal Detect Level . . .. ... ... e 537
13-309. C28h SerDes Control . . ... ... 538
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Device-Specific Registers — Port Configuration Header
(Offsets EOOh — E3Ch) .. ... o e e e 541
13-310. EOOh PCICommand POrt 0 . ... ...ttt 542
13-311. EO2h PCICommand POrt 1 . ... ... e e 543
13-312. EO8h PCICommand POrt4 . . ... .. e 544
13-313. EOAh PClICommand Port 5 ... ... 545
13-314. EOCh PCICommand POrt 6 . . . .. ... e e e e 546
13-315. EOEh PClCommand PoOrt 7 . . . ... 547
13-316. E10h PCICommand POrt8 . . ... ... e 548
13-317. E12h PCICommand POrtQ . . ... . e 549
13-318. E20h Bridge Control POrt 0. . . ... ..ot 550
13-319. E22h Bridge Control Port 1. . . ... .. e 552
13-320. E28h Bridge Control POrt 4. . . ... .. e 554
13-321. E2Ah Bridge Control Port 5 . . . ... e 556
13-322. E2Ch Bridge Control POrt 6 . . ... ... e 558
13-323. E2Eh Bridge Control POrt 7 . . ... e 560
13-324. E30h Bridge Control Port 8. . . . ... ..o e 562
13-325. E32h Bridge Control Port 9. . . ... ... e 564
Device-Specific Registers — Physical Layer
(Offsets EAOh — EFCh) .. ..o o e e e e e 566
13-326. E40h CSR-Based SerDes MOde . . ... ..ottt 567
13-327. E44h Internal Output A Trigger State Change Storage Mask. . . ...................... 567
13-328. E48h Internal Output B Trigger State Change Storage Mask. . . ...................... 567
13-329. EFOh Physical Layer Control . .. ... ... 568
Device-Specific Registers — Source Queue Weight
and Soft Error (Offsets FOOh — F3Ch) . .. . ... e 570
13-330. FOOh ECRC Check Enable for Ports 0, 1. ... ...ttt e 571
13-331. FO4h ECRC Check Enable for Ports 4,5, 6, 7 . . . ... oottt e 572
13-332. FO8h ECRC Check Enable for Ports 8, 9 . . . ... .. i e 572
13-333. F10h Port Egress TLP Threshold. . . . ... .. . e 573
13-334. F18h Soft Error CoUNters 1 . ... ...t e e 573
13-335. F24h Soft Error COUNTEIS 4 . . . .ottt e e e e e e 574
13-336. F28h Soft Error COUNtErS 5 . . ..ot e 575
13-337. F2Ch SOft Error COUNErS 6 . . . . ..ottt ittt e e e e et e e e e e 575
13-338. F30h Soft Error INjection. . . .. ... e 576
Device-Specific Registers — Error Reporting
(Offsets FAOh — FACR) .. ..o e 577
13-339. F40h Error Reporting Enable for Ports 0, 1 ... .. ... . i 577
13-340. F44h Error Reporting Enable for Ports 4, 5,6, 7 .. .. ... 578
13-341. F48h Error Reporting Enable for Ports 8,9 ... .. ... ... . 579
Device-Specific Registers — ARI Capability
(Offsets FE0h — FBCH) . ..o o 580
13-342. F50h Device Capability and Control 2 for Port 0. . .. ... . i 581
13-343. F54h Device Capability and Control 2 for Port 1. . ... ... ... . . 581
13-344. F60h Device Capability and Control 2 for Port 4. . .. ... .. . 582
13-345. F64h Device Capability and Control 2 for Port 5. . . . .. ... ... 582
13-346. F68h Device Capability and Control 2 forPort 6. .. ......... .. 583
13-347. F6Ch Device Capability and Control 2for Port 7 . . ... . i e 583
13-348. F70h Device Capability and Control 2 forPort 8. ... ... ... i 584
13-349. F74h Device Capability and Control 2 forPort 9. .. .......... .. i 584
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Advanced Error Reporting Extended Capability

Registers (Offsets FBAh —FDCh) ... ... . e e e 585
13-350. FB4h Advanced Error Reporting Extended Capability Header .. ... .................. 585
13-351. FB8h Uncorrectable Error Status . . ... ... 586
13-352. FBCh Uncorrectable Error Mask . . . ... ... 587
13-353. FCOh Uncorrectable Error SEVEItY . . ... oot e e e e e 588
13-354. FC4h Correctable Error Status . . ... ..ot 590
13-355. FC8h Correctable Error Mask . . .. ... 591
13-356. FCCh Advanced Error Capabilitiesand Control . .............. .. ... ... ... .. ...... 592
13-357. FDOh Header Log 0. . . ... o e e e e 593
13-358. FD4h Header Log L. ... ..o e e e e e e e 593
13-359. FD8h Header LOg 2. . .. .o oot e e e e e 593
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% Chapter 1 Introduction
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TECHNOLOGY ®

A Overview

This data book describes PLX Technology’'s ExpressLane™ PEX 8608, a fully non-blocking,
low-latency, low-cost, and low-power 8-Lane, 8-Port PCl Express Gen 2 Switch. Conforming to the
PCI Express Baser2.0, the PEX 8608 enables users to add scalable, high-bandwidth /O to various
products, including communications platforms, servers, storage systems, embedded systems, and
intelligent I/0 modules. The PEX 8608’s flexible hardware configuration and software programmability
allows the switch to be tailored for a wide variety of applications, including fan-out, aggregation, and
peer-to-peer applications.

The PEX 8608 supports multiple Port configuration options, to provide flexible solutions for optimal
product design. Figure 1-1 illustrates a subset of the Port configurations supported by the PEX 8608.
The PEX 8608 can also support x2 Ports, by auto-negotiating its Ports to the Link width of the PCI
Express device with which it is interfacing.

|

Figure 1-1. Port Configuration Examples

FPEX 8608 PEX 8608

PEX 8608
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1.2 Features

The PEX 8608 supports the following features:
 8-Port PCI Express switch
— 8 Laneswith integrated on-chip SerDes
— Low-power SerDes (under 90 mW per Lane)
— Port configuration
 8independent Ports

» Choice of Link width (quantity of Lanes) per unique Link/Port —x1 or x4;
X2 is also supported

» Configurable with serial EEPROM, 12C, SMBus, and/or Host software
» Designate any Port as the upstream Port (Port 0 is recommended)
» High Performance
— 80 GT/s aggregate bandwidth (5.0 GT/s/Lane x 8 SerDes x 2 (full duplex))
— Integrated 5.0 GT/s SerDes speed negotiation, for each Port
— Full linerate on al Ports
— Cut-Thru latency — 140 nsfor Link widths of x4 to x1
— Non-blocking Crossbar Switch interface supports TLP bandwidth capacity of each x4 Link
— Maximum Payload Size — 2,048 bytes
 performancePAK™
— Read Pacing™ (intelligent bandwidth allocation)
— Dual Cast™
— 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 i ntegrity
in peer-to-peer transactions

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

e Quality of Service (QoS) support

— Two Virtual Channels (VCO and VVC1), per Port

— Eight Traffic Classes (TC[7:0]), per Port

— Weighted Round-Robin (WRR) Port and Virtual Channel (VC) arbitration
» Non-Transparent Bridging

— Configurable Non-Transparent Port

— Moveable upstream Port

— Enables Dual-Host, Dual-Fabric, Host-Failover applications

— Cross-link Port capability
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Features

« Reliability, Availability, Serviceability (RAS) features

All Transparent downstream Ports are Hot Plug-capable, through 12C (Serial Hot Plug
Controller on every Port)

End-to-end Cyclic Redundancy Check (ECRC) and Poison bit support
Data path protection

Memory (RAM) error correction

Advanced Error Reporting support

Lane Status bits and GPIO available

Per-Port error diagnostics

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

 Spread-Spectrum Clock isolation

Dual-clock domain

e INTA# (PEX_INTA#) and FATAL ERROR (FATAL_ERR#)
(Conventional PCI SERR# equivalent) ball support

* 19 Genera-Purpose Input/Output (GPIO) balls, which can be used for GPIO and/or
Interrupt inputs

e Lane Status balls (PEX_LANE_GOOD][7:0]#)
» Other PCI Express Capabilities

Lane reversal
Polarity reversal

Conventional PCI-compatible Link Power Management states— L0, LOs, L1, L2/L. 3 Ready,
and L3 (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

Serial EEPROM
1°C and SMBus (7-bit Slave address with 100 Kbps)

» Testability — JTAG support for DC

« 15x 15 mm?, 196-ball Plastic Ball Grid Array (PBGA) package

e Typical power —1.18W (Gen 1, 2.5 GT/s) or 1.39W (Gen 2, 5.0 GT/s)
« Microsoft® Windows® Logo (WHQL)-compliant

e Compliant to the following specifications:

PCI Local Bus Specification, Revision 3.0 (PCI r3.0)

PCI Bus Power Management Interface Specification, Revision 1.2 (PCI Power Mgmt. r1.2)
PCI to PCI Bridge Architecture Specification, Revision 1.2 (PCl-to-PCl Bridger1.2)

PCI Express Base Specification, Revision 1.1 (PCl Express Base r1.1)

PCI Express Base Specification, Revision 2.0 (PCI Express Base r2.0)

PCI Express Base Specification, Revision 2.0 Errata
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— 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 Sandard 1149.1-1990, | EEE Standard Test Access Port and Boundary-Scan
Architecture (IEEE Sandard 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-Specific Extensions

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

— Thel?C-Bus Foecification, Version 2.1 (I2C Busv2.1)
— System Management Bus (SMBus) Specification, Version 2.0 (SMBus v2.0)
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2.1.2

Flexible and Feature-Rich 8-Lane, 8-Port Switch

Highly Flexible Port Configurations

The PLX ExpressLane PEX 8608 PCI Express Gen 2 Switch offers a maximum of eight configurable
Ports. To support specific bandwidth needs, Link widths can be individually configured as any
power-of-two, from x1 to x4, through auto-negotiation, hardware strapping, Host software
configuration, an optional serial EEPROM, and/or the 1°C Slave interface. Flexible buffer allocation,
along with the PEX 8608's flexible packet flow control, maximizes throughput for applications where
more traffic flowsin the downstream, rather than upstream, direction.

The PEX 8608 supports several Port configurations. For example, the PEX 8608 can be used in a
fan-out application, where any one Port is the upstream Port and the remaining available Lanes are
divided among one, four, or seven 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).

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). The Crossbar Switch protocol is sufficiently flexible and robust to support a variety of
embedded system requirements. The Crossbar Switch architecture basic features include:

e Multiple concurrent Data transfers
» Global ordering within the PEX 8608

» 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
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2.1.3

2131

2.1.3.2

Low Packet Latency and High Performance

The PEX 8608 architecture supports packet Cut-Thru with a maximum latency of 140 ns for Link
widths of x4 to x1. This, combined with large Packet memory and Non-Blocking Internal Switch
architecture, provides full line rate on all Ports for low-latency applications, such as communications
and servers. The low latency enables applications to achieve high throughput and performance.
In addition to low latency, the PEX 8608 supports a 2,048-byte Maximum Payload Size, enabling users
to achieve even higher throughput.

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 Payl oad.

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

Cut-Thru

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 8608 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 (Port 0, and also the NT Port Virtua Interface if Port Oisa
Legacy NT Port, offset 1DCh[21]).

Cut-Thru mode, if enabled, is supported for the PEX 8608's NT Port Link Interface, if the PEX 8608
is configured for NT mode.

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 8608-BA 8-Lane, 8-Port PCI Express Gen 2 Switch Data Book, Version 1.3
Copyright © 2011 by PLX Technology, Inc. All Rights Reserved



March, 2011 Virtual Channels and Traffic Classes

2.1.4 Virtual Channels and Traffic Classes
The PEX 8608 supports two Virtual Channels (VCO and VC1) and eight Traffic Classes (TC[7:0]).
VCO0 and TCO are required by the PCI Express Base r2.0, and configured at device start-up.
For further details, refer to Section 8.2, “Virtual Channel Support.”

2.1.5 Port Arbitration

The PEX 8608 supports hardware-fixed and Weighted Round-Robin (WRR) Ingress Port Arbitration.
This alows fine-tuning of Quality of Service (QoS) and efficient use of Packet buffers, for better system
performance. The PEX 8608 also supports:

* RRVC arbitration on the ingress Ports
» WRR VC arhitration on the egress Ports, that select between VCO and VC1, for each egress Port

For further details, refer to Section 8.2, “Virtual Channel Support.”

2.1.6 End-to-End Packet Integrity

To enable designs that require guaranteed error-free packets, the PEX 8608 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 8608, 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.

2.1.7 Configuration Flexibility

The PEX 8608 provides several ways to configure its operations. For example, the PEX 8608 can
be configured through Strapping balls, CPU Configuration Reguests, an optional serial EEPROM, and/

or the 12C Slave interface. Additionally, the 12C Slave interface allows for easy debug during the
development phase, performance monitoring during the operation phase, and driver or software
upgrade.

ExpressLane PEX 8608-BA 8-Lane, 8-Port PCI Express Gen 2 Switch Data Book, Version 1.3
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2.1.8

2.1.9

2.1.10

Interoperability

The PEX 8608 is designed to be fully compliant with the PCI ExpressBaser2.0, and is
backward-compatible to the PCl ExpressBaserl.1 and PCIl ExpressBaserl.0a. Additionally, the
switch supports auto-negotiation, Lane reversal, and polarity reversal, for maximum board design
and board layout flexibility. All PLX ExpressLane devices undergo thorough interoperability testing at
PLX’sInteroperability L ab and compliance testing at the PCI-SIG Compliance Wor kshop, to ensure
compatibility with PCI Express devices in the market.

Low Power with Granular SerDes Control

The PEX 8608 provides low-power capability that is fully compliant with the PCI Express Baser2.0
and PCI Power Mgmt. r1.2 Power Management (PM) specifications. Unused SerDes are automatically
powered down, to further reduce power consumption.

The PEX 8608 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.

Dynamic Lane Reversal

The PEX 8608 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 8608 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 O corresponding to the physical Lane Number associated with
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
e TS1 with anon-zero Lane Number Port is received on the Port's Lane 0

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

ExpressLane PEX 8608-BA 8-Lane, 8-Port PCI Express Gen 2 Switch Data Book, Version 1.3
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2.1.11

21111

2.1.11.2

2.1.11.3

performancePAK

performancePAK

Exclusiveto PL X, 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, Dual Cast, and Dynamic Buffer Pool.

Read Pacing

The Read Pacing feature alows users to throttle the quantity 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. This 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 9.6, “ Read Pacing.”

Dual Cast

The Dual Cast feature alows for the copying of data (packets) from one ingress Port to two egress Ports,
in asingle transaction, allowing for higher performance in storage, security, and mirroring applications.
The feature relieves the CPU from having to conduct two separate transactions, resulting in higher
system performance.

For further details, refer to Section 9.7, “Dual Cast.”

Dynamic Buffer Pool

The PEX 8608 uses a dynamic buffer pool for FC management, which uses a common pool of FC
Credits that is shared among other Ports within a Half-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 Half-Station, for faster FC
credit updates.

For further details, refer to Section 9.3.2, “ Dynamic Buffering.”

ExpressLane PEX 8608-BA 8-Lane, 8-Port PCI Express Gen 2 Switch Data Book, Version 1.3
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2.1.12

21121

2.1.12.2

2.1.12.3

21124

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 8608's real-time performance monitoring allows users to literally “see” 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 8608'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 8608 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 8608's
SerDes Eye Capture feature. Using PLX's SDK, users can view the Receiver eye width of any Lane on
the PEX 8608. Users can then modify SerDes Settings and see the impact on the Receiver eye.
Figure 2-1 presents a screen shot of the SDK’s SerDes Eye Capture feature.

Figure 2-1. PLX SDK SerDes Eye Capture Feature
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2.1.13

2.1.14

2.1.15

2.1.16

2.1.17

Hot Plug for High Availability

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 8608 Hot Plug Capability and Advanced Error Reporting features
make the switch suitable for High-Availability (HA) applications. If the PEX 8608 is used in an
application where one or more of its downstream Ports connect to PCl Express dots, each Port’s Serial
Hot Plug Controller can be used to manage the Hot Plug event of its associated slot. Each PEX 8608
Transparent downstream Port is equipped with aHot Plug Control/Status register, to support Hot Plug

capability through external logic (by way of the 12C Master interface).
For further details, refer to Chapter 11, “Hot Plug Support.”

Fully Compliant Power Management

The PEX 8608 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 PCl Power Mgnmt. r1.2 PM specifications.
For further details, refer to Chapter 12, “ Power Management.”

General-Purpose Input/Output Signals
The PEX 8608 contains 19 General-Purpose Input/Output (GPIO) balls and associated registers, that
can be programmed to function as GPIO and/or Interrupt inputs. Default functionality is GPIO inputs;

however, serial EEPROM, 12C/SMBuUSs, and/or software can program the GPIO registers to define
functionality for each I/0.

For further details, refer to the GPIO[30, 29, 16:0] signal descriptionsin Section 3.4.7, “ Device-Specific
Signals,” and Section 10.5, “General -Purpose Input/Output.”

Non-Transparent Dual Host and Failover Support —
NT Mode Only
The PEX 8608 supports full Non-Transparent Bridging (NTB) functionality, to allow implementation

of multi-Host systems and intelligent /O modules in applications that require redundancy support,
such as communications, storage, and servers.

NT bridges allow systemsto isolate Host memory domains, by presenting the processor subsystem as an
endpoint, rather than another memory system:

» Base Addressregisters (BARS) are used to translate 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

For further details, refer to Chapter 14, “Non-Transparent Bridging — NT Mode Only.”

Spread-Spectrum Clock Isolation

The PEX 8608 supports Dual Clock domains. This feature allows the buffer inside the PEX 8608 to
become part of two systems with different system clocks, one of which can implement Spread-Spectrum
Clocking. The constant clock input must follow the clock requirements defined in the
PCI Express Baser2.0 (+300 ppm).

For further details, refer to Chapter 17, “Dual Clocking Support.”

ExpressLane PEX 8608-BA 8-Lane, 8-Port PCI Express Gen 2 Switch Data Book, Version 1.3
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2.2

221

12

Applications

The PEX 8608, with its high Port count and flexible configurations, allows user-specific tuning to a
variety of Host-centric, aswell as peer-to-peer, applications.

Host-Centric Fan-Out

The PEX 8608, with its versatile symmetric or asymmetric Lane configuration capability, allows
user-specific tuning to a variety of Host-centric applications.

Figure 2-2 illustrates a typical fan-out design, where the processor provides a PCl Express Link that
must be expanded into a larger quantity of smaller Ports for a variety of I/O functions, each with
different bandwidth requirements. In this example, the PEX 8608 has a 1-L ane upstream Port, and as
many as seven downstream Ports. The downstream Ports provide x1 PCl Express connectivity to the
endpoints.

With its eight Ports, the PEX 8608 can provide fan-out connectivity to up to seven PCl Express devices.
Figure 2-2 aso illustrates how some of the Ports can be bridged, to provide PCI dots or generic
devices through use of the PLX ExpressLane PEX 8311 and PEX 8112 PCI Express bridges.

The PEX 8608 can also be used to create PCI Express Gen 1 (2.5 GT/s) Ports. The PEX 8608 is
backward-compatible with Gen 1 devices. Therefore, the PEX 8608 enables a PCl Express Gen 2 native
chipset to fan-out to Gen 1 endpoints. In Figure 2-2, the PCI Express slots connected to the PEX 8608's
downstream Ports can be populated with either Gen 1 or Gen 2 devices. Conversely, the PEX 8608 can
also be used to create Gen 2 Ports on a Gen 1 native Chip Set in the same manner.

Figure 2-2. Fan-In/Fan-Out Usage
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2.2.2

Control Plane Application

Control Plane Application

The PEX 8608 is ideal for control planes in routers and other communications sub-systems, to meet
increased packet processing needs without compromising latency. Figure 2-3 illustrates a controller card
with a PEX 8608 connecting the Control Processor to as many as seven line cards each, by way of a
x1 connection. This usage model provides connectivity to multiple line cards, providing the processor
with control over alarge quantity of line cards in communication platforms.

Figure 2-3. Control Plane Application
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2.2.3 Embedded Control Planes

The PEX 8608 is well-suited for embedded control plane applications. An example of such an
application is a packet-processing module, as illustrated in Figure 2-4. In this example, the FPGAs and
ASICs implement a x1 PCl Express interface. With its high Port count, the PEX 8608 can provide
connectivity to a high quantity of FPGAs and ASICs, for robust packet-processing communications.

Figure 2-4. Embedded Control Planes
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2.2.4 Intelligent Adapter Board Usage — NT Mode Only

The PEX 8608 supports Non-Transparency Bridging (NTB). Figure 2-5 illustrates a Host system using
an intelligent adapter board, where the adapter board CPU is isolated from the Host CPU. The
PEX 8608 NT Port alows the two CPUs to be isolated, but communicate with one another through
registers designed specifically for that purpose. The Host CPU can dynamically re-assign the upstream
Port and NT Port, allowing system re-configuration.

Figure 2-5. Intelligent Adapter Board Usage
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2.2.5

16

Active-Standby Failover Model — NT Mode Only

The PEX 8608 supports applications requiring Dual-Host, Host-Failover applications through the
Non-Transparency feature. Figure 2-6 illustrates a Dual-Host system with an active and standby
processor configuration.

The redundancy of the Host and fabric can be achieved through many possible configurations, using the
PEX 8608's NTB function. In Figure 2-6, Processor A is the primary active Host of the PCl Express
system. Processor B acts as the backup Host. In the case of a failure on Processor A, application
software is instructed to migrate the PCl Express system to Processor B. Consequently, Processor B
becomes the active Host and Processor A can be replaced as the backup Host.

Figure 2-6. Failover Storage Systems
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2.3

2.3.1

2.3.2

Software Usage Model

Software Usage Model

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

EEPROM, the 12C 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.

System Configuration

The virtual PCI-to-PCI bridges within the PEX 8608 are compliant to the PCI and PCI Express system
models. The Configuration Space registers (CSRs) in avirtual primary/secondary PCI-to-PCl bridge are
accessible by TypeO or Typel 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 8608's BDF (Bus, Device, Function) for FO and F1 is 1/0/0 and 1/0/1,
respectively.

Interrupt Sources and Events

The PEX 8608 supports the INTX Interrupt Message type (compatible with PCI r3.0 Interrupt signals)
or Message Signaled Interrupts (M Sls), when enabled. The PEX 8608 generates interrupts/M essages for
the following:

e Hot Plug or Link State events

» PCI Express Hot Plug events

» Device-Specific errors

* GPIO-generated events

» NT Doorbell-generated events

» Baseline and Advanced Error Reporting

Internally generated interrupts and interrupts forwarded from downstream Ports are re-mapped and
collapsed at the upstream Port.

ExpressLane PEX 8608-BA 8-Lane, 8-Port PCI Express Gen 2 Switch Data Book, Version 1.3
Copyright © 2011 by PLX Technology, Inc. All Rights Reserved 17



Features and Applications PLX Technology, Inc.

THISPAGE INTENTIONALLY LEFT BLANK.

ExpressLane PEX 8608-BA 8-Lane, 8-Port PCI Express Gen 2 Switch Data Book, Version 1.3
18 Copyright © 2011 by PLX Technology, Inc. All Rights Reserved



% Chapter 3 Signal Ball Description
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3.1 Introduction
This chapter provides descriptions of the 196 PEX 8608 signal balls. The signal name, type, location,
and a brief description are provided for each signal ball. A map of the PEX 8608'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 Anaog Input signal
APWR Power (VDD10A) balls for SerDes Analog circuits

CMLCLK_CFCn? | Spread-Spectrum differential low-voltage, high-speed, CML negative Clock inputs
CMLCLK_CFCp? | Spread-Spectrum differential low-voltage, high-speed, CML positive Clock inputs
CMLCLKN@ Differential 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 Differential 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
1/0 Bidirectional (Input or Output)
1/OPWR 2.5V Power (VDD25) balls for Input and Output interfaces
(0] Output
oD Open Drain output
PLLPWR 2.5V Power (VDD25A) balls for Phase-Locked Loop (PLL) circuits
PU Weak internal pull-up resistor

Serializer/De-Serializer differential low-voltage, high-speed, 1/0 signal pairs

SerDes (negative and positive)

Signals used for PEX 8608 configuration, operational mode setting, and Factory Test;

STRAP these signals generally are not toggled at runtime

a. For REFCLK input, CML source is recommended; however, LVDS sourceis supported.
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3.4
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Internal Pull-Up Resistors

The PEX 8608 contains I/O buffers that have weak internal pull-up resistors, indicated in this chapter by
PU 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 usualy 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, theinternal resistors might not be sufficiently strong 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 Ground (VSS), as appropriate, through a 3KQ to 10KQ resistor.

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

Table 3-2. Internal Resistor Values

PLX Technology, Inc.

Internal Resistor

Minimum

Typical

Maximum

Units

PU

74K

111K

178K

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_PERN7 islocated at B3, PEX_PERnNG is located at B5, 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 8608 signals are divided into the following groups:

» PCI Express Signals
» Seria Hot Plug Signals
e Seriad EEPROM Signals

» Strapping Signals

» JTAG Interface Signals
« 12C/SMBuUs Slave Interface Si gnals
» Device-Specific Signals

» External Resistor Signals

» No Connect Signals

» Power and Ground Signals

ExpressLane PEX 8608-BA 8-Lane, 8-Port PCI Express Gen 2 Switch Data Book, Version 1.3
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3.4.1

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

Table 3-3. PCI Express Signals — 37 Balls

PCI Express Signals

Signal Name Type Location Description
: B3, B5,B10,B12, | Negative Half of PCI Express Receiver Differential
PEX_PERN[7:0] CMLRN | \15 N10, N5, N3 | Signal Pairs (8 Balls)
A3, A5, A10 . . . .
. iy ) Positive Half of PCI Express Receiver Differential
PEX_PERp[7:0] CMLRp A12, P12, P10, Signal Pairs (8 Balls)
P5, P3
PCIl Express Reset
PEX PERST# | H13 Used to cause a Fundamental R&gt._ o
- PU (Refer to Chapter 5, “Reset and Initialization,”
for further details.)
] B4, B6, B9, B11, | Negative Half of PCI Express Transmitter Differential
PEX_PETN[7.0] CMLTN | 11, N9, N6, N4 | Signal Pairs (8 Balls)
. A4, A6, A9, All, | Positive Half of PCI Express Transmitter Differential
PEX_PETp[7:0] CMLTP | "p11, po, p6, P4 | Signal Pairs (8 Balls)
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Table 3-3. PCI Express Signals — 37 Balls (Cont.)

PLX Technology, Inc.

Signal Name Type Location Description
Negative Half of 100-MHz PCI Express Reference Clock
Input Signal Pair
When Dual Clocking is enabled, the PEX_REFCLKn and
PEX_REFCLKp signal balls become the Spread- Spectrum
PEX_REFCLKn CMLCLKnN P8 Clocking (SSC) domain Clock signals.
PEX_REFCLKnN must be AC-coupled.
Usea0.01to 0.1 uF capacitor.
Refer to Chapter 17, “Dual Clocking Support,”
for further details.
Positive Half of 100-MHz PCI Express Reference Clock
Input Signal Pair
When Dual Clocking is enabled, the PEX_REFCLKnN
and PEX_REFCLKp signal balls become the SSC domain
PEX_REFCLKp CMLCLKp N8 Clock signals.
PEX_REFCLKnN must be AC-coupled.
Usea0.01to 0.1 uF capacitor.
Refer to Chapter 17, “Dual Clocking Support,”
for further details.
Negative Half of 100-MHz PCI Express Spread-Spectrum
Reference Clock Input Signal Pair
When Dual Clocking is enabled, the PEX_REFCLK_CFCn
and PEX_REFCLK_CFCp signal balls become the
PEX_REFCLK_CFCn CMCLF%IF]K— A7 Constant Frequency Clocking (CFC) domain Clock signals.
Dueto internal biasing, the CFC Clock input requires
an AC-coupling capacitor. Use a0.01 to 0.1 uF capacitor.
Refer to Chapter 17, “Dual Clocking Support,”
for further details.
Positive Half of 100-MHz PCI Express Spread-Spectrum
Reference Clock Input Signal Pair
When Dual Clocking is enabled, the PEX_REFCLK_CFCn
and PEX_REFCLK_CFCp signal balls become the
PEX_REFCLK_CFCp CMCLF%L K_ B7 CFC domain Clock signals.
P Dueto internal biasing, the CFC Clock input requires
an AC-coupling capacitor. Use a0.01 to 0.1 uF capacitor.
Refer to Chapter 17, “Dual Clocking Support,”
for further details.
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3.4.2

Serial Hot Plug Signals

Serial Hot Plug Signals

Transparent downstream Ports can implement Hot Plug, by using externa 12C 1/0 Expanders
(one 16-pin Maxim MAX7311, NXP PCA9555, or TI PCA9555 per dot —or— one 40-pin NXP
PCA9698 per two dlots, provided that the PEX 8608 serial EEPROM Sets the Power M anagement Hot
Plug User Configuration register 40-Pin |/O Expander Enable bit (Port 0, and also the NT Port Virtual
Interface if Port0 is a Legacy NT Port, offset 1IEOh[17]). All Transparent downstream Ports that
implement Serial Hot Plug must use the same type of 1/O Expander (either 16- or 40-pin, but not
both concurrently).

Table 3-4 defines the three signa balls that support Serial Hot Plug. Additionaly, the PEX 8608
supports external Serial Hot Plug signals on the 1°C 1/0 Expander. (Refer to Section 11.6.2, “I?C 1/0
Expander Parts Selection and Pin Definition.”)

Hot Plug signals are enabled, configured, and accessed through the Port’s Slot Capability and Slot
Status and Control registers (offsets7Ch and 80h, respectively). Also, each Port's Power
Management Hot Plug User Configuration register provides additional Device-Specific configuration
and control.

These signals are active only for Hot Plug-capable Ports configured at start-up. For further details
regarding Hot Plug, refer to Chapter 11, “Hot Plug Support.”

Table 3-4. Serial Hot Plug Signals — 3 Balls

Signal Name Type Location Description

12C_SCL1

12C Serial Clock Linefor Serial Hot Plug Support

12C Clock source. Used with the external 12C I/O Expander,
and must be bused to each I/0O Expander’s Clock (SCL) pin.
In combination with 12C_SDA1, forms the PEX 8608

1°C Master interface.

oD F13

12C_SCL 1 requiresan external pull-up resistor.

12C_SDA1

12C Serial Data Output for Serial Hot Plug Support
Transmits and receives 1°C data. Used with the external 1°C I/O
Expander, and must be bused to each 1/O Expander’s Data (SDA)

oD E14 pin.
In combination with 12C_SCL 1, forms the PEX 8608

12C 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 1C1/0 Expanders.
Used only by Serial Hot Plug-enabled Transparent downstream Ports.
The I/O Expander asserts its INT# output whenever any of its
inputs change state, and de-asserts its 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 all 1/0 Expanders) is asserted, the 12C Master interface
PU C14 begins reading the Input Port registers of all 1/0 Expanders, and
copiesthe values to the appropriate bitsin the corresponding Port’s
Slot Status register (offset 80h). The 12C Master interface halts
the reading of 1/O Expander registers when the SHPC_INT#
input de-asserts.

SHPC_INT# requires an external pull-up resistor.

Note: SHPC_INT# isinternally de-bounced, but must remain
stable for at least 10 ms.
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3.4.3

Serial EEPROM Signals

PLX Technology, Inc.

The PEX 8608 includes four signals for interfacing to a serial EEPROM, defined in Table 3-5.
For information regarding serial EEPROM use, refer to Chapter 6, “ Serial EEPROM Controller.”

Table 3-5. Serial EEPROM Signals — 4 Balls

Signal Name Type Location Description
1/0 Active-Low Serial EEPROM Chip Select Output
EE_CSH# J13
PU Note:  Although thisisan I/O signal, itslogical operation is output.
EE_DI o K14 PEX 8608 Output to Serial EEPROM Data I nput
PEX 8608 I nput from Serial EEPROM Data Output
EE_ DO '£ H14 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 EepFreqg[2:0] field (Port 0, and also the NT Port Virtual
Interfaceif Port OisalLegacy NT Port, offset 268h[2:0]), to the
following:
* 1 MHz (default)
EE_SK Vo 14 * 198 MHz
PU  5MHz
* 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

Strapping Signals

The PEX 8608 Strapping signals, defined in Table 3-6, Set the configuration of upstream Port and
NT Port assignment, Link width, Spread-Spectrum clocking, and various setup and test modes. These
balls must be pulled or tied High to VDD25 or Low to VSS (GND), asindicated in the table.

After a Fundamental Reset, the Link Capability (offset 74h, in each Port), and Debug Control and
Port Configuration registers (Port 0, and also the NT Port Virtual Interface if Port O is a Legacy
NT Port, offsets 1DCh and 574h, respectively) capture ball status. Strapping ball Configuration data can

be changed by writing new data to these registers from the seriadl EEPROM. I12C can also change
Strapping ball Configuration data; however, it should first Set the Port’s Even/Odd Port Disable
register Disable Port x bit (Port 0, and also the NT Port Virtua Interface if Port Oisalegacy NT Port —
Even Ports, offset 230h[4:2, 0], and Odd Ports, offset 234h[4:2, Q]), to prevent linkup and Host

enumeration. Then, when 12C programming is complete, 1°C should lastly Clear the upstream Port’s
Disable Port x bit, to enable linkup and allow subsequent Host enumeration.

Table 3-6. Strapping Signals — 28 Balls

Signal Name Type Location Description

STRAP_DEBUG_SELO | Ji1

Factory Test Only
Must be pulled or tied High to VDD25.

STRAP_FAST BRINGUP# c3

Factory Test Only
Must be pulled or tied High to VDD25.

Enable NT Mode
Active-Low input that enables and disables NT mode.

The STRAP_NT_ENABLE# input can be overridden

by seriadl EEPROM and/or 12C programming of the Debug
Control register NT Mode Enable bit (Port 0, and aso the
NT Port Virtua Interfaceif Port OisalLegacy NT Port,
offset 1DCh[18]). If theregister is programmed by
serial EEPROM and/or 12C, that must bethefirst serial
EEPROM entry, or thefirst register written by 12C,
with one exception. (Refer to the Note.)

12C can select a Port to be the upstream NT Port, by writing
to the Debug Control register, after the upstream Port
Link is brought down, by Setting the upstream device's

STRAP_NT_ENABLE# H12 Link Control register Link Disable bit (PCl Express

Capability, offset 10h[4]). After 12c configures

the PEX 8608, the upstream Link can be restored

by Clearing the Link Disable bit in the device connected
to the upstream Port.

Software can enable or disable NT mode, by writing

to the Debug Control register, if the register's Hardware/
Software Configuration Mode Control bit (Port 0, and also
the NT Port Virtua Interfaceif Port Oisalegacy NT Port,
offset 1DCh[15]) is already Set. The mode will change,
following subsequent Hot Reset (or DL_Down condition)
at the PEX 8608's upstream Port.

L = EnablesNT mode
H = Disables NT mode (default, if input is not connected)
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Table 3-6. Strapping Signals — 28 Balls (Cont.)

PLX Technology, Inc.

Signal Name Type

Location

Description

STRAP_NT_P2P_EN# BU

Gl

NT PCI-to-PCI Bridge Enable

Note: If NT modeisenabled (STRAP_NT_ENABLE#=L),
thisinput should be pulled or tied Low to VSS (GND),
unless the NT PCI-to-PCI bridge between the

internal 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 holds the input High.

Allowsthe NT function to be logically placed on the
interna Virtual PCI Bus, or behind the PCI-to-PCI bridge
for that Port.

This input maps to the Debug Control register

NT P2P Enable hit (Port 0, and also the NT Port Virtual
Interfaceif Port OisalLegacy NT Port, offset 1DCh[6]).
Thissignal and its corresponding register bit must

not be toggled at runtime.

It isimportant that STRAP_NT_P2P_EN# s pulled or
tied High or Low with aresistor. Activedrivers should
not be used, because STRAP_NT_P2P_EN#isused
asan output in certain modes of operation.

L = EnablesNT PCI-to-PCI bridge mode,

if NT modeis enabled (pulled or tied Low to VSS (GND))
H = Disables NT PCl-to-PCI bridge mode,

if NT modeis enabled (default; the PEX 8608 isin Legacy
NT mode, if NT mode is enabled) (pulled or tied High

to VDD25)
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Table 3-6. Strapping Signals — 28 Balls (Cont.)

Strapping Signals

Signal Name

Type

Location

Description

STRAP_NT_UPSTRM_PORTSEL[3:0]

M3, K3, J2, 33

Select Upstream Non-Transparent Port (4 Balls)
Select any Port as the upstream NT Port.

The STRAP_NT_UPSTRM_PORTSEL[3:0] inputs
can be overridden by the seriadl EEPROM value for the
Debug Control register NT Port Number field (Port O,
and also the NT Port Virtual Interfaceif Port Oisa
Legacy NT Port, offset 1DCh[27:24]). If the Debug
Control register isprogrammed by serial EEPROM,
that must bethefirst serial EEPROM entry.

12C can also change which Port is configured to be the

NT Port, by writing to the Debug Control register.

12C should first Set the Port’s Even/Odd Port Disable
register Disable Port x bit (Port 0, and also the NT Port
Virtual Interfaceif Port Oisalegacy NT Port — Even Ports,
offset 230h[4:2, 0], and Odd Ports, offset 234h[4:2, Q]), to
prevent linkup and Host enumeration. After 12C
re-configures the PEX 8608, 12C should lastly

Clear the upstream Port’s Disable Port x bit, to enable
linkup and allow subsequent Host enumeration.

Software can also change which Port is configured to be the
NT Port, by writing to the Debug Control register, if the
register’s Hardware/Software Configuration Mode Control
bit (Port 0, and also the NT Port Virtua Interface if Port O
isalLegacy NT Port, offset 1DCh[15]) is already Set.

All other encodings are reserved.

Refer to Section 14.10, “Port Programmability,”
for further details.

LLLL =Port 0
LLLH=Port1
LHLL =Port 4
LHLH =Port 5
LHHL = Port 6
LHHH =Port 7
HLLL =Port 8
HLLH =Port 9

Note: IfNT modeisnot used (STRAP_NT_ENABLE#=H)
and/or the serial EEPROM and/or 12C programs NT mode
(Debug Control register NT Mode Enable bit (Port 0, and
also the NT Port Virtual Interface if Port O isa Legacy

NT Port, offset 1DCh[18]) is Set (overriding
STRAP_NT_ENABLE#)), value should be HH and/or if the
Debug Controal register is programmed by serial EEPROM
(overriding STRAP_NT_UPSTRM_PORTSEL[3:0]),

field [27:24] should be programmed to Fh.

STRAP PLL_BYPASS#

M12

Factory Test Only
Must be pulled or tied High to VDD25.
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Table 3-6. Strapping Signals — 28 Balls (Cont.)

PLX Technology, Inc.

Signal Name

Type

Location

Description

STRAP_PORTCFG[1:0]

B2, Al

Strapping Signalsto Select Port Configuration
(Quantity of Enabled Ports (2, 5, or 8), and Maximum
Quantity of Lanesfor Each Specific Port) (2 Balls)

Defines the enabled Port Numbers and their Link
widths. Programs the Port Configuration register Port
Configuration field (Port 0, and also the NT Port Virtual
Interface if Port O isaLegacy NT Port, offset 574h[1:0])
default value.

LL =x1, x1, x1, x1, x1, x1, x1, x1
LH =x4, x1, x1, x1, x1
HL =x4, x4

All other encodings are reserved.

STRAP_PROBE_MODE#

K13

Factory Test Only
Must be pulled or tied High to VDD25.

STRAP_RESERVED17#

F4

Factory Test Only
Must be pulled or tied High to VDD25.

STRAP_RESERVED16

D13

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

STRAP_SERDES MODE_EN#

Factory Test Only
Must be pulled or tied High to VDD25.

STRAP_SMBUS EN#

PU

L1

System Management Bus Enable

Selects the 12C or SMBus protocol, and defines the default
SMBus Configuration register SMIBus Enable bit (Port O,
offset 344h[Q], respectively) value, as listed below.

STRAP_SMBUS_EN# SMBus Enable
Input State Value

1
0

When pulled or tied Low to Ground, enables SMBus Slave
protocol onthe12C_SCLO0 and 12C_SDAO 2-wire bus.
ARPisenabled if 12C_ADDR2 is Low when sampled

a the time PEX_PERST# input de-asserts.

When pulled or tied High to VDD25, enables I2C Slave
protocol onthe12C_SCLO0 and 12C_SDAO 2-wire bus.

STRAP_SPARE1#

110
PU

L2

Factory Test Only
Pull or tie High to VDD25 for standard operation.

STRAP_SPAREO#

PU

K2

Factory Test Only
Do not connect this ball to board electrical paths.
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Table 3-6. Strapping Signals — 28 Balls (Cont.)

Strapping Signals

Signal Name

Type

Location

Description

STRAP_SSC_1SO_ENABLE#

M4

Spread Spectrum Clocking (SSC) Crossing Enable

Allowsthe SSC REFCLK clock source on upstream Port 0,
with ax4 Link width and Constant Frequency Clocking
(CFC) REFCLK source on downstream devices. (Refer to
Chapter 17, “Dual Clocking Support,” for further details.)

L = Enabled (pulled or tied Low to VSS (GND))
H = Disabled (pulled or tied High to VDD25)

STRAP_TESTMODE[3:0]

N13, M14,
N14, P13

Factory Test Only (4 Balls)
Must be pulled or tied High to VDD25.

STRAP_UPCFG_TIMER_EN#

PU

C1

Link Upconfigure Timer Enable

This input maps to the Debug Control register UPCFG
Timer Enable bit (Port 0, and also the NT Port Virtual
Interface if Port O isaLegacy NT Port, offset 1DCh[4]).

STRAP_UPCFG_TIMER_EN# and the UPCFG Timer
Enable bit must not be toggled at runtime.

When STRAP_UPCFG_TIMER_EN# ispulled or tied
High to VDD25, the Data Rate I dentifier symbol in the
TS Ordered- Sets always advertises support for both

the Gen 2 data rate and Autonomous Change.

When STRAP_UPCFG_TIMER_EN#ispulled or tied
Low to VSS (GND), if this Link training sequence fails
during the Configuration state, the next time the LTSSM
exits the Detect state, TS Ordered-Sets advertise only the
Gen 1 datarate, and no Autonomous Change support.

If Link training continues to fail when the LTSSM isin
the Configuration state, the LTSSM continues to alternate
between Gen 1 and Gen 2 advertisement every timeiit exits
the Detect state.

Note: Thisfeature should be enabled only
if a non-compliant device will not linkup
if these Data Rate | dentifier bits are Set.
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Table 3-6. Strapping Signals — 28 Balls (Cont.)

PLX Technology, Inc.

Signal Name

Type

Location

Description

STRAP_UPSTRM_PORTSEL[3:0] |

G2,H2, F1,F3

Strapping Signalsto Select Upstream Port (4 Balls)
The STRAP_UPSTRM_PORTSEL [3:0] inputs can

be overridden by the serial EEPROM value for the Debug
Control register Upstream Port ID field (Port 0, and also
the NT Port Virtua Interfaceif Port Oisalegacy NT Port,
offset 1DCh[11:8]). If the Debug Control register

is programmed by serial EEPROM, that must bethe
first serial EEPROM entry.

12C can also change which Port is configured to be the
upstream Port, by writing to the Debug Controal register.

1°C should first Set the Port’s Even/Odd Port Disable
register Disable Port x bit (Port 0, and also the NT Port
Virtual Interfaceif Port Oisalegacy NT Port — Even Ports,
offset 230h[4:2, 0], and Odd Ports, offset 234h[4:2, Q]),

to prevent linkup and Host enumeration. After 12c

re-configures the PEX 8608, 12C should lastly Clear the
upstream Port’s Disable Port x bit, to enable linkup and
allow subsequent Host enumeration.

Software can aso change which Port is configured to be
the upstream Port, by writing to the Debug Control
register, if the register’s Hardware/Software Configuration
Mode Control bit (Port 0, and also the NT Port Virtual
Interface if Port O isaLegacy NT Port, offset 1DCh[15])
isaready Set.

All other encodings are reserved.

Refer to Section 14.10, “Port Programmability,”
for further details.

LLLL =Port 0
LLLH=Port1
LHLL =Port 4
LHLH =Port5
LHHL = Port 6
LHHH =Port 7
HLLL =Port 8
HLLH =Port 9
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3.45

JTAG Interface Signals

JTAG Interface Signals

The PEX 8608 includes five signals for performing Joint Test Action Group (JTAG) boundary scan,

defined in Table 3-7. The JTAG interface is described in Section 18.8, “ JTAG Interface.”

Table 3-7. JTAG Interface Signals — 5 Balls

Signal Name

Type

Location

Description

JTAG_TCK

E13

JTAG Test Clock Input

JTAG Test Access Port (TAP) Controller clock source. Frequency can
be from 0 to 20 MHz.

JTAG_TDI

D12

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

JTAG_TDO

E12

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

JTAG_TMS

D14

JTAG Test Mode Select
Input decoded by the JTAG TAP Contraller, to control test operations.

JTAG_TRST#

C13

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
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.

ExpressLane PEX 8608-BA 8-Lane, 8-Port PCI Express Gen 2 Switch Data Book, Version 1.3
Copyright © 2011 by PLX Technology, Inc. All Rights Reserved 31




Signal Ball Description PLX Technology, Inc.

3.4.6 1°C/SMBus Slave Interface Signals

Table 3-8 defines the five signal s that support the 12C/SMBus Slave interface. For further details, refer to
Chapter 7, “ 12C/SMBus Slave Interface Operation.”

Table 3-8. 1°C/SMBus Slave Interface Signals — 5 Balls

Signal Name Type Location Description

12C/SM Bus Slave Address Bits 2 through 0 I nputs (3 Pins)

Used to define the default value of the threeleast significant bits

of the PEX 8608 1°C/SMBus 7-bit Slave address, which is
programmablein thel c Configuration register Save Address field
(Port 0, and also the NT Port Virtual Interfaceif Port O isa L egacy
NT Port, offset 294h[2:0], default value is 38h). If 12C or SMBus
configuration isused, 12C_ADDR[2:0] should be strapped to aunique

address, to avoid an address conflict with any other 12C/SMBuUs
devices (on the same 12C BuySMBuUSs segment) that have the upper

four bits of their 7-bit 12C/SMBus Slave address also defined
asvalue 0111b.

If 12C_ADDR[2:0] are left unconnected, the value of the lowest three
bitsis 111b (due to the internal pull-up resistors), and the 7-bit Save
address defaultsto value 0111_111b. The eight possible default values
for the Slave address are listed bel ow.

PR | i | iy | i,
Value Value
000 000b 0111_000b
001 001b 0111 001b
010 010b 0111 _010b
12C_ADDRJ[2:0] G14, F11, G13 011 011b 0111 011b
100 100b 0111 0111 _100b
101 101b 0111 101b
110 110b 0111 _110b
111 111b 0111 111b

When SMBusis enabled (SM Bus Configuration register SMBus
Enable bit (Port 0, and also the NT Port Virtual Interface if Port Oisa
Legacy NT Port, offset 344h[Q]) is Set (the default value when
STRAP_SMBUS_EN# is sampled and latched Low at PEX_PERST#
input de-assertion):
e 12C_ADDR][1:0] define the two least significant bits of the
SMBus Slave Address,
* Bit 2 of the SMBus Slave Address defaults to value 0, and
» 12C_ADDRO input defines the default value of the SMBus
Configuration register ARP Disable bit (Port 0, and a so the
NT Port Virtua Interfaceif Port OisalLegacy NT Port,
offset 344h[8]), to enable (0) or disable (1) SMBus Address
Resolution Protocol (ARP).

12C_ADDRJ[2:0] requireexternal pull-up or pull-down termination

resistors. If 12C isnot used, external termination isstrongly
recommended, to prevent possible I nput buffer oscillation.
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I2C/SMBus Slave Interface Signals

Table 3-8. 12C/SMBus Slave Interface Signals — 5 Balls (Cont.)

Signal Name

Type

Location

Description

12C_SCLO

oD

F14

12C/SMBus Serial Clock Line

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

12C_SCLOrequiresan external pull-up resistor.

Note: The PEX 8608 12C/SVIBus Save Interface can stretch the Low

period of the 12C/SVIBus clock while a simultaneous in-band Request
that also targets PEX 8608 registersis being processed.

12C_SDAO

oD

F12

12C/SMBus Serial Data /O

Transmits and receives |2C/SMBus data during 12C/SMBus accesses
to PEX 8608 registers.

12C_SDAO requires an external pull-up resistor.
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3.4.7 Device-Specific Signals
Table 3-9 defines the Device-Specific signals — signals that are unique to the PEX 8608.

Table 3-9. Device-Specific Signals — 30 Balls

Signal Name Type Location Description

Fatal Error Output
Asserted Low when a Fatal error is detected in the
PEX 8608 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
FATAL ERR# e} B13 enabled, not masked by the UncorrectableError
B Mask register’s (offset FBCh) corresponding
Interrupt Mask bit, and
« Device Control register Fatal Error Reporting
Enable hit (offset 70h[2]) —or— PClI 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 in the Uncorrectable Error Status register
(offset FB8h).

General-Purpose 1/0O (19 Balls)

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

by programming the GPI O registers by way

of serial EEPROM, 12C/SMBus, and/or software.

GPIO[30, 29, 16:0] provide GPIO input functionality,

by default, when the STRAP_TESTMODE[3:0] inputs,

sampled at Fundamental Reset (PEX_PERST# input

de-assertion), are avalue of 1111b (Fh).

Alternatively, when the STRAP_TESTMODE[3:0]

e A2é D3, %2' N2, M2, inputs, sampled at Fundamental Reset, are avalue

GPIO[30, 29, 16:0] HLl ' Ji)1:]4 #g" éleé'z of 1100b (Ch), GPIO[9:4, 1:0] function as Serial

PU ' E'3 D 1 D > » =< | Hot Plug PERST# Reset outputs, by default, for the
T corresponding Ports that include an external 12C 1/O

Expander. I an external 12C 1/0 Expander isnot present
for a Port, the corresponding GPIO[9:4, 1:0] 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[9:4,
1:0] signals be strapped as Serial Hot Plug PERST#
Reset outputs and routed to the slots, rather than using

the PERST# outputs from the 12C1/0 Expanders.
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Table 3-9. Device-Specific Signals — 30 Balls (Cont.)

Device-Specific Signals

Signal Name

Type

Location

Description

PEX_INTA#

oD

J12

Interrupt Output
PEX_INTA# Interrupt output is enabled if:

¢ INTx Messages are enabled (PCI
Command register Interrupt Disable bit, offset
04h[10], isCleared), and MSlsare disabled (M Sl
Control register MS Enable bit, offset 48h[16],
is Cleared)

« PEX_INTA# output (ECC Error Check Disable
register Enable PEX_INTA# Interrupt Output(s)
for x Interrupt bit(s), offset 1C8h[7, 6, 5, and/or
4]) isenabled (refer to the register description,
for Port associations)

The three interrupt mechanisms, listed below, are
mutually exclusive modes of operation, on a per-Port
basis, for all interrupt sources:

¢ Conventional PCl INTx Message generation

« Native MS| transaction generation

* Device-Specific PEX_INTA# assertion

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

e Hot Plug or Link State events

« PCI Express Hot Plug events

¢ General-Purpose Input Interrupt events

« Device-Specific errors

« Device-Specific NT Port Link Interface errors

and events
¢ NT-Virtua Doorbell events
¢ NT-Link Doorbell events

Refer to Section 10.4, “PEX_INTA# Interrupts,’
for details.

PEX_LANE_GOOD[7:0}#

110

C2,Al14,B14, B1,
L12, L14, M13, P14

Active-L ow PCI Express Lane Status I ndicator
Outputsfor Lanes[7-0] (8 Balls)

Directly drives the common-anode LED module.
PEX_LANE_GOOD][7:0]# LED behavior:
e Off —Laneisdisabled
¢ On-Laneisenabled, 5.0 GT/s
¢ Blinking, 0.5 seconds On, 0.5 seconds Off —
Laneisenabled, 2.5 GT/s, reduced Lanes are up

PEX_NT_RESET#

L13

Active-L ow Output Used to Propagate Reset
in NT Mode

Pulse widthis 1 us.
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3.4.8 External Resistor Signals

Table 3-10. External Resistor Signals — 4 Balls

PLX Technology, Inc.

Signal Name Type Location

Description

REXT_A[LO0] A B8, P7

External Resistor Balls (2 Balls)
One pair per SerDes block (paired with the “B” signal).

An external 1.43KQ 1% resistor must be attached
between each REXT_A and REXT_B pair.

Do not connect to any other signal, power,
nor ground.

REXT_B[L0] A A8, N7

External Resistor Balls (2 Balls)
One pair per SerDes block (paired with the “A” signal).

An external 1.43KQ 1% resistor must be attached
between each REXT_A and REXT_B pair.

Do not connect to any other signal, power,
nor ground.

3.4.9 No Connect Signals

Caution: Do not connect these balls to board electrical paths.
These balls are internally connected to the device.

Table 3-11. No Connect Signals — 5 Balls

Signal Name Type Location

Description

N/C Reserved C7, M8, N1

No Connect (3 Balls)

Do not connect these balls to board
electrical paths.

THERMAL_DIODEN Reserved C12

No Connect
Factory Test Only

Do not connect this ball to board
electrical paths.

THERMAL_DIODEp Reserved A13

No Connect
Factory Test Only

Do not connect this ball to board
electrical paths.
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3.4.10 Power and Ground Signals
Table 3-12. Power and Ground Signals — 75 Balls
Signal Name Type Location Description
D5, D6, D9, D10, E4, E11, G4, G11, | 1.0V 5% Power for Core and SerDes
vDDI0 CPWR H4, H11, K4, K11, L5, L6, L9, L10 | Digital Logic (16 Balls)
VDD10A APWR D7,D8,L7, L8 1.0V £5% Power for Ser Des Analog Circuits
(4 Balls)
5 . :
VDD25 1/OPWR D4, D11, L4, L11 2.5V +10% Power for 1/0O Logic Functions
(4 Balls)
2.5V +10% Power for Phase-Locked Loop (PLL)
VDD25A PLLPWR C8, G3, G12, M7 Circuits (4 Balls)
C5, C6, C9, C10, C11, H3, M5, M6, .
VSS GND M9, M10, M11 Ground Connections (11 Balls)
E5, E6, E7, ES, E9, E10,
F5, F6, F7, F8, F9, F10, G5, G6, G7,
VSS THERMAL Thermal-GND | G8, G9, G10, H5, H6, H7, H8, H9, | Thermal-Ball Ground Connection (36 Balls)
H10, J5, J6, J7, 38, J9, J10,
K5, K6, K7, K8, K9, K10
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3.5 Physical Layout

Figure 3-1. PEX 8608 Physical Ball Assignment (See-Through Top View)
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1 Hardware Architecture

The PEX 8608 is designed with a flexible, modular architecture. The eight PCI Express Lanes are
connected to one another by the internal fabric to the central RAM. Figure 4-1 provides a block diagram

of the PEX 8608.

Figure 4-1. PEX 8608 Block Diagram

Lanes [0-7]

T

T

v

v

Link Receive/Transmit

Packet
RAM

Logic

Internal
Fabric

ExpressLane PEX 8608-BA 8-Lane, 8-Port PCI Express Gen 2 Switch Data Book, Version 1.3

Copyright © 2011 by PLX Technology, Inc. All Rights Reserved

39



Functional Overview PLX Technology, Inc.

4.1.1

41.11

40

Port Functions

Each Port implements the PCI Express Baser2.0 Physical, Data Link, and Transaction Layers (PHY,
DLL, and TL, respectively). The PEX 8608 supports eight integrated Serializer/De-Serializer (SerDes)
modules, which provide the eight PCI Express hardware interface Lanes. The Lanes can be combined,
for atotal of two, five, or eight Ports.

Port Configurations

The upstream and downstream Ports' Link widths are initially defined by the STRAP_PORTCFG[1:0]
inputs, which are pulled or tied High to VDD25 or Low to VSS (GND). The serial EEPROM option can
be used to re-configure the Ports, with the options defined in Table 4-1. Serial EEPROM configuration
occurs following a Fundamental Reset, and overrides the configuration defined by the

STRAP_PORTCFG[1:0] inputs at that time. Port configuration can also be changed through the 12C
Slave interface. The final Link width can be automatically negotiated down from the programmed
width, through Link-width negotiation for linkup to a device with fewer Lanes. The narrowest Port on
one end of the Link determines the maximum Link width. Additionally, if a connection is broken on one
of the Lanes, the training sequence removes the broken Lane and negotiates to a narrower Link width.
A x4 Port can negotiate down to x2 or x1.

If the Port cannot train to x1 (Lane O is broken), the Port reverses its Lanes and attempts to retrain.
For example, a x4 Port that cannot train to x4 attempts to negotiate down to x2 or x1; if x1 linkup fails,
the Port reversesits Lanes and re-attempts linkup negotiation. Either the lowest Lane (Lane 0) or highest
Lane (if Lanes are reversed) of the programmed Link width must connect to the other device's Lane 0.

Each Port can run independently at Gen 1 (2.5 GT/s) or Gen 2 (5.0 GT/s) Link speed.

Table 4-1 defines the PEX 8608 Port and Lane configurations. The Lanes are assigned to each enabled
Port, in sequence. Ports that are not configured nor enabled are invisible to software.

Table 4-1. Port Configurations

STRAP_PORTCFG[1:0] Port O Port 1 Port 4 Port 5 Port 6 Port 7 Port 8 Port 9
(default) 00b x1 x1 x1 x1 x1 x1 x1 x1
(Lane) 0 4 1 5 2 6 3 7
01b x4 x1 x1 x1 x1
(Lane) 0-3 4 5) 6 7
10b x4 x4
(Lane) 0-3 4-7
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41.1.2 Port Numbering

The Port Numbersare 0, 1, and 4 through 9, as defined in Table 4-1 and illustrated in Figure 4-2. (Refer
to Section 4.1.1.1.)

The Port Numbers have a direct relationship to the downstream Ports for the PClI Device Number
assigned to the internal PCI-to-PCl bridges on the internal virtual PCI Bus. For example, if Port 1
isadownstream Port, the PCI-to-PCl bridge associated with that Port is Device Number 1. Each
downstream Device Number matches its corresponding Port Number. For example, if PortO is
the upstream Port, Ports 1, and 4 through 9 are the available downstream Ports, when all Ports are
enabled. The Device Numbers for the PCI-to-PCl bridges implemented on the downstream Ports are 1,
and 4 through 9, respectively.

Any PEX 8608 Port can be configured as, or dynamically changed to be, the upstream Port (Port O is
recommended). The PCI-to-PCl bridge implemented on the upstream Port does not assume a Device
Number — it accepts the Device Number assigned by the upstream device. Generally, the upstream
device assigns Device Number 0, according to the PCI Express Baser2.0.

Note: In Figure 4-2, the downstream Port Numbers are only those defined in Table 4-1.

Figure 4-2. Port Numbering Convention Example (When Port 0 Is Upstream Port)

Internal Fabric

A

\

~«——>»| Port/Device 0 (Upstream
Port)

<«——»| Port 1l

Downstream
Ports

-<«—>»| Port 9
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4.2

42

PCI Express Link Functional Description

The PEX 8608 groups eight SerDes together, which can comprise a total of two, five, or eight Ports.
(Refer to Table 4-1.) The Ports forward ingress packets to the internal fabric and central RAM, and pull
egress packets from the central RAM to send out of the PEX 8608.

The PEX 8608 implements the PCI Express PHY and DLL functions for each of its Ports, and
aggregates traffic from these Ports onto a transaction-based, non-blocking internal crosshar fabric. All
packet queuing and ordering aspects of this layer are handled by the Crossbar Switch Control blocks.

During system initialization, software initiates Configuration Requests that set up the PCl Express
interfaces, Device Numbers, and Address maps across the various Ports. These maps are used to direct
traffic between Ports during standard system operation. Traffic flow between Ports is supported through
the central internal fabric.

At the top level, the PEX 8608 has a layered organization consisting of the PHY, DLL, and TL blocks,
as illustrated in Figure4-3. The PHY and DLL blocks have Port-specific data paths (one per PCI
Express Port) that operate independently of one another. The Transaction Layer Control (TLC) ingress
section of the TL block aggregates traffic for all ingress Ports, then sends the traffic to the internal
crossbar fabric. The TLC egress section of the TL block accepts packets, by way of the internal crossbar
fabric, from al ingress Ports, and schedul es them to be sent out the appropriate egress Port.

Figure 4-3. PCIl Express Block Diagram
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4.3

43.1

Physical Layer

Physical Layer

The Physical Layer (PHY) converts information received from the DLL into an appropriate serialized
format and transmits it across the PCl Express Link. The PHY also receives the seriadized input from
the Serializer/De-Serializer (SerDes), convertsit to parallel data (internal Data Bus), then writes it to the
Transaction Layer Control (TLC) Ingress buffer.

The PHY includes all circuitry for PCI Express Link Interface operation, including:
 Driver and Input buffers
» Parald-to-seria and serial-to-parallel conversion

Phase-L ocked Loops (PLLs) and clock circuitry

 Impedance Matching circuitry

* Interface Initialization and Maintenance functions

Physical Layer Features

The PHY module interfaces to the PCI Express Lanes and implements the PHY functions. The quantity
of available PCI Express Ports is two, five, or eight, with a cumulative Lane bandwidth of x8.
PHY functionsinclude:

» SerDes modules, which provide al functions required by the PCI Express Baser2.0
 User-configurable Port division

o Link widths—x1 or x4; Link width of x2 is also supported, for auto Link-width negotiation
with external PCl Express Ports

» Link speeds supported
- 25GT/s
— 5.0GT/s
e Hardware Link training and initialization
» Hardware detection of polarity reversal
» Hardware detection of Lane reversal
» Hardware Autonomous Speed Control supported
» Dynamic Link speed control supported
» Dynamic Link width supported
 Data scrambling/de-scrambling and 8b/10b encode/decode
» Packet framing
» Loopback Master and Slave support
» Programmable test pattern with SKIP Ordered-Set insertion and return data checking
» Receiver error checking (Elastic buffer over/underflow, disparity, and symbol encoding)
» Modified Compliance Pattern support with Receiver Error Counters, per Lane
 Link state Power Management (PM) — Supports L0, LOs, L1, L2/L3 Ready, and L3 Link PM states
» Supports cross-linked upstream Port and downstream Ports
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4.3.2

4.3.3

44

Physical Layer Status and Command Registers

The PHY operating conditions are defined in:
» Section 13.14.2, “ Device-Specific Registers — Physical Layer (Offsets 200h — 25Ch)”
» Section 13.16.13, “ Device-Specific Registers— Physical Layer (Offsets B80h — C30h)”
» Section 13.16.15, “ Device-Specific Registers — Physical Layer (Offsets E40h — EFCh)”

The System Host can track the Link operating status and re-configure Link parameters, by way of
these registers.

Hardware Link Interface Configuration

The PHY can include up to eight integrated SerDes modules, which are distributed among two SerDes
quads (Quads 0 and 2) and provide the PCI Express hardware interface Lanes. The SerDes modules also
provide all physical communication controls and functions required by the PCl Express Baser2.0, as
well asthe Links (clustered into Ports) that connect the PEX 8608 to other PCI Express devices.

The quantity of enabled Ports, and Link widths associated with those Ports, are configurable, on a
Port-by-Port basis. Initial Port configuration is determined by the STRAP_PORTCFG[1:0] inputs, serial
EEPROM, and/or auto Link-width negotiation. If the PEX 8608 Ports are configured using the
auto-negotiation process, the Link widths can narrow or widen (by combining multiple adjacent Lanes).
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4.4

Transaction Layer

Transaction Layer

The upper layer of the architecture is the Transaction Layer (TL). The TL assembles and disassembles
TLPs, which are used to communicate transactions, such as Read and Write, as well as certain types of
events. The TL also manages credit-based Flow Control (FC) for TLPs.

The TL supports four Address spaces — it includes the three PCI Address spaces (Configuration, |nput/
Output, and Memory) and adds a Message space. (Refer to Table 4-2.) This specification uses Message
space to support all prior sideband signals, such as interrupts, Power Management (PM) Requests, and
so forth, as in-band Message transactions. PCI Express Message transactions are considered virtual
wires that support virtual pins. As virtual wires, Assert and De-assert Messages are sent when a
triggering event changes the wire's state.

Table 4-2. Address Spaces Support Differing Transaction Types

Address Space Transaction Types Transaction Functions
Configuration Device configuration or setup
Input/Output Read/Write Transfers data from/to an 1/O space
Memory Transfers data from/to a memory location
. ) ) General-purpose Messages
M ge BasdlinefVirtual Wires Event signaling (status, interrupts, and so forth)

All Reguest packets requiring a Response packet are implemented as Split Transactions. Each
packet has a unique identifier that enables Response packets to be directed to the correct originator.
The packet format supports various forms of addressing, depending upon the transaction type —
Memory, 1/0, Configuration, or Message.

TL functionsinclude:
» Decoding and checking rules for theincoming TLP
» Memory-Mapped Configuration Space register (CSR) access
» Checking incoming packets for malformed or unsupported packets
 Data Poisoning and end-to-end data integrity detection
» End-to-end Cyclic Redundancy Check (ECRC) of incoming packets
 Error logging and reporting for incoming packets
» TLPdispatching
» Write control to the packet RAM and packet Link List RAM
* Destination lookup and TC-VC mapping
» Shadow CSRs for BusNoCAM/IOCAM/AMCAM/TC-VC mapping
* Credit-based scheduling
 Pipelined full Split Transaction protocol
» PCI/PCI-X-compatible ordering
* Interrupt handling (INTx or Message Signaled Interrupts (MSIs))
» Power Management (PM) support
» Hot Plug and PCI Express Hot Plug event support
» Link State event support
* QoS support
* Ordering
* Ingress and Egress credit management
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The hardware functions provided by the PEX 8608 to implement the PCI ExpressBaser2.0
TL requirements are illustrated in Figure 4-4. The blocks provide a combination of ingress and egress

control, as well as the data management at each stage within the flow sequence.

Figure 4-4. TL Controller
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44.1

4.4.2

4.4.3

4.4.4

Locked Transactions

Locked Transactions

The PEX 8608 understands Locked transactions, however, it does not lock the resources. This is
consistent with limitations for Locked transaction use, as outlined in the PCI r3.0 (Appendix F,
“Exclusive Accesses’), and prevents potential deadlock, as well as serious performance degradation,
that could occur with Locked transaction use.

Relaxed Ordering

The PEX 8608 supports Relaxed Ordering for Completions. By default, if the RO attribute is Set within
a Completion, then that Completion can bypass Posted transactions, if Posted TLPs are blocked at the
egress Port (due to insufficient Posted credits from the connected device). This behavior can be disabled,
by Setting the Ingress Control Shadow register No Special Treatment for Relaxed Ordering Traffic
field (Port 0, and also the NT Port Virtua Interfaceif Port Oisalegacy NT Port, offset 664h[5]).

TL Transmit/Egress Protocol — End-to-End
Cyclic Redundancy Check

End-to-End Cyclic Redundancy Check (ECRC) is an optional 32-bit field appended to the end of the
outgoing packet. ECRC is calculated over the entire packet, starting with the Header and including
the Data Payload, except for the EP bit and bit O of the Type field, which are always considered to be a
value of 1 for ECRC calculations. The ECRC field is transmitted, unchanged, as it moves through the
fabric to the Completer device. The PEX 8608 checks the ECRC on all incoming TLPs, if enabled
(Port’s Advanced Error Capabilitiesand Control register ECRC Check Enable bit (offset FCCh[8]) is
Set), and can optionally report detected errors. (When the ECRC is detected, the Uncorrectable Error
Status register ECRC Error Satus bit (offset FB8h[19]) can be used to log ECRC errors.)

Additionally, the PEX 8608 can optionally append ECRC to the end of internally generated TL Ps, such
as Interrupt and Error Messages, if enabled (Port’s Advanced Error Capabilitiesand Control register
ECRC Generation Enable bit, offset FCCh[6], is Set).

TL Receivel/lngress Protocol

The ingress side TL collects and stores inbound TLP traffic in the packet RAM. The incoming datais
checked for ECRC errors, valid type field, length matching the Header Transfer Size field, and other
TLP-specific errors defined by the PCI Express Base r2.0.

Header and Data Payload information is forwarded to the Source Scheduler, to be routed across the
internal fabric, to the egress Port. When ECRC errors are detected, the packet is discarded.
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4.4.5

4.4.6

48

Flow Control Credit Initialization

The initia quantity of VCO Flow Control (FC) credits is advertised as programmed for each type of
Header and Payload. After VCO FC initialization is complete, the FC credits received are transferred to
the TL egress. The TL ingress must schedule an UpdateFC Data Link Layer Packet (DLLP) for
transmission, to increase the quantity of advertised credits. When enabled, the TL initiates flow credit
initialization for VC1, following VCO initialization.

Flow Control Protocol

The PEX 8608 implements FC protocol that ensures that the switch:

» Does not transmit a TLP over a Link to aremote Receiver, unless the receiving device
has sufficient VC Buffer space to accommodate the packet

» Generates FC credit updates to the remote Transmitter, to replace credits used to send
TLPsto the PEX 8608

This FC isautomatically managed by the hardware, and is transparent to software. Software is used only
to enable additional Buffer space, to supplement the initial default buffer assignment.

Theinitial default FC credits, which are enabled after Link training, allow TLP traffic immediately after
Link training completes. The Configuration transactions are the first transactions to use the default
VC credits, to set up the initial device operating modes and capabilities.

The TL Ingress Credit Unit transmits DLLPs (referred to as FC packets) that update the FC to the
remote Transmitter device, on a periodic basis. The DLLPs contain FC credit information that updates
the Transmitter regarding the amount of available Buffer space in the PEX 8608.

The TL Egress Credit Unit receives DLLPs from the remote device, indicating the amount of Buffer
space available in the remote Receiver. The unit uses this credit information to schedule the sending of
TLPsto the remote device.
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4.5 PCIl-Compatible Software Model

The PEX 8608 can be thought of as a hierarchy of PCI-to-PCl bridges, with one upstream PCl-to-PClI
bridge and one or more downstream PCI-to-PCI bridges connected by an internal virtual bus. (Refer to
Figure 4-5.) PCI-to-PCl bridges are compliant with the PCI and PCI Express system models. Figure 4-5
illustrates the concept of hierarchical PCI-to-PCI bridges, with the bus in the middle being the internal
virtual PCl Bus. The Configuration Space registers (CSRs) in the upstream PCI-to-PCl bridge are
accessible by Type 0 Configuration Requests that target the upstream bus interface. The upstream Port
captures the TypeO Configuration Write Target Bus Number and Device Number. The upstream
Port uses this Captured Bus Number and Captured Device Number as part of the Requester ID and
Completer ID for the Requests and Completions generated by the upstream Port.

The CSRsin the downstream Port PCI-to-PCI bridges are accessible by Type 1 Configuration Requests
received at the upstream Port that target the internal virtual PCI Bus, by having a Bus Number value that
matches the upstream bridge’'s Secondary Bus Number value. Each downstream bridge is associated
with a unique Device Number, as explained in Section 4.1.1.2.

The CSRs of downstream devices are hit in two ways. If the Configuration Request matches the
PEX 8608 downstream Port Secondary Bus Number, the PEX 8608 converts the Type 1 Configuration
Request into a Type O Configuration Request. However, if the Bus Number does not match the
Secondary Bus Number, but falls within the Subordinate Bus Number range, the Type 1 Configuration
Request is forwarded out of the PEX 8608, unchanged. A Type 1 Configuration Request that targets
aBus Number that is not within range isinvalid, and is terminated by the PEX 8608 upstream Port as an
Unsupported Request (UR).

After al PCI devices have been located and each assigned a Bus Number and Device Number, software
can assign a Memory map and I/0 map. Requests (Memory or 1/0) go downstream if they fall within a
bridge's Base and Limit range. In the PEX 8608, each downstream bridge has its own Base and Limit.
Alternatively, Requests (Memory or |/O) go upstream if they do not target anything within the upstream
bridge's Base and Limit range.

Completions are routed by the Bus Number established in the Configuration registers. If the Bus
Number is in the Secondary or Subordinate range, the packet goes downstream; otherwise, the packet
goes upstream.

Figure 4-5. PEX 8608 System Configuration Propagation
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A Reset

This section describes the resets that the PEX 8608 supports. (Refer to Table 5-1.) Reset isa mechanism
that returns a deviceto itsinitial state. Reset is propagated from upstream to downstream. Hardware or
software mechanisms can trigger three different levels of reset — Fundamental, Hot, or Secondary Bus
(each is described in the sections that follow). The re-initialized states following areset vary, depending
upon the reset type.

Table 5-1. Reset Summary

PCI Express
Definition

Reset Source

Impact to Different
Internal Components
(upon De-Assertion)

Impact to Internal Registers

Fundamental Reset

Initializes everything

¢ Upstream Port enters
the DL_Down state

Selectively reloads seria
EEPROM contents

e Cold Reset ﬁﬁt—PERﬁgﬁ Serial EEPROM contents are |oaded All registers are initialized
e Warm Reset HwiInit types are evaluated
* TS Ordered-Set Initializes all Half-Station Ports All registers, except:
Hot Reset bit is Set, Initializes internal credits and queues » Port Configuration registers
Hot Reset a the upstream Port . « All Sticky bits not affected

by Hot Reset (HwInit, ROS,
RW1CS, RWS)

Secondary Bus Reset

Downstream Port’s
Bridge Control register
Secondary Bus Reset bit
(offset 3Ch[22]) is Set

Downstream Port PHY generates
aHot Reset

Downstream Port Data Link Layer
(DLL) isdown

Downstream Port Transaction Layer
(TL) isinitialized, exhibits DL_Down
behavior, and TL P Requests to that
Port are dropped

Upstream Port and downstream

Ports drain traffic, corresponding
tothe DL_Down condition on the
downstream Port, and initialize credits
corresponding to that downstream Port

Does not affect registers
(other than to initialize credits)

Upstream Port’s Bridge
Control register
Secondary Bus Reset bit
(offset 3Ch[22]) is Set

All downstream Ports propagate
aHot Reset

DLL of each downstream Port is down
TL of each downstream Port is
initialized, exhibits DL_Down
behavior, and drops TLP Requests
that target downstream Ports
Upstream Port TL exhibits

DL_Up behavior

Initializes downstream Ports
registers to default values
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5.1.1

5.1.2

5.1.3

Fundamental Reset

Fundamental Reset is a hardware mechanism defined by the PCI Express Baser2.0, Section 6.6.
Fundamental Reset input, through the PEX_PERST# signal, resets al Port states and Configuration
registers to default conditions. Reset remains asserted, until the Port’s bit is Cleared.

Hot Reset

Hot Reset is an in-band Reset that propagates from an upstream PCI Express Link to all its Transparent
downstream Ports, through the Physical Layer (PHY) mechanism. The PHY mechanism communicates
a reset to downstream devices through a training sequence (TSL/TS2 Ordered-Set, in which the
Hot Reset Training Control Bit is Set). Hot Reset is aso referred to as a Soft Reset.

A Hot Reset initializes all Ports, resets registers that are not defined as Sticky, and resets the serial
EEPROM logic to reload registers (except Port Configuration registers) from seriad EEPROM,

if present?. Hot Reset does not reset the Clock logic, and can be caused by any of the following:

» Upstream Port PHY receives two consecutive TS1 Ordered-Sets in which the Hot Reset Training
Control Bit is Set. Hot Reset is generated from an upstream device, such as by Setting its Bridge
Control register Secondary Bus Reset bit (offset 3Ch[22]).

» Upstream Port unexpectedly enters the DL_Down state.

Exception — If the upstream Port Link isinthe L2 Link PM state and the Link goes down,
the downstream Ports do not generate Hot Reset.

» Upstream Port PHY enters either the Loopback or Disabled state, upon receiving two consecutive
TS1 or TS2 Ordered-Sets in which either the Loopback or Disable Link Training Control Bit
is Set, respectively. An upstream device can generate the Disable Link sequence, by Setting
itsLink Control register Link Disable bit (offset 78h[4]).

Secondary Bus Reset

Any virtual upstream or downstream PCI-to-PCl bridge within the PEX 8608 can reset its downstream
hierarchy, by Setting the Bridge Control register Secondary Bus Reset bit (offset 3Ch[22]).

When the Secondary Bus Reset hit is Set on the upstream Port, al the downstream Ports are initialized
to their default states, as defined by the PCI Express Base r2.0. Each of the Transparent downstream
Ports generates an in-band Hot Reset onto its downstream Links (the NT Port Link Interface does not
generate Hot Reset). In addition, writable registers defined by the PCI Express Baser2.0, in all
downstream Ports, are initialized to default values (upstream Port registers are not reset, and the serial
EEPROM does not reload registers).

When the Secondary Bus Reset bit is Set on a downstream Port, that Port is reset to its default state as
defined by the PCI Express Baser2.0, and generates an in-band Hot Reset onto its downstream Link.
The registers of that downstream Port are not affected.

a. Theserial EEPROM is considered to be present if it returns a non-zero value in response to an initial Read Status
command of its Status register. Thisvalueis copied to the Serial EEPROM Status register Satus Data from Serial
EEPROM fields (Port 0, and also the NT Port Virtual Interface if Port O isa Legacy NT Port, offset 260h[ 31:24]).
Serial EEPROM presenceisreported in the register’s EepPrsnt[1:0] field [17:16]; a value of 01b or 11b indicates that
the serial EEPROM is present.
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5.1.4 Register Bits that Affect Hot Reset

Setting the Bridge Control register Secondary Bus Reset hit (offset 3Ch[22]) generates a Hot Reset to
downstream Ports and downstream devices.

5.1.5 Reset and Clock Initialization Timing

Table 5-2. Reset and Clock Initialization Timing

Symbol Description Typical Delay
tdl REFCLK stableto PEX_Reset release time 100 us
td2 PEX_Reset release to Reset de-bounce 1.32ms
td3 Reset de-bounce to Phase-Locked Loop (PLL) Lock 105 us
td4 Reset de-bounce to Core Reset release 2.63ms
td5 Serial EEPROM load time with no serial EEPROM present 17 us

Figure 5-1. Reset and Clock Initialization Timing
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5.2

54

Initialization Procedure

The PEX 8608 initialization process starts upon exit from a Fundamental Reset. There are two or more
steps in the process, depending upon the availability of an external initialization serial EEPROM

and I2C.

The initialization sequence executed is as follows:
1. PEX 8608 reads the Strapping inputs, to determine the upstream Port

(STRAP_UPSTRM_PORTSEL[3:0]) and Lane configuration (STRAP_PORTCFG[1:0])
of each enabled Port.

. If aserial EEPROM is present, seriadl EEPROM data is downloaded to the PEX 8608 Configuration

registers. The configuration from the Strapping inputs can be changed by serial EEPROM data.

Alternatively, 12C can be used to program all the registers (the same as would be done with
the serial EEPROM), except, if PHY or DLL register values that affect SerDes parameters or Link
initialization need to be changed, those registers must be programmed by seriadl EEPROM, so that

the values are loaded prior to initial Link training. Because 1°Cis relatively slow, the Links are

usualy up by the time the first 1%C Write occurs. The first 1°C command might be to block system
access while the configuration is being changed, by disabling the upstream Port; Ports can be
disabled by Setting the Port’s Even/Odd Port Disable register Disable Port x bit (Port 0, and also
the NT Port Virtual Interface if Port 0 isalLegacy NT Port — Even Ports, offset 230h[4:2, 0] and
Odd Ports, 234h[4:2, 0], respectively).

Switch configuration, including Port Configuration (Port 0, and also the NT Port Virtual Interface if
Port Oisalegacy NT Port, offset 574h[1:0]) and/or upstream Port designation (Debug Control
register Upstream Port ID field (Port 0, and also the NT Port Virtual Interfaceif Port 0 isa L egacy
NT Port, offset 1DCh[11:8])) can be changed:

— At runtime, by software, if the Debug Control register Hardware/Software Configuration
Mode Control bit (Port 0, and also the NT Port Virtual Interface if Port 0 isaLegacy
NT Port, offset 1DCh[15]) is Set

— By I?C and/or serial EEPROM reload

If the Debug Control register Upstream Port ID field value is to be changed, the register must
be written twice, with Factory Test Only bit 7 Set in the first Write, and Cleared in the second Write.
Changes take effect upon subsequent Hot Reset.

Note: Asdescribed in Chapter 7, “ 1°C/SVIBus Save Interface Operation;” an external 1°C Master can

send the register Read/\Write Requests to PEX 8608 after reset. To prevent conflict, first disable
the upstream Port, by Setting the Port’s Disable Port x bit. Restoration of the upstream Port

should be the last register Write of the entire 12C programming procedure.

3. After configuration from the Strapping inputs, serial EEPROM, and/or 12Cis complete, the PHY

of the configured Ports attempts to bring up the Links. After both components on aLink enter
theinitial Link Training state, the components proceed through PHY Link initialization and then
through Flow Control initialization for VCO and VC1, preparing the DLL and TL to use the Link.
following Flow Control initialization for VCO and VCL, it is possible for VC0 and VC1 TLPs
and DLL Packets (DLLPs) to be transmitted across the Link.
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5.2.1

5.2.2

5.2.3

Default Port Configuration

Default Port Configuration

The default upstream Port selection and overall Link width configuration is determined by Strapping
inputs, which must be pulled or tied High to VDD25 or Low to Ground (VSS), to define the default
device configuration. (Refer to Section 3.4.4, “Strapping Signals.”) The configuration defined by the

Strapping inputs can be changed by downloading serial EEPROM data, and/or by 12C programming
followed by a Hot Reset.

Default Register Initialization

Each PEX 8608 Port defined in the Port Configuration process has a set of assigned registers that
control Port activities and status during standard operation. These registers are programmed to default/
initial values, as defined in:

» Chapter 13, “ Transparent Port Registers’

e Chapter 15, “NT Port Virtual Interface Registers— NT Mode Only”

» Chapter 16, “NT Port Link Interface Registers—NT Mode Only”

Following a Fundamental Reset, the basic PCI Express Support registers are initially programmed to the
values specified in the PCI ExpressBaser2.0. The Device-Specific registers are programmed to
the values specified in their register description tables. These registers can be changed by loading new

data with the attached seridl EEPROM, the 1°C Slave interface, and/or by CSR accesses using
Configuration or Memory Writes; however, registers identified as Read-Only (RO) cannot be modified
by Configuration nor Memory Write Requests.

The Transparent Ports and NT Port support the following mechanisms for accessing registers by way of
the TL, asdescribed in:

» Section 13.4.1, “PCI r3.0-Compatible Configuration Mechanism”
» Section 13.4.2, “PCl Express Enhanced Configuration Access Mechanism”
» Section 13.4.3, “Device-Specific Memory-Mapped Configuration Mechanism”

For NT mode, refer also to Section 15.3.3 or Section 16.3.3, “Device-Specific Cursor Mechanism.”

Device-Specific Registers
The Device-Specific registers are unique to the PEX 8608, and are not referenced in the
PCI Express Base r2.0. Theregisters are organized into the following sections:

 Section 13.14, “ Device-Specific Registers (Offsets 1C0Oh — 51Ch)”
» Section 13.16, “ Device-Specific Registers (Offsets 530h — F8Ch)”

ExpressLane PEX 8608-BA 8-Lane, 8-Port PCI Express Gen 2 Switch Data Book, Version 1.3
Copyright © 2011 by PLX Technology, Inc. All Rights Reserved 55



Reset and Initialization PLX Technology, Inc.

5.2.4

5.25

56

Serial EEPROM Load Time

Serial EEPROM initialization loads only the Configuration register data that is specifically programmed
into the serial EEPROM. Registers that are not included in the serial EEPROM data are initialized to
default register values.

Each register entry in the seriadl EEPROM consists of two Address bytes and four Data bytes (refer to
Section 6.4, “ Serial EEPROM Data Format”); therefore, each register entry (6 bytes, or 48 bits) requires
48 serial EEPROM clocks to download. Thus, at the seriadl EEPROM clock default frequency of 1 MHz,
after initial overhead to read the Serial EEPROM Status register (Port 0, and also the NT Port Virtual
Interface if Port 0 isalLegacy NT Port, offset 260h) (16 serial EEPROM clocks, or 16 us), plus another
40 serial EEPROM clocks (40 ps) to begin reading the register data, each register entry in the serial
EEPROM requires 48 us to download. A serial EEPROM containing 50 register entries (typical
configuration, assuming the serial EEPROM is programmed only with non-default register values) and
clocked at 1 MHz takes approximately 5.2 msto load (16 + 40 + 48) x 50 us (5,200 ps).

To reduce the serial EEPROM initialization time, the first register entry in the serial EEPROM can
increase the clock frequency, by programming the Serial EEPROM Clock Frequency register (Port O,
and also the NT Port Virtua Interface if Port O is a Legacy NT Port, offset 268h), to a value of
2h (5 MHz), or 3h(9.62 MHz), if the serial EEPROM supports the higher frequency at the serial
EEPROM supply voltage (typically 2.5to 3.3V). At 5-MHz clocking, the serial EEPROM load time for
50 register entries can be reduced to approximately 575 us. Because the PCl Express Base r2.0 allows a
20-msbudget for system hardware initialization, the default 1-MHz serial EEPROM clock is often
sufficient when the quantity of Ports and registers programmed by serial EEPROM is relatively small.

For further details, refer to Chapter 6, “ Serial EEPROM Controller.”

I°C Load Time

Initialization using 12C is Slower than seridl EEPROM initialization, because the 12C Slave interface
operates at alower clock frequency (100 KHz maximum) and the quantity of bits per Register accessis
increased (because the Device address is included in the bit stream). Writing one register using
100-K Hz clocking takes approximately 830 us (83 clock periods).

For further details, refer to Section 7.2, “ 12C Slave Interface”
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A Overview

The PEX 8608 provides a Serial EEPROM Controller and interface to Serial Peripheral Interface
(SPI1)-compatible serial EEPROMS, asillustrated in Figure 6-1. This interface consists of a Chip Select,
Clock and Write Data outputs, and a Read Data input, and operates at a programmable frequency of up
to 17.86 MHz. The PEX 8608 supports serial EEPROMSs that use 1-, 2-, or 3-byte addressing (2-byte
addressing is recommended); the PEX 8608 automatically determines the appropriate addressing mode.

The controller provides access to non-volatile memory. This external memory can be used for three
different purposes:

e Theseriadl EEPROM can be used to store register data, for switch configuration and initialization.
When a serial EEPROM device is connected to the PEX 8608, immediately after reset, the Serial
EEPROM Controller reads data from the serial EEPROM that is used to update the PEX 8608
register default values.

» System or application data can be stored into, and read from, the serial EEPROM, by software,
12C and/or SMBuUS, initiati ng random-access Read or Write Requests to the serial EEPROM.

* In NT mode, the seriadl EEPROM can provide up to 32 KB of Expansion ROM, for the NT Port
Link Interface (default) or NT Port Virtual Interface. When software reads the Expansion ROM

(starting at the Expansion ROM Base Address), the PEX 8608 reads from the serial EEPROM,
to return the requested ROM image.

Figure 6-1. Serial EEPROM Connections
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6.2 Features

 Detection of whether a serial EEPROM is present/not present

* Supports high-speed serial EEPROM s with Serial Peripheral Interface (SPI) interface

» Non-volatile storage for register default val ues loaded during Power-On Reset

» 4-byte Write/Read access to the serial EEPROM, through the upstream Port

e Seriad EEPROM dataformat allows for loading registers by Port/Address location

» Required serial EEPROM size is dependent upon the quantity of registers being changed

e Automatic support for 1-, 2-, or 3-byte-addressable seriadl EEPROMs

» Manua override for quantity of serial EEPROM Address bytes

» Programmable serial EEPROM clock frequency

» Programmable serial EEPROM clock-to-chip select timings

» No Cyclic Redundancy Check (CRC), single Valid byte at start of serial EEPROM memory
 Supports Expansion ROM for the NT Port (not supported for 1-byte address seriadl EEPROMS)

6.3 Serial EEPROM Load following Upstream Port Reset

The Serial EEPROM Controller performs a serial EEPROM download when the following
conditions exist:

* Serial EEPROM is present?, and
 Validation signature (first byte read from the serial EEPROM) valueis 5Ah, and
» One of the following events occur:

— PEX_PERST# isreturned High, following a Fundamental Reset (such asa Cold
or Warm Reset to the entire chip)

— Hot Reset is received at the upstream Port (downloading upon this event can be optionally
disabled, by Setting the Debug Control register Disable Serial EEPROM Load on Hot
Reset and/or Upstream Hot Reset Control bit (Port 0, and also the NT Port Virtual Interface
if Port Oisalegacy NT Port, offset 1DCh[17 and/or 16], respectively))

— Upstream Port exits a DL_Down state (downloading upon this event can be optionally
disabled, by Setting the Debug Controal register Upstream Port and NT-Link DL_Down
Reset Propagation Disable and/or Upstream Hot Reset Control bit (Port 0, and also the
NT Port Virtual Interfaceif Port Oisalegacy NT Port, offset 1DCh[20 and/or 16],

respectively))

a. Theserial EEPROM is considered to be present if it returns a non-zero value in response to an initial Read Status
command of its Status register. Thisvalueis copied to the Serial EEPROM Status register Satus Data from Serial
EEPROM fields (Port 0, and also the NT Port Virtual Interface if Port O isa Legacy NT Port, offset 260h[ 31:24]).
Serial EEPROM presenceisreported in the register’s EepPrsnt[1:0] field [17:16]; a value of 01b or 11b indicates that
the serial EEPROM is present.
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6.4

Serial EEPROM Data Format

Serial EEPROM Data Format

The data in the serial EEPROM is stored in the format defined in Table 6-1. The Validation Signature
byte islocated in the first address. The Serial EEPROM Controller reads this byte to determine whether
avalid serial EEPROM image exists versus a blank image. REG_BYTE_COUNT/[15:0] contains the
quantity of bytes of serial EEPROM datato be loaded. It is equal to the quantity of registersto be loaded
times 6 (6 serial EEPROM bytes, per register). If the REG_ BYTE COUNT[15:0] vaue is not a
multiple of 6, the last incomplete register entry isignored.

For the remaining register-related locations, data is written into a 2-byte address that represents the
Configuration register offset and Port Number, and the 4 bytes following are the data loaded for that
Configuration register. Only Configuration register data specifically programmed into the serial
EEPROM isloaded after the PEX 8608 exits reset.

Table 6-2 defines the Configuration register Address format (REGADDR[15:0] from Table 6-1):
» Bits[9:0] represent bits[11:2] of the Register address

» Bits[15:10] represent the Port Number of the register selected to be programmed
by serial EEPROM

Because the PEX 8608 Serial EEPROM Controller always accesses 4 bytes of seridl EEPROM data
(for DWord-aligned Register addresses), register offsets are stored in the serial EEPROM as DWord
address values.

To determine the 2-byte serial EEPROM value that represents the PEX 8608 Port and register offset,
shift the register offset 2 hits to the right (divide by 4), then OR the resulting value with the appropriate
Port Identifier value from Table 6-2.

For example, to load Port 4 register offset 1F8h, shift the address to the right by 2 bits (this becomes
07Eh) and concatenate 0001_00b. The resulting DWord address in the serial EEPROM will be
0001_0000_0111_1110b, which is 107Eh.
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Table 6-1. Serial EEPROM Data

PLX Technology, Inc.

Location Value Description
Oh 5Ah Validation Signature
1h 00h Reserved
2h REG_BYTE_COUNT (LSB) Configuration register Byte Count (LSB)
3h REG_BYTE_COUNT (MSB) Configuration register Byte Count (MSB)
4h REGADDR (LSB) 1% Configuration Register Address (L SB)
5h REGADDR (MSB) 1% Configuration Register Address (MSB)
6h REGDATA (Byte 0) 1% Configuration Register Data (Byte 0)
7h REGDATA (Byte 1) 1% Configuration Register Data (Byte 1)
8h REGDATA (Byte 2) 1% Configuration Register Data (Byte 2)
9h REGDATA (Byte 3) 1% Configuration Register Data (Byte 3)
Ah REGADDR (LSB) 2" Configuration Register Address (L SB)
Bh REGADDR (MSB) 2" Configuration Register Address (MSB)
Ch REGDATA (Byte 0) 2" Configuration Register Data (Byte 0)
Dh REGDATA (Byte 1) 2" Configuration Register Data (Byte 1)
Eh REGDATA (Byte 2) 2" Configuration Register Data (Byte 2)
Fh REGDATA (Byte 3) 2" Configuration Register Data (Byte 3)
FFFFh REGDATA (Byte 3) Last Configuration Register Data (Byte 3)

Note: Thefirst Configuration register programmed by the serial EEPROM must be the Debug Control
register (Port O, offset 1DCh), serial EEPROM locations 4h through 9h, aslisted in Table 6-1.
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Table 6-2. Configuration Register Address Format

Port Number REGADDR Bits [15:10] Value?® Port Identifier

Port 0 0000_00b 0000h

Port 1 0000_01b 0400h

Port 4 0001_00b 1000h

Port 5 0001_01b 1400h

Port 6 0001_10b 1800h

Port 7 0001_11b 1C00h

Port 8 0010_00b 2000h

Port 9 0010_01b 2400h

NT Port Link Interface 1100_00b C000h
NT Port Virtual Interface? 00XX_XXb XX00h
NT PCI-to-PCl Bridge 1100_01b C400h

a. Encodings not listed are reserved.

For NT Port Virtual Interface registers, use the value for the Port Number that is
configured asthe NT Port (as designated by the STRAP_NT_UPSTRM_PORTSEL[3:0]
inputs or Debug Control register NT Port Number field (Port 0, offset 1DCh[27:24])).
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6.5

62

Serial EEPROM Initialization

After the device Reset is de-asserted, the PEX 8608 determines whether a serial EEPROM is present.
The serial EEPROM s considered to be present if it returns a non-zero value in response to an initial
Read Status command of its Status register. This value is copied to the Serial EEPROM Status
register Satus Data from Serial EEPROM fields (Port 0, and also the NT Port Virtual Interface if Port O
is a Legacy NT Port, offset 260h[31:24]). Serial EEPROM presence is reported in the register's
EepPrsnt[1:0] field [17:16]; avalue of 01b or 11b indicates that the serial EEPROM is present. A pull-
up resistor on the EE_DO input produces a value of FFh if a serial EEPROM is not installed.

If aserial EEPROM is detected, thefirst byte (validation signature) isread. If avalue of 5Ahisread, itis
assumed that the serial EEPROM is programmed for the PEX 8608. The serial EEPROM address width
is determined while thefirst byteisread. If thefirst byte’'s value is not 5Ah, the serial EEPROM s blank
or programmed with invalid data. In this case, no more data is read from the serial EEPROM, and the
Serial EEPROM Status register EepAddrWidth field (Port O, and also the NT Port Virtua Interface if
Port OisaLegacy NT Port, offset 260h[23:22]) reports a value of 00b (undetermined width).

If the EepAddrWidth field reports a value of 00b, any subsequent accesses to the seridl EEPROM
(through the PEX 8608 Serial EEPROM registers) default to a serial EEPROM address width of 1 byte
unless the Serial EEPROM Status register EepAddr\Wdth Override bit (Port 0, and also the NT Port
Virtual Interface if Port 0 is a Legacy NT Port, offset 260h[21]) is Set. The EepAddr\Width field is
usually Read-Only (RO); however, it is writable if the EepAddrWidth Override bit is Set (both can be
programmed by a single Write instruction).

If the serial EEPROM contains valid data, the REG_BY TE_COUNT values in Bytes 2 and 3 determine
the quantity of serial EEPROM locations that contain Configuration register addresses and data. Each
Configuration register entry consists of 2 bytes of register Address and 4 bytes of register Write data.
The REG_BYTE_COUNT must be amultiple of 6.

The EE_SK output clock frequency is determined by the Serial EEPROM Clock Frequency register
EepFreq[2:0] field (Port0, and also the NT Port Virtual Interface if Port 0 is a Legacy NT Port,
offset 268h[2:0]). The default clock frequency is 1 MHz. At this clock rate, it takes approximately 48 us
per DWORD during Configuration register initialization. For faster loading of large serial EEPROMs
that support afaster clock, the first Configuration register load from the serial EEPROM could be to the
Serial EEPROM Clock Frequency register.
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6.6

6.7

PCI Express Configuration, Control, and Status Registers

PCI Express Configuration, Control,
and Status Registers

The PCI Express Configuration, Control, and Status registers that can be initialized are detailed in:
» Chapter 13, “ Transparent Port Registers’
e Chapter 15, “NT Port Virtual Interface Registers— NT Mode Only”
» Chapter 16, “NT Port Link Interface Registers—NT Mode Only”

Serial EEPROM Registers

The Seriad EEPROM register (Port 0, and also the NT Port Virtua Interface if Port 0 is a Legacy
NT Port, offsets 260h through 26Ch) parameters defined in Section 13.14.2, “Device-Specific Registers
— Physica Layer (Offsets200h — 25Ch),” can be changed, using the serial EEPROM. It is
recommended that the first serial EEPROM entry (after the Debug Control register (Port 0, and also the
NT Port Virtual Interface if Port 0isaLegacy NT Port, offset 1DCh) entry, if programmed), be used to
change the Serial EEPROM Clock Frequency register (offset 268h) value, to increase the clock
frequency, and thereby reduce the time needed for the remainder of the serial EEPROM load. When the
NT Port Expansion ROM feature is used, the serial EEPROM clock frequency must be 5 MHz or higher.
At the last serial EEPROM entry, the Serial EEPROM Status and Control register (offset 260h) can
be programmed to issue a Write Status (WRSR) command, to enable the Write Protection feature(s)
within the serial EEPROM data, if needed.
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6.8

6.8.1

64

Serial EEPROM Random Write/Read Access

To access the serial EEPROM, a PCI Express, 12C, and/or SMBus Master uses the followi ng registers
(Port 0, and also the NT Port Virtual Interfaceif Port Oisalegacy NT Port):

» Serial EEPROM Statusand Control (offset 260h)
« Serial EEPROM Buffer (offset 264h)
« Serial EEPROM 3'9 Address Byte (offset 26Ch)

Note: To help streamline the text in the following subsections, the specific Port |ocation/access of each
register offset is not repeated — only the offset location is mentioned.

The Master can only access the seridl EEPROM on a DWord basis (4 bytes aligned to one
DWord address).

Writing to Serial EEPROM
To write a DWbrd to the serial EEPROM:

1. If the 34 Address byte (Address bits [23:16]) is needed (when the Serial EEPROM Statusregister
EepAddrWidth field bits (offset 260h[23:22]) are both Set), write the value to the Serial EEPROM

3'd Address Byte field (offset 26Ch[7:0]).
2. Writethe 32-hit datainto the Serial EEPROM Buffer register (offset 264h).

3. IssueaWrite Enableinstruction to the serial EEPROM (Command = 110b, Set Write Enable Latch),
by writing the value 0000_CO000h into the Serial EEPROM Status and Control register
(offset 260h).

4. Calculate and write the combined Address and Command value to write into the Serial EEPROM
Control register (offset 260h), by combining the serial EEPROM 3-bit Write Datainstruction (value
010b) asthe EepCmd[ 2:0] field [15:13], together with the serial EEPROM address. Serial EEPROM
Address hits [14:2] must be programmed into the Serial EEPROM Control register EepBlkAddr
field [12:0], and serial EEPROM Address bit 15 must be programmed into the Serial EEPROM
Statusregister EepBlIkAddr Upper Bit bit (that is, Set offset 260h[20] if the seridl EEPROM address
isinthe upper 32 KB of any 64-KB address block within the serial EEPROM). The datain the
Serial EEPROM Buffer register iswritten to the serial EEPROM when the Serial EEPROM
Status and Control register iswritten.

5. The serial EEPROM Write operation is complete when a subsequent read of the Serial EEPROM
Status register EepCmdStatus bit (offset 260h[18]) returns 0. At this time, another serial
EEPROM access can be started.

Because each PEX 8608 Port and Register address value (REGADDR,; refer to Section 6.5), and its
corresponding data value (REGDATA), require 6 bytes of serial EEPROM memory, and the PEX 8608
serial EEPROM interface accesses 4 bytes at atime, two serial EEPROM Writes may be needed to store
each set of REGADDR (one word) and REGDATA (1 Dword) entriesinto the serial EEPROM. To avoid
overwriting a word of another set of 6-byte REGADDR and REGDATA values, one of the two Serial
EEPROM Writes might need to be a Read-Modify-Write type of operation (preserving one word read
from the serial EEPROM, and writing the value back along with a new word value).
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6.8.2

6.8.3

Reading from Serial EEPROM

Reading from Serial EEPROM
To read a DWord from the serial EEPROM:

1. If the 34 Address byte (Address bits [23:16]) is needed (when the Serial EEPROM Statusregister
EepAddrWidth field bits (offset 260h[23:22]) are both Set), write the value to the Serial EEPROM

3'd Address Byte register Serial EEPROM 3'9 Address Byte field (offset 26Ch[7:0]).

2. Calculate the combined Address and Command value to write into the Serial EEPROM Control
register (offset 260h), by combining the serial EEPROM 3-bit Read Data instruction (value 011b)
as the EepCmd[ 2:0] field [15:13], together with the seriadl EEPROM address. Seriadl EEPROM
Address hits [14:2] must be programmed into the Serial EEPROM Control register EepBlkAddr
field [12:0], and serial EEPROM Address bit 15 must be programmed into the Serial EEPROM
Statusregister EepBlIkAddr Upper Bit bit (that is, Set offset 260h[20] if the serial EEPROM address
isinthe upper 32 KB of any 64-KB address block within the serial EEPROM).

3. Poll the Serial EEPROM Status register until the EepCmdStatus bit (offset 260h[18]) is Cleared,
which signals that the transaction is complete.

4. Read the four bytes of serial EEPROM data from the Serial EEPROM Buffer register
(offset 264h).

For example, to read the first DWord in the serial EEPROM, write the value 0000_6000h to Port 0,
register offset 260h, and then read Port 0, register offset 264h.

Programming a Blank Serial EEPROM

The PEX 8608 supports 1-, 2-, or 3-byte serial EEPROM addressing. 8-Kbit to 512-Kbit SPI EEPROMs
use 2-byte addressing. The PEX 8608 requires that the first byte in the serial EEPROM must be the
value 5Ah (ASCII Z), asa Validation Signature.

The 2" and 3" bytes contain the quantity of byteswithin the serial EEPROM image, beginning with the
first register entry at serial EEPROM address 04h. If this Byte Count value exceeds the actual quantity
of register entries times 6 (such as if the first DWord is programmed to the value 5SA00_FFFFh), the
system could hang. To simplify programming of a blank EEPROM (such as in a typical production
build), the serial EEPROM could be pre-programmed with the first DWord, program to 0000_005Ah.

A 2-byte address seridl EEPROM that is blank (or corrupted) can be programmed according to the
following procedure (when the PEX 8608 isin 1-Byte Address mode).

To program a blank serial EEPROM:

1. Writethe value 0000_005Ah into the Serial EEPROM Buffer register at address [upstream Port
BARO + 264h].

2. Issue aWrite Enableinstruction (Command = 110b, Set Write Enable Latch, and enable
2-byte addressing, by writing the value 00AQ_CO000h into the Serial EEPROM Status and
Control register (offset 260h).

3. Copy thisdatavalueto serial EEPROM laocation 0, by writing the value 00AQ_4000h into
the Serial EEPROM Status and Control register. At this point, the first four bytesin the
seriadl EEPROM now contain the value 0000_005Ah.

4. Reboot the system, to reset the PEX 8608 so that it re-detects the serial EEPROM.
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6.9

6.10

66

Serial EEPROM Loading of NT Port Link Interface
Registers — NT Mode Only

The Debug Control register Load Only EEPROM NT-Link on Hot Reset and Inhibit EEPROM NT-Link
Load on Hot Reset bits (NT Port Virtual Interface if Port O is a Legacy NT Port, offset 1DCh[31:30],
respectively) control whether the serial EEPROM is to load registers following a Soft Reset (Hot Reset
or DL_Down) to the upstream Port or NT Port Link Interface, as defined in Table 6-3.

Table 6-3. Serial EEPROM Loading of NT Port Link Interface Registers
(Offset 1DCh[31:30] Values)

Bit 31 Value Bit 30 Value Action
0 0 Load all registers from the serial EEPROM.
0 1 Load all reg!sters, except the NT Port Link Interface registers,
from the serial EEPROM.
1 0 Load only NT Port Link Interface registers from the serial EEPROM.
1 1 Disable serial EEPROM loading of al registers.

NT Port Expansion ROM — NT Mode Only

The PEX 8608 NT Port Virtual and Link Interfaces support Expansion ROM, as defined in the PCI r3.0.
Expansion ROM can be implemented for either Port, but not both concurrently. The Expansion ROM
imageis stored in the serial EEPROM, and its size can be either 16 KB (default, bit is Cleared) or 32 KB
(maximum), based upon the Serial EEPROM Clock Frequency register Expansion ROM Sze bit
(NT Port Virtua Interface if Port 0 isa Legacy NT Port, offset 268h[16]) value. When the Expansion
ROM featureis used, the serial EEPROM clock frequency must be 5 MHz or higher.

By default, the Expansion ROM is enabled on the NT Port Link Interface; however, it can be enabled
instead for the NT Port Virtual Interface, by Setting the Ingress Control register Expansion ROM
Virtual Sde bit (NT Port Virtual Interface if Port O is a Legacy NT Port, offset 660h[23]). The
Expansion ROM Base Address register (BAR) must be enabled, by Setting the register's Expansion
ROM Enable hit, in either the NT Port Virtual Interface (offset 30h[0]) or NT Port Link Interface
(offset 30h[0]).

The Expansion ROM’s location in the seridl EEPROM is programmed in the Serial EEPROM

39 Address Byte register Expansion ROM Base Address field (NT Port Virtua Interface if Port O is a
Legacy NT Port, offset 26Ch[31:16]), of which the lower six bits, [21:16], map to serial EEPROM byte
Address bits [15:10] (aligned to a 256-DWord (1-KB) boundary). The Expansion ROM must not
straddle a 64-KB boundary within the serial EEPROM.

The default serial EEPROM Base Address value is as follows:

» 16-KB Expansion ROM (Expansion ROM Size bit is Cleared) — The value is 0020h, which
corresponds to serial EEPROM Byte address 2000h (8 KB). The serial EEPROM size must
be at least 32 KB.

» 32-KB Expansion ROM (Expansion ROM Size bit is Set) — The value is 0040h, which
corresponds to serial EEPROM byte address 4000h (16 KB). The serial EEPROM size must
be at least 64 KB.
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7.2

7.2.1

Introduction

This chapter discusses the 12C Slave Interface and SMBus Slave Interface.
I°C Slave Interface

1°C Support Overview

Note: This section appliesto the 12C Have interface, which uses the 12C_ADDR[2:0],
[2C_SCLO, and 12C_SDAO signals for PEX 8608 register access by an 12C Master.

Thel2C_SCL1 and 12C_SCL1 signals formthe PEX 8608 12C Master interface, which
isused only for Serial Hot Plug operation. (Refer to Chapter 11, “ Hot Plug Support.”)

Inter-Integrated Circuit (IZC) is a bus used to connect Integrated Circuits (ICs). Multiple ICs can be
connected to an 12C Bus, and 12C devices that have 12C masteri ng capability can initiate a Data transfer.
12C is used for Data transfers between ICs at relatively low rates (100 Kbps), and is used in a variety of
applications. For further details regarding 12C Buses, refer to the 12C Bus, v2.1.

The PEX 8608 is an 1°C Slave. Slave operations allow the PEX 8608 Configuration registers to be read

from or written to by an 12C Master, external from the device. 12C is a sideband mechanism that allows
the device Configuration registers to be programmed, read from, or written to, independent of the
PCI Express upstream Link.

With I2C, users have the option of accessing all PEX 8608 registers through the 12C Slaveinterface. 12C

provides an alternative to using a seriadl EEPROM. 12C can also be used for debugging, such as if the
PEX 8608 upstream Port fails to linkup.

Accordingly, it is recommended that both 12C/SMBuUS access, and the serial EEPROM (or at least its
footprint), be included in designs.

The 12C_SCLO0 and 12C_SDAO signals can be brought out to a 2x2 pin header on the board, to allow
PLX software (for example, running on a laptop computer) to access the PEX 8608 registers, using an
Aardvark USB-1°C adapter connected to this header. (Refer to the PEX 8608 RDK Hardware Reference
Manual for the header pin design.)
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Figure 7-1 provides a block diagram that illustrates how standard devices connect to the 1°C Bus.

Figure 7-1. Standard Devices to 12C Bus Connection Block Diagram

Re

+VvDD

Pull-up resistors
Rp

SDA (Serial Data Line)

SCL (Serial Clock Line)

External
I>’C Master

PEX 8608
Slave
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7.2.2 12C Addressing — Slave Mode Access

To access the PEX 8608 Configuration registers through the 1°C Slave interface, the PEX 8608
12C Slave address must be configured.

The PEX 8608 supports a 7-bit 1°C Slave address. The 7-bit 12C Address bits can be configured by the
seriadl EEPROM (recommended, if the default address must be changed), or by a Memory Write, in

the 1°C Configuration register (Port 0, and also the NT Port Virtual Interface if Port O is a Legacy
NT Port, offset 294h, default value 38h), with the lower three bits of the address derived from the
I2C_ADDRJ[2:0] inputs. Bits [6:0] correspond to Address Byte bits [7:1], with bit 0 of the byte
indicating a Write (0) or Read (1).

The 12C_ADDRJ[2:0] inputs can be pulled or tied High or Low, to select adifferent Slave address. Up to

eight PEX 8608 devices can share the same 12C Bus segment without conflict, provided that each
PEX 8608 hasits 12C_ADDR[2:0] inputs strapped to a unique state. More than eight PEX 8608 devices

can share the I2C Bus, however, if the upper Address bits are programmed in the serial EEPROM.

7.2.3 12C Slave Interface Register

The 12C Slave Interface register, 1°C Configuration, is described in Section 13.14.5, “Device-Specific
Registers— 12C Slave Interface (Offsets 290h — 2C4h).” The default 1°C Slave address can be changed in
the 1°C Configuration register to a different value, using the serial EEPROM or a Memory Write.

The1?C Slave address must not be changed by an 12C Write command. (Refer to Section 7.2.2.)
Other 1°C Slave interface registers exist; however, they are for Factory Test Only.
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71.2.4

70

I2C Command Format

An I%C transfer starts as a packet with Address Phase bytes, followed by four Command Phase bytes,
and one or more Data Phase bytes. The 12C packet Address Phase Byte format is illustrated in
Figure 7-2a. The Command Phase portion must include 4 bytes of data that contain the following:

« 1°C Transfer type (Read/Write)

» PCI Express Configuration Register address

» PEX 8608 Port Number being accessed

» Byte Enable(s) of the register data being accessed

When the 1°C Master is writing to the PEX 8608, the I°C Master must transmit the Data bytes to be
written to that register within the same packet that contains the Command bytes. Table 7-2 describes

each 12C Command byte for Write access. Figure 7-2b illustrates the Command phase portion of an
12C Write packet.

When the 12C Master is reading from the PEX 8608, the 12C Master must separately transmit a
Command Phase packet and Data Phase packet. Table 7-6 describes each 12C Command byte for Read
access. Figure 7-4b illustrates the Command phase portion of an 12C Read packet.

Each 1°C packet must contain 4 bytes of data. Pad unused packet Data bytes with zeros (0) to meet
this requirement.
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7.2.5

I°C Register Write Access

I°C Register Write Access

The PEX 8608 Configuration registers can be read from and written to, based upon 12C register Read
and Write operations, respectively. An 1°C Write packet consists of Address Phase bytes and Command
Phase bytes, followed by one to four additional I°C Data bytes. Table 7-1 defines mapping of the
12C Data bytesto the Configuration register Data bytes. Figure 7-2c illustrates the 12C Data byte format.

The 12C packet starts with the S(START condition) bit. Data bytes are separated by the A (Acknowledge
Control Packet (ACK)) or N (Negative Acknowledge (NAK)) hit. The packet ends with the P (STOP
condition) bit.

If the Master generates an invalid command, the targeted PEX 8608 register is not modified.

The PEX 8608 considers the 1% Data byte of the 4-byte Data phase, following the four Command bytes
in the Command phase, as register Byte 3 (bits[31:24]). The next three Data bytes access register

Bytes 2 through O, respectively. Four Data bytes are required, regardless of the Byte Enable Settingsin
the Command phase. The Master can then generate either a STOP condition (to finish the transfer) or a

repeated START condition (to start a new transfer). If the 12C Master sends more than the four Data
bytes (violating PEX 8608 protocol), the PEX 8608 returns a NAK for the extra Data byte(s). (For

further details regarding 12C protocol, refer to the 12C Bus, v2.1.)

Table 7-2 describes each 1°C Command byte for Write access. In the packet described in Figure 7-2,
Command Bytes 0 through 3 for Writes follow the format specified in Table 7-2.

Table 7-1. 12C Register Write Access

I2C Data Byte Order PCI Express Configuration Register Bytes
0 Written to register Byte 3
1 Written to register Byte 2
2 Written to register Byte 1
3 Written to register Byte O
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Table 7-2. 12C Command Format for Write Access

Byte Bit(s) Description
73 Reserved
’ Should be Cleared.
1%(0) Command
2:0 011b = Write register
Do not use other encodings for Writes.
74 Reserved
’ Should be Cleared.
2M (1) Port Selector, Bits[4:1]
3.0 2" Command byte, bits[3:0], and 3"4 Command byte, bit 7, combine to form

a5-bit Port Selector.
Port Selector, Bit O

2" Command byte, bits [3:0], and 3 Command byte, bit 7, combine to form a 5-bit Port
Selector. Port Selector, bits [4:0] select the Port to access.

7 00h — OFh for 8 Ports (including NT Port Virtual Interface, if NT mode is enabled)

10h for NT Port Link Interface

11h for NT PCI-to-PCI Bridge

14h — 1Fh are reserved.

Reserved
Should be Cleared.

3rd @ Byte Enables

Bit Description

Byte Enable for Byte O (PEX 8608 register bits[7:0])
Byte Enable for Byte 1 (PEX 8608 register bits[15:8])
Byte Enable for Byte 2 (PEX 8608 register bits[23:16])
Byte Enable for Byte 3 (PEX 8608 register bits[31:24])

0 = Corresponding PEX 8608 register byte will not be modified
1 = Corresponding PEX 8608 register byte will be modified

5:2

a s~ ownN

All 16 combinations are valid values.
1.0 PEX 8608 Register Address[11:10]
PEX 8608 Register Address[9:2]

4 (3) 70 Note: All register addresses are DWord-aligned. Therefore, Address bits[1:0] are
implicitly Cleared, and then internally incremented for successive 1’c byte Writes.
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Figure 7-2. 12C Write Packet
Figure 7-2a 12C Write Packet Address Phase Bytes
15t Cycle
START 7654321 0 ACK/NAK
Read/Write Bit
S Slave Address[7:1] 0 = Write A
Figure 7-2b I°C Write Packet Command Phase Bytes
Command Cycle

76543210 ACK/NAK 76543210 ACK/NAK 76543210 ACK/NAK 76543210 ACK/NAK

Command A Command A Command A Command A

ByteO Byte 1 Byte 2 Byte 3
Figure 7-2c I°C Write Packet Data Phase Bytes
Write Cycle

76543210 | ACKINAK | 76543210 | ACKINAK | 76543210 | ACK/INAK | 76543210 | ACKINAK STOP

DataByte 0 DataByte 1 Data Byte 2 DataByte 3

(to selected A (to selected A (to selected (to selected A P
register Byte 3) register Byte 2) register Byte 1) register Byte 0)
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7.25.1 I°C Register Write

The following tables illustrate a sample 12C packet for writing the PEX 8608 MSI Upper Address
register (offset 50h) for Port 4, with data 1234 5678h.

Note: The PEX 8608 has a default 1°C Save address [6:0] value of 38h, with the 12C_ADDR[2:0]
inputs having a value of 000. The byte sequence on the 12C Bus, as listed in the following tables,
occurs after the START and before the STOP hits, by which the 12C Master frames the transfer.

Table 7-3. 12C Register Write Access Example — 15! Cycle

Phase Value Description

Bits[7:1] for PEX 8608 12C Slave Address (38h)
Last bit (bit 0) for Write=0.

Address 70h

Table 7-4. 12C Register Write Access Example — Command Cycle

Byte Value Description

[7:3] Reserved

Should be Cleared.
[2:0] Command

011b = Write register

[7:4] Reserved

0 03h

1 00h for Port 1 Should be Cleared.
[3:0] Port Selector, Bits[4:1]
7 Port Selector, Bit O
6 Reserved
Should be Cleared.
2 BCh for Port 1 [5:2] Byte Enables
All active.
[1:0] PEX 8608 Register Address, Bits[11:10]
3 14h [7:0] PEX 8608 Register Address, Bits[9:2]

Table 7-5. 1°C Register Write Access Example — Write Cycle

Byte Value Description
0 12h Datato Writefor Byte 3
1 34h Datato Writefor Byte 2
2 56h Datato Writefor Byte 1
3 78h Datato Writefor ByteO
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Figure 7-3. I°C Write Command Packet Example
Figure 7-3a 12C Write Packet Address Phase Bytes
18t cycle
START 7654321 0 ACK/NAK
Slave Address Read/Write Bit 0 A
0111 000b 0= Write
Figure 7-3b 12C Write Packet Command Phase Bytes
Command Cycle
76543210 ACK/NAK 76543210 ACK/NAK 76543210 ACK/NAK 76543210 ACK/NAK
Command Command Command Command
Byte O A Byte 1 A Byte 2 A Byte 3 A
0000_0011b 0000_0010b 1011 1100b 0001_0100b
Figure 7-3c  1°C Write Packet Data Phase Bytes
Write Cycle

76543210 | ACK/INAK | 76543210 | ACKINAK | 76543210 | ACKINAK | 76543210 | ACK/NAK STOP

DataByte O A DataByte 1 DataByte 2 A DataByte 3 A p

0001_0010b 0011 0100b 0101_0110b 0111 1000b
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7.2.6

76

I°C Register Read Access

When the 12C Master attempts to read a PEX 8608 register, two packets are transmitted. The 1% packet

consists of Address and Command Phase bytes to the Slave. The 2nd packet consists of Address and
Data Phase bytes.

According to the 12C Bus, v2.1, a Read cycle is triggered when the Read/Write bit (bit 0) of the 1% cycle
is Set. The Command phase reads the requested register content into the internal buffer. When the

1°C Read access occurs, the internal buffer value is transferred on to the 1°C Bus, starti ng from Byte 3
(bits[31:24]), followed by the subsequent bytes, with Byte O (bits[7:0]) being transferred last. If the

12C Master requests more than four bytes, the PEX 8608 re-transmits the same byte sequence, starting
from Byte 3 of theinternal buffer.

The 1% and 2" |12C Read packets (illustrated in Figure 7-4 and Figure 7-5, respectively) perform the
following functions:

« 1% packet — Selects the register to read

« 2"d packet — Reads the register (sample 2" packet provided is for a 7-bit PEX 8608
12C Slave address)

Although two packets are shown for the 1°C Read, the 1°C Master can merge the two packets together
into a single packet, by not generating the STOP at the end of the first packet (Master does not
relinquish the bus) and generating REPEAT START.

Table 7-6 describes each 12C Command byte for Read access. In the packet described in Figure 7-4,
Command Bytes 0 through 3 for Reads follow the format specified in Table 7-6.
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Table 7-6. 12C Command Format for Read Access

Byte Bit(s) Description
73 Reserved
' Should be Cleared.
1%(0) Command
2:0 100b = Read register
Do not use other encodings for Reads.
74 Reserved
' Should be Cleared.
2" (1) Port Selector, Bits[4:1]
3.0 2" Command byte, bits[3:0], and 3"4 Command byte, bit 7, combine to form

a5-hit Port Selector.
Port Selector, Bit 0

2" Command byte, bits [3:0], and 3 Command byte, bit 7, combine to form a 5-bit Port
Selector. Port Selector, bits[4:0] select the Port to access.

7 00h — OFh for 8 Ports (including NT Port Virtual Interface, if NT mode is enabled)

10h for NT Port Link Interface

11h for NT PCI-to-PCI Bridge

14h — 1Fh are reserved.

Reserved
Should be Cleared.

grd @ Byte Enables

Bit Description

Byte Enable for Byte 0 (PEX 8608 register bits[7:0])
Byte Enable for Byte 1 (PEX 8608 register bits[15:8])
Byte Enable for Byte 2 (PEX 8608 register bits[23:16])
Byte Enable for Byte 3 (PEX 8608 register bits[31:24])

0 = Corresponding PEX 8608 register byte will not be modified
1 = Corresponding PEX 8608 register byte will be modified

5:2

a s~ ownN

All 16 combinations are valid values.
1.0 PEX 8608 Register Address[11:10]
PEX 8608 Register Address[9:2]

4t ©) 7.0 Note: Al register addresses are DWord-aligned. Therefore, Address bits[1:0] are
implicitly Cleared, and then internally incremented for successive 1c byte Writes.
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Figure 7-4. 12C Read Command Packet (15! Packet)
Figure 7-4a 1°C Read Command Packet Address Phase Bytes

15t cycle
START 7654321 0 ACK/NAK
Read/Write Bit
S Slave Add 7:1 . A
ave resy{7:1] 0= Write

Figure 7-4b 12C Read Command Packet Command Phase Bytes

Command Cycle

76543210 ACK/NAK 76543210 ACK/NAK 76543210 ACK/NAK 76543210 STOP

Command Byte 0 A Command Byte 1 A Command Byte 2 A Command Byte 3 P

Figure 7-5. 12C Read Data Packet (2”0| Packet)
Figure 7-5a 1°C Read Data Packet Address Phase Bytes

15t Cycle

START 7654321 0 ACK/NAK

S Slave Addresg[7:1] Read/Write Bit, 1 = Read A

Figure 7-5b  I°C Read Data Packet Data Phase Bytes

Read Cycle
76543210 | ACK/INAK 76543210 | ACK/NAK 76543210 | ACK/INAK 76543210 | ACK/NAK STOP
Register Byte 3 A Register Byte 2 A Register Byte 1 A Register Byte 0 A P
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7.2.6.1

I°C Register Read Access

I°C Register Read Address Phase and Command Packet

The following is a sample 1’C packet for reading the PEX 8608 Serial EEPROM Buffer register
(Port 0, and aso the NT Port Virtual Interface if Port O is a Legacy NT Port, offset 264h) for Port 4,

assuming the register valueis ABCD_EF01h.

Note: The PEX 8608 has a default 1°C Save address [6:0] value of 38h, with the I2C_ADDR[ 2:0]

inputs having a value of 000. The byte sequence on the | 2C Bus, as listed in the followi ng tables,
occurs after the START and before the STOP hits, by which the 12C Master frames the transfer.

Table 7-7. 1°C Register Read Access Example — 15! Packet
Phase Value Description
; ' 2
Address 70h Bits [?. 1] .for PEX 8§08I C Slave Address (38h)
Last bit (bit 0) for Write=0.
Table 7-8. 1°C Register Read Access Example — Command Cycle
Byte Value Description
[7:3] Reserved
Should be Cleared.
0 Odh [2:0] Command
100b = Read register
[7:4] Reserved
1 00h for Port 1 Should be Cleared.
[3:0] Port Selector, Bits[4:1]
7 Port Selector, Bit O
6 Reserved
Should be Cleared.
2 BChfor Port 1 [5:2] Byte Enables
All active.
[1:0] PEX 8608 Register Address, Bits[11:10]
3 9%h [7:0] PEX 8608 Register Address, Bits[9:2]
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7.2.6.2 I°C Register Read Data Packet
Note: The PEX 8608 has a default 1°C Save address [6:0] value of 38h, with the I2C_ADDR[ 2:0]
inputs having a value of 000. The byte sequence on the 12C Bus, as listed in the following tables,
occurs after the START and before the STOP hits, by which the 12C Master frames the transfer.
Table 7-9. 12C Register Read Access Example — 15! Cycle
Phase Value Description
. 2
Address 71h Bits [?. 1] .for PEX 8608 1“C Slave Address (38h)
Last hit (bit 0) for Read = 1.
ABh Byte 3 of Register Read
CDh Byte 2 of Register Read
Resad Y| €g
EFh Byte 1 of Register Read
O1h Byte 0 of Register Read
Figure 7-6. 15! Packet — I°C Command Phase
15t cycle
START 7654321 0 ACK/NAK
S Slave Address Read/Write Bit A
0111 000b 0= Write
Command Cycle
76543210 ACK/NAK 76543210 ACK/NAK 76543210 ACK/NAK 76543210 STOP
Command Byte 0 A Command Byte 1 A Command Byte 2 A Command Byte 3 P
0000_0100b 0000_0010b 0011_1110b 1001_1001b
Figure 7-7. 2"9 packet — I°C Read Phase
15t Ccycle
START 7654321 0 ACK/NAK
S Slave Addresg[7:1] Read/Write Bit A
0111 _000b 1= Read
Read Cycle
76543210 ACK/NAK 76543210 ACK/NAK 76543210 ACK/NAK 76543210 STOP
Register Byte 3 A Register Byte 2 A Register Byte 1 A Register Byte 0 P
1010_1011b 1100_1101b 1110 _1111b 0000_0001b
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7.3 SMBus Slave Interface

7.3.1 SMBus Features

» Compliant to the SMIBus v2.0

 Supports the SMBus Slave function only

» PEX 8608 internal registers can be read and written, through the SMBus Slave interface
 Supports Address Resolution Protocol (ARP-capable)

» Strapping inputs, serial EEPROM, software, or ARP Set the Slave address

 Supports Block Read, Block Write, and Block Read - Block Write Process Call commands
to access the registers

 Supports Packet Error Checking
» 10to 100 KHz Bus operation frequency range
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7.3.2

7.3.3

82

SMBus Operation

Based upon 12C's principles of operation, SMBuSs is a two-wire bus used for communication between

IC components and the remainder of the system. Electrically, 1°C and SMBus devices are compatible,
and both protocol devices can co-exist on the same bus. Multiple devices, both Masters and Slaves, can
be connected to an SMBus segment. PCI Express cards have two optional SMBus pins defined on the
connector — SMCLK and SMDAT.

The PEX 8608 implements an SMBus v2.0-compliant Slave device, and is used to read and write
PEX 8608 registers, through SMBus commands. The PEX 8608 SMBus uses the same SDA data and
SCL clock balls that are used for 12C, and the 12C_ADDRJ[1:0] inputs, to define address assignment
(12C_ADDR2 is not used as an Address bit in SMBus mode). At any time, either the 12C or SMBuUs
feature is enabled, dependent upon the SM Bus Configuration register SVIBus Enable bit (Port 0, and

also the NT Port Virtual Interface if Port O is aLegacy NT Port, offset 344h[0]) state, which is latched
(at Fundamental Reset) to the inverse value of the STRAP_SMBUS EN# input. Software can toggle

this bit to switch between I2C and SMBus functionality.

The PEX 8608 SMBus Slave interface supports three command protocols for register access:
» Block Write
» Block Read
» Block Read - Block Write Process Call

The PEX 8608 SMBus logic also supports the commands that are required to support ARP. ARP is a
feature specific to SMBus v2.0, through which an SMBus ARP Master can dynamically assign a unique
address to each of the SMBus Targets residing on the same bus. Although ARP is an optional feature of
the SMBus v2.0, PCI and PCI Express cards are required to support ARP. The ARP feature is enabled
when the SMBus Configuration register ARP Disable bit (Port 0, and also the NT Port Virtual
Interface if Port O is a Legacy NT Port, offset 344h[8]) is Cleared; this bit is initialy latched (at
Fundamental Reset) to the value of the 12C_ADDR?2 input.

If ARPisdisabled, by 1I2C_ADDR?Z input being pulled or tied High, the SMBus Slave Address bits [6:2]
default to value 001 10b. Address bits[1:0] are initially latched (at Fundamental Reset) to the
12C_ADDRJ[1:0] input values, which allow a maximum of four SMBus-enabled PEX 8608s to co-exist
on the same SMBus segment. Software can change the SMBus Slave address, by programming the
SMBus Configuration register SMIBus Device Address field (Port O, and also the NT Port Virtual
Interface if Port Oisalegacy NT Port, offset 344h[7:1]).

The PEX 8608 aso supports Packet Error Checking and Packet Error Code (PEC) generation, as
explained in the SMBusv2.0. The SMBusVv2.0 optional feature, Notify ARP Master (which requires
Master capability on the SMBus) is not supported.

SMBus Commands Supported

For register access, the SMBus logic supports three commands:
» Block Write (command BEh) is used to write the registers

» Block Write (command BAh), followed by Block Read (command BDh), can be used to read
theregisters

» Block Read - Block Write Process Call (commands BAh, CDh) can also be used to read registers

SMBus Commands that are not supported by the PEX 8608 (Quick Command, Send Byte, Receive
Byte, Write Byte, Write Word, Read Byte, Read Word, and Process Call), are NACKed.

ExpressLane PEX 8608-BA 8-Lane, 8-Port PCI Express Gen 2 Switch Data Book, Version 1.3
Copyright © 2011 by PLX Technology, Inc. All Rights Reserved



March, 2011 SMBus Commands Supported

7.3.3.1 SMBus Block Write

The Block Write command is used to write to the PEX 8608 registers. General SMBus Block Writes
areillustrated in Figure 7-8 and Figure 7-9. The sequence of Bytes include the following, in the
sequence listed:

o 7-bit address,
» Command Code that indicatesit is Block Write,

» Byte Count field with avalue of 8h that indicates 4 bytes to set up the register to write
(Port Number, register address, Command Byte Enable, and so forth), followed by

» 4 bytes of datato be written into the register

Figure 7-10 explains the elements used in Figure 7-8 and Figure 7-9, and Figure 7-11 indicates the Data
Bytes written.

Figure 7-8. SMBus Block Write Command Format, to Write to a PEX 8608 Register without PEC

[[STSlave Addr [WITZAT] Cmd code=BEh A Byte Couni=8 J/A] Cmd Byte 1 [A] Cmd Byte 2 [A] _Cmd Byte 3_[A]

[ CmdByte4 [A] DataBytel [A] DataByte 2 [[A] Data Byte 3 [A] Data Byte 4 [P]

Figure 7-9. SMBus Block Write Command Format, to Write to a PEX 8608 Register with PEC

[ S Islave Addr [WHTA] Cmd code=BEh [A] Byte Count=8TA] Cmd Byte 1 JA] CmdByte 2 [A] CmdByte 3 [A]

[ CmdByte 4 [A] DataBytel [A] DataByte 2 [A] Data Byte 3 [A] Data Byte 4 [Al PEC [P]

Figure 7-10. SMBus Packet Protocol Diagram Element Key

S > START condition
P -> STOP condition

A > Acknowledge (this bit position may
be 0 for an ACK or 1 for a NACK)

[ ]-> Master to Slave
[ -> Slave to Master

Figure 7-11. SMBus Block Write Bytes, as Written to Register

31:24 23:16 15:8 7:0
DataByte 1 Data Byte 2 DataByte 3 Data Byte 4

Note: In each byte, the Most Significant Byte (MSB) is transmitted first.
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Table 7-10 provides a description of bytes for an SMBus Block Configuration Space register
(CSR) Write.

Block Write transactions that are received with incorrect byte Settings are NACKed, starting from the
wrong byte Setting, and including subsequent bytes in the packet. For example, if the Byte Count value
is not 8, the PEX 8608 NACKs the byte corresponding to the Byte Count value, as well as any Data
bytes following within the same packet.

The byte after Data Byte 4, if present, is taken as the PEC byte, and if present, the PEC is checked. If a
packet fails Packet Error Checking, the PEX 8608 drops the packet (ignores the Write), and returns
NACK for the PEC byte, to the SMBus Master. Packet Error Checking can be disabled, by Setting the
SM Bus Configuration register PEC Check Disable bit (Port 0, and also the NT Port Virtual Interface if
Port 0 isa Legacy NT Port, offset 344h[9]). The Byte Count value, by definition, does not include the
PEC byte.
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Table 7-10. Bytes for Block CSR Write on SMBus

Field (Byte) On Bus Bit(s) Value/Description
Command Code 7.0 BEh for Block WritE.
Byte Count 7:0 08h = 8 bytesto follow (4 Command and 4 Data bytes). The PEC byte is nhot counted.
73 Reserved
Should be Cleared.
Command Byte 1 Command

011b = Writeregister

20 100b = Read register
All other encodings are reserved. Do not use.
74 Reserved
Should be Cleared.
Command Byte 2 Port Selector, Bits[4:1]
3.0 2" Command byte, bits[3:0], and 3" Command byte, bit 7, combine to form

a5-hit Port Selector.

Port Selector, Bit O

2" Command byte, bits [3:0], and 3™ Command byte, bit 7, combine to form
a5-hit Port Selector. Port Selector, bits [4:0] select the Port to access.

7 00h — OFh for 8 Ports (including NT Port Virtua Interface, if NT mode is enabled)
10h for NT Port Link Interface

11hfor NT PCI-to-PCI Bridge

14h — 1Fh are reserved.

Reserved
Should be Cleared.

Command Byte 3 Byte Enables

Bit Description

Byte Enable for Byte 0 (PEX 8608 register bits [7:0])
Byte Enable for Byte 1 (PEX 8608 register bits[15:8])
Byte Enable for Byte 2 (PEX 8608 register bits[23:16])
Byte Enable for Byte 3 (PEX 8608 register bits[31:24])

5.2

a s~ ownN

0 = Corresponding PEX 8608 register byte will not be modified
1 = Corresponding PEX 8608 register byte will be modified

All 16 combinations are valid values.

1.0 PEX 8608 Register Address[11:10]

PEX 8608 Register Address[9:2]

Command Byte 4 7.0 Note: Al register addresses are DWord-aligned. Therefore, Address bits [1:0]
areimplicitly Cleared, and then internally incremented for successive 1’c byte Writes.
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Sample Register Write Byte Sequence Using SMBus Block Write

An SMBus Block Write packet to write to the MSI Upper Address [63:32] register (offset 50h) in
Port 3, is listed in Table 7-11. The register value is 1234 5678h, with all Bytes enabled, and without
PEC. The default SMBus Device Addressis 001 _100b.

Table 7-11. Sample SMBus Block Write Byte Sequence

Nf%tt?er Byte Type Value Description
1 Address 7oh E:;\E;lt]of?r: (;ik(]:i\t I;ix V\?r?gaS default Slave address of 38h, with bit 0
2 Command Code BEh Command Code for register Write, using a Block Write.
3 Byte Count 08h Byte Count. Four Command Bytes and Four Data Bytes.
4 Command Byte 1 03h For Write command.
5 Command Byte 2 01h Bits[2:0] — Port Selector [3:1].
Bit 7 is Port Selector LSB.
6 Command Byte 3 BCh g::se[?éﬁ;fe‘/;de- four Byte Enables; al are active.
Bits[1:0] are register Address bits[11:10].
Command Byte 4 14h PEX 8608 Register Address bits[9:2] (for offset 50h).
DataByte 1 12h Data M SB.
Data Byte 2 34h Data Byte for register bits [23:16].
10 DataByte 3 56h Data Byte for register bits[15:8].
11 DataByte 4 78h Data L SB.
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7.3.3.2 SMBus Block Read

A Block Read command is used to read PEX 8608 registers. Similar to register Reads using 1°C, an
SMBus Write sequence must first be performed to select the register to read, followed by an SMBus
Read of the corresponding register. There are two ways a PEX 8608 register can be read:

» UseaBlock Write, followed by a Block Read. The Block Write sets up the parameters

including Port Number, register address and Byte Enables, and the Block Read performs
the actual Read operation.

» UseaBlock Read - Block Write Process Call. This command is defined by the SVIBus v2.0,
and performs a Block Write and Block Read, using a single command. The Block Write
portion of the message sets up the register to be read, and then arepeated START followed by
the Block Read portion of the message returns the register data specified by the Block Write.

Note: Thereisno STOP condition before the repeated START condition.

Register Read Using SMBus Block Write, Followed by SMBus Block Read
A general SMBus Block Write and Block Read sequenceisillustrated in Figure 7-12.

Table 7-12 describes the Byte definitions for a Block Write bus protocol, to prepare for a subsequent
Block Read of the PEX 8608 register.

The PEX 8608 always NACKs any incorrect command sequences, starting with the wrong Byte. Upon

receiving the Block Read command, the PEX 8608 returns a PEC to the Master if, after the gth byte of
register data, the Master still requests one more Byte. As a Slave, the PEX 8608 recognizes the end of
the Master's Read cycle, by observing the Master's NACK response for the last Data Byte transmitted
by the PEX 8608.

Incorrect command sequences are always NACKed, starting with the byte that is incorrect. (Refer to

Table 7-13.) On the Block Read command, a PEC is returned to the Master, if after the 4th byte of CSR
data, the return Master still requests for one additional byte. Asa Slave, the PEX 8608 will know the end
of the Master Read cycle, by observing the NACK for the last byte read from the Master.

Figure 7-12. SMBus Block Write to Set up Read, and Resulting Read that Returns CSR Value

[S ISlave Addr [WTAT Cmd code=BAh [/A Byte Count=4 /Al CmdByte 1 [A] CmdByte2 [A] CmdByte3 [A]

| CmdByte4 [ATP]

A Block Write to set up the Read

[ S [Slave Addr [WIZA] Cmd code = BDh [A] Sr[Slave Address|RdA[Byte Count=4 A [ DataByte 1] A] —----

[DataByte4 | A[ P]
1

A Block Read, which returns the chip’s CSR value
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Table 7-12. SMBus Block Read Bytes

Field (Byte) On Bus Bit(s) Value/Description
Command Code 7:0 BAh, to set up the Read, using Block Writes.
Byte Count 7:0 04h = 4 Command bytes.
73 Reserved
' Should be Cleared.
Command Byte 1 Commanq ]
20 011b = Write register
' 100b = Read register
All other encodings are reserved. Do not use.
74 Reserved
' Should be Cleared.
Command Byte 2 Port Selector, Bits[4:1]
3.0 2"d Command byte, bits [3:0], and 3@ Command byte, bit 7, combine to form

a5-bit Port Selector.
Port Selector, Bit 0

2" Command byte, bits[3:0], and 3"4 Command byte, bit 7, combine to form a 5-bit Port
Selector. Port Selector, bits [4:0] select the Port to access.

7 00h — OFh for 8 Ports (including NT Port Virtua Interface, if NT mode is enabled)

10h for NT Port Link Interface

11hfor NT PCl-to-PCI Bridge

14h — 1Fh are reserved.

Reserved
Should be Cleared.

Command Byte 3 Byte Enables

Bit Description

Byte Enable for Byte 0 (PEX 8608 register bits[7:0])
Byte Enable for Byte 1 (PEX 8608 register bits [15:8])
Byte Enable for Byte 2 (PEX 8608 register bits [23:16])
Byte Enable for Byte 3 (PEX 8608 register bits [31:24])

5.2

a b wN

0 = Corresponding PEX 8608 register byte will not be modified
1 = Corresponding PEX 8608 register byte will be modified

All 16 combinations are valid values.
1.0 PEX 8608 Register Address[11:10]
PEX 8608 Register Address[9:2]

Command Byte 4 70 Note: Al register addresses are DWord-aligned. Therefore, Address bits[1:0] are
implicitly Cleared, and then internally incremented for successive 12C byte Writes.

Table 7-13. Command Format for SMBus Block Read

Field (Byte) On Bus Bit(s) Value/Description
Cmd Code 7:0 CDh, for Block Read (Process Call ReaD).
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Sample CSR Read Byte Sequence, Using SMBus Block Write Followed
by SMBus Block Read

An SMBus seguence to write and read the M S| Upper Address [63:32] register (offset 50h) in Port 3,
is listed in Table 7-14 and Table 7-15, respectively. The register value is ABCD_EF01h, and without
PEC. The Block Write sets up the Port Numbers, Register address and Byte Enables, and the Block
Read performs the real Read operation. The default SMBus Device Addressis 001_100b.

Table 7-14. SMBus Block Write Portion

Byte -
NUETSET Byte Type Value Description
Bits[7:1] value for the PEX 8608 Slave address of 38h, with bit O
L Address 70h Cleared to indicate a Write.
2 Block Write BAh Command Code for register Read setup, using a Block Write
Command Code ' )
Byte Count 04h Byte Count. Four Command Bytes.
4 Command Byte 1 04h Write command.
o — .0l = i nd
5 Command Byte 2 o1h B_lt 3=0, Port %elector [3:0] = Por.t Selector hits (2" Command byte,
bits [3:0] and 3" Command byte, bit 7).
Bit 7 is Port Selector LSB.
Bit 6 isreserved.
6 Command Byte 3 BCh Bits[5:2] are the four Byte Enables; all are active.
Bits[1:0] are register Address bits[11:10].
7 Command Byte 4 9Dh PEX 8608 Register Address bits[9:2] (for offset 50h).

Table 7-15. SMBus Block Read Portion

Byte -
Number Byte Type Value Description
Bits[7:1] vaue for the PEX 8608 Slave address of 38h, with bit O
! Address 70h Cleared to indicate a Write.
Block Read )
2 Command Code BDh Command code for Block Read of PEX 8608 registers.
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Table 7-16. SMBus Read Command following Repeat START from Master

Byte -
Number Byte Type Value Description
Bits[7:1] value for the PEX 8608 Slave address of 38h, with bit O
1 Address 71h Set to indicate a Read.

Table 7-17. PEX 8608 SMBus Return Bytes

NE%ttfer Byte Type Value Description
1 Byte Count 04h Four Bytesin register.
2 DataByte 1 ABh Register data M SB.
3 Data Byte 2 CDh Register data[23:16].
4 DataByte 3 EFh Register data[15:8].
5 DataByte 4 01h Register data L SB.
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7.3.3.3 CSR Read, Using SMBus Block Read - Block Write Process Call

A general SMBus Block Read - Block Write Process Call sequence is illustrated in Figure 7-13.
Alternatively, ageneral SMBus Block Read - Block Write Process Call with PEC sequenceisillustrated
in Figure 7-14.

Using this command, the register to be read can be set up and read back with one SMBus cycle
(atransaction with a START and ending in STOP). There is no STOP condition before the repeated
START condition. The command format for the Block Write part of this command has the same
sequence as in Table 7-14, except that the Command Code changes to CDh, as illustrated bel ow. Other
Bytes remain the same as used in the sequence for SMBus Block Write followed by Block Read.

Table 7-18 lists the Command format for Block Read.

Figure 7-13. CSR Read Operation Using SMBus Block Read - Block Write Process Call

[ ST Slave AddriWr["Al Cmd code =CDh[" Al Byte Count=4] Al CmdByte1[TA] CmdByte2 [TA] CmdByte3 [Al

[ Cmd Bvte 4 | Al Sr] Slave address|Rd] AlByte Count ] Al DataByted] A] ———-

[[DataByte4 A P
1

Figure 7-14. CSR Read Operation Using SMBus Block Read - Block Write Process Call with PEC

[ _STSlave Addr Wr[Al Cmd code =CDh[_ Al Byte Count=4] Al CmdByte 1 [A] CmdByte 2 [TA] Cmd Byte 3 T A]

[ CmdByte 4 [TASr]Slave address[Rd[TA[Byte Count=§ A" Databyted] A] ----

1

Table 7-18. Command Code for SMBus Block Read

Field (Byte) On Bus Bit(s) Value/Description

Cmd Code 7:0 CDh, for Block Read (Process Call ReaD).
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7.3.4

92

SMBus Address Resolution Protocol

Address Resolution Protocol (ARP) is a protocol by which SMBus devices that implement an
assignable Slave address feature are enumerated and dynamically assigned non-conflicting Slave
addresses, rather than using a fixed Slave address. Although optional in the SMBus v2.0, it is mandatory
per the PCI r3.0 for add-in boards, to support ARP. This feature avoids conflicts with addresses used
by other devices on amotherboard. ARP also allows multiple devices of the same type to co-exist on the
same bus segment, without address conflicts.

To support this feature, a Slave device must implement a unique 128-bit ID, called Unique Device
Identifier (UDID). Thefields of thisID are provided in Figure 7-15. All ARP commands use the default
Device Address, 1100_001b. There are also two flags that the SMBus devices must implement to
support the ARP process:

» Address Resolved flag (AR) — A flag bit or deviceinternal state that indicates whether the
ARP Master has resolved the device's Slave address

» AddressValid flag (AV) — A flag bit or device internal state that indicates whether the device's
Slave addressisvalid

The process of assigning a Slave address starts with the ARP Master issuing a Reset Device or Prepare
to ARP command, using the default Device Address. This Clears the AR flag in the Slave device (both
flags are Cleared by a Reset Device command). The Master then issues a general Get UDID command.
This causes all devices that support ARP to start driving their UDID onto the serial bus. A Target that
loses the SMBus arbitration, backs off. Arbitration loss means that a device keeps the SMDAT line
floating and it detects O driven by another device on the bus. Slave devices that lose arbitration issue
NACK in response to further Bytes transmitted on the bus. After the ARP Master finishes the Get UDID
sequence, it issues a Set Address command to the Slave device, using the Slave’'s UDID. All Slave
devices on the bus monitor the UDID that is transmitted by the ARP Master, but only the particular
device that has the matching UDID adopts the new Slave address, and Sets its own AV and AR flags.
After the Slave device setsits AR flag, that device no longer respondsto a general Get UDID command,
which allows other devicesto participate in the ARP process. All ARP commands require PEC checking
and generation.
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7.34.1 SMBus UDID
The 128-hit UDID is comprised of the following fields, asillustrated in Figure 7-15 (not to scale). Each
UDID field and its default value implemented in the PEX 8608 and meaning are explained in the tables
that follow.
Figure 7-15. 128-Bit SMBus UDID
8 bits 8 bits 16 bits 16 bits 16 bits 16 bits 16 bits 32 bits
127:120 119:112 111:96 95:80 79:64 63:48 47:32 31.0
Device Version/ . Subsystem Subsystem Vendor-
Capability Revision Vendor ID Device ID Interface Vendor ID Device D Specific ID
Table 7-19. SMBus Device Capability [127:120]
Field Name Default Value Description
0 PEC Supported 1 Er)c/e gja?)lfletd PEC generation and checking
5:1 Reserved 00_000b
Defaults to 10b. The PEX 8608 SMBus Address
Typeisimplemented as Dynamic and volatile.
7:6 Address Type 10b 00b = Fixed a@dr&s )
01b = Dynamic and persistent
10b = Dynamic and volatile
11b = Random number device

Table 7-20. SMBus Version/Revision [119:112]

Field Name Default Value Description
2:0 Silicon Revision ID 010b PEX 8608, Silicon Revision BA.
5:3 UDID Version 001b UDID version defined for SMBus v2.0.
7.6 Reserved 00b

Table 7-21. SMBus Vendor ID [111:96]

Field Name Default Value Description
15.0 Vendor ID 10B5h PLX Vendor ID.

Table 7-22. SMBus Device ID [95:80]
Field Name Default Value Description
15.0 DeviceID 8608h PEX 8608 default Device ID value.
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Table 7-23. SMBus Interface [79:64]
Field Name Default Value Description
30 SMBus Version 0100b SVIBusv2.0.
15:4 Reserved 000h Supported protocols.
Table 7-24. SMBus Subsystem Vendor ID [63:48]
Field Name Default Value Description
15:0 Subsystem Vendor 1D 10B5h PLX Vendor ID.
Table 7-25. SMBus Subsystem Device ID [47:32]
Field Name Default Value Description
15:0 Subsystem Device ID 8608h PLX part number for the PEX 8608.
Table 7-26. SMBus Vendor-Specific ID [31:0]
Field Name Default Value Description
Depends upon 12C_ADDRI[1:0] | The vendor-Specific ID is used to provide a unique
input levels. The four ID for functionally equivalent devices. Thisisfor
combinations PFOV"?E the devices that would otherwise return identical UDIDs
310 Vend fic 1D following ID values: for the purpose of dynamic address assignment.

: endor-Specific 00b = 7000_0000h The combination of two Address bits produces four
01b = BO0O_000Ch unique Vendor-Specific ID values, for amaximum
10b = DOOO 0000h of four SMBus-enabled PEX 8608s to co-exist
11b = E000:0000h on the same SMBus segment.
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7.3.4.2

SMBus Address Resolution Protocol

SMBus Supported ARP Commands

The PEX 8608 supports all ARP Slave commands. The Notify ARP Master command, which requires
Master functionality, is not supported. Table 7-27 explains the PEX 8608 response to each received
ARP command.

Table 7-27. SMBus Supported ARP Commands, Format, and Actions

ARP Command

SMBus Command

Slave Address

Command Code

Action

Format
SMBus default Clear the AR Flag and prepare for
Proeplarzto A:P Ref SengByte7 16 Device Address 01h the ARP process.
(Only General) (Refer to Figure 7-16) 1100_001b AV Flag will have no change.
. SMBus defaullt
R((e:%eval')ce R efersting'Byrts 7-16) Device Address 02h Clear the AR Flag and AV Flag.
'gu 1100 001b
. SMBus defaullt . If the AV Flag is Set, Set ACK
R? De;;ce Ref SengByte7 16 Device Address A-gzrga g_ei/'(fo and Clear the AR Flag and AV Flag;
(Directed) (Refer to Figure 7-16) 1100_001b ress7:1] else, NACK/REJECT.
Respond only if the AR Flag
is Cleared; else, NACK/REJECT.
SMBus defaullt ' '
Get UDID Block Read . AR Flag and AV Flag are
) Device Address 03h
(General) (Refer to Figure 7-17) 1100 001b not changed.
- Addressreturned is al ones (1),
if the AV Flag is Cleared.
ARFlag and AV Flag are
not changed.
SMBus default .
Get UDID Block Read Device Address Target Device ACK if AV Flag=1; else,
(Directed) 1100 001b Addresg7:1] +1 | NACK/REJECT.
- Data Byte 17 returned will
be the SMBus Slave address.
. SMBus default
. Block Write : Always ACK and Set the AR Flag
Assign Address ARP (Refer to Figure 7-18) Dill'gg%%dlfss 04 and AV Flag, if the UDID matches.
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Figure 7-16. Prepare SMBus ARP Command and SMBus Reset Device Command Format

[ST Slave Address |WrAT] Command Byte [A] PEC [ATP]

Figure 7-17. Get SMBus UDID Command Format (General Get UDID Command with PEC)

[ s ISlave Addr [WITA] Cmd Code=03h [A]Sr] Slave Addr [RdA[Byte Count=17]A]  Datal JA] --—--
1100_001b 1100_001b UDID Byte 15
[ Dalal6 |A|DataBytel7 A] _ PEC [AP]
UDID Byte 0 Device Slave Addr

Note: If the SMBus Configuration register AR Flag bit (Port 0, and also the NT Port Virtual Interfaceif Port Oisa
Legacy NT Port, offset 344h[ 11]) is Cleared, the device returns the Save Address field as 1111_111b; otherwise,
it returns the device Save address. Bit 0 (LSB) in the Data Byte 17 field should be 1.

Figure 7-18. Assign SMBus Address ARP Command Format

[STSlave Addr [WITTAT Cmd Code=4h [ATByte Count=17/A] Datal [A] Data2 [A] Data3 [A] ----
UDID Byte 15 (MSB)

[ Datal3 [A] Datal4 [A] Datal5 [[A] Datal6 [A] Datal7 [A] PEC [Alp]
UDID Byte 1 Assigned Address 0

Note: Bit O (LSB) of the Data 17 field isignored in the Assign Address command field.
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7.3.5

7.3.6

SMBus PEC Handling

SMBus PEC Handling

The PEX 8608 supports the optional SMBus v2.0 PEC generation and checking feature. This feature is
required for the ARP process; however, it is optional for standard data transfer operation. The PEX 8608
supports PEC Cyclic Redundancy Check (CRC) generation and checking during ARP, as well as during
Read/Write transfers to the PEX 8608 registers. The CRC polynomial used for PEC calculation is:

C(x):x8+x2+x+l

An 8-hit parallel CRC is implemented. The PEC calculation does not include ACK, NACK, START,
STOR, nor repeated START bits. An SMBus Master can determine whether a Slave device supports
PEC, from the UDID value returned by the Slave device, in response to a Get UDID command.

As a Slave device, the PEX 8608 checks the PEC, if the Master transmits the additional PEC byte and
the PEX 8608 PEC checking feature is enabled (default). PEC checking can be disabled, by Setting
the SMBus Configuration register PEC Check Disable bit (Port 0, and also the NT Port Virtua
Interface if Port OisaLegacy NT Port, offset 344h[9]).

Additionally, when PEC is enabled, packets received with an incorrect PEC value are dropped. If PEC
checking is disabled and a received PEC byte value is incorrect, the PEX 8608 accepts the packet.
During a register Read, if the Master requests the additional PEC byte, the PEX 8608 generates and
transmits the PEC byte after the register data.

Addressing PEX 8608 SMBus Slave

By default, the PEX 8608 supports ARP when the 12C_ADDR?2 input istied Low, and expects the ARP
Master to Set the PEX 8608 SMBus Device Address. If ARP is disabled by 12C_ADDR2 input being
pulled High, the default Slave address is 38h (Address bits [7:1] are 0111_000b, with Address bit [1:0]
values loaded from the 12C_ADDRJ[1:0] inputs). The two Address bits alow a maximum of four
PEX 8608 SMBus Slaves to co-exist without address conflict on the SMBus, using SMBus Address
byte values of 70h, 72h, 74h, and 78h. The I12C_ADDRJ[2:0] inputs are loaded immediately after
Fundamental Reset, and any subsequent change of input value does not affect functionality.

If the SMBus Configuration register UDID Address Type field is programmed as Fixed Address
(Port 0, and also the NT Port Virtual Interfaceif Port Oisalegacy NT Port, offset 344h[13:12], are both
Cleared) without disabling ARP, the PEX 8608 still participates in ARP, but does not Set the Device
Address after ARP successfully completes.

The SMBus Slave Address can be changed at any time, by using software to write to the register’'s
SMVIBus Device Address field (offset 344h[7:1]). ARP can also be enabled or disabled at runtime, by
writing to the register’'s ARP Disable bit (offset 344h[8]). If ARP is disabled by software after initially
being enabled, the default address (70h) is not used for subsequent transactions. In this case, software
must program a Slave address into the SMBus Device Address field. When software writes the Device
Address, it must also Set the register’s AR Flag and AV Flag bits (offset 344h[11:10], respectively), to
indicate that the addressis valid and resolved.

Whenever software changes the register’s AV Flag, ARP Disable, and/or SMIBus Device Address values,
software must also Set the register’'s SMBus Parameter Reload bit (offset 344h[15]). Writes to this
register bit take effect only when the register's SMIBus Command In-Progress bit (offset 344h[28])
is Cleared, which indicates that the PEX 8608 SMBus interfaceisin the Idle state.
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7.4
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SMBus Timeout

Unlike 12C, where the Slave or Master can indefinitely hold the 12C_SCLO line Low, SMBus has a
timeout condition. No deviceis allowed to hold the 12C_SCLO line Low for more than 25 ms. When the
PEX 8608, as a Slave-Transmitter, detects that it has pulled the 12C_SCLO line Low for more than
25 ms, the PEX 8608 releases 12C_SCLO, and the logic returns to its default state and waits for another
START condition. This can aso occur when the Master pulls the 12C_SCLO line Low for more than
25 ms during any single Clock Low interval within atransfer in progress, or during the ACK phase, if
the Master pullsthe 12C_SCLO line Low to process atask. Generally, the PEX 8608 pullsthe |2C_SCLO
line Low if SMBuUs access to registersis delayed by internal arbitration for register access.

Switching between SMBus and I1°C Bus Protocols

The PEX 8608's 12C implementation alows switching between the SMBus and 12C protocols, by
toggling the SM Bus Configuration register SVIBus Enable bit (Port O, and also the NT Port Virtual
Interfaceif Port OisaLegacy NT Port, offset 344h[Q]).

When operating in SMBus mode, Clearing this bit, using the SMBus Block Write protocol, enables 12C
protocol for subsequent register accesses. This SMBus Block Write can be transmitted from an SMBus
or 12C Master, provided that the Block Write Byte sequence conforms to the sequence explained in

Section 7.3.3.1. In 12C mode, writing 1 to the SMBus Enable bit turns On the SMBus protocol,
immediately after the Write operation is compl ete.
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8.2

8.2.1

8.2.2

8.2.3

Quality of Service Support

Quality of Service (QoS) is afeature offered by PCI Express that was not available before in PCI. QoS
refers to being able to guarantee preferential treatment for a particular application or for traffic coming
from aparticular source. The PEX 8608 provides two methods for acquiring QoS:

* Virtual Channel support

» Port arbitration

Virtual Channel Support

The PEX 8608 supports up to two Virtual Channels (VCs) that act as two completely independent paths
through the switch, as defined in the PCI Express Base r2.0. Although the two V Cs of a Port share the
same physical wire/Links, the PEX 8608 has separate queues and separate credit mechanisms for each
VC. At the egress stage of each Port, the PEX 8608 has three arbitration methods for determining which
TLP from which VC to send on the wire/Link.

The elements of these features are described in the following subsections.

Traffic Class to Virtual Channel Mapping

The Traffic Class to Virtual Channel (TC/VC) mapping is Port-specific and must be configured and
enabled for each Port. The default configuration for a PEX 8608 Port maps all TC[7:0] bitsto VCO, as
defined in the Port’s VCO Resour ce Control register TC/VVCO Map bits (offset 15Ch[7:1, 0]). Any of the
TC IDs (except TCO) can be mapped to the second VC (that is, VC1), by removing them from the TC/
VCO Map bits and adding them to the Port’s VC1 Resource Control register TC/VC1 Map field for
TC[7:1] (offset 168h[7:1]). If any TCs are mapped to VC1, in addition to performing al steps outlined
in Section 8.4 (to set up PCI Express credits for VC1), VC1 must be enabled (VC1 Resour ce Control
register VC1 Enable bit (offset 168h[31]) is Set).

Note: The actual VC ID of the second VC is Set by the VC1 Resource Control register VC1 ID field
(offset 168h[26:24]).

Ingress VC Arbitration

The PEX 8608 supports hardware-fixed Round-Robin arbitration on the ingress Ports. Round-Robin
servicing is performed between the two VCs, per Port. If any ingress Ports are targeting a congested
Egress queue (Egress queue depth is greater than its programmable threshold), that ingress Port removes
itself from the arbitration pool.

Egress VC Arbitration

The PEX 8608 supports three methods of arbitration on the egress Ports:
» Fixed-Priority VC Arbitration
* Round-Robin VC Arbitration
» Weighted Round Robin Arbitration

Each method is described in the sections that follow.
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Fixed-Priority VC Arbitration

The PCI Express Baser2.0 defines the default Hardware-Fixed Strict Priority scheme based upon the
inherent priority of the VC IDs, where VC1 has higher priority than VCO. The VC IDs aone determine
the sequence in which transactions are sent. For this Arbitration scheme, the Port VC Capability 1
register Low-Priority Extended VC Counter field (offset 14Ch[6:4]) must be Cleared.

Round-Robin VC Arbitration

If the Port VC Capability 1 register Low-Priority Extended VC Counter field (offset 14Ch[6:4]) is
programmed to 001b (default), VCO and V C1 share the same Low-Priority Virtual Channel group. Asa
result, the PEX 8608 alternates selecting VCO and VC1 in afair, Round-Robin manner.

Weighted Round Robin Arbitration

The PEX 8608 also supports a Weighted Round-Robin (WRR) Arbitration scheme between the two
VCs, as defined by the upstream Port’'s VC WRR x registers (Upstream Port, offsets 530h through
538h). Each Port has an 8-way time-slice [7:0], whose Setting determines which of the VCs take that
time dot. (Refer to Section 13.16.1, “Device-Specific Registers — Virtual Channel Weighted Round
Robin Arbitration (Offsets 530h — 540h).”)
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8.3

Queue Handling

Queue Handling

The PEX 8608 implements queues at the ingress and egress Ports. There is arbitration capability for
both Ingress and Egress queues. By default, the PEX 8608 attempts to send every packet on the Ingress
gueue to the Egress queue, until the Egress buffer fills. That results in optimum use of the PEX 8608
on chip buffering; however, it might create a situation in which one high-priority Port takes too
much latency.

The packets within each Port’s Egress queue are serviced on a first-in, first-out basis within each VC
and Type (without violating Conventional PCI Ordering rules). The amount of queuing in the egress side
is programmable, per VC. The Port Egress TLP Threshold register (offset F10h) establishes a range
(minimum and maximum) for the Egress queue depth, for each VC. By reducing the thresholds, the
Egress queue size is constrained. A smaller Egress queue means that newly arriving packets from a
high-priority source do not have to wait as long for any earlier arriving packets from another source in
the same V C, because the quantity of earlier arriving packetsis reduced.

Each Port’s Egress queue size is programmable, using the Port Egress TLP Threshold register fields.
The Port Upper TLP Counter field (offset F10h[26:16]) allow for a maximum queuing of TLPs in the
egress Port. If that maximum is crossed, the destination backpressures any source attempting to write to
the destination queue. After the programmed minimum (established by the Port Lower TLP Counter
field (offset F10n[10:0]) is crossed, the backpressure releases and the source can once again forward
TLPsto that destination.
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VC1 Ingress Credit

TLPs consume PCI Express credits (and RAM space) upon entering the PEX 8608. When the TLPs are
sent out of the PEX 8608 and an ACK is received, these credits (and Buffer space) are released. When a
TLP entersthe PEX 8608 and the internal credit engine has free credits available, an UpdateFC DLLPis
generated, to replenish the credits used by the Transmitter. If there are no credits available, the credit
engine waits until an ACK isreceived from a sent TLP before generating an UpdateFC DLLP.

Refer to Section 13.16.12, “Device-Specific Registers — Ingress Credit Handler Threshold
(Offsets AOOh — B7Ch),” for the default PCI Express credits of various Ports, based upon their Link
widths.

VC1

A key element of enabling and using VC1 on aPort/Link is providing for PCl Express credits associated
with the VC1 queues.

To enable, and program the credits for, VC1.:
1. ThePEX 8608 VC1 Global Enable defaultsto a value of 1 (VC1 support is disabled) at reset.

To enable the VC1 capability, Clear the Miscellaneous Control register VC1 (2nd VC) Disable bit
(Port 0, and also the NT Port Virtual Interfaceif Port Oisalegacy NT Port, offset 28Ch[0Q]).

This enables the PEX 8608 to support a second VC, but does not actually enable the VC.

2. Program the VC1 Credit Threshold registers, starting at offset AOCh. (Refer to Section 13.16.12,
“Device-Specific Registers — Ingress Credit Handler Threshold (Offsets AOOh —B7Ch).”)

3. Set the VC1 Resource Control register VC1 Enable bit (offset 168h[31]).

VC1isnow enabled.

VC1 Threshold Registers

The default values of Credit fields in the various VC1 Credit Threshold registers (in the offset AOCh
through AECh range) are zero (0), which equates to infinite credits. Because the PEX 8608 cannot
support infinite credits, except for Non-Posted Payloads, it is very important that the Threshold registers
are re-programmed before enabling VC1. The minimum value is 1 Header credit and 1 Payload credit or
1 MPS Payload credits (The Posted and Completion Payload minimum is 1 MPS. The Non-Posted
Payload credit minimum is 1). Depending upon the Port configuration and MPS, it is possible that even
using the minimum VCL1 credits, more credits will be advertised then are actualy available in the
PEX 8608. If this is the case, the Credit Threshold registers for VCO will also need to be re-
programmed, to asmaller value, to compensate for the credits assigned to VC1.

Note: Enabling VC1 and programming the VC1 Credit Threshold registers can have a direct effect
on the PEX 8608 and system performance. Because of this possible side effect and the possibility
of advertising too many credits, contact PLX Technology Technical Support for assistance,
as seen needed, when using VCL1.
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8.4.1.2

8.4.1.3

VC1

Programming the VC1 Global Enable and Threshold Registers

The Global Enable (offset 28Ch[0]) and Threshold (offsets AOCh to A2Ch) registers can be
programmed in three ways, using:

* Seriad EEPROM
. 12C
» CPU (software)

If the seriadl EEPROM s used to Set the Global Enable bit and the VC1 Threshold Registers, nothing
further is needed. However, if 1°C and/or the CPU is used, a Hot Reset to the PEX 8608's upstream Port
must be generated after the PEX 8608 Credit Threshold registers are programmed. The Hot Reset is
required, to allow the internal Credit Engine to account for the new credits assigned to VCL1.

Usage Example

The simplest example is if only Non-Posted TLPs, or Posted TLPs with a small Payload length, are
used. In the example that follows, each Port and type is given two Headers. If one Header is preferred, it
is necessary to re-program the appropriate INCH Threshold VC1 register UpdateFC High-Priority
Threshold for Header Credit fields.

Example configuration:
* MPS =128 hytes
* Upstream Port = Port 0
» Downstream Port 1 needs VC1

Registersto write:
Program offset AOCh (Port 0, Posted) to 408h.

Program offset A10h (Port 0, Non-Posted) to 401h.
Program offset A14h (Port 0, Completion) to 408h.
Program offset A24h (Port 1, Posted) to 408h.
Program offset A28h (Port 1, Posted) to 401h.
Program offset A2Ch (Port 1, Completions) to 408h.
Clear offset 28Ch[0], to enable support for VCL1.

N o g M 0w NP

Following a Fundamental or Hot Reset, a value of 1 is written to the Port 0 and Port 1 VC1 Resource
Control register VC1 Enable hit (offset 168h[31]).

ExpressLane PEX 8608-BA 8-Lane, 8-Port PCI Express Gen 2 Switch Data Book, Version 1.3
Copyright © 2011 by PLX Technology, Inc. All Rights Reserved 103



Virtual Channels and Port Arbitration PLX Technology, Inc.

THISPAGE INTENTIONALLY LEFT BLANK.

ExpressLane PEX 8608-BA 8-Lane, 8-Port PCI Express Gen 2 Switch Data Book, Version 1.3
104 Copyright © 2011 by PLX Technology, Inc. All Rights Reserved



% Chapter 9 Performance Features

—
y 4 —
TECHNOLOGY ®

9.1 Introduction

This chapter discusses guidelines for programming on-chip registers, to boost performance beyond that
provided by the general-purpose default values, specifically:

* DLLP Policies

* Ingress Resources
e Latency

* Queuing Options
» Read Pacing

* Dual Cast
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DLLP Policies

DLLP rates can vary from 0 to 2 or more DLLPSTLP. The PEX 8608 allows programming to affect the
DLLP rate. Anincrease in DLLPs reduces the total TLP throughput. Therefore, for designs that require
high performance, it would be beneficial to minimize DLLP rates. Transmitting fewer DLLPs, however,
can result in credit starvation or Replay buffer overfill, which can have a detrimental effect on TLP
bandwidth. Care must be taken when changing the default PEX 8608 DLLP transmission rate.

Typically, TLPs have higher transmission priority on the wire than DLLPs. The PEX 8608, however,
allows DLLPsto have higher priority under certain conditions, meaning that DLL Ps can transmit before
starting anew TLP. The decision to transmit a DLLP ahead of aTLP isreferred to as DLLP policy.

The PEX 8608 can be programmed to alter its default DLLP policies, to emphasize improved TLP
throughput, faster acknowledgement, more credit, or simplest behavior. The PEX 8608 default policies
are designed to achieve optimal performance for most applications. Programmable choices for aDLLP
policy, however, alow for further optimization.

ACK DLLP Policy

An ACK DLLP isaresponse indicating to the TLP Transmitter that the Receiver received a*“good” copy
of the TLP, meaning that it acknowledged receipt of the TLP. The simplest policy is to send
1 Acknowledge Control Packet (ACK) for every received TLP, resultinginal DLLP/TLPrate for ACK
alone. What an ACK means to the TLP Transmitter is that the TLP Transmitter can remove any stored
copy of that TLP, because it is unnecessary to resend the TLP. ACK DLLPs can be combined, so that
one ACK DLLP can serve to acknowledge multiple TLPs. This collapsing of ACKs is the basis of the
ACK DLLP policy choices. Less-frequent, more-collapsed ACKs have the least impact on TLP transmit
bandwidth, meaning that less-frequent ACKsresult in lessthan 1 DLLP/TLP.

The PEX 8608 ACK policy consists of two parts — a Timer and TLP Counter. The default ACK Timer
policy/val ue varies according to the negotiated Link width, operating Link speed, and Maximum Packet
Size, as recommended in the PCI Express Baser1.1 or PCl Express Baser2.0. The values provided in
Table 9-1 define some of the possible default values, in symbol times.

Note: The valueslisted in Table 9-1 have been adjusted to be different than the PCI Express Baser2.0
val ues, to compensate for hardware-specific latencies.

Table 9-1. Sample PEX 8608 ACK Latency Timer Values

payload Size x4 Gen 2 x2 Gen 2 X1 Gen 2
)EBytes) (Symbol Times) (Symbol Times) (Symbol Times)
128 124 89 288
512 205 170 610
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ACK DLLP Policy

The ACK Transmission Latency Timer loads the appropriate value when a TLP is received and known
to be good, meaning a few clocks after the END framing symboal is received. The Timer counts down
each symbol time (every 4ns (PCl ExpressBaserl.1) or 2ns (PCl Express Baser2.0)). When the
Timer reaches 0, an ACK DLLP takes higher priority over new TLPs (that is, an ACK DLLP is
transmitted before anew TLPis started). The ACK DLLP transmitted acknowledges all TLPs, up to the
most recently arrived good TLP.

The TLP Counter counts down on each TLP arrival until it reaches 0, then schedules a high-priority
ACK DLLP The default initialization value for the TLP Counter is 16, meaning a high-priority ACK is
scheduled upon the arrival of 16 TLPs. The Ingress Control Shadow register ACK TLP Counter
Timeout field (PortO, and also the NT Port Virtual Interface if PortO is a Legacy NT Port,
offset 664h[10:9]) val ue controls the Counter, as follows:

00b — Allows 16 TL Ps before a high-priority ACK (default)
01b — Allows 8 TL Ps before a high-priority ACK

» 10b—Allows 4 TLPsbefore a high-priority ACK

11b — Disables the Counter

Either the Latency Timer or TLP Counter mechanism can cause a high-priority ACK DLLP to be
scheduled, and the first one to do so re-initializes both mechanisms to their starting parameters. For
example, the time for 16 TLPs can be less than the ACK Timer above, in which case an ACK is sent
earlier. The TLP Counter is useful for any system with a large programmed MPS (resulting in a large
Timer value), that is capable of sending short TLPs (such as 12-byte Memory Reads). Rather than
require the Transmitter to save possibly 100+ small TLPs, it need only save 16, plus whatever else
arrives during the round-trip time.

If there is no TLP traffic being transmitted (that is, the Transmit Link is idle), an ACK DLLP can
be transmitted immediately, before the Latency Timer expires. This is an opportunistic, low-priority
ACK because it does not contend with a TLP in transmission. When an opportunistic, low-priority ACK
is transmitted, both the Latency Timer and TLP Counter re-initialize, waiting for anew TLPto arriveto
begin counting again.

The PEX 8608 allows a programmable override of the default Ack_Latency Timer value, on a per-Port
basis, by programming the ACK Transmission Latency Limit register ACK Transmission Latency
Limit field (offset 1F8h[11:0]). The value in this register is loaded when a new TLP arrives and a
high-priority ACK DLLP is attempted when the Timer reaches 0. For fastest ACK response, this Timer
can be programmed to 000h, resulting in one DLLP ACK transmitted immediately per each TLP
received. For less impact on Transmit TLP bandwidth, a larger value can be programmed, resulting in
less-frequent ACKs.

In general, aslower ACK response does not impact the Receive TLP stream, and aids the TLP Transmit
stream. Every PCl Express device contains storage (Retry buffer) for storing TLPs while waiting for
ACKs. The amount of Retry buffer storage a device containsis vendor-dependent. The quantity of TLPs
the PEX 8608 can store depends upon the type and size of TLPs received. (Refer to Section 9.3.) The
PEX 8608 holds TLPsin the Retry buffer while waiting for an ACK. At some point, if the Retry buffer
storage fills, no new TLPs can be sent until a new received ACK frees up space. In this case, the ACK
can become a performance bottleneck.

ExpressLane PEX 8608-BA 8-Lane, 8-Port PCI Express Gen 2 Switch Data Book, Version 1.3
Copyright © 2011 by PLX Technology, Inc. All Rights Reserved 107



Performance Features PLX Technology, Inc.

9.2.2

108

UpdateFC DLLP Policy

An UpdateFC DLLP istransmitted in response to areceived TLP. The UpdateFC DLLP replenishesthe
connected device with additional credit, to allow the Transmitter to transmit more TLPs of that type.
Each TLP that arrives consumes credit, and eventually, a stream of TLPs consume all the available
credit, unless an UpdateFC DLLP provides additional credit. However, if the connected device has
sufficient credit to transmit more TLPs, it is not necessary to transmit UpdateFC DLLPs to it. The
UpdateFC policy determines how and when to transmit an UpdateFC DLLP.

There are two parts to the UpdateFC policy — frequency of transmitting the updates and credit amount.
This section discusses only the frequency. Refer to Section 9.3 for details regarding credit amounts.

If the PEX 8608 is not transmitting TLPs (that is, the Transmit Link is idl€), and credit to replenish
the credit used becomes available, the PEX 8608 immediately transmits an UpdateFC DLLP to the
connected device. Thisis an opportunistic, low-priority UpdateFC DLLP.

However, if the PEX 8608 is busy transmitting TLPs to the connected device, the PEX 8608 does not
transmit an UpdateFC DLLP until a programmed threshold is crossed. The PEX 8608 provides four
threshold options — 100%, 75% (default), 50%, and 25%. Whenever the remaining credit drops below
the programmed threshold, an UpdateFC DLLP is given high priority, meaning that the UpdateFC
DLLPistransmitted before anew TLP is started. There is a separate threshold for Header and Payload
credits, for each TLP type — Posted, Non-Posted, and Completion — for each Half-Station Port, located
in the Ingress Credit Handler (INCH) Threshold registers (Port 0, and also the NT Port Virtual
Interface if Port OisaLegacy NT Port, offsets AOOh through AECh).

The example of UpdateFC options (provided in Table 9-2) chart how, for the various options, an
UpdateFC is triggered. This exampleis for a traffic stream of six back-to-back, 256-byte Posted TLPs,
using a x4 Port, where the maximum Posted Header credit is 25 and the maximum Posted Payload credit
is128. A 256-byte Payload requires 16 credits (1 credit per 16 bytes). Therefore, each TLP in this case
consumes 1 Header and 16 Payload credits.

Once a high-priority UpdateFC is triggered, if there are sufficient on-chip resources to do so, the
running credit deficit is fully restored. For most non-congested applications, it is likely that ample chip
resources will exist, to fully restore credit with every UpdateFC. However, if resources are running low,
only a portion of the running credit is restored. If the threshold for transmitting an UpdateFC remains
crossed, then, as more resources become available, a subsequent DLLP is transmitted until the deficit
is satisfied.

Selecting the 100% policy results in a high-priority UpdateFC for every TLP received. By itself, this
policy resultsin 1 DLLP/TLP, without factoring in the ACK policy. The 75% policy triggers 1 DLLP for
every 2 TLPs for this traffic load, which results in 0.5 DLLP/TLP without the ACK. The 50% policy
resultsin 0.25 DLLP/TLP, and the 25% policy resultsin 0.16 DLLP/TLP.
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Table 9-2. Example UpdateFC Options

UpdateFC DLLP Policy

25% Remains | 50% Remains 75% Remains Less than
100% Remains
Triggers when | Triggers when
6 Header or 12 Header or Triggers when
Running Credit 32 Payload 64 Payload 18 Header or
TLP Header, Payload Credits Credits 96 Payload
Received Consumed/Total Remain Remain Credits Remain Update ASAP
TLPO 24/25,112/128 - - - UpdateFC
TLP1 23/25, 96/128 - - UpdateFC UpdateFC
TLP2 22/25, 80/128 - - UpdateFC UpdateFC
TLP3 21/25, 64/128 - UpdateFC UpdateFC UpdateFC
TLP4 20/25, 48/128 - UpdateFC UpdateFC UpdateFC
TLP5 19/25, 32/128 UpdateFC UpdateFC UpdateFC UpdateFC
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Unidirectional DLLP Policies

For unidirectional traffic, the PEX 8608 DLLP policies allow the most-frequent DL L Ps, because DLLPs
do not interfere with TLPs. (DLLPsflow in the opposite direction of TLPs.)

The PEX 8608 can transmit a DLLP ACK almost immediately upon receiving and verifying a TLP.
A faster ACK results in fast Transmitter de-allocation of the TLPR, and can therefore allow a shallow
TLP Replay buffer. The default values can be overwritten, to increase or decrease the ACK DLLP rate.
For unidirectional traffic, a small number, such as 1, is recommended.

The number programmed into the ACK Transmission Latency Limit register ACK Transmission
Latency Limit field (offset 1F8h[11:0]) Sets the ACK Transmission Latency Timer, to count the quantity
of symbol times after receiving a TLP, before transmitting an ACK.

Similar to the ACK programmability, the PEX 8608 can immediately transmit an UpdateFC after
receiving only the TLP Header. By transmitting an UpdateFC earlier, the total credit advertised can be
minimized. For large Payload sizes (such as 1,024 and 2,048 bytes), reserve PEX 8608 resources only as
necessary. By programming fewer credits and having a fast UpdateFC policy, the system does not run
out of credits and the PEX 8608 does not waste Buffer space on reservations that do not arrive. The
following are the recommended Settings:

» Set the UpdateFC policy for unidirectional traffic to 100%
* Set the credits to be sufficient to allow 3to 4 TLPs
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9.3

Ingress Resources

Ingress Resources

Note: This section of the data book introduces the concept of Half Stations (which is sometimes
mentioned, but not often, in the other chapters within this data book). Its use is necessary
here, however, to “illustrate” their function.

The PEX 8608 manages ingress credit on an even- and odd-numbered-Port basis; therefore, there are
separate Credit Handler engines for the Even and Odd Ports. An internal hardware processing partition
of Even or Odd Ports isreferred to as a Half Station. All even-numbered-Ports belong to Half Station 0.
All odd-numbered-Ports belong to Half Station 1.

For each Half Station, there are two central resources of on-chip ingress credit RAM — Header and
Payload. The total Half-Station Header RAM size is 256 Header credits. The total Half-Station Payload
RAM size is 2,048 Payload credits. A Header credit reserves 4 DWords of RAM storage, regardless of
whether the Header size is 3 or 4 DWords. By design, a PEX 8608 Half Station reserves 12 Header
credits and 32 Payload credits out of the RAM totals, for specia hardware-specific storage needs.

The STRAP_PORTCFG[1:0] inputs configure the quantity of enabled Ports, and the Link width of each
Port. Atinitialization, the PEX 8608 optimally assigns the credits, based upon the selected Port
configuration.

Header RAM stores TLP Headers, meaning that every Header credit advertised reserves one Header
RAM location, and every TLP received on the PEX 8608 uses one Header RAM location. After
subtracting the reserved operational Half Station Header RAM locations, there remains a net total of
244 Header entries available.

Payload RAM stores TLP Payload. A Payload credit is in units of 16bytes. Of the
2,016 user-configurable entries, 4 credits must be alocated for each Posted and Completion Header
credit advertised. These credits are used internally, for linking Posted and Completion TLP Payload to
their respective Header.

Every Port receives and transmits the following three traffic types (packets):
» Posted (P)
* Non-Posted (NP)
» Completions (Cpl)

Each Port can be assigned to one or two Virtual Channels (VCO or VC1).

All three traffic types and each Virtual Channel (VCO and/or VC1) needs credit, for each Port. The
INCH Threshold register hit fields (refer to Table 9-6) alocate the credit to be reserved (and
advertised) for each Port VC, and traffic type. Once allocated, the credits remain dedicated to each Port,
VC, and traffic type.

As TLPs arrive, they are stored on the PEX 8608, until an ACK is received from the final destination.
Until the ACK is received, each TLP stored consumes credit, and continues to occupy RAM until
released. The RAM/credit is released only after the Receiver has acknowledged to the sender the arrival
of the TLP, without any errors per ACK/Negative Acknowledge (NAK) policy. The total quantity of
TLPsstored, but not yet forwarded to, and acknowledged by, the next PCI Express device, depends upon
congestion and the next PCI Express device’'s ACK poalicy.
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There are trade-offs between the quantity of credits allocated for a particular traffic type and Port
combination, perhaps more for one system configuration than another. To alleviate these trade-offs, the
PEX 8608 contains an innovative Dynamic Buffering design that allows a programmable-sized portion
of the RAM to store any of the three traffic-type TLPs from any Half-Station Port. The credits that
remain, after allocating credits for each of the three traffic types and VC for each Port, become part of a
Dynamic buffer. The Dynamic buffer is essentially a common pool of Half-Station credits, and is
discussed in detail in Section 9.3.2 and Section 9.3.3.

The PEX 8608 default credit allocation values, which create a variable-sized Dynamic buffer for each of
the possible Port configurations, are optimal for most applications. Detailed tables of the default initial
credit allocation for al three TLP types, and an explanation of the common credit pool, are addressed in
the following sections.

Initial Credit Allocation

The PEX 8608 default credit allocation values depend upon the strapped Link width, not the negotiated
Link width. The initial credit values that the Initialization Flow Control (InitFC) DLLP advertises on a
per-Port basis, which the PEX 8608 transmits after Linkup, are listed in Table 9-3 (in credits) and
Table 9-4 (in bytes).

The amount of credit that a Port initially advertises is controlled by the INCH Threshold registers
(Port 0, and also the NT Port Virtual Interface if Port O is a Legacy NT Port, offsets AOCh through
AECh). (Refer to Section 9.3.3.) The default value of these registers changes, depending upon the
STRAP_PORTCFG[1:0] input levels. Because of the way the hardware links the default INCH
Threshold register credit valuesinto actual reserved RAM storage, in some cases, one or two additional
initial Payload credits are alocated out of the Half-Station common pool. If this occurs, the Port
advertises this additional initial credit in its InitFC DLLPs.

Note: The default initial creditsfor VC1 are all infinite. If VC1 is enabled, the user must calculate
and program the needed optimal VC1 initial credit values. These values should be programmed
into the INCH Threshold register fields, using a serial EEPROM.
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Table 9-3. Initial Port Credit Allocation (where 1 Header credit means storage

Initial Credit Allocation

is available for one Header of any size, and 1 Payload Credit = 16 bytes)

Configured Port

Posted

Non-Posted

Completion

Link Width Header/Payload Header/Payload Header/Payload
VCO
x1 7164 | Zlinfinite 5/64
VC1
x1 infinite/infinite ‘ infinite/infinite infinite/infinite

Table 9-4. Initial Port Credit Allocation for Header/Payload (where 1 Header credit means that
storage is available for one Header, in bytes; Payload credits are listed in bytes)

Configured Port

Posted

Non-Posted

Completion

Link Width Header/Payload Header/Payload Header/Payload
VCO
x1 112/1,024 | 112/infinite 80/64
VC1
x1 infinite/infinite ‘ infinite/infinite infinite/infinite
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Dynamic Buffering

The PEX 8608 default credit values are optimal for most applications, to maintain back-to-back TLP
traffic indefinitely, without running out of credit. After any of the initial credit (storage space) is used,
more resources are automatically made available from the Half-Station Dynamic buffer, to maintain the
initial credit allotment. These additional resources, taken from the Dynamic buffer, are not pre-reserved.
Therefore, they can be used for either Virtual Channel or any of the three TLP types — Posted,
Non-Posted, or Completion (P, NP, or Cpl, respectively). Because the TLP type is not pre-specified,
these extra resources are termed a common credit pool.

When credit is actually replenished depends upon the UpdateFC DLLP policy (refer to Section 9.2.2),
which is controlled by Setting the INCH Threshold registers (Port 0, and also the NT Port Virtual
Interface if Port O is a Legacy NT Port, offsets AOOh through AECh[19:18, 17:16], as appropriate).
These thresholds are relative to the initial credits allocated to a Port. Common Pool credits that are
allocated to a Port. Common Pool credits that are alocated to a Port before a high-priority UpdateFC
DLLPissent can be de-allocated, if the Port’s initial credits are restored before the UpdateFC DLLPis
sent.

The common credit pool for Header and Payload credit is asfollows:

e Common Header pool — What remains in the Header RAM space, after subtracting the
advertised Header credits of each Half-Station Port for each of the three TLP types, plus one or
two VCs. Figure 9-1 illustrates the way in which theinitial allocation of the PEX 8608 Header
RAM is partitioned (by default) for a Half-Station x4 Port, with only VCO in use.

e Common Payload pool (Common Payload/Completion pool) — What remains after
subtracting the following from the Payload RAM:

— 4 creditsfor each Posted and Compl etion Header Credit advertised,
for each Half-Station Port

— Posted (Payload) credits advertised for each VVC and Half-Station Port
— Completion credits advertised for each VC and Half-Station Port

Figure 9-2 illustrates the way in which the PEX 8608 Payload (and Completion) RAM
is partitioned (by default) for one Half-Station x4 Port.
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Figure 9-1. One x4 Port Default Configuration of Header RAM (256 Total Credits)

Reserved 12 )
Posted Header 26
Non-Posted Header 26

256 Total
_ > Half-Station
Completion Header 26 Header Credits
Net Common
Header Pool 166
P4

Figure 9-2. One x4 Port Payload/Completion RAM Default Configuration of 2,048 Credits

Reserved 32 )
Header Credit
Reservation 208
(PH+CH)*4
Posted Payload 256
Completion Payload 224
2,048 Total Half Station
> Payload/Co