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CHAPTER 1: INTRODUCTION

1.1 DOCUMENT CONVENTIONS

1.1.1 NORMATIVE TERMS

1.1.2 INFORMATIVE TERMS

This document comprises the specification for the physical aspects of In-
finiBand Architecture and addresses the following areas:

* Overview of the Physical Layer and the aspects that make it up
« Signal Definitions that comprise the defined connection interfaces
« Link/Phy layer that defines the encoding and lane striping functions

« High Speed Electrical Signaling defines the parameters for the basic
link signals

e Copper Cable Interconnects defines the wire cable interface
« Fiber Optic Interconnects defines the fiber attachment interface
¢ Mechanical Form Factors defines the standard physical structures

« Backplane Connector defines the mechanical and electrical charac-
teristics of the connector used on the standard form factors

* Low Speed Electrical Signaling defines the parameters pertaining to
the power and management signals of the backplane connector

* Power / Hot Plug defines the power delivery, control and consump-
tion requirements for the defined form factors

* System Management
* OS Power Management

The following conventions are used in this specification.

* Shall

The use of the word shall indicates a mandatory requirement that
must be implemented to claim compliance to this specification.

¢ Shall not

The use of the word shall not indicates a mandatory requirement to
not implement a given aspect in order to claim compliance to this
specification.

* Should

The use of the word should indicates flexibility of choice in an imple-
mentation with a strongly preferred preference.
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1.1.3 COMPLIANCE NOTATION

1.1.4 ARCHITECTURE NOTES

1.1.5 IMPLEMENTATION NOTES

* May

The use of the word may indicates flexibility of choice in an implemen-
tation with no implied preference.

This specification has statements of compliance within the body of the
document. These are identified using two notational conventions:

1) Mandatory compliance: statements in the form of "CXX-YY:
statement text" where 'XX' is the chapter number and 'YY” is the indi-
vidual statement number. These statements are required to be sat-
isfied depending on the compliance level being claimed.

2) Optional compliance: statements in the form of "o XX-ZZ: statement
text" where 'XX' is the chapter number and 'ZZ’ is the individual
statement number. These statements are required to be satisfied if a
given optional feature is implemented within a compliance level being
claimed.

The 'ZZ numbers for Optional compliance statements increment indepen-
dently from the 'YY’ numbers used for Mandatory compliance statements.

Chapter 15: Volume 2 Compliance Summary defines the compliance
levels for Volume 2. Within that chapter, a summary listing of all the Man-
datory compliance and Optional compliance statements that apply for that
level are shown.

Architecture Note

This information appears in-line to clarify architected items.

Implementation Note

This information appears in-line and describes hints on implementa-
tions.
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1.1.6 RECOMMENDATION

Recommendation to Someone

This information appears in-line and describes a recommended ap-
proach of a feature.

1.2 REFERENCES AND RELATED DOCUMENTS

The following are documents to which this specification refers.

[1]

2]

[3]

[4]

[5]
[6]
[7]
[8]
[9]

ANSI/TIA/EIA-492AAAA-A-97 - Detail Specification for 62.5-um
Core Diameter/125-um Cladding Diameter Class la Graded-Index
Multimode Optical Fibers Jan. 1, 1998

ANSI/TIA/EIA-492AAAB-98 - Detailed Specification for 50-um Core
Diameter/125-um Cladding Diameter Class 1a Graded-Index Mul-
timode Optical Fibers Nov. 16, 1998

ANSI/TIA/EIA-492CAAA-98 — Detail Specification for Class 1Va Dis-
persion-Unshifted Single-Mode Optical Fibers May 1, 1998

ANSI/TIA/EIA-604-10: FOCIS 10 — Fiber Optic Intermateability
Standard Type LC, 1999

Center for Devices & Radiological Health

Fibre Channel - Methodologies for Jitter Specification revision 10
Fibre Channel Physical Interface Standard revision 8

Fibre Channel Physical Interface Standard revision 8, Annex A

FOTP-107 (EIA/TIA-107A) — Return Loss for Fiber Optic Compo-
nents: 1st Ed. Feb. 1989, 2nd Ed. Mar. 1999

[10] IEC 1754-7-3 - Push/Pull MPO Adapter Interface Standard

[11] IEC 1754-7-4 - Push/Pull MPO Female Plug Connector Interface
[12] IEC 1754-7-5 — Push/Pull MPO Male Plug Connector Interface

[13] IEC 60793-2 Type Ala Dec. 1998
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[17] IEC 60825-1 Class I, IlIA, IlIB — Nov. 1993
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CHAPTER 2: GLOSSARY

3U
6U

L

Address Handle

Actively Managed Chassis

Adapter

Anycast

Attribute

Aux Power

Average Optical Power

A chassis size defined by the IEEE 1101.10 specification.
A chassis size defined by the IEEE 1101.10 specification.
The _L suffix to a signal name indicates a low true signal.

An object that contains the information necessary to transmit messages
to a remote port over Unreliable Datagram service.

An Actively Managed Chassis provides an InfiniBand ™ specified GUID
and physical Slot Information to every IB Module on the Module’s unique
IB-ML. In addition, it provides a Chassis Management Entity on at least
one IB Module’s IB-ML. In an actively managed chassis, the Slot Infor-
mation for every Module provides information identifying all of the Slot(s)
that have access to the CME.

Also called I/O adapter. Please see Host Channel Adapter or Target
Channel Adapter. A form of TCA which conforms to the InfiniBand™
Architecture form factor definition. The term adapter by itself is over-
loaded due to its general use in the computer industry and should not be
used by itself. Typically the term adapter pertains to the channel adapter
but is also used in the context of an 10 adapter.

An identifier for a set of interfaces (typically belonging to different nodes).
A packet sent to an anycast address is delivered to one of the interfaces
identified by that address (the “nearest” one, according to the routing pro-
tocols' measure of distance).

The collection of management data carried in a Management Datagram.

The 5V auxiliary power input to an |B Module that is provided on the
VA_In pin. This is the standby power source used when Bulk Power is
off.

The optical power measured using an average reading power meter
when transmitting a specified code sequence as defined in the test pro-
cedure.

B_Key Please see Baseboard Management Key.

Backplane Physical PCB into which an IB Module plugs, this may be into a Server,
Switch, I/O Chassis, etc.
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Backplane Connector

Base LID

Baseboard Managed Unit

Baseboard Management
Key

Baseboard Management

Baseboard Management
Proxy

Baud

Beacon Sequence

BER
BTH
Board

Bulk Power

Burst-BER

Byte Striping

CA

The connector located in a Server, Switch, 1/0O Chassis, etc. that mates
with an IB Modules Edge Connector.

The numerically lowest Local Identifier that refers to a Port.

Any Unit which provides InfiniBand™ specification defined information
about itself by a Baseboard method MAD operation through the Infini-
Band™ link.

A construct that is contained in IBA management datagrams to authenti-
cate that the sender is allowed to perform the requested operation.

Management of physical hardware (environmentals, Vital Product Data,
LEDs, etc.). Considered synonymous with System Management as
opposed to “Subnet Management”.

A Unit which provides the means to translate InfiniBand™ Baseboard
Management Datagram (MAD) requests and responses to IB-ML or
other transports on behalf of one or more other entities.

The proxy must be addressable by the InfiniBand™ subnet to allow
operations to be targeted to it (aka it has a LID)

The signaling speed on a lane in transitions per second.

The periodic transmission of the Training Sequence 1 Control Ordered-
set. The Beacon sequence is used to wake or begin Link Training with
the device on the opposite end of a Link that may be in a power managed
state or has been just attached to the link.

Bit error rate.
Base Transport Header.
Physical, pluggable entity that is defined by the InfiniBand™ Architecture.

The 12V main power input to an IB Module that is provided on the VB_In
pins.

Number of bit errors measured within a sliding window.

The byte stream representing the packet is sent by distributing the bytes
sequentially across the available Physical Lanes, one byte per Lane, in
order. The first byte goes in lane 0, the second in lane 1, the third in lane
2 and so on. When the last physical lane is reached, the process starts
again with lane 0.

Please see Channel Adapter.
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Carrier Module

CDR

Center Wavelength

Channel

Channel Adapter

Chassis

Chassis GUID

Chassis Management En-

tity

Clock Compensation

CME

COM

Compliance Channel

Compliant Channel

Control Ordered-set

Cover

The carrier module, designed specifically for each size of IB Module
defines the thermal, EMI, ESD and vibration/shock interface to a chassis.

Clock Data Recovery unit

The nominal value of the central wavelength of the operating, modulated
laser. This is the wavelength (see EOTP-127) where the effective optical
power resides.

The association of two queue pairs for communication.

Device that terminates a link and executes transport-level functions. One
of Host Channel Adapter or Target Channel Adapter.

The collection of IB Modules, and their associated power and cooling
resources housed within a single mechanical package. This may be a
Server, Switch, 1/0 Chassis, etc.

8 bytes of Globally Unique ID for every Chassis

The Chassis Management Entity may or may not include a processor. In
it's simplest form the CME is merely an IB-ML de/MUX. The CME may
provide proxy access to the IB Modules IB-ML.

The SKIP ordered-set is used for clock compensation. A device may add
or drop a SKP symbol from the Control Ordered-set to prevent it’s link
input/output buffer from over-running or under-running.

Please see Chassis Management Entity.

The Comma symbol is transmitted to identify the start of a Training
Sequence 1, Training Sequence 2 or SKIP ordered-set.

A worst-case connection from driver to receiver. The compliance channel
and the transmitter define the minimum acceptable inputs which a re-
ceiver shall be capable of receiving at a specified bit error rate.

A compliant channel is any channel which provides a signal at the receiver
which is better than the Compliance Channel.

Control Ordered-sets are used for Link Training and Clock Compensa-
tion. The first symbol of all ordered-sets is the COM symbol, additional
symbols are unique to the set type.

The protective cover which mates with the carrier module defining the
outer surface of an |B Module.
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CQE
CRC

Cyclic Redundancy Check

Data Payload

DETH
DFE
DGID
DCD
DDJ
de/MUX
DLID

Disparity

Dispersion

DJ

EBP

Edge Connector
EGP

EMC

EMC Gasket

Please see Cyclic Redundancy Check.

A number derived from, and stored or transmitted with, a block of data in
order to detect corruption. By recalculating the CRC and comparing it to
the value originally transmitted, the receiver can detect some types of
transmission errors.

The data, not including any control or header information, carried in one
packet.

Datagram Extended Transport Header.
Decision Feedback Equalizer.

Destination Globally Unique Identifier.

Duty cycle distortion.

Data Dependant Jitter.

Multiplexer / Demultiplexer

Destination Local Identifier

The difference between the number of ones and number of zeros trans-
mitted in a Physical Lane. The running disparity is a binary parameter
with a value of positive or negative.

A term used to denote pulse broadening and distortion. For fiber optic
links, the two general categories of dispersion are modal dispersion, due
to the difference in the propagation velocity of the propagation modes in
a multimode fiber, and chromatic dispersion, due to the difference in
propagation of the various spectral components of the optical source.

Deterministic Jitter

Please see End of Bad Packet Delimiter.

The connector on an IB Module that mates with a Backplane Connector.

Please see End of Good Packet Delimiter.

Electro-Magnetic Compatibility.

The name of the gasket used between |B Modules to shield for electro-
magnetic emissions.
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End of Good Packet Delim-
iter

End of Bad Packet Delimiter

Endnode

Endport

ESD

Error Event

Error Propagation

Even Alignment

Extinction Ratio

Fabric

Fall Time

FFE

Fiber Optic Adapter

Fiber Optic Cable

Fiber Optic Segment

The End of Good Packet Delimiter (EGP) symbol is used to mark the end
of each packet as it is transmitted by the originating node.

The End of Bad Packet Delimiter (EBP) symbol is used to mark the end
of a bad packet forwarded by a switch or router node.

An endnode is any node that contains a Channel Adapter and thus it has
multiple queue pairs and is permitted to establish connections, end to end
context, and generate messages. Also referred to as Host Channel
Adapter or Target Channel Adapter, two specific types of endnodes.

A Port which can be a destination of LID-routed communication within the
same Subnet as the sender. All Channel Adapter ports on the subnet are
endports of that subnet, as is Port 0 of each Switch in the subnet. Switch
ports other than Port 0 may not be endports. When port is used without

qualification, it may be assumed to mean endport whenever the context
indicates that it is a destination of communication.

Electro-Static Discharge.
A single root cause can result in multiple error events.

A special character in the end of packet delimiter is used to delimit pack-
ets in which a transmission error has already been detected and
reported.

A special character in the code set used on the link to establish a given
disparity.

The ratio (in dB) of the average optical energy in a logic one level to the
average optical energy in a logic zero level measured under modulated
conditions at the specified baud rate.

The collection of Links, Switches, and Routers that connects a set of
Channel Adapters.

The time interval for the falling edge of a pulse to transition from its 80%
amplitude level to its 20% amplitude level.

Feedforward Equalizer.

A device into which two optical connectors plug, joining two optical seg-
ments.

A jacketed optical fiber or fibers.

An unbroken length of optical fiber with an optical connector on each
end. The fiber may contain splices. A fiber optic segment shall not con-
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Fiber Optic Test Procedure

Form Factor

FOTP

Fully Managed Repeater

Fully Managed TCA

Fully Managed Unit

Gb/s
GB/s

General Services Interface

GID

Globally Unique Identifier

GMP

Graceful Hot Removal

tain a fiber optic adapter.

EIA/TIA standards developed and published by the Electronic Industries
Association (EIA) and Telecommunications Industry Association (TIA)
under the EIA-RS-455 series of standards. Please see FOTP.

The definition of physical packaging that specifies mechanical limits, con-
nectors, and placement of connectors and connector plates.

Please see Fiber Optic Test Procedure.

A Repeater which provides VPD information about itself by a GetInfo
MAD operation targeted to it and allows IB-ML access to defined infor-
mation. A repeater cannot fulfill this definition.

A TCA which provides Module Information about itself when a GetInfo
MAD operation is targeted to it and allows |B-ML access to defined Mod-
ule information.

Any Unit which is both a Baseboard Managed Unit and an |B-ML Man-
aged Unit.

Giga-bits per second (109 bits per second)

Giga-bytes per second (10° bytes per second)

An interface providing management services (e.g., connection, perfor-
mance, diagnostics) other than subnet management. QP1 is reserved for

the GSI, which may redirect requests to other QPs.

Please see Globally Unique Identifier.

A software-readable number that uniquely identifies a device or compo-
nent.

General Management Packet.

The removal of an IB Module that has first been placed in a quiescent
state. Vg x may or may not be on.

GSI Please see General Services Interface.

GT/s Giga-transfers per second (109 transfers per second).

GUID Please see Globally Unique Identifier.

HCA Please see Host Channel Adapter.
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Host

Host Channel Adapter

Host Connector

Host Node

Hot Add

IBA
IB-ML

IB-ML Managed Unit

IB-ML Management Proxy

IB-ML Master

IB-ML Slave

IB Board

IB Module

One or more Host Channel Adapters governed by a single memory/CPU
complex.

A Channel Adapter that supports the Verbs interface.

The connector interface associated with the mating of a pluggable device
to a printed circuit board (PCB).

A host node is a type of endnode consisting of one or more host channel
adapters governed by a single memory/CPU complex. A host node sup-
ports one or more software processes, which use the subnet for commu-
nication between peer processes (IPC) and I/O services. A host may
support processes that provide an I/O service (e.g., console service).
Such a process is considered an I/O controller and the host enumerates
that service the same as an I/O unit enumerates 1/O controllers.

The insertion of an IB module into a backplane that has both Vg and
Vaux Present. The IB module powers up and initiates a training
sequence.

InfiniBand™ Architecture.
InfiniBand™ Management Link.

Any Unit which provides InfiniBand™ specification defined information
about itself through accesses from the |B-ML.

A Unit which serves as a means to translate |B-ML operations (requests
and responses) to the InfiniBand™ Subnet link(s) on behalf of one or
more other entities.

A device on the IB-ML that initiates operations and provides the clock for
the transfer to or from an IB-ML Slave device.

A device on the |B-ML that responds to an operation that is addressed to
it by an IB-ML Master. The clock used for the transfer is provided by the
[IB-ML Master.

The PCB assembly inside an IB Module.

A unit that conforms to any of the form factors defined in Volume 2 of the
InfiniBand™ specification. The IB module minimally consists of the fol-
lowing: at least one IB Board, a Carrier Module, and a Cover. There are
two defined module heights and two defined module widths. Double
width modules occupy two IB chassis slots.

Standard Module
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IBT

IHV

Idle Data

In-band Management
Independent Hardware
Vendor

Inter IB-ML Management

Proxy

Intersymbol Interference

Invalid Key

I/O

I/O Adapter

/O Chassis

I/O Controller

I/O Hierarchy

Standard Double Wide Module
Tall Module
Tall Double Wide Module

InfiniBand™ Technology
Independent Hardware Vendor

Data symbols transmitted to fill idle time on a link. These symbols are not
part of a packet and do not have delimiters symbols to mark their start and
end.

Refers to the monitoring and control of InfiniBand™ components using
the IB Subnet Link.

Any vendor providing hardware. Used synonymously at times with Hard-
ware Vendor.

A unit which serves to translate IB-ML operations from one unit to
another unit’'s IB-ML. (This is currently not specified in the InfiniBand™
Architecture but is included for completeness).

The effect on a sequence of symbols in which the symbols are distorted
by transmission through a limited bandwidth medium to the extent that
adjacent symbols begin to interfere with each other. Also referred to as
ISI.

A Key is invalid if it numerically different from the correct Key value asso-
ciated with an IBA-defined resource. Please see Key.

Input/Output.

An I/O controller and TCA, usually implemented as an IB Module, that
provides access to one or more I/O devices possible attached via a sec-
ondary peripheral bus of network.

The collection of Slots and their associated power and cooling resources
housed within a single mechanical package.

One of the two architectural divisions of an 1/O Unit. An I/O controller
(IOC) provides I/O services, while a Target Channel Adapter provides
transport services.

An 1/O unit contains one or more 1/O controllers. Each 1/O controller pro-
vides access to one or more I/O devices or I/O ports. This is roughly
equivalent to a PCI card that might contain up to 8 1/O functions.
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/0O Node

I/O Plate

I/O Unit

I0C

IOU

ISI

Jitter

Jitter, Deterministic

Jitter, Random

Key

On the host side, the equivalent of a controller is a process. The part of
the 1/O process that accesses an I/O controller is referred to as the 1/0
driver. An I/O driver controls one or more I/O controllers, thus there is an
instance of an I/O device for each 1/O controller.

A type of endnode that provides I/O functions.

Physical end of an |B Module where the I/O media cables are mounted
for exit.

An I/O unit (I0U) provides I/0O service(s). An I/O unit consists of one or
more 1/O Controllers attached to the fabric through a single Target Chan-

nel Adapter.

Please see 1/0O Controller.
Please see |/O Unit.

Please see Intersymbol Interference.

Deviations from the ideal timing of an event which occur at frequencies
>=10kHz. Jitter is customarily subdivided into deterministic and random
components.

Timing distortions caused by normal circuit effects in the transmission
system. Deterministic jitter is often subdivided into duty cycle distortion
(DCD) caused by propagation differences between the two transitions of
a signal and data dependent jitter (DDJ) caused by the interaction of the
limited bandwidth of the transmission system components and the sym-
bol sequence.

Jitter due to thermal noise which may be modeled as a Gaussian pro-
cess. The peak-to-peak value of RJ is of a probabilistic nature and thus
any specified value yields an associated BER.

A construct used to limit access to one or more resources, similar to a
password. Security is provided by (1) limiting the ability to generate keys
and check keys to well-trusted levels of function in the network, (2) mak-
ing the keys large numbers, and managing how they are changed, so
that each key should be unique within the system at once, and (3) the
detection of invalid key usage is raised to high levels of software where
the source of the invalid key can be identified and dealt with. The follow-
ing keys are defined by the InfiniBand™ Architecture:

Baseboard Management Key.

Management Key.

Queue Key.
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Partition Key.

L _Key Please see Local Route Header.
Lane Please see Physical Lane
Lane Identifier The second symbol of a training sequence that identifies the Physical

Lane(s) of a 1x, 4x or 12x Link. It is used to recognize physical lane
reversal and to determine link width, etc.

LED Light Emitting Diode.

‘Let-Through’ Failure A Failure mechanism of non-isolated voltage converters which allows the
primary input power of the converter, through a DC path, onto the output.

LID Please see Local ldentifier.

Link A full duplex transmission path between any two network fabric ele-
ments, such as Channel Adapters or Switches.

Link Heartbeat Ordered-Set The sixteen symbol ordered-set composed of a COM symbol, Lane Iden-
tifier, three D1.2 data symbols, an OpCode symbol, a reserved symbol, a
PortNum symbol (only used for switch ports), and an eight-symbol Glo-
bally Unique ID (GUID), used for ensuring link aliveness and determining
link round-trip latency.

Link Training Link Training is the process of establishing link synchronization between
two Link Endpoints. The Link Training State Machine controls the transi-
tion between the Link Down and Link UP state. This process includes but
is not limited to:

1) Bit synchronization
2) Symbol synchronization

3) Width and Speed negotiation

4) Physical Lane ordering

5) Physical Lane polarity
6) Training Sequence handshake

7) Error recovery

Local Identifier An address assigned to a port by the Subnet Manager, unique within the
subnet, used for directing packets within the subnet. The Source and
Destination LIDs are present in the Local Route Header.

Local Route Header Routing header present in all InfiniBand™ Architecture packets, used for
routing through switches within a subnet.

dSM
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Logic Ground

Longitudinal Airflow

LRH

M_Key

MAD

Managed Unit

Management Datagram

Management Key

Management Proxy

MB/s

Message

MN

Modal Noise

Mode-Partition Noise

Mode-Partition Noise k
Factor

Modifiers

The voltage to which the logic signals (high speed and low speed) are
referenced. This is synonymous with Signal Ground.

As it pertains to the IB Module, longitudinal airflow is defined as airflow
across the module predominantly in the direction normal to the back-
plane and connector housing.

Please see Local Route Header.

Please see Management Key.

Please see Management Datagram.

A Unit which provides Module Information about itself to an external
source.

Refers to the contents of an Unreliable Datagram packet used for com-
munication among the HCAs, Switches, Routers, and TCAs to manage
the network. InfiniBand™ Architecture describes the format of a number
of these management commands.

A construct that is contained in IBA Management Datagrams to authenti-
cate the sender by the receiver.

A Unit which serves as a means to allow for system management opera-
tions to get from one “band” to the other (i.e. an InfiniBand™ Link to 1B-
ML or IB-ML to an InfiniBand™ link)

Mega-bytes per second (106 bytes per second)

A transfer of information between two or more Channel Adapters that
consists of one or more packets.

Please see Modal Noise.

Noise in a laser based optical communication system caused by the
incomplete collection of the spatially correlated interference pattern.

Noise in a laser based optical communication system caused by the
changing distribution of laser energy partitioning itself among the laser
modes (or lines) on successive pulses in the data stream. The effect is a
different center wavelength for the successive pulses resulting in arrival
time jitter attributable to chromatic dispersion in the fiber.

Empirically derived factor linking mode-partition noise to system penalty.

In a verb definition, the list of input and output objects that specify how,
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Module Information
MPN
MPN-k

Numerical Aperture

O/E
OFSTP
OMA
ORL

Operating System Vendor

Optical Cable Plant

Optical Connector

Optical Connector Loss

Optical/Electrical Converter

Optical Eye Opening

Optical Fiber

Optical Fiber System Test
Practice

and on what, the verb is to be executed.
Information provided to Management Software about an 1B Module.

Please see Mode-Patrtition Noise.

Please see Mode-Partition Noise k Factor.

The sine of the radiation or acceptance half angle of an optical fiber, mul-
tiplied by the refractive index of the material in contact with the exit or
entrance face.

Optical/Electrical.

Please see Optical Fiber System Test Practice.

Please see Optical Modulation Amplitude.

Please see Optical Return Loss.

The software manufacturer of the operating system that is running on the
node under discussion.

All passive communications elements (e.g., optical fiber, connectors,
splices, etc.) between a transmitter and a receiver.

An optical connector connects the optical media to the receptacle of an
optical transmitter, to the receptacle of an optical receiver, or to a fiber
optic adapter.

The optical power lost between two optical connectors mated in a fiber
optic adapter.

Also referred to as "O/E Converter". A device that converts electrical sig-
nals on a board to/from IB-compliant optical signals. It optionally contains
CDR and/or de/MUX functionality, but it does not contain data buffers
and is not protocol aware. The electrical signals into / out of an Opti-
cal/Electrical Converter may be vendor-specific.

For a fiber optic link, the time interval across the eye, measured at the
50% normalized eye amplitude which is error free to the specified BER.

Any filament or fiber, made of dielectric material, that guides light.

Standards developed and published by the EIA/TIA under the EIA/TIA-
526 series of standards. This term is also referred to as OFSTP.
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Optical Modulation Ampli-
tude
Optical Passive Loss

Optical Receiver

Optical Receiver Bandwidth

Optical Receiver Overload

Optical Receiver Sensitivity

Optical Receptacle

Optical Return Loss

Optical Stressed Receiver
Sensitivity

Optical System Penalty

Optical Transceiver

Optical Transmitter

Ordered Set

The absolute difference between the optical power of a logic one level
and the optical power of a logic zero level. This term is abbreviated OMA.

The insertion loss resulting from connections (adapters or splices), and
attenuation attributable to the fiber cable plant.

The part of an Optical/Electrical Converter which receives an optical sig-
nal.

High frequency 3dB roll-off frequency of the optical receiver.

The maximum acceptable value of the received average optical power at
the receiver input to achieve the specified BER.

The minimum acceptable value of average received signal, at the defined
optical test point, to achieve the specified BER. It takes into account
power penalties caused by use of a transmitter with a worst-case output.
In the case of an optical path it does not include power penalties associ-
ated with Dispersion, Jitter, effects related to the modal structure of the
source or reflections from the optical path. These effects are specified
separately in the allocation of maximum optical path penalty.

The part of the Optical Transmitter or Receiver into which an optical con-
nector plugs.

The ratio (expressed in units of dB) of optical power incident upon a com-
ponent port or an assembly to the optical power reflected by that compo-
nent when that component or assembly is introduced into a link or
system. This term is abbreviated ORL.

Minimum receiver sensitivity required in order to perform PLL locking on
the data. This measure takes a transmitter with worst-case output, and
adds the channel loss and the EYE losses. The stressed EYE is used
principally used to know how the jitter affect the system and how low the
low pass filter has to be in the receiver.

An optical link penalty to account for those effects other than optical pas-
sive loss.

A device that converts IB-compliant electrical signals on a board to/from
IB-compliant optical signals. An optical transceiver may be 1x, 4x or 12x
wide. In general, an Optical Transceiver will contain one or more Opti-
cal/Electrical Converters, CDR's, and data buffers.

The part of an Optical/Electrical Converter which transmits an optical sig-
nal.

See Control Ordered-set.
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Out-of-band Management

P_Key

Packet

Packet Data

Packet Payload

PAD

Partition Key

Partition Manager

Passively Managed
Chassis

PCB
PD

Permanent Errors

Physical Lane

Pluggable

PM
PN

Polling

Management messages which traverse a transport other than the Infini-
Band™ fabiric.

Please see Partition Key.

The indivisible unit of IBA data transfer and routing, consisting of one or
more headers, a Packet Payload, and one or two CQES.

Data symbols transmitted as part of a Data Packet Payload or a Link
Packet Payload. Packet data is delimited by start symbols SDP and SLP
and terminated by end symbols EGP and EBP.

The portion of a Packet between (not including) any Transport header(s)
and the CRCs at the end of each packet. The packet payload contains up
to 4096 bytes.

The PAD symbol is transmitted only on a 12x link to maintain packet
framing alignment.

A value carried in packets and stored in Channel Adapters that is used to
determine membership in a partition.

The entity that manages partition keys and membership.
A Passively Managed chassis provides an InfiniBand™ specified GUID

and physical Slot Information to every IB Module on the Modules unique
IB-ML.

Printed Circuit Board
Photodiode, used for converting optical signals to electrical at a receiver.

A permanent error is surfaced when a continuous and irreversible fault is
present within an IBA component.

A set of one transmit and one receive differential pairs. A 1x, 4x and 12x
link is composed of one, four and twelve physical lanes respectively.

A description for a transceiver module which may be unplugged for repair
or replacement.

Please see Partition Manager.

Processor Node

A port state where the transmitter is generating a Beacon Sequence and
the receiver is waiting to respond to a Beacon Sequence.
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Port

Port Type 1

Port Type 2

Power Management

Power Subsystem Manage-
ment

Processor Node

Proxy Managed Repeater

Proxy Managed TCA

Proxy Managed Unit

PSE

QP

Queue Pair

Queue Pair Number
RDETH

Receive Queue

Location on a Channel Adapter or Switch to which a link connects. There
may be multiple ports on a single Channel Adapter, each with different
context information that must be maintained. Switches/switch elements
contain more than one port by definition.

An electrical interface type that utilizes the parameters of the original
InfiniBand specification (1.0, 1.0a).

An electrical interface type that utilizes more stringent parameters than
Port Type 1. Port Type 2 is currently associated with pluggable devices.

The ability for an operating system to control the power consumption of
InfiniBand™ Architecture compliant devices (Endnode devices and
Switches).

The ability to monitor and control the power supplies of a system or chas-
sis.

One or more general-purpose processors running under a single cache
coherent memory model that uses a HCA to connect a processor bus to
one or more Ports. Additionally, a PN is capable of performing initializa-
tion and configuration.

A Repeater which must have a proxy in-place to respond to Getinfo MAD
operations but allows IB-ML access to defined VPD information. All
repeater boards fulfill this definition.

A TCA which must have a proxy in-place to respond to Getinfo MAD
operations but allows IB-ML access to defined VPD information. This
type of TCA in not defined by the InfiniBand™ specification.

Any Unit which must have a proxy in-place because Baseboard informa-
tion is not accessible through its native InfiniBand™ fabric link(s).

Protocol State Engine (Phy, Link, Frame)

Please see Queue Pair.

Consists of a Send and a Receive Work Queue. Send and receive
queues are always created as a pair and remain that way throughout
their lifetime. A Queue Pair is identified by its Queue Pair Number.

Identifies a specific Queue Pair within a Channel Adapter.
Reliable Datagram Extended Transport Header.

One of the two queues associated with a Queue Pair. The receive queue
contains Work Queue Elements that describe where to place incoming
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Relative intensity noise

Retiming Repeater

RIN12-OMA

Rise Time

RJ
RMS

RNR Nak

Router

Run Length

Running Disparity

SA
SDP

Send Queue

Server

SGID

Signal Ground

data.

Laser noise in dB/Hz with 12 dB optical return loss, with respect to the
optical modulation amplitude.

A device which recovers and retransmits data, using a local oscillator to
eliminate jitter transfer, and hence perform a jitter reset. (SKIP ordered-
set dependent)

Please see Relative intensity noise.

The time interval for the rising edge of a pulse to transition from its 20%
amplitude level to its 80% amplitude level.

Please see Jitter, Random.

Root Mean Square.

Receiver Not Ready. A response signifying that the receiver is not cur-
rently able to accept the request, but may be able to do so in the future.

A device that transports packets between IBA subnets.

Maximum number of consecutive identical bits in the transmitted signal
e.g., the pattern 0011111010 has a run length of five (5).

A binary parameter indicating the cumulative disparity (positive or nega-
tive) of all previously issued bits.

Please see Subnet Administration.

Please see Start of Data Packet Delimiter.

One of the two queues of a Queue Pair. The Send queue contains WQEs
that describe the data to be transmitted.
1) The passive entity in a connection establishment exchange.

2) An entity (e.g., a process) that provides services in response to re-
quests from clients.

3) The class of computers that emphasize 1/0 connectivity and cen-
tralized data storage capacity to support the needs of other, typically
remote, client computers.

Source Globally Unigue ldentifier.

Please see Logic Ground.
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Skew

SKP

SKIP ordered-set

Sleeping

SLID

Slot

Slot ID

Slot Information
SLP

SM

SMA

SMA GUID

SMD
SMP

Solicited Event

Spectral Width

Start of Data Packet Delim-

iter

Start of Link Packet Delim-
iter

Stressed Receiver

The timing difference between Physical Lanes as measured using the
zero crossings of the differential voltage of the COMmas present in the
training sequences TS1 and TS2 or in the SKIP ordered-set.

The SKP symbol is transmitted as part of a SKIP ordered-set.

The SKIP ordered-set consists of a COM symbol followed by three SKP
symbols when initially transmitted. It may consist of a COM symbol fol-
lowed by one to five SKP symbols when received.

A port state where the transmitter is quiescent and the receiver is waiting
to respond to a Beacon Sequence.

Source Local Identifier

An InfiniBand™ specified volumetric envelope with a specified backplane
connector into which one of the defined 1B Modules plug.

A Slot Designation provided in Slot Information
Information provided by the Chassis about individual Slots

Please see Start of Link Packet Delimiter.

Please see Subnet Manager.

Please see Subnet Management Agent.

The Globally Unigue ldentifier common to all resources within the scope
of a single Subnet Management Agent.

See Subnet Management Data.

Please see Subnet Management Packet.

A facility by which a message sender may cause an event to be generated
at the recipient when the message is received.

The weighted root mean square width of the optical spectrum (see
FOTP-127).

The Start of Data Packet Delimiter symbol is transmitted to identify the
start of a end-to-end data packet.

The Start of Link Packet Delimiter symbol is transmitted to identify the
start of a link control packet.

In a Stressed Receiver test the worst case transmitter eye opening is
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applied to the optical receiver under test. The eye closure typically is
generated with a combination of coaxial cable and/or Bessel 4th order fil-
ter driving a laser diode directly.

Stress Receiver ISI Penalty Vertical eye closure penalty due to ISI.

Stressed Receiver DCD Horizontal eye closure caused by DCD measured at average optical
component of DJ power.
Subnet A set of InfiniBand™ Architecture Ports, and associated links, that have a

common Subnet ID and are managed by a common Subnet Manager.
Subnets may be connected to each other through routers.

Subnet Administration The architectural construct that implements the interface for querying and
manipulating subnet management data.

Subnet Manager One of several entities involved in the configuration and control of the
subnet.

Active Subnet Manager: Any subnet manager currently exercising
control over all or part of the subnet. An active subnet manager may
be the master subnet manager, or an alternate subnet manager acting
on the behalf of the master.This is sometimes referred to as the formal
subnet manager.

Alternate Subnet Manager: Any subnet manager that is acting on
the behalf of the master subnet manager, but is not the master subnet
manager.

Master Subnet Manager: The subnet manager that is authoritative,
that has the reference configuration information for the subnet.

Standby Subnet Manager: A subnet manager that is currently quies-
cent, and not in the role of a master SM, by agency of the master SM.
Standby Isms are dormant managers.

Subnet Management Agent An entity present in all IBA Channel Adapters and Switches that pro-
cesses Subnet Management Packets from Subnet Manager(s).

Subnet Management Data Vital Product Data required by the Subnet Manager.
Subnet Management The subclass of Management Datagrams used to manage the subnet.
Packet SMPs travel exclusively over Virtual Lane 15 and are addressed exclu-

sively to Queue Pair Number 0.

Surprise Hot Removal The removal of an IB Module from a backplane that has both Vg and
Vaux Present without first being placed in a quiescent state.

Switch A device that routes packets from one link to another of the same Sub-
net, using the Destination Local Identifier field in the Local Route Header.
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Switch Management Port

Symbol Time

TCA

Target Channel Adapter

Training Sequence 1

Training Sequence 2

Training Sequence 3

Training Sequence for Test

Transparent Retiming Re-

peater

Transport Service Type

Transverse Airflow

A virtual port by which a Switch may be managed.

The transmit time for 1 symbol. With 8b/10b encoding, a symbol is 10 bits
long; thus, a symbol time is 10*UI (e.g., 4 ns for 2.5Gb/s signaling, and 1
ns for 10Gb/s signaling).

Please see Target Channel Adapter.

A Channel Adapter typically used to support I/O devices. TCAs are not
required to support the Verbs interface. See also 1/0O Unit.

The sixteen symbol ordered-set which consists of a COM symbol, Lane
Identifier and fourteen D10.2 data symbols.

The sixteen symbol ordered-set which consists of a COM symbol, Lane
Identifier and fourteen D5.2 data symbols.

The sixteen symbol ordered-set which consists of a COM symbol, Lane
Identifier, six D13.2 data symbols, a bit map of the active speeds, a bit
map requesting transmitter driver de-emphasis and/or link heartbeat
enabling, a symbol describing the driver de-emphasis setting which
should be used, and five reserved symbols. TS3 is used for negotiating
link configuration between two peer ports on a link.

The sixteen symbol ordered-set which is used by test equipment to place
a port link/phy state machine into one of several states used for testing
transmitter and receiver compliance with physical layer specifications.

A device that recovers and retransmits data, to eliminate jitter transfer,
and hence perform a jitter reset. (SKP symbols are not added or deleted
to SKIP ordered-set)

Describes the reliability, sequencing, message size, and operation types
that will be used between the communicating Channel Adapters.

Transport service types that use the IBA transport and that pertain to
Volume 2 are:

* Unreliable Datagram

See Volume 1 for other Transport Service Types.

As it pertains to the IB Module, transverse airflow is defined as airflow
that might predominantly enter the module parallel to the backplane. In a
vertical module orientation this direction would be an upper or lower
entrance point. Transverse airflow may be directed longitudinally within
the module, but the predominant entrance and/or exitpoint for the airflow
is in a direction parallel to the backplane.
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TS1
TS2
TS3
TS-T
ul

Unit

Unit Interval

Unmanaged Chassis

Unreliable Datagram

VA_In

VB_In

Verbs

Virtual Lane

Virtual Memory

Vital Product Data

VL

Please see Training Sequence 1.

Please see Training Sequence 2.

Please see Training Sequence 3.

Please see Training Sequence for Test.

Please see Unit Interval.

One or more sets of processes and/or functions attached to the fabric by
one or more channel adapters. Please see Host and |/O Unit.

The time interval equivalent to one bit on the high speed serial link at the
active transmission speed.

An Unmanaged chassis does not implement any IB-specified GUID or
Slot Information and leaves the Module IB-ML unconnected.

A Transport Service Type in which a Queue Pair may transmit and
receive single-packet messages to/from any other QP. Ordering and
delivery are not guaranteed, and delivered packets may be dropped by
the receiver.

The Auxiliary Voltage Input pin (5V nominal) that is defined on the 1B
Module edge connector and backplane connector.

The Bulk Voltage Input pins (12V nominal) that are defined on the IB
Module edge connector and backplane connector.

An abstract description of the functionality of a Host Channel Adapter. An
operating system may expose some or all of the verb functionality
through its programming interface.

A method of providing independent data streams on the same physical
link.

The address space available to a process running in a system with a
memory management unit (MMU). The virtual address space is usually
divided into pages, each consisting of 2**N bytes. The bottom N address
bits (the offset within a page) are left unchanged, indicating the offset
within a page, and the upper bits give a (virtual) page number that is
mapped by the MMU to a physical page address. This is recombined with
the offset to give the address of a location in physical memory

Device-specific data to support management functions.

Please see Virtual Lane.
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VPD

Wake Request Event

Wander

Work Queue Element

Work Queue Pair

Work Request

Workstation, or Client Com-
puter

WRE

Please see Vital Product Data.

Events that can be produced by an IB Module that desires to return from
a Sleeping or Polling state to an operation state.

Deviations at <10kHz from the ideal timing of an event.

The Host Channel Adapter’s internal representation of a Work Request.
The consumer does not have direct access to Work Queue Elements.

See Queue Pair.

The means by which a consumer requests the creation of a Work Queue
Element.

The class of computers that emphasize numerical and/or graphic perfor-
mance and provide an interface to a human being.

Please see Wake Request Event
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CHAPTER 3: PHYSICAL LAYER OVERVIEW

3.1 INTRODUCTION

This volume defines the low level physical interface protocols, electrical
and mechanical specifications for developing applications based on the
InfiniBand Architecture. The InfiniBand Architecture supports a range of
applications from the backplane interconnect of a single host, to a com-
plex system area network consisting of multiple independent and clus-
tered hosts and I/O components.

In keeping with the layered nature of the InfiniBand Architecture, Figure 1
depicts the structure within the Physical Layer itself.
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Layers defined in Volume 1

Management

; Link Layer
1 I
|

Byte Stream

r
1 Link/Phy I 1
| Power Management |
| Encoded Lanes |
| |
| Physical Link 1
o Hardware Power / Hot Swa|
% I Management P Electrical Signaling 1
R | Optical Signaling |
T | !
% I * A Port Signals I
E | v * Connectors I
a I Mechanical / TaElIQ Backplanel Cable I Fiber I
| |
| Physical Physical |
I Form Factor Port I
[ R B R R R, - - - - - oem s s o

Chassis / Backplanes

Figure 1 Physical Layer Structure

The basic interconnect of the InfiniBand Architecture is a link (or "physical
link"), which is a full duplex transmission path between any two fabrics el-
ements. A fabric is a collection of links, switches, repeaters and routers

that connects a set of end nodes. A link physically terminates at a port.

The physical attach point to a port is either:

1) A Cable Connector, which is defined for use for copper cables.
2) A Fiber Connector, which is defined for use for optical cables.

3) A Backplane Connector, which is defined for accepting a specified
form factor that houses a function (Channel Adapter, Switch, etc.).

For the form factors, elements of Power and Hardware Management are
also specified.
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3.2 PHYSICAL PORT

The remaining chapters in this volume provide the detailed specifications
to be met in order for devices to properly function on an InfiniBand fabric.

A physical "Port" is a set of signals as seen on a connector interface iden-
tified by this specification. The physical ports defined are:

« Backplane Port
+ Cable Port
¢ Fiber Optic Port

Some physical ports contain all signals (e.g. backplane) while others con-
tain a subset (e.g. cable and optics).

A physical port consists of up to four groups of signals which serve dif-
ferent purposes. These groups are:

¢ Signaling Group

« Hardware Management Group
e Bulk Power Group

« Auxiliary Power Group

Figure 2 depicts a Backplane Port and the signal groupings containing a
single physical link made of a number of physical lanes dependent on the
link width. Similarly, Eigure 3 and Figure 4 depict a Cable Port and a Fiber
Optic Port, respectively.

See Chapter 4: Port Signal Definitions for further details on these port
types.
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Figure 2 Backplane Port - Single Physical Link
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IB Link

(to companion device)

Cable Port

IB Link

(to companion device)

Fiber Optic Port

3.2.1 MULTI-PORTING

IBsxOw(0)
IBsxIw(0)
IBsxOw(3:1)
IBsxIw(3:1)
IBsxOw(7:4)
IBsxlw(7:4)
IBsxOw(11:8)
IBsxlw(11:8)

(to Logic GroEd Subsystem)

12x 8x 4x 1x
n ~
- “‘J | “J’/ \\‘ ‘/ \\‘ ‘\/\/‘
BRI
T
| -
| | |
T
\\ | \vs -
| | >

IB_Sh_Ret <>

Figure 3 Cable Port
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Figure 4 Fiber Optic Port

Signaling Group

This version of the InfiniBand specification supports the utilization of the
the backplane connector on the defined form factors in a "multi-ported”
manner. As the physical connector, as defined in Chapter 10: Backplane

Connector Specification on page 409, supports up to 12 physical lanes, it
is possible to implement modules with multiple IBA links (i.e. ports) using
only a single connector. Since some of the form factors defined in Chapter
9: Mechanical Specification on page 355 allow for the presence of multiple
physical connectors, it is additionally possible to have multiple links on

each of the physical connectors present.
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Figure 5 depicts a Backplane Port containing multiple independent phys-
ical links in a single physical connector; this is also referred to in this spec-
ification as being "multi-ported"”.

Backplane Multi-port links— P2 P3 P1 IB Module
o ___ IBsx.10w(3:0) - VA
_ IBsx.1Iw(3:0) \ j»
IB Links _ P
IBsx.30w(3:0) g AN
. : IBsx.31w(3:0 L Signaling Grou
(to companion devices) Sx.3I(3:0) \/ o g P
IBsx.20w(3:0) </
IBsx.2Iw(3:0) ‘\\ /;‘ >
(to Logic Ground Subsystem) IB Sh Ret < >
£ | 1B Management Link (to/from Chassis | IMxCIk - >
Management
()
IMxDat - >
E Subsystem) Hardware
E; IMxInt_L < | Management
Q IMXPRst -4 B Group
@ L IMxPReq_L <-a—]
IB Auxiliary Power (from Chassis Auxiliary P
Power Subsystem) VA In ——— s AUXiliary Fower
- Group
(to Logic Ground Subsystem) VA Ret < »
(Backplane " VBXEn L
IB Bulk Power - L
Termination)
VBxCap -
i Bulk Power
VB_PFW_L Grou
(from Chassis VB In 4’4 P
Power Subsystem) - ﬁLb
VB_Ret « Yy

Figure 5 Backplane Port - Multiple Physical Links

A similar configuration of multiple 4x physical links in a 12x connector ap-
plies for cables also, as described in Section 7.7.10, “12x to 3-4x Copper
Cables,” on page 259.

3.2.2 AcTIVE CABLES

This release of this specification allows provision of power to cable con-
nectors, to allow incorporation of active components in the cables, as de-
scribed in Section 7.8, “Active Cables,” on page 264.
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3.3 LINK ELECTRICAL SIGNALING

3.4 LINK OPTICAL SIGNALING

3.5 LINK PHYSICAL LAYER

This specification defines the characteristics required to communicate be-
tween the output of a port of one InfiniBand node and the input of a port
of another InfiniBand node using copper printed wiring and optional ca-
bling. The only signaling rate for encoded data on the media for prior re-
leases is 2.5 Gbits/sec which results in a data rate that can be considered
to be 250 MBytes/second per physical lane, at the “SDR” (Single Data
Rate) speed. Additional enhanced signaling rates defined in this release
are 5.0 Gbits/sec for the “DDR” (Double Data Rate) speed, and 10.0
Ghbits/sec for the “QDR” (Quad Data Rate) speed. The connections are
point to point and signaling is full duplex, unidirectional.

See Chapter 6: High Speed Electrical Signaling - 2.5, 5.0, & 10.0 Gb/s for
details of SDR (2.5Gb/s), DDR (5.0Gb/s) and QDR (10.0 Gb/s) operation.
See Chapter 7: Copper Cable for details of the copper cable and connec-
tors used for electrical links.

This specification defines the characteristics required to communicate be-
tween the output of a port of one InfiniBand node and the input of a port
of another InfiniBand node using optical fiber. The only signaling rate for
encoded data on the media for prior releases was 2.5 Gbits/sec which re-
sults in a data rate that can be considered to be 250 MBytes/second per
physical lane, at the “SDR” (Single Data Rate) speed. Additional en-
hanced signaling rates described in this release are 5.0 Gbits/sec for the
“DDR” (Double Data Rate) speed, and 10.0 Gbhits/sec for the “QDR”
(Quad Data Rate) speed. The connections are point to point and full du-
plex, unidirectional.

See Chapter 8: Fiber Attachment - 2.5 Gb/s, 5.0 Gb/s, & 10 Gb/s for spec-
ification details of SDR (2.5 Gb/s), DDR (5.0 Gb/s) and QDR (10 Gb/s) op-
eration over optical fiber.

The Link Physical layer provides the interface between the packet byte
stream of Link Layer defined in InfiniBand Architecture Specification,
Volume 1 and the serial bit stream(s) of the physical media. The packet
byte stream will be byte striped across the available physical lanes. The
byte stream on each physical lane is encoded using the industry standard
8B/10B coding. In addition to encode and decode, the link physical layer
includes link training and initialization logic, clock tolerance compensation
logic, receive error detecting logic, and link heartbeat logic. This layer is
described in Chapter 5: Link/Phy Interface.
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3.5.1 SPEED NEGOTIATION

3.5.2 WIDTH NEGOTIATION

3.6 MODULE MECHANICAL

The previous releases of the InfiniBand Architecture supported only
2.5Gb/s signaling. However, provisions were made for potential frequency
(speed) increases in a future version of this specification. This release
specifies negotiation for the use of SDR (2.5Gb/s), DDR (5.0 Gb/s) and
QDR (10.0Gh/s) speeds.

The link speed negotiation mechanism is part of the Link Initialization and
Training process. This process provides for two nodes to determine the
speed of the interface that will allow for operation at the maximum fre-
quency architecturally supported that is achievable based on endnode ca-
pability and interconnect signal integrity.

The link width negotiation mechanism is also part of the Link Initialization
and Training. This process provides for two nodes to determine the width
of the interface that will allow for the maximum bandwidth that is achiev-
able based on endnode capability and interconnect.

This specification defines three interface widths as follows:

1) 1x
« Electrical: 2 differential pair, 1 per direction for a total of 4 wires
e Optical: 1 transmit/1 receive per direction for a total of 2 fibers

« Electrical: 8 differential pair, 4 per direction for a total of 16 wires
e Optical: 4 transmit / 4 receive per direction for a total of 8 fibers

« Electrical: 16 differential pair, 8 per direction for a total of 32 wires
e Optical: 8 transmit / 8 receive per direction for a total of 16 fibers

* Electrical: 24 differential pair, 12 per direction, for a total of 48
wires

e Optical: 12 transmit / 12 receive per direction for a total of 24 fi-
bers

An InfiniBand Module conforms to any of the defined form factors in
Chapter 9: Mechanical Specification. A module consists of the following:

a) The module carrier - the basic metal structure
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b) The module ejector & latch - a handle and latch

¢) The module cover - easily removable cover to protect the
board(s)

d) The board(s) which implement the module’s functionality

This version of the specification defines two module heights (tall and stan-
dard) and two module widths. Double width modules occupy two IB de-
fined chassis slots.

As double wide standard and both forms of tall modules (single and
double wide) allow for the presence of more than one physical connector,
a nomenclature is needed to refer to the connector positions.

Every module contains a connector positioned for the primary slot - pri-
mary being defined as the left-most slot the module covers. As shown in
Chapter 9: Mechanical Specification, a tall module allow for two connector
locations: one in the lower portion and one in the upper portion; lower and
upper in this context is when the module is in the vertical orientation. For
consistency between standard and tall module designations, the lower
(for tall) or only (for standard) location is termed "Primary" and designated
"C" by convention. The upper location (for tall) is designated "O" (for op-
tional).

Architectural Note

The most obvious designation for "Primary" would be "P". However, "P"
is used in this specification to designate "Ports". The designation of "C"

indicates "Primary Connector".

For the case of a standard module, the only connector present is desig-
nated C1.

For the case of standard wide modules, there may be a second connector
positioned for the adjacent slot - adjacent being defined as the slot to the
right of the left-most slot the module covers. The two connectors, both in
the "C" location, are designated C1 and C2.

For the case of a tall module, as noted previously, there is a primary con-
nector designated C1 and may optionally have a connector in the upper
location designated O1.

For the case of a tall wide module, in addition to the low there may option-
ally be connectors in the upper locations for both the primary and adjacent
positions. The two upper connectors, both in the upper "O" locations are
designated O1 and O2.
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Within any of the physical connector locations, up to three (3) link ports is
defined. The pin designation for these ports is defined in Chapter 10:
Backplane Connector Specification.

Figure 6 depicts these designations.

_ "O" Locations
Links Connector O1 02
Portl — /\
Port3 —p»
Port2 — g
"C" Locations
C1 Cg

~

/

Standard Standard Tall Tall
Wide Wide

Figure 6 Module Connector Location Designation

3.7 CHASSIS SLOT MECHANICAL

A slotis the volumetric envelope with a specified backplane connector into
which one of the defined InfiniBand Modules plug. This specification pro-
vides for the enablement of 3U and 6U chassis implementations with
modules oriented vertically or horizontally.

Chapter 9: Mechanical Specification provides details for system and
chassis designers to implement slots which will accommodate the module
form factor options. Only single width slots are physically defined; double
width modules occupy two single width slots.

As only single width slots are defined, the connector location designation
only indicate whether a connector is in the lower position (for standard and
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tall) designated "C" or in the upper position (for tall only) designated "O".
The additional designation is for the slot number.

As for the module, any of the physical connector locations present may
contain up to three (3) link ports. The pin designation for these ports is de- “ |
fined in Chapter 10: Backplane Connector Specification.

. "O" Location
Links  Connector Ox

Portl —
Port3 —p»
Port2 — pm

"C" Location
Cx

B3] 2]
N|W|F

"x" indicates slot number

Standard Tall

Figure 7 Chassis Connector Location Designation

3.8 POWER

InfiniBand modules are provided two forms of power:

« Bulk Power to perform the major intended functions of the module.
This is supplied at nominally 12V and must be converted on the mod- |
ule by DC-DC converter(s) to produce the voltages required by the
module’s electronics.

« Auxiliary Power to perform management functions to the module
even when the Bulk Power is not available to the module. This is sup-
plied at nominally 5V and may be regulated as necessary by the
module.
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3.9 HARDWARE MANAGEMENT

The combination of connector contact staggering and on-module power
control circuitry allow for InfiniBand module to be hot plugged, both in-
serted and removed, without physical damage. Additionally, features are
specified to allow for a "Graceful Removal" operation whereby software is
notified of a pending removal such that appropriate actions can take place
S0 as to not disrupt operations. LED indicators on the module indicate
when an appropriate state has been achieved so that operationally safe
removal can be performed.

Please see Chapter 12: Power / Hot Plug for details on power functionality
and Chapter 11: Low Speed Electrical Signaling for details on the elec-
trical parameters of the Bulk and Auxiliary Power groups.

Hardware Management describes the functions that manage, control, and
monitor physical components of InfiniBand modules and the Chassis in
which they reside. Additionally, xCAs and switches that are packaged in
some form factor other than those defined by this specification but option-
ally provide the hardware management functionality defined are de-
scribed. The functions defined include:

1) Communication mechanisms for optionally present Baseboard Man-
ager software running on one or more nodes attached to the Infini-
Band fabric,

2) Communication mechanisms for an optionally present Chassis Man-
agement Entity (CME) which is local managing the physical elements
of a chassis,

3) Graceful Hot Removal mechanisms,

4) Standard visual indicators (LEDs) to assist the user in Hot Add and
Hot Removal operations,

5) Module Vital Product Data (VPD) accessible to both a Baseboard
Manager and a CME,

6) Access to module optional environmental variables.

Baseboard Manager software access these facilities using defined data-
grams of the Baseboard class on the InfiniBand fabric. The Chassis Man-
agement Entity, typically with firmware, access these facilities through the
InfiniBand Management Link (IB-ML) interface defined on the standard In-
finiBand backplane connector to a module.

Please see Chapter 13: Hardware Management for details on this func-
tionality.
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3.10 OPERATING SYSTEM (OS) POWER MANAGEMENT

Operating System Power Management defines a set of states and facili-
ties that allow for an operating system (or a prescribed agent) to control
the power consumption of InfiniBand modules and switches that provide
this support. Power management of devices or media not directly at-
tached to the InfiniBand fabric as an addressable node are outside the
scope this specification.

The defined states are controlled from the InfiniBand fabric connection of
the module. This includes the ability to "power down" to a state only
drawing auxiliary power and "power up" from activity on the InfiniBand
link. Further, in the presence of a fully operational link, states are defined
to allow modules varied levels of power consumption.

Please see Chapter 14: OS Power Management for details on this func-
tionality.
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CHAPTER 4:

PORT SIGNAL DEFINITIONS

4.1 SIGNAL NAMING CONVENTIONS
The symbol substitution and type notation used for the signal naming

within this specification are defined in Table 2 and Table 3.

Table 2 Symbol Substitution

Symbol Convention Substitution

w in Signal Name

Differential pair distinction - IB Signaling Group
Replaced by 'p’ for positive rail of differential pair
Replaced by 'n’ for negative rail of differential pair

x in Signal Name

Replaced by respective board or backplane Port
X may range from 1 to n where n is the number
of connectors on a board edge or backplane slot

s in Signal Name

For Boards, replaced by 't’ for I/O Plate connec-
tion, or 'b’ for backplane connection.

For Backplanes, replaced by slot number. Slots
are numbered from 1 to n from left to right, or

bottom to top for horizontal mounting

Table 3 Type Notation

Signal Type Definition
InDiff Differential input signal - IB signaling levels
OutDiff Differential output signal - IB signaling levels
ShRet Shield Return - Shield Ground for both the IB board and the IB backplane
Rx Optical Receiver Input
TX Optical Transmitter Output
PwrU Pull Up derived from 12V Bulk power input (VB_In)
PwrD Pull Down to Bulk power return (VB_Ret)
APwrU Pull Up to Auxilliary power input (VA_In)
APwrD Pull Down to Auxiliary power return (VA_Ret)
InOut Open Drain - Wired OR Input/Output pull-up referenced to Auxiliary power (VA_In)
In Input - logic is powered from Auxiliary power (VA_In)
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Table 3 Type Notation

Signal Type Definition
Out Output - derived from Auxiliary power (VA_In)
Pwrin 12 Volt Input from backplane/system power supply
PwrRet 12 Volt Return to backplane/system power supply
APwrln 5 Volt Input from backplane/system power supply
APwrRet 5 Volt Return to backplane/system power supply

Signal names ending with "_L" indicates the "asserted" or "true" condition
is a low voltage.

4.2 PORT SIGNAL SUMMARY

This section summarizes the signals that comprise the physical ports de-
fined by this specification.
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4.2.1 BACKPLANE PORT
Table 4 summarizes the signals of backplane port.

Table 4 Backplane Port Signal Summary

Interface Signal Name Signal Mate Break | Number of Description
9 Type Order? | Order? Contacts P
Signaling Group - High Speed Differential
12x | 8x | 4x | 1x | IBsxIw(0) InDiff High High 2 IB Symbol Input
Speed Speed 1 pair Differential Signaling
IBsxOw(0) OutDiff High High 2 IB Symbol Output
Speed Speed 1 pair Differential Signaling
IBsxlw(3:1) InDiff High High 6 IB Symbol Input
Speed Speed 3 pair Differential Signaling
IBsxOw(3:1) OutDiff High High 6 IB Symbol Output
Speed Speed 3 pair Differential Signaling
IBsxIw(7:4) InDiff High High 8 IB Symbol Input
Speed Speed 4 pair Differential Signaling
IBsxOw(7:4) OutDiff High High 8 IB Symbol Output
Speed Speed 4 pair Differential Signaling
IBsxlw(11:8) InDiff High High 8 IB Symbol Input
Speed Speed 4 pair Differential Signaling
IBsxOw(11:8) OutDiff High High 8 IB Symbol Output
Speed Speed 4 pair Differential Signaling
IB_Sh_Ret ShRet High High 24 Shield Return tied to Logic
Speed | Speed Ground
Hardware Management Group
IMxClk InOut 3 2 1 IB Management Link Clock
IMxDat InOut 3 2 1 IB Management Link Data
IMxInt_L Out 3 2 1 IB Management Link Interrupt
IMXPRst InOut 4 1 1 Presence/Reset
IMxPReq_L Out 3 2 1 Power Request
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Table 4 Backplane Port Signal Summary

Interface Signal Name Signal Mate Break | Number of Description
9 Type Order? | OrderP Contacts P
Bulk Power Group
VB_In® Pwrin 2 3 4 12 Volt Bulk Power Input
VB_Ret PwrRet 1 4 4 12 Volt Bulk Power Return
VBXEn_L PwrU / 4 1 1 Bulk Power Enable
PwrD Not Asserted - Disable

Asserted - Enable

VBxCap APwrU / 3 2 1 Bulk Power Capability
APwrD Not Asserted - 25W;
Asserted - 50W

VBXPFW_L In 3 2 1 Power Fail Warning
Auxilliary Power Group

VA_In® APwrin 2 3 1 5 Volt Auxiliary Power Input

VA_Ret® APwrRet 1 4 1 Logic Ground

a. See the InfiniBand Architecture Specification, Volume 2, Section 12.6.1 on page 471 for detailed description

b. See the InfiniBand Architecture Specification, Volume 2, Section 12.6.2 on page 473 and Section 12.6.3 on page
475 for detailed description

c. This signal may or may not be specific to a port. If it is not specific to a port (i.e, it is common among multiple ports), the “ " is
used in the signal name; if it is specific to a port, then the “_" shown should be replaced with the port number in the same manner

as “x” is used for other signals as described in Table 2 Symbol Substitution on page 69. For documentation clarity, the “_” is used
through the remainder of this specification.

As shown in Figure 2 Backplane Port - Single Physical Link on page 59,
the Signaling Group signals make up the IB Link for the width supported
by a backplane port. The ports are physically located on the defined
module form factors and the backplanes into which they plug as specified
in Chapter 9: Mechanical Specification. Some of the module form factors
defined allow for multiple backplane ports to be present. However, one is
always required.

C4-1: In order to establish an IB Link, all modules shall have at least
one backplane port containing the Signaling Group signals defined in
Table 4 located at Primary Port (1) as defined by Figure 154 Module Bulk
Power Ports (Logical) on page 460 and Section 12.5, “Chassis Power
Rules.” on page 470.

C4-2: In order to establish an IB Link, all chassis that accept InfiniBand
modules shall have at least a backplane port containing the Signaling
Group signals defined in Table 4 located at Primary Port (1) as defined by
Figure 154 Module Bulk Power Ports (Logical) on page 460 and

Section 12.5, “Chassis Power Rules,” on page 470.
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4.2.2 CABLE PORT

Primary Port (1) requirements for the Hardware Management Group are
found in Chapter 13: Hardware Management. Requirements for the Bulk
Power Group and Auxiliary Power Group are found in Chapter 12: Power

[ Hot Plug.

The backplane connector is specified in Chapter 10: Backplane Con-
nector Specification.

Table 5 summarizes the signals of a cable port. Cable port requirements
are found in Chapter 7: Copper Cable.

Table 5 Cable Port Signal Summary

Interface Signal Name Signal Num_ber of Description
Type Pins
Signaling Group - High Speed Differential
12x | 8x 4x 1x IBsxIw(0) InDiff 2 IB Symbol Input

1 pair Differential Signaling
IBsxOw(0) OutDiff 2 IB Symbol Output

1 pair Differential Signaling
IBsxlw(3:1) InDiff 6 IB Symbol Input

3 pair Differential Signaling
IBsxOw(3:1) OutDiff 6 IB Symbol Output

3 pair Differential Signaling
IBsxlw(7:4) InDiff 8 IB Symbol Input

4 pair Differential Signaling
IBsxOw(7:4) OutDiff 8 IB Symbol Output

4 pair Differential Signaling
IBsxIw(11:8) InDiff 8 IB Symbol Input

4 pair Differential Signaling
IBsxOw(11:8) OutDiff 8 IB Symbol Output

4 pair Differential Signaling
IB_Sh_Ret ShRet Inner Shield Return tied to

Logic Ground

dSM
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4.2.3 FIBER OPTIC PORT

Table 6 summarizes the signals of a fiber optic port. Fiber optic port re-
quirements are found in Chapter 8: Fiber Attachment - 2.5 Gb/s, 5.0 Gb/s,

& 10 Gb/s.

Table 6 Fiber Optic Port Signal Summary

Interface Signal Name? S.:.g;:' NuFr;wbbeer;of Description

Signaling Group - High Speed Optical

12x | 8x 4x 1x IBsxIp(0) Rx 1 IB Symbol Input
IBsxOp(0) TX 1 IB Symbol Output
IBsxIp(3:1) Rx 3 IB Symbol Input
IBsxOp(3:1) TX 3 IB Symbol Output
IBsxIp(7:4) Rx 4 IB Symbol Input
IBsxOp(7:4) Tx 4 IB Symbol Output
IBsxIp(11:8) Rx 4 IB Symbol Input
IBsxOp(11:8) TX 4 IB Symbol Output

a. As each lane in made of a single fiber per direction versus a differential pair per direction for electrical
interfaces, the “w” portion of the signal name only will have one polarity present. By convention, the “p”
(positive) polarity is used.
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4.2.4 AcCTIVE CABLE PORT

Table 7 summarizes the signals of an active cable port. Active Cable port
requirements are found in Section 7.8, “Active Cables.” on page 264.

Table 7 Active Cable Port Signal Summary

Interface Signal Name Signal Num_ber of Description
Type Pins
Signaling Group - High Speed Differential
12x | 8x 4x 1x IBsxIw(0) InDiff 2 IB Symbol Input
1 pair Differential Signaling
IBsxOw(0) OutDiff 2 IB Symbol Output
1 pair Differential Signaling
IBsxlw(3:1) InDiff 6 IB Symbol Input
3 pair Differential Signaling
IBsxOw(3:1) OutDiff 6 IB Symbol Output
3 pair Differential Signaling
IBsxlw(7:4) InDiff 8 IB Symbol Input
4 pair Differential Signaling
IBsxOw(7:4) OutDiff 8 IB Symbol Output
4 pair Differential Signaling
IBsxlw(11:8) InDiff 8 IB Symbol Input
4 pair Differential Signaling
IBsxOw(11:8) OutDiff 8 IB Symbol Output
4 pair Differential Signaling
IB_Sh_Ret ShRet Inner Shield Return tied to
Logic Ground
Active Cable Power Group
12x | 8x 4x Sense-3.3V In 1 Detection of Active Cable oper-
ating at 3.3V
12x | 8x 4x Sense-12V In 1 Detection of Active Cable oper-
ating at 12V
12x | 8x Vcce Pwrin 1 3.3Volt or 12Volt Bulk Power
Input (for 4x). Return is through
IB_Sh_Ret Logic Ground
12x | 8x Vcce Pwrin 2 3.3V or 12V Bulk Power Input
(for 8x & 12x). Return is
through IB_Sh_Ret Logic
Ground

dSM
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4.3 SIGNALING GROUP

4.3.1 HIGH SPEED ELECTRICAL

4.3.2 HIGH SPEED OPTICAL

This group is comprised of the high speed signals that make up the Infini-
Band link. The link consists of two uni-directional interfaces, one operating
as an input (or receiver) and one operating as an output (or driver). These
are IBsxlw and IBsxOw, respectively.

Based on the width of interface supported, the number of signals within
the group varies: 1x consists of 4 conductors (1 differential pair in, 1 dif-
ferential pair out); 4x consists of 16 conductors (4 differential pair in, 4 dif-
ferential pair out); 8x consists of 32 conductors (8 differential pair in, 8
differential pair out); and 12x consists of 48 conductors (12 differential pair
in, 12 differential pair out).

These signals conform to the electrical signaling as defined in Chapter 6:
High Speed Electrical Signaling - 2.5, 5.0, & 10.0 Gb/s.

Based on the width of interface supported, the number of signals within
the group varies: 1x consists of 2 fibers (1 in, 1 out); 4x consists of 8 fibers
(4 in, 4 out); 8x consists of 16 fibers (8 in, 8 out); and 12x consists of 24
fibers (12 in, 12 out).

These signals conform to the electrical signaling as defined in Chapter 8:
Fiber Attachment - 2.5 Gb/s, 5.0 Gb/s, & 10 Gb/s.

4.4 HARDWARE MANAGEMENT GROUP

The Hardware Management Group provides a serial management inter-
face which supports communication between the module and an optional
intelligent environmental controller (hereafter called the Chassis Manage-
ment Element or "CME") associated with the IB backplane. It also in-
cludes additional signals to allow for low level interaction between the
chassis backplanes and the module.

The InfiniBand Management Link, also known as IB-ML, is made up by
the IMxDat and IMxCIk signals and allow access to a number of archi-
tected facilities that provide identification, status, and control of hardware
management features.

The IMxInt_L signal originates from the module and allows the module to
provide an interrupt notification of a condition that requires backplane at-
tention. IB-ML operations are used in response to this signal to determine
the event type.

The IMxPRst signal is a bidirectional signal that allows the backplane to
detect module presence or force module reset
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4.5 BULK POWER GROUP

4.6 AUXILIARY POWER GROUP

The IMxPReq_L signal originates from the module and allows the module
to request that bulk power be supplied.

These signals conform to the electrical signaling as defined in Chapter 11:
Low Speed Electrical Signaling.

The Bulk Power Group provides the majority of the IB module’s opera-
tional power. In particular, the IB Signaling Group and the IB module ap-
plication (i.e. Fibre Channel, Gigabit Ethernet, etc.) are powered only by
the Bulk Power Group. Power is delivered at nominally 12V.

The VB_In and VB_Ret connections drive an on-board power sequencer
that controls power to the module’s local DC-DC power converter(s). The
IB standard requires an on module power sequencer capable of:

e Sensing full insertion of the module

« Checking power required by a board and the power provided by
the backplane

« Enabling board power-up on board/backplane power compatibility

« Power-up override by a Chassis Management Element (CME)
associated with a managed backplane (See Chapter 13: Hard-
ware Management for information on Chassis Management Ele-
ments as it pertains to this specification.)

These capabilities are provided by the VBXEn_L and VBxCap pins.

The VBXPFW_L signal originates from the system or chassis power
supply and provides an indication that the module’s bulk power input may
be about to go out of specified tolerance.

These signals conform to the electrical signaling as defined in Chapter 11:
Low Speed Electrical Signaling. Further details of the usage of the Bulk
Power group can be found in Chapter 12: Power / Hot Plug of this speci-
fication.

The Auxiliary Power Group provides a low power, yet always available
supply from which certain management functions can be available in the
absence of Bulk Power. Functions include module information access
through IB-ML (See Chapter 13: Hardware Management), beacon se-
guence detection for in-band Power Management (See Chapter 14: OS
Power Management, Chapter 5: Link/Phy Interface), and detection or
generation of Wake Request Events (See Chapter 14: OS Power Man-

agement).

InfiniBan

dSM

Trade Association

Page 77 Proprietary and Confidential



InfiniBand™ Architecture Release 1.2

VOLUME 2 - PHYSICAL SPECIFICATIONS

Port Signal Definitions October, 2004
FINAL

Power is delivered at nominally 5V.

The VA_In connection provides the power. The return for this supply is
VA_Ret which may be tied to logic ground.

These signals conform to the electrical signaling as defined in Chapter 11:
Low Speed Electrical Signaling. Further details of the usage of the Auxil-
iary Power group can be found in Chapter 12: Power / Hot Plug of this
specification.

4.7 ACTIVE CABLE POWER GROUP

The Active Cable Power Group provides power for active cables, which
are specified in Section 7.8, “Active Cables,” on page 264.

Two Sense pins are used to distinguish Active Cables operating at either
3.3V or 12V from passive (non-powered) cables, which use the same
physical connector. The VCC pins provide power for active components
in the cable, with return through signal ground. Power is delivered nomi-
nally at either 12V or 3.3V, as determined by needs of the active cable as-
sembly.
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CHAPTER 5: LINK/PHY INTERFACE

5.1 INTRODUCTION

The Link Physical layer provides an interface between the packet byte
stream of upper layers and the serial bit stream(s) of the physical media.
The physical media may be implemented as 1, 4, 8, or 12 physical lanes.
The packet byte stream will be byte striped across the available physical
lanes. (See Figure 8) The byte stream on each physical lane is encoded
using the industry standard 8B/10B coding. In addition to encode and de-
code, the link physical layer includes link training and initialization logic,
clock tolerance compensation logic, and receive error detecting logic.

The Transmit Data Flow is responsible for:
* Insertion of control sequence information
» 8B/10B encoding
The Receive Data Flow is responsible for:
« Deletion of control sequence information
e Error detection and handling
» 8B/10B decoding
Figure 8 shows a block diagram of the link physical layer.

Byte 7

Byte6 | Packet Byte Stream

Byte 5

Byte 4

Byte 3

Byte 2

Byte 1

Byte O
Byte 8 Byte 9 Byte 10 Byte 11
Byte 4 Byte 5 Byte 6 Byte 7
Byte O Byte 1 Byte 2 Byte 3
Lane O Lane 1 Late 2 Lane 3

Figure 8 Example 4x Byte Striping Diagram
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Link Layer Transmit

Link Layer Receive

Link/Physical Layer

Training
Sequence

A
Transmit Section Receive Section
Data
Skip dle Buffer Data Error
Sequence| | Sequence Buffer Status |
| | |
I—|
Mux . -
Idle, Skip, Training ||
Sequence Stripping
Encoder - |
Link Training |« Decoder
State Machine |
Driver(s) Receiver(s)
1,4,8,0r12 1,4,8,o0r12
Y

Connector or Device

Figure 9 Link/Physical Interface Block Diagram

5.2 SymBOL ENCODING (8B/10B CODING)

The InfiniBand physical lane encoding uses the industry standard 8B/10B
code which is used by Fibre Channel, Gigabit Ethernet (IEEE 802.32),
FICON, and ServerNet. The 8B/10B code provides DC balance, limited
run lengths, byte (symbol) synchronization, and the ability to distinguish
between data characters and control characters.

C5-1: All ports shall use the industry standard 8B/10B code as defined in

Section 5.2, “Symbol Encoding (8B/10B coding).” on page 80.

5.2.1 NOTATION CONVENTIONS

The 8B/10B transmission code uses letter notation for describing the bits
of an un-encoded information byte and a single control variable. Each bit
of the un-encoded information byte contains either a binary zero or a bi-
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nary one. A control variable, Z, has either the value D or the value K.
When the control variable associated with an un-encoded information
byte contains the value D, the associated encoded code-group is referred
to as a data code-group. When the control variable associated with an un-
encoded information byte contains the value K, the associated encoded
code-group is referred to as a special code-group.

The bit notation of A,B,C,D,E,F,G,H for an un-encoded information byte is
used in the description of the 8B/10B transmission code. The bits
A,B,C,D,E,F,GH are translated to bits a,b,c,d,e,i,f,g,h,j of 10-bit transmis-
sion code-groups. Figure 10 illustrates the byte and bit nomenclature as
a byte stream is encoded (decoded) and serialized (de-serialized).
8B/10B code-group bit assignments are illustrated in Table 8 and Table 9.
Each valid code-group has been given a name using the following con-
vention:

1) /Dx.y/ for the 256 valid data code-groups, and

2) /Kx.y/ for the special control code-groups where x is the decimal
value of bits EDCBA, and y is the decimal value of bits HGF.

Examples of this are D10.2 or K28.5.
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Link Layer Packet Byte streams
TxD<7:0>C RxD<7:0>C
76543210 C 76543210 C

8 + control 8 + control
HGFED CBA Z HGFED CBA Z

v |

8B/10B 8B/10B
Encoder Decoder

A

abcdeifghij _ .
abcdeifghj

10 10

-«
0123456789

- -«
0123456789

Serial Interface to Physical Layer

Figure 10 Transmit & Receive Data Ordering

5.2.2 VALID AND INVALID CODE-GROUPS

Table 8 defines the valid data code-groups (D code-groups) of the 8B/10B
transmission code. Table 9 defines the valid special code-groups (K code-
groups) of the code. The tables are used both for generating valid code-

groups (encoding) and for checking the validity of received code-groups
(decoding).

In the tables, each byte entry has two columns that represent two code-
groups which are not necessarily different. The two columns correspond
to the valid code-group based on the current value of the running disparity
(Current RD - or Current RD +). Running disparity is a binary parameter
with either the value negative (-) or the value positive (+). See

Section 5.2.3, “Running disparity rules,” on page 91 for the definition of
and rules for disparity.
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Table 8 Valid Data Code Groups

Data Data Bits Current RD - Current RD +
Byte Byte
Name Value HGF EDCBA abcdei fghj abcdei fghj
DO0.0 00 000 00000 100111 0100 011000 1011
D1.0 01 000 00001 011101 0100 100010 1011
D2.0 02 000 00010 101101 0100 010010 1011
D3.0 03 000 00011 110001 1011 110001 0100
D4.0 04 000 00100 110101 0100 001010 1011
D5.0 05 000 00101 101001 1011 101001 0100
D6.0 06 000 00110 011001 1011 011001 0100
D7.0 07 000 00111 111000 1011 000111 0100
D8.0 08 000 01000 111001 0100 000110 1011
D9.0 09 000 01001 100101 1011 100101 0100
D10.0 0A 000 01010 010101 1011 010101 0100
D11.0 0B 000 01011 110100 1011 110100 0100
D12.0 oC 000 01100 001101 1011 001101 0100
D13.0 0D 000 01101 101100 1011 101100 0100
D14.0 OE 000 01110 011100 1011 011100 0100
D15.0 OF 000 01111 010111 0100 101000 1011
D16.0 10 000 10000 011011 0100 100100 1011
D17.0 1 000 10001 100011 1011 100011 0100
D18.0 12 000 10010 010011 1011 010011 0100
D19.0 13 000 10011 110010 1011 110010 0100
D20.0 14 000 10100 001011 1011 001011 0100
D21.0 15 000 10101 101010 1011 101010 0100
D22.0 16 000 10110 011010 1011 011010 0100
D23.0 17 000 10111 111010 0100 000101 1011
D24.0 18 000 11000 110011 0100 001100 1011
D25.0 19 000 11001 100110 1011 100110 0100
D26.0 1A 000 11010 010110 1011 010110 0100
D27.0 1B 000 11011 110110 0100 001001 1011
D28.0 1C 000 11100 001110 1011 001110 0100
D29.0 1D 000 11101 101110 0100 010001 1011
D30.0 1E 000 11110 011110 0100 100001 1011
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Table 8 Valid Data Code Groups

Data Data Bits Current RD - Current RD +
Byte Byte
Name Value HGF EDCBA abcdei fghj abcdei fghj
D31.0 1F 000 11111 101011 0100 010100 1011
D0.1 20 001 00000 100111 1001 011000 1001
D11 21 001 00001 011101 1001 100010 1001
D21 22 001 00010 101101 1001 010010 1001
D3.1 23 001 00011 110001 1001 110001 1001
D4.1 24 001 00100 110101 1001 001010 1001
D5.1 25 001 00101 101001 1001 101001 1001
D6.1 26 001 00110 011001 1001 011001 1001
D7.1 27 001 00111 111000 1001 000111 1001
D8.1 28 001 01000 111001 1001 000110 1001
Do.1 29 001 01001 100101 1001 100101 1001
D10.1 2A 001 01010 010101 1001 010101 1001
D11.1 2B 001 01011 110100 1001 110100 1001
D121 2C 001 01100 001101 1001 001101 1001
D131 2D 001 01101 101100 1001 101100 1001
D14.1 2E 001 01110 011100 1001 011100 1001
D15.1 2F 001 01111 010111 1001 101000 1001
D16.1 30 001 10000 011011 1001 100100 1001
D17.1 31 001 10001 100011 1001 100011 1001
D18.1 32 001 10010 010011 1001 010011 1001
D19.1 33 001 10011 110010 1001 110010 1001
D20.1 34 001 10100 001011 1001 001011 1001
D21.1 35 001 10101 101010 1001 101010 1001
D22.1 36 001 10110 011010 1001 011010 1001
D23.1 37 001 10111 111010 1001 000101 1001
D24.1 38 001 11000 110011 1001 001100 1001
D25.1 39 001 11001 100110 1001 100110 1001
D26.1 3A 001 11010 010110 1001 010110 1001
D27.1 3B 001 11011 110110 1001 001001 1001
D28.1 3C 001 11100 001110 1001 001110 1001
D29.1 3D 001 11101 101110 1001 010001 1001
D30.1 3E 001 11110 011110 1001 100001 1001
D31.1 3F 001 11111 101011 1001 010100 1001
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Table 8 Valid Data Code Groups

Data Data Bits Current RD - Current RD +
Byte Byte
Name Value HGF EDCBA abcdei fghj abcdei fghj
DO0.2 40 010 00000 100111 0101 011000 0101
D1.2 41 010 00001 011101 0101 100010 0101
D22 42 010 00010 101101 0101 010010 0101
D3.2 43 010 00011 110001 0101 110001 0101
D4.2 44 010 00100 110101 0101 001010 0101
D5.2 45 010 00101 101001 0101 101001 0101
D6.2 46 010 00110 011001 0101 011001 0101
D7.2 47 010 00111 111000 0101 000111 0101
D8.2 48 010 01000 111001 0101 000110 0101
D9.2 49 010 01001 100101 0101 100101 0101
D10.2 4A 010 01010 010101 0101 010101 0101
D11.2 4B 010 01011 110100 0101 110100 0101
D122 4C 010 01100 001101 0101 001101 0101
D13.2 4D 01001101 101100 0101 101100 0101
D14.2 4E 010 01110 011100 0101 011100 0101
D15.2 4F 010 01111 010111 0101 101000 0101
D16.2 50 010 10000 011011 0101 100100 0101
D17.2 51 010 10001 100011 0101 100011 0101
D18.2 52 01010010 010011 0101 010011 0101
D19.2 53 01010011 110010 0101 110010 0101
D20.2 54 010 10100 001011 0101 001011 0101
D21.2 55 01010101 101010 0101 101010 0101
D222 56 01010110 011010 0101 011010 0101
D23.2 57 010 10111 111010 0101 000101 0101
D24.2 58 010 11000 110011 0101 001100 0101
D25.2 59 010 11001 100110 0101 100110 0101
D26.2 5A 010 11010 010110 0101 010110 0101
D27.2 5B 01011011 110110 0101 001001 0101
D28.2 5C 010 11100 001110 0101 001110 0101
D29.2 5D 010 11101 101110 0101 010001 0101
D30.2 5E 010 11110 011110 0101 100001 0101
D31.2 5F 01011111 101011 0101 010100 0101
DO0.3 60 011 00000 100111 0011 011000 1100
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Table 8 Valid Data Code Groups

Data Data Bits Current RD - Current RD +
Byte Byte
Name Value HGF EDCBA abcdei fghj abcdei fghj
D1.3 61 011 00001 011101 0011 100010 1100
D2.3 62 011 00010 101101 0011 010010 1100
D3.3 63 011 00011 110001 1100 110001 0011
D4.3 64 011 00100 110101 0011 001010 1100
D5.3 65 011 00101 101001 1100 101001 0011
D6.3 66 011 00110 011001 1100 011001 0011
D7.3 67 011 00111 111000 1100 000111 0011
D8.3 68 011 01000 111001 0011 000110 1100
D9.3 69 011 01001 100101 1100 100101 0011
D10.3 6A 011 01010 010101 1100 010101 0011
D11.3 6B 011 01011 110100 1100 110100 0011
D12.3 6C 011 01100 001101 1100 001101 0011
D13.3 6D 011 01101 101100 1100 101100 0011
D14.3 6E 011 01110 011100 1100 011100 0011
D15.3 6F 011 01111 010111 0011 101000 1100
D16.3 70 011 10000 011011 0011 100100 1100
D17.3 71 011 10001 100011 1100 100011 0011
D18.3 72 011 10010 010011 1100 010011 0011
D19.3 73 011 10011 110010 1100 110010 0011
D20.3 74 011 10100 001011 1100 001011 0011
D21.3 75 011 10101 101010 1100 101010 0011
D22.3 76 011 10110 011010 1100 011010 0011
D23.3 77 011 10111 111010 0011 000101 1100
D24.3 78 011 11000 110011 0011 001100 1100
D25.3 79 011 11001 100110 1100 100110 0011
D26.3 TA 011 11010 010110 1100 010110 0011
D27.3 7B 011 11011 110110 0011 001001 1100
D28.3 7C 011 11100 001110 1100 001110 0011
D29.3 7D 011 11101 101110 0011 010001 1100
D30.3 TE 011 11110 011110 0011 100001 1100
D31.3 TF 01111111 101011 0011 010100 1100
D0.4 80 100 00000 100111 0010 011000 1101
D14 81 100 00001 011101 0010 100010 1101
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Table 8 Valid Data Code Groups

Data Data Bits Current RD - Current RD +
Byte Byte
Name Value HGF EDCBA abcdei fghj abcdei fghj
D2.4 82 100 00010 101101 0010 010010 1101
D3.4 83 100 00011 110001 1101 110001 0010
D4.4 84 100 00100 110101 0010 001010 1101
D5.4 85 100 00101 101001 1101 101001 0010
D6.4 86 100 00110 011001 1101 011001 0010
D7.4 87 100 00111 111000 1101 000111 0010
D8.4 88 100 01000 111001 0010 000110 1101
D9.4 89 100 01001 100101 1101 100101 0010
D104 8A 100 01010 010101 1101 010101 0010
D114 8B 100 01011 110100 1101 110100 0010
D124 8C 100 01100 001101 1101 001101 0010
D134 8D 100 01101 101100 1101 101100 0010
D14.4 8E 100 01110 011100 1101 011100 0010
D154 8F 100 01111 010111 0010 101000 1101
D16.4 90 100 10000 011011 0010 100100 1101
D17.4 91 100 10001 100011 1101 100011 0010
D184 92 100 10010 010011 1101 010011 0010
D19.4 93 100 10011 110010 1101 110010 0010
D20.4 94 100 10100 001011 1101 001011 0010
D21.4 95 100 10101 101010 1101 101010 0010
D224 96 100 10110 011010 1101 011010 0010
D234 97 100 10111 111010 0010 000101 1101
D24.4 98 100 11000 110011 0010 001100 1101
D25.4 99 100 11001 100110 1101 100110 0010
D26.4 9A 100 11010 010110 1101 010110 0010
D27.4 9B 100 11011 110110 0010 001001 1101
D28.4 9C 100 11100 001110 1101 001110 0010
D29.4 9D 100 11101 101110 0010 010001 1101
D30.4 9E 100 11110 011110 0010 100001 1101
D314 oF 100 11111 101011 0010 010100 1101
D0.5 A0 101 00000 100111 1010 011000 1010
D15 Al 101 00001 011101 1010 100010 1010
D25 A2 101 00010 101101 1010 010010 1010
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Table 8 Valid Data Code Groups

Data Data Bits Current RD - Current RD +
Byte Byte
Name Value HGF EDCBA abcdei fghj abcdei fghj
D3.5 A3 101 00011 110001 1010 110001 1010
D4.5 A4 101 00100 110101 1010 001010 1010
D5.5 A5 101 00101 101001 1010 101001 1010
D6.5 A6 101 00110 011001 1010 011001 1010
D7.5 A7 101 00111 111000 1010 000111 1010
D8.5 A8 101 01000 111001 1010 000110 1010
D9.5 A9 101 01001 100101 1010 100101 1010
D10.5 AA 101 01010 010101 1010 010101 1010
D115 AB 101 01011 110100 1010 110100 1010
D125 AC 101 01100 001101 1010 001101 1010
D135 AD 101 01101 101100 1010 101100 1010
D145 AE 101 01110 011100 1010 011100 1010
D155 AF 101 01111 010111 1010 101000 1010
D16.5 BO 101 10000 011011 1010 100100 1010
D17.5 B1 101 10001 100011 1010 100011 1010
D185 B2 101 10010 010011 1010 010011 1010
D19.5 B3 101 10011 110010 1010 110010 1010
D20.5 B4 101 10100 001011 1010 001011 1010
D215 B5 101 10101 101010 1010 101010 1010
D225 B6 101 10110 011010 1010 011010 1010
D235 B7 101 10111 111010 1010 000101 1010
D245 B8 101 11000 110011 1010 001100 1010
D25.5 B9 101 11001 100110 1010 100110 1010
D26.5 BA 101 11010 010110 1010 010110 1010
D27.5 BB 10111011 110110 1010 001001 1010
D28.5 BC 101 11100 001110 1010 001110 1010
D29.5 BD 101 11101 101110 1010 010001 1010
D30.5 BE 101 11110 011110 1010 100001 1010
D31.5 BF 101 11111 101011 1010 010100 1010
DO0.6 Cco 110 00000 100111 0110 011000 0110
D1.6 c1 110 00001 011101 0110 100010 0110
D2.6 Cc2 110 00010 101101 0110 010010 0110
D3.6 C3 110 00011 110001 0110 110001 0110
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Table 8 Valid Data Code Groups

Data Data Bits Current RD - Current RD +
Byte Byte
Name Value HGF EDCBA abcdei fghj abcdei fghj
D4.6 c4 110 00100 110101 0110 001010 0110
D5.6 C5 110 00101 101001 0110 101001 0110
D6.6 C6 110 00110 011001 0110 011001 0110
D7.6 C7 110 00111 111000 0110 000111 0110
D8.6 C8 110 01000 111001 0110 000110 0110
D9.6 Cc9 110 01001 100101 0110 100101 0110
D10.6 CA 110 01010 010101 0110 010101 0110
D11.6 CB 110 01011 110100 0110 110100 0110
D126 CcC 110 01100 001101 0110 001101 0110
D13.6 CD 110 01101 101100 0110 101100 0110
D14.6 CE 110 01110 011100 0110 011100 0110
D15.6 CF 110 01111 010111 0110 101000 0110
D16.6 DO 110 10000 011011 0110 100100 0110
D17.6 D1 110 10001 100011 0110 100011 0110
D18.6 D2 110 10010 010011 0110 010011 0110
D19.6 D3 110 10011 110010 0110 110010 0110
D20.6 D4 110 10100 001011 0110 001011 0110
D21.6 D5 110 10101 101010 0110 101010 0110
D22.6 D6 11010110 011010 0110 011010 0110
D23.6 D7 110 10111 111010 0110 000101 0110
D24.6 D8 110 11000 110011 0110 001100 0110
D25.6 D9 110 11001 100110 0110 100110 0110
D26.6 DA 110 11010 010110 0110 010110 0110
D27.6 DB 110 11011 110110 0110 001001 0110
D28.6 DC 110 11100 001110 0110 001110 0110
D29.6 DD 110 11101 101110 0110 010001 0110
D30.6 DE 110 11110 011110 0110 100001 0110
D31.6 DF 110 11111 101011 0110 010100 0110
DO.7 EO 111 00000 100111 0001 011000 1110
D17 El 111 00001 011101 0001 100010 1110
D2.7 E2 111 00010 101101 0001 010010 1110
D3.7 E3 111 00011 110001 1110 110001 0001
D4.7 E4 111 00100 110101 0001 001010 1110
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Table 8 Valid Data Code Groups

Data Data Bits Current RD - Current RD +
Byte Byte
Name Value HGF EDCBA abcdei fghj abcdei fghj
D5.7 E5 111 00101 101001 1110 101001 0001
D6.7 E6 111 00110 011001 1110 011001 0001
D7.7 E7 111 00111 111000 1110 000111 0001
D8.7 E8 111 01000 111001 0001 000110 1110
D9.7 E9 111 01001 100101 1110 100101 0001
D10.7 EA 111 01010 010101 1110 010101 0001
D11.7 EB 111 01011 110100 1110 110100 1000
D12.7 EC 111 01100 001101 1110 001101 0001
D13.7 ED 111 01101 101100 1110 101100 1000
D14.7 EE 111 01110 011100 1110 011100 1000
D15.7 EF 111 01111 010111 0001 101000 1110
D16.7 FO 111 10000 011011 0001 100100 1110
D17.7 F1 111 10001 100011 0111 100011 0001
D18.7 F2 111 10010 010011 0111 010011 0001
D19.7 F3 111 10011 110010 1110 110010 0001
D20.7 F4 111 10100 001011 0111 001011 0001
D21.7 F5 111 10101 101010 1110 101010 0001
D22.7 F6 111 10110 011010 1110 011010 0001
D23.7 F7 111 10111 111010 0001 000101 1110
D24.7 F8 111 11000 110011 0001 001100 1110
D25.7 F9 111 11001 100110 1110 100110 0001
D26.7 FA 111 11010 010110 1110 010110 0001
D27.7 FB 111 11011 110110 0001 001001 1110
D28.7 FC 111 11100 001110 1110 001110 0001
D29.7 FD 111 11101 101110 0001 010001 1110
D30.7 FE 111 11110 011110 0001 100001 1110
D31.7 FF 111 11111 101011 0001 010100 1110
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Data Special  Bits Current RD- Current RD +
Byte Byte

Name Value HGF EDCBA abcdei fghj abcdei fghj
K28.0 1C 000 11100 001111 0100 110000 1011
K28.1 3C 001 11100 001111 1001 110000 0110
K28.2 5C 010 11100 001111 0101 110000 1010
K28.3 7C 011 11100 001111 0011 110000 1100
K28.4 9C 100 11100 001111 0010 110000 1101
K28.5 BC 101 11100 001111 1010 110000 0101
K28.6 DC 110 11100 001111 0110 110000 1001
K28.7 FC 111 11100 001111 1000 110000 0111
K23.7 F7 111 10111 111010 1000 000101 0111
K27.7 FB 111 11011 110110 1000 001001 0111
K29.7 FD 111 11101 101110 1000 010001 0111
K30.7 FE 111 11110 011110 1000 100001 0111

Table 9 Valid Special Code Groups

Note: Underlined special code-groups contain the comma bit patterns
0011111 or 1100000. This pattern is not found in any valid Data code
group or combination of Data code-groups, and is used for symbol syn-
chronization.

Note: Codes that are not contained in the above two tables are considered
invalid and shall generate a code violation error.

5.2.3 RUNNING DISPARITY RULES

Running disparity shall be calculated using the following rules. Calcula-
tions on code groups that have been transmitted will yield a transmitter’s
running disparity. Similarly, calculations on code groups that have been
received will yield a receiver’s running disparity.

Running disparity for a code-group is calculated on the basis of sub-
blocks, where the first six bits (abcdei) (Table 10 and Table 12) form one
six-bit sub-block, and the second four bits (fghj) (Table 11 and Table 13)
form the other four-bit sub-block. Running disparity at the beginning of the
six-bit sub-block is the running disparity at the end of the previous code-
group. Running disparity at the beginning of the four-bit sub-block is the
running disparity at the end of the six-bit sub-block. Running disparity at
the end of the code-group is the running disparity at the end of the four-bit
sub-block.

Running disparity for the sub-blocks is calculated as follows:
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1)

2)

3)

Running disparity at the end of any sub-block is positive if the sub-
block contains more ones than zeros. It is also positive at the end of
the six-bit sub-block if the six-bit sub-block is 000111. It is likewise
positive at the end of the four-bit sub-block if the four-bit sub-block is
0011;

Running disparity at the end of any sub-block is negative if the sub-
block contains more zeros than ones. It is also negative at the end of
the six-bit sub-block if the six-bit sub-block is 111000. It is also neg-
ative at the end of the four-bit sub-block if the four-bit sub-block is
1100;

Otherwise, running disparity at the end of the sub-block is the same
as at the beginning of the sub-block.

NOTE-AIl sub-blocks with equal numbers of zeros and ones are disparity
neutral. In order to limit the run length of O's or 1's between sub-blocks,
the 8B/10B transmission code rules specify that sub-blocks encoded as
000111 or 0011 are generated only when the running disparity at the be-
ginning of the sub-block is positive; thus, running disparity at the end of
these sub-blocks is also positive. Likewise, sub-blocks containing 111000
or 1100 are generated only when the running disparity at the beginning of
the sub-block is negative; thus, running disparity at the end of these sub-
blocks is also negative.

Table 10 5B/6B Coding for Data Characters

Data unencoded Bits Current RD- Current RD +

Byte

Name EDCBA abcdei abcdei
DO 00000 100111 011000
D1 00001 011101 100010
D2 00010 101101 010010
D3 00011 110001 110001
D4 00100 110101 001010
D5 00101 101001 101001
D6 00110 011001 011001
D7 00111 111000 000111
D8 01000 111001 000110
D9 01001 100101 100101
D10 01010 010101 010101
D11 01011 110100 110100
D12 01100 001101 001101
D13 01101 101100 101100
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Table 10 5B/6B Coding for Data Characters

Data unencoded Bits Current RD- Current RD +

Byte

Name EDCBA abcdei abcdei
D14 01110 011100 011100
D15 01111 010111 101000
D16 10000 011011 100100
D17 10001 100011 100011
D18 10010 010011 010011
D19 10011 110010 110010
D20 10100 001011 001011
D21 10101 101010 101010
D22 10110 011010 011010
D23 10111 111010 000101
D24 11000 110011 001100
D25 11001 100110 100110
D26 11010 010110 010110
D27 11011 110110 001001
D28 11100 001110 001110
D29 11101 101110 010001
D30 11110 011110 100001
D31 11111 101011 010100

Table 11 3B/4B Coding for Data Characters

Data Unencoded Bits Current RD- Current RD +

Byte

Name HGF fohj fghj

--.0 000 1011 0100

-1 001 1001 1001

-2 010 0101 0101

-3 011 1100 0011

-4 100 1101 0010

-5 101 1010 1010

--.6 110 0110 0110

-7 111 1110/0111 0001/1000
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Table 12 5B/6B Coding for Special Characters

Data Unencoded Bits Current RD- Current RD +

Byte

Name EDCBA abcdei abcdei
K28 11100 001111 110000
K23 10111 111010 000101
K27 11011 110110 001001
K29 11101 101110 010001
K30 11110 011110 100001

Table 13 3B/4B Coding for Special Characters

Data Unencoded Bits Current RD- Current RD +

Byte

Name HGF fghj fghj
--.0 000 1011 0100
-1 001 0110 1001
-2 010 1010 0101
-3 011 1100 0011
-4 100 1101 0010
-5 101 0101 1010
--.6 110 1001 0110
-7 111 0111 1000

5.2.4 GENERATING CODE-GROUPS

The byte to be encoded and current value of the transmitter’s running dis-
parity shall be used to select the code-group from its Table 8 or Table 9.
For each code-group transmitted, a new value of the running disparity is
calculated. This new value is used as the transmitter’s current running dis-
parity for the next byte to be encoded and transmitted.

5.2.5 CHECKING THE VALIDITY OF RECEIVED CODE-GROUPS

The following rules shall be used to determine the validity of received
code groups:

1) The columns in Table 8 and Table 9 corresponding to the current
value of the receiver’s running disparity shall be searched for the re-
ceived code-group.

2) If the received code-group is found in the proper column according to
the current running disparity, then the code-group shall be con-
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sidered valid and the associated data byte determined (decoded) for
data code-groups.

3) If the received code-group is not found in that column, then the code-
group shall be considered invalid.

4) Independent of the code-group’s validity, the received code-group
shall be used to calculate a new value of running disparity. The new
value shall be used as the receiver’s current running disparity for the
next received code-group.

Detection of an invalid code-group does not necessarily indicate that the
code-group in which the invalid code-group was detected is in error. In-
valid code-groups may result from a prior error which altered the running
disparity of the bit stream but which did not result in a detectable error at
the code-group in which the error occurred.

5.3 CONTROL SYMBOLS AND ORDERED-SETS
The InfiniBand link uses the Control Symbols and Ordered-Sets of control
and data symbols to implement:
1) packet delimiters,
2) ordered-set delimiters,
3) packet padding;
4) clock tolerance compensation.
C5-2: This compliance statement is obsolete and has been replaced by
C5-2.2.1..

C5-2.2.1: All ports shall use the control symbols and the SKIP, TS1, and
TS2 ordered-sets specified in Section 5.3, “Control Symbols and Or-
dered-Sets,” on page 95 for link/phy control and communication.

05-2.2.1: All ports claiming compliance with InfiniBand Rel. 1.2 Enhanced
Signaling shall also use the TS3, HRTBT, and TS-T ordered-sets speci-
fied in Section 5.3, “Control Symbols and Ordered-Sets,” on page 95 for
link/phy control and communication.
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5.3.1 CONTROL SYMBOLS

The IB control symbols have been chosen from the 8B/10B special code-
groups and shall be used as defined in Table 14 below. The control code-
groups are non-data symbols that are uniquely identifiable. Of the twelve
available special code-groups, seven are used as control symbols, one is
provided for vendor specific use, and four are reserved.

Table 14 Link Control Symbols

Symbol Encoding Description
COM K28.5 Comma, character boundary alignment symbol.
SDP K27.7 Start of Data Packet Delimiter
SLP K28.2 Start of Link Packet Delimiter
EGP K29.7 End of Good Packet Delimiter
EBP K30.7 End of Bad Packet Delimiter
PAD K23.7 Packet padding symbol
SKP K28.0 Skip symbol
K28.1 Reserved control symbols.
K28.7 These symbols have “comma” characteristics.
K28.3 Reserved control symbols.
K28.4
K28.6 Vendor specific control symbol.

5.3.1.1 CommA CONTROL SymBOL (COM)

The comma control symbol (K28.5) is used by the physical lane receiver
logic to identify symbol boundaries. Comma symbols are required to syn-
chronize the receive logic when the links are being trained. The comma
symbol is also used as the start of ordered-set delimiter.

5.3.1.2 START OF DATA PACKET DELIMITER (SDP)

The Start of Data Packet Delimiter symbol (K27.7) is transmitted to iden-
tify the start of a data packet. Packet formatting rules specify which phys-
ical lanes may be used by the “SDP” control symbol. (See Section 5.5 on
page 111)

5.3.1.3 START OF LINK PACKET DELIMITER (SLP)

The Start of Link Packet Delimiter symbol (K28.2) is transmitted to identify
the start of a link control packet. Packet formatting rules specify which
physical lanes may be used by the “SLP” control symbol. (See Section 5.5

on page 111)

5.3.1.4 END OF GooD PACKET DELIMITER (EGP)

The End of Good Packet Delimiter symbol (K29.7) is used to mark the end
of each packet as it is transmitted by the originating port. Packet length
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rules restrict which physical lanes may be used to transmit the “EGP” con-
trol symbol. (See Section 5.5 on page 111)

5.3.1.5 END OF BAD PACKET DELIMITER (EBP)

5.3.1.6 PADDING SymBoL (PAD)

5.3.1.7 SKIP SymBoOL (SKP)

The End of Bad Packet Delimiter symbol (K30.7) is used to mark the end
of a bad packet forwarded by a switch or router node. When an error (e.g.:
decode error, CRC error, etc.) is detected in a data packet it is marked bad
by replacing the original “EGP” symbol with a “EBP” packet symbol. Re-
ceiving end nodes are required to recognize either EGP or EBP as the
end of packet delimiter. Any data packet terminated with “EBP” symbol
must be treated as if it had a CRC error.

The Padding symbol (K23.7) is used on the 8x and 12x physical link to
align the physical lanes. Alignment is required at the end of any packet
that does not end (EGP or EBP) in physical lane eleven (11) on a 12x
physical link, or physical lane seven (7) on an 8x link. (See Section 5.5.5
on page 115 and Section 5.5.6 on page 117) Pad symbols are also used
by the retiming repeaters to forward error conditions (See Section 5.10 on

page 161).

The “Skip” symbol (K28.0) is used as part of the SKIP ordered-set which
is used for clock tolerance compensation. (See Section 5.9 on page 160)

5.3.1.8 RESERVED CONTROL SYMBOLS

Four of the special code-groups listed in Table 14 are reserved for future
use by the IB standard. Special symbols K28.1, K28.3, K28.4, and K28.7
are reserved. For this version of the IB standard, the following rules apply
to reserved control symbols:

1) The use of these control symbols may be defined in a future revision
of this specification.

2) Devices based on this version of the specification shall not transmit
these control symbols.

3) When a device based on this version of the specification receives a
reserved control symbol a symbol coding error shall be reported.
(See Section 5.4.2 on page 107)

5.3.1.9 VENDOR SPECIFIC CONTROL SYMBOL

The IB standard reserves a special control symbol (K28.6) for vendor spe-
cific use. The function and use of this symbol is vendor-defined and inter-
operability between vendors is not guaranteed. The vendor negotiation
process for the use of this symbol is not defined by this specification.
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The following rules apply to the use of the vendor-specific control sym-

bols:

1) The use of the vendor-specific control symbols may be defined for

vendor unique function.

2) Devices supporting the vendor-specific control symbol shall not
transmit the symbol until both ends have negotiated its use.

3) When an unsupported or un-negotiated vendor-specific control

symbol is detected, a coding error shall be reported. (see Section

5.4.2 on page 107)

5.3.2 CONTROL ORDERED-SETS

In addition to the individual control symbols described above, IB defines
control ordered-sets. The ordered-sets are used for link training and clock
tolerance compensation. The first symbol of all ordered-sets shall be the
“COM" symbol, with additional symbols unique to the set type. When or-
dered-sets are transmitted, the ordered-set shall be transmitted on all

physical lanes.

The defined ordered-sets are illustrated in Figure 11 below.

Ordered Set Formats - per Lane

us]
©oONO U NWNHOS
@

SKIP I I

TS1 TS2 TS3

HRTBT I I

TS-T

Reservea

eserve
PortNum
peedActive | [ GUID[63-56]

HBR/ADD GUID[55-48]

DDSV/DDS | [GUID[47-40] Reserved
Reserved GUID[39-32] Reserved
Reserved GUID[31-24]| | TxCfg[15-8]
Reserved GUID[23-16]| [ TxCfg[76-0]
Reserved GUID[15- 8] RxCfg[15-8]
Reserved GUID[ 7- O] RxCig[76-0]

Figure 11 Ordered-Sets

5.3.2.1 SKIP ORDERED-SET (SKIP)

When transmitted the Skip sequence (SKIP) is a four symbol ordered-set
comprised of a comma (COM) and three consecutive “Skip” (SKP) sym-
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bols. A SKIP ordered-set may be inserted or repeated by a retiming re-
peater in the link. (See Section 5.10 on page 161).

5.3.2.2 TRAINING SEQUENCE ONE ORDERED-SET (TS1)

Link Training Sequence One (TS1) is a sixteen symbol ordered-set com-
posed of acomma (COM), a lane identifier data symbol, and fourteen data
symbols unique to training sequence one. The lane identifiers used for
TS1 and TS2 shall use the definitions found in Table 15 below.

Table 15 Lane ldentifiers

Laqg Hex 88/10.8 Description
Identifier | number | Encoding
0 00 D00.0  |Physical lane 0 used by 1x, 4x 8x, and 12x links
1 01 D01.0 |Physical lane 1 used by 4x 8x, and 12x links
2 02 D02.0 |Physical lane 2 used by 4x 8x, and 12x links
3 04 D04.0 |Physical lane 3 used by 4x 8x, and 12x links
4 08 D08.0  |Physical lane 4 used by 8x and 12x links
5 OF D15.0 |Physical lane 5 used by 8x and 12x links
6 10 D16.0 |Physical lane 6 used by 8x and 12x links
7 17 D23.0 |Physical lane 7 used by 8x and 12x links
8 18 D24.0 |Physical lane 8 used by 12x links
9 1B D27.0 |Physical lane 9 used by 12x links
10 1D D29.0 |Physical lane 10 used by 12x links
11 1E D30.0 |Physical lane 11 used by 12x links

The TS1 unique data symbol is D10.2 (or 4Ah), and the 10-bit encoded
value is a toggling pattern (010101 0101) for both the positive and nega-
tive running disparity.

5.3.2.3 TRAINING SEQUENCE Two ORDERED-SET (TS2)

Link Training Sequence Two (TS2) is a sixteen symbol ordered-set com-
posed of acomma (COM), a lane identifier data symbol, and fourteen data
symbols unique to training sequence two. The lane Identifiers used by
TS2 are the same as for TS1 and are defined in Table 15 above.

The TS2 unique data symbol is D5.2 (or 45h), and the 10-bit encoded
value is the same pattern (101001 0101) for both the positive and nega-
tive running disparity.

5.3.2.4 TRAINING SEQUENCE THREE ORDERED-SET (TS3)

Link Training Sequence Three (TS3) is a sixteen symbol ordered-set com-
posed of a comma (COM), a lane identifier data symbol, six data symbols
unique to training sequence three, a bit map of the active speeds, a bit
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map requesting transmitter de-emphasis and/or link heartbeat enabling,
and a byte describing the transmitter de-emphasis setting which should
be used, followed by five reserved bytes. The lane Identifiers used by TS3
are defined in Table 15. The format of the TS3 ordered-set is shown in
Figure 12 on page 100 below. The use of the TS3 ordered-set is described
in Section 5.6.4.6, “Configuration States - Enhanced Signaling,” on

page 133.

Byte] | TS3 |
T PN
1
2 D13.2 (4Dh)
3 D13.2 (4Dh)
4 D13.2 (4Dh)
5 D13.2 (4Dh) Bits
6 D13.2 (4Dh) 7 6 5 4 3 2 1 0
7 D13.2 (4Dh)
8 SpeedActive Rsvd [ QDR DDR] SDR
9 HBR/ADD Rsvd HBR [ ADD
10 DDSV/DDS DSSV] Rsvd | DDS
11 Reserved
12 Reserved ADD = Adaptive Driver De-emphasis Request
13 Reserved HBR = Heartbeat Requested
14 Reserved DDSV = DDS Valid (1 = Valid, 0 = DDS not valid)
15 Reserved DDS = Driver De-emphasis Setting to use

Figure 12 TS3 Ordered-Set: Detailed Format

Symbol 8, the SpeedActive link speed identifier, is used to identify and
advertise the speeds at which the link/phy is enabled to operate, which the
link medium supports. The enumerated values used for advertising en-
abled link speeds are the same as described for the SM.Portinfo(Link-
SpeedEnabled) field.

Symbol 9 indicates whether the sender is requesting adaptive driver de-
emphasis (ADD), and whether heartbeat is enabled and requested (HBR).

Symbol 10 indicates whether the transmitter of the TS3 is requesting a
driver de-emphasis setting different from the default setting on its peer
transmitter, and a 4-bit identifier for the driver de-emphasis setting re-
quested. The transmitter driver may therefore have 17 de-emphasis set-
tings - a default de-emphasis setting (DDSV = 0), and up to 16 adaptive
driver de-emphasis settings (DDSV=1, DDS specifies a driver de-em-
phasis setting number). Driver de-emphasis is described in Section 6.3.2
“Equalization,” on page 143.

Symbols 11 to 15 are Reserved. They are transmitted as D00.0, and valid
Dxx.y symbols are ignored at the receiver.
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The TS3 unigue data symbol is D13.2 (or 4Dh), and the 10-bit encoded
value is the same pattern (101001 0101) for both the positive and nega-
tive running disparity.

5.3.2.5 LINK HEARTBEAT ORDERED-SET (HRTBT)

Link Heartbeat ordered-set (HRTBT) is a sixteen symbol ordered-set

composed of a common (COM), a lane identifier data symbol, three data
symbols unique to the Link Heartbeat ordered-set, a 1-symbol OpCode, a
1-symbol Reserved field, a 1-symbol PortNum value (only used for switch
ports), and an eight-symbol Globally Unique ID (GUID). The format of the
HRTBT ordered-set is shown in Eigure 13 on page 101 below. The use of
the HRTBT ordered-set is described in Section 5.11.1, “Operation of Link

5.3.2.6 TRAINING SEQUENCE FOR TEST ORDERED-SET (TS-T)

Heartbeats,” on page 167

Byte HRTBT
0
1
2 D1.2 (41h)
3 D1.2 (41h)
4 D1.2 (41h)
5 T SWD=SDRACK=ACh ]
6 eserve
7 PortNum Port Number for Switch port
8 GUID[63-56] Globally Unique D
9 GUID[55-48]
10 GUID[47-40]
11 GUID[39-32]
12 GUID[31-24]
13 GUID[23-16]
14 GUID[15-8]
15 GUID[7-0]

Figure 13 HRTBT Ordered-Set: Detailed Format

Symbol 5 is an OpCode, which signifies whether the Heartbeat is a Send
Heartbeat (SND, OpCode = 5Dh), or an acknowledgement (ACK, Op-
Code = ACh).

Symbol 7 and Symbols 8-15 indicates the port number and the GUID or
the port that the SND heartbeat came from, and which port the ACK is
going back to, and Symbols

The Link Heartbeat unique data symbol is D1.2 (or 41h), and the 10-bit
encoded value is either 011101 0101 for negative running disparity, or
100010 0101 for positive running disparity.

The Training Sequence for Test is a sixteen symbol ordered-set com-
posed of a comma (COM), a reserved symbol replacing the usual Lan ID
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symbol, six data symbols unique to Training Sequence for Test, a bit map
of the speed at which test phase is to occur (SDR, DDR, or QDR), a
symbol indicating which of several defined test modes to use, and 2 16-
bit transmitter configuration and receiver configuration fields, which de-
fine, in a vendor-dependent way, how the transmitter and receiver are
configured during the test. The lane Identifiers used by TS-T are defined
in Table 15. The format of the TS-T ordered-set is shown in Figure 14
below. The use of the TS-T ordered-set is described in Section 5.12
“Physical Layer Compliance Testing,” on page 169.

Byte| | TST |
0| o
1 eserve
2 D17.2 (51h)
3 D17.2 (51h)
4 D17.2 (51h)
5 D17.2 (51h) Bits
6 D17.2 (51h) 7 6 5 4 3 2 1 0
7 D17.2 (51h)
8 Speeds Rsvd QDRTDDR|SDR
9 ﬂ
10 eserve
11 Reserved
12 TxCfg[15-8] Which optional vendor-defined transmitter-circuit
13 TxCfg[76-0] configurations (e.g., TES, etc.) to use.
14 RxCig[15-8] Which optional vendor-defined receiver-circuit con-
15 RxCig[76-0] figurations (e.g., RES, etc.) to use.

Figure 14 TS-T Ordered-Set: Detailed Format

The Training Sequence for Test (TS-T) is only generated by test equip-
ment. There is no need for an InfiniBand device to be able to generate this
ordered-set - only the need to recognize it and behave appropriately when
8 contiguous and valid copies of TS-T arrive at the receiver port on one or
more lanes.

Symbol 8 of a TS-T, the link speed identifier, is used to identify the speed
at which the test equipment requests the IB device to operate. At least one
bit of this bit map must be asserted to 1. If multiple bits are asserted, the
test will be conducted at the highest LinkSpeedEnabled speed. This al-
lows testing at the highest enabled speed by simply asserting all bits in
this symbol.

Symbol 9 of a TS-T allows the test equipment to determine which testing
mode the port will be placed in. The following values are defined.

0: SKIP-less Idle Data
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Each transmitter lane transmits a pseudo-random sequence of
data symbols, generated by the 11th order LFSR = X1+ X°+ 1
with no insertion of SKIP ordered-sets.

1: SKIP-less back-to-back TS1s

Each transmitter lane transmits an unbroken string of TS1 or-
dered-sets, with no insertion of SKIP ordered-sets.

2: Receiver test.

On each lane, the transmitter sends an indication of the validity
of the data received on the corresponding receiver lane.

VALID DATA: For each received symbol on a lane which de-

codes to a valid 8b/10b code point with good running disparity,
the corresponding transmitter lane transmits a D10.2 (010101
0101) character.

LOGICAL ERROR: For each received symbol on a lane which
decodes with a logical error (e.g., bit error, or running disparity
error), the corresponding transmitter lane transmits a K28.5
D00.0 pair of symbols.

LOSS OF SIGNAL: For each received symbol on a lane which
indicates an inadequate signal (e.g., inadequate signal swing,
all Os, all 1s, or noise), the corresponding transmitter lane
transmits a K28.5 D01.0 pair of symbols.

3-255: Optional Vendor-dependent opcodes to allow other testing
modes.

Symbol 10 and Symbol 11 of a TS-T are reserved. They are transmitted
as D00.0 and valid Dxx.y symbols are ignored at the receiver.

Symbols 12 and 13 allow the test equipment to optionally configure the
transmitter in one of 65,536 vendor-dependent states, and symbols 14
and 15 allow the test equipment to configure the receiver in one of 65,536
vendor-dependent states. The values 0000h are identified for “normal” or
“default” operation, so that test equipment can be expected to get good
and correct operation when these fields are set to 0. Values other than 0
are optional and vendor-dependent. Typically only a very small subset of
these states will be valid and will provide specific unique behaviors.

The TS-T unique data symbol is D17.2 (or 51h), and the 10-bit encoded
value is the pattern (100011 0101) for both the positive and negative run-
ning disparity.

5.3.3 PACKET LOGICAL INTERFACES

This section describes the logical interfaces of the Link/Phy layer. This
section is not intended to describe an actual implementation of a device
but rather to explain the logical interface between protocol layers. This in-
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terface may or may not be implemented as an internal or external device
interface.

The logical interface section defines three logical interfaces:

1) Data/Status interface to the upper layer, Link to Link/Phy,
2) Interface to the lower layer, Link/Phy to Physical;
3) Control and Status interface to the Link/Phy layer.

5.3.3.1 LOGICAL LINK TO LINK/PHY DATA INTERFACE

The logical Link to Link/Phy data interface is defined in the InfiniBand Ar-
chitecture Specification, Volume 1, Chapter 6: Physical Layer Interface.

5.3.3.2 LOGICAL LINK/PHY TO PHYSICAL INTERFACE

The Link/Phy to Physical interface consists of the following logical signals:

1) PhyTxData[11:0] - Transmit bit stream(s) 1x, 4x, 8x or 12x.
2) PhyRxData[11:0] - Receive bit stream(s) 1x, 4x, 8x or 12x.

5.3.3.3 LINK/PHY CONTROL AND STATUS INTERFACE

The Link/Phy control and status interface consists of the following logical
signals:

1) PowerOnReset - Port Power on Reset input,

2) LinkPhyReset - Link Physical Reset control input,

3) LinkPhyRecover - Link Physical Recovery control input;

4) LinkPhyStat - Link Physical State (up or down) status output.

5.4 MANAGEMENT DATAGRAM CONTROL AND STATUS INTERFACE

The Management Datagram Control and Status interface is subdivided
into two sub-sections: Control Inputs, and Status Outputs.

Implementation Note

Designers should not rely on the absence or characteristics of any fea-
tures or commands marked “reserved” or “undefined”. The Infini-

Band>M Trade Association reserves these for future definition.

C5-3: This compliance statement is obsolete and has been replaced by
C5-3.2.1..

C5-3.2.1: All ports shall implement the control and status management
interface defined by Section 5.4, “"Management Datagram Control and
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Status Interface,” on page 104, excluding DDR/QDR interoperability, 8x
interoperability, PhyTest compliance testing, and LinkRoundTripLatency.

05-3.2.1: All ports claiming compliance with InfiniBand Rel. 1.2 Enhanced
Signaling shall implement the control and status management interface
defined by Section 5.4, “Management Datagram Control and Status Inter-
face,” on page 104, including DDR/QDR interoperability, 8x interopera-
bility, PhyTest compliance testing, and LinkRoundTripLatency.

5.4.1 CoNTROL INPUTS (MAD SET)

Specific implementations may provide control information via proprietary
mechanisms.

Multiple commands may be sent in the same SM.Portinfo(component)
Management Datagram. Simultaneous commands, one of which changes
the state of the Port Training State machine, shall set the other associated
state variable(s) before the port training state change occurs.

The Control Input interface consists of the following Management Data-
gram to variable or logical signal mappings:

1) A Management Datagram SM.Portinfo(PortPhysicalState) set
shall cause the Port Training State machine to transition state based
on the following enumerated values:

0: No State Change (NOP)
1: Sleeping

2: Polling

3: Disabled

4-15: Reserved (Ignored)

Refer to Section 5.4.2 for fields returned by the MAD get operation.
The default value following power on shall be set to Polling.

2) A Management Datagram SM.Portinfo(LinkDownDefaultState) set
shall set the logical signal LinkDownDefaultState based on the fol-
lowing enumerated values:

0: No State Change (NOP)

1. Sleeping
2: Polling
3-15: Reserved (Ignored)

Refer to Section 5.4.2 for fields returned by the MAD get operation.
The default value following power on shall be set to Polling.
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3)

4)

A Management Datagram SM.Portinfo(LinkWidthEnabled) set
shall set the LinkWidthEnabled variable. No action shall be taken
upon the variable until the Port Training State machine transitions to
the Configuration state. The port shall only attempt to configure the
link to width(s) based on the following enumerated values:

0: No State Change (NOP)
1: 1x

2: 4x

3: 1x or 4x
4: 8x

5: 1x or 8x
6: 4x or 8x

7: 1x or 4x or 8x

8: 12x

9: 1x or 12x

10: 4x or 12x

11: 1x, 4x or 12x

12:8x or 12x

13: 1x or 8x or 12x

14: 4x or 8x or 12x

15: 1x or 4x or 8x or 12x

16-254: Reserved (Ignored)

255: Set to LinkWidthSupported value

Refer to Section 5.4.2 for fields returned by the MAD get operation.
The default value following power on shall be set to LinkWidthSup-
ported.

A Management Datagram SM.PortIinfo(LinkSpeedEnabled) set
shall set the LinkSpeedEnabled variable. No action shall be taken
upon the variable until the Port Training State machine transitions to
the Configuration state. The port shall only attempt to configure the
link to a speed based on the following enumerated values:

0: No State Change (NOP)

1: 2.5 Gb/s

3:2.50r 5.0 Gb/s (SDR or DDR)

5:2.50r 10.0 Gb/s (SDR or QDR)

7:2.50r5.0 or 10.0 Gb/s (SDR or DDR or QDR)
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2, 4, 6, 8-14: Reserved (ignored)
15: Set to LinkSpeedSupported value

Note that the SDR speed (2.5 Gb/s) must always be enabled, since
link initialization occurs at this speed. Refer to Section 5.4.2 for fields
returned by the MAD get operation. The default value following power
on shall be set to LinkSpeedSupported.

Implementation Note

MAD responders are required to respond to a SM.PortInfo Set() com-
mand with a GetResp() MAD. (InfiniBand Architecture Specification,
Volume 1, Section 13.4.6.1) The SM.PortInfo(PortPhysicalState) set
will cause the port training state machine to down the port when imple-
menting the command. When this MAD is received on the port affected
by the port state change command, the GetResp() MAD may not be
transmitted before the port responds to the command. When a com-
mand is issued in this manner, the requestor should not expect a Get-
Resp() MAD. Command execution can be verified by observing the
state change at the other end of the link.

Implementation Note

Subnet Manager software designers should be aware that when a pow-
ered port is commanded to the Disabled State, the port will no longer
respond to received packets or beacons. The port can only be re-en-
abled by using an alternate path, a second port on the same node, or
some out-of-band connection. If there is no alternate path, the port
must be reset to recover normal operation. For example, a single port
IB device without an out-of-band management path would have to be
physically reset to exit the Disable State.

5.4.2 STATUS OuTPUTS (MAD GET)

Specific implementations may provide status via proprietary mechanisms.

The Status Output interface consists of the following Management Data-
gram to variable or logical signal mappings:

1) A Management Datagram SM.Portinfo(PortPhysicalState) get
shall return the Port Training State machines current state as one of
the following enumerated values:

1: Sleeping
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2)

3)

4)

: Polling

: Disabled

: Configuration

: LinkUp

: Recovery

7: Phy Test

0, 8-15: Reserved

A Management Datagram SM.Portinfo(LinkDownDefaultState) get
shall return the LinkDownDefaultState current value based on the
following enumerated values:

o O A W N

1: Sleeping
2: Polling
0, 3-15: Reserved

A Management Datagram SM.Portinfo(LinkWidthEnabled) get
shall return the previously written LinkWidthEnabled value based
on the following enumerated values:

1: 1x
1 4x
: Ix or 4x
1 8x

: 4x or 8x

: 1x or 4x or 8x

1 12x

»1x or 12x
10: 4x or 12x
11: 1x, 4x or 12x
12: 8x or 12x
13: 1x or 8x or 12x
14: 4x or 8x or 12x
15: 1x or 4x or 8x or 12x
0, 16-255: Reserved

A Management Datagram SM.PortIinfo(LinkSpeedEnabled) get
shall return the previously written LinkSpeedEnabled value based
on the following enumerated values:

2
3
4
5: 1x or 8x
6
7
8
9
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1: 2.5 Gb/s

3:2.50r 5.0 Gb/s (SDR or DDR)

5: 2.5 or 10.0 Gb/s (SDR or QDR)

7:2.50r5.0 or 10.0 Gb/s (SDR or DDR or QDR)
0, 2, 4, 8-15: Reserved

5) A Management Datagram SM.PortIinfo(LinkWidthSupported) get
shall return the supported width(s) based on the following enu-
merated values:

1: 1x
3: 1x or 4x
71X, 4x or 8x

11: 1x, 4x, or 12x (not valid for products supporting Rel. 1.2 En-
hanced Signaling)

15: 1x, 4%, 8x or 12x
0, 2, 4-6, 8-10,12-14, 16-255: Reserved

6) A Management Datagram SM.Portinfo(LinkWidthActive) get shall
return the Port Training State machines currently configured width
based on the following enumerated values:

1: 1x

2: 4x

4: 8x

8: 12x

0, 3, 5-7, 9-255: Reserved

7) A Management Datagram SM.Portinfo(LinkSpeedSupported) get
shall return the supported speeds based on the following enu-
merated values:

1: 2.5 Gb/s

3: 2.5 0r 5.0 Gb/s (SDR or DDR)

5:2.50 or 10.0 Gb/s (SDR or QDR)

7:2.50r 5.0 or 10.0 Gb/s (SDR or DDR or QDR)
0, 2, 4, 6, 8-15: Reserved

8) A Management Datagram SM.Portinfo(LinkSpeedActive) get shall
return the Port Training State machines currently configured speed
based on the following enumerated values:

1: 2.5 Gbls
2: 5.0 Gb/s (DDR)
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4: 10 Gb/s (QDR)
0, 3, 5-15: Reserved

9) A Management Datagram SM.Portinfo(LinkRoundTripLatency) get
shall return the minimum measured round trip link latency from the
port to the connected port on the opposite side of the link. The Link-
RoundTripLatency is a 32-bit value representing the minimum mea-
sured time for a bit in Link Heartbeat ordered-set to traverse the link
in both directions, and can take on the following values:

OxFFFF_FFFF: Link round-trip latency not yet measured, fol-
lowing reset on entry to LinkDownDefaultState.

Others (0x0000_0000 to OxFFFF_FFFE): Link round-trip latency
between when a SND HEARTBEAT is transmitted and it's corre-
sponding ACK HEARTBEAT is returned, reported in 4 nano-
second intervals.

Measurement of LinkRoundTripLatency using HRTBT ordered-sets is
described in Section 5.11.1, “Operation of Link Heartbeats,” on

page 167.

5.4.3 PORT PERFORMANCE COUNTERS

Each portimplements the following performance counters. These counter
are accessed using the Performance Management command defined in
InfiniBand Architecture Specification, Volume 1, Section 15.2. The Link
Physical Performance Counters shall implement both the get and set per-
formance management methods. These counters do not rollover but shall
stop at there maximum count. At set, operation is required to re-enable
error counting. Specific implementations may provide performance infor-
mation via proprietary mechanisms. The Performance Management inter-
face shall consist of the following performance counters:

1) A Management Datagram Perf.PortCounters(SymbolError-
Counter) read shall return the current value of the 16-bit counter
SymbolErrorCounter. This counter is incremented each time an
error is detected on one or more lanes. (See Section 5.7.2, “Minor
Link Physical Errors Events,” on page 157)

2) A Management Datagram Perf.PortCounters(LinkErrorRecovery-
Counter) read shall return the current value of the 8-bit counter
LinkErrorRecoveryCounter. This counter is incremented each time
the Port Training State machine successfully completes the link error
recovery process. (See Section 5.6.4.8, “Link Error Recovery States,”

on page 144)
3) A Management Datagram Perf.PortCounters(LinkDowned-

Counter) read shall return the current value of the 8-bit counter
LinkDownedCounter. This counter is incremented each time the
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Port Training State machine fails the link error recovery process and
downs the link. (See Section 5.6.4.8, “Link Error Recovery States,”
on page 144). This counter is also incremented each time a Link
Heartbeat error returns the Link Training State Machine to the Link-
DownDefaultState. (See Section 5.11.2, “Heartbeat Error Handling.”

on page 168).

5.5 PACKET FORMATS FOR SINGLE AND MULTI LANE SUPPORT

5.5.1 LINK PACKET ORDERING

This section describes the distribution and translation of the Link Layer
packet byte stream to the physical lanes.

In addition to the control ordered-sets defined earlier, data symbols are
used as the payload of link and data packets and as link idle data. Packet
data symbols are framed by start of packet symbols SDP and SLP and
end of packet symbols EGP and EBP. Idle data symbols are not part of a
link or data packet and are not framed by packet delimiters symbols.

The upper layers of the Protocol provide a stream of packets. The packet
in the stream are composed of:

1) A Local Routing Header and other optional headers.
2) A packet payload, type dependent.

3) A Invariant CRC, type dependent.

4) And a Variant CRC.

The combined length of packet header(s), payload, and Invariant CRC are
a multiple of four bytes. Two bytes of a Variant CRC plus packet start de-
limiter and packet end delimiter ensure that all packet are a multiple of four
bytes in length. See InfiniBand Architecture Specification, Volume 1,
Chapters 6 & 7 for complete details of internal packet formatting. The
Link/Physical layer forwards these packets in the order received. As re-
quired, the Link/Physical layer will insert SKIP ordered-sets between
packets. (See Section 5.9.2) An example of packet ordering on a 4x link
is depicted below in Figure 15. When there is no packet or SKIP ordered-
sets set to transmit the Link/Physical layer will fill the link Idle with a
pseudo-random sequence of data symbols (idle data).

C5-4: All ports shall implement link packet ordering as defined by
Section 5.5.1, “Link Packet Ordering,” on page 111.
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5.5.1.1 PACKET ORDERING RULES
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Figure 15 Packet Ordering Example

Packets contain un-interruptible packet data content and delimiters.
Ordered-sets and control symbols shall not be inserted into a
packet’s data content except as described in rule 4 below.

Packets received from the upper layers shall be transmitted in the
order received.

Scheduled SKIP ordered-sets shall only be inserted between
packets for clock tolerance compensation.

To initiate the error recovery process, TS1 ordered-sets shall be in-
serted at any symbol boundary, possibly interrupting the current
packet.

When the link is idle (no packets or control ordered-sets to transmit),
a pseudo-random sequence of data symbols (idle data) shall be
transmitted on all lanes.

The link idle pseudo-random data sequence shall be generated by
the 11th order LFSR = X* + X%+ 1.

Each lane may start the link idle pseudo-random data pattern at an
arbitrary valid value. No lane-to-lane dependence is specified for the
link idle pseudo-random data pattern.

Idle data shall be terminated at any time there is a packet or control
ordered-set to transmit.
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5.5.2 PACKET FORMATS

Packets including start and end delimiters are formed by the upper layers
of the protocol. This stream of packets is striped across the available
physical lane(s) (1x, 4x, 8x, or 12x).

C5-5: All ports shall implement packet formatting as defined by
Section 5.5.2, “Packet Formats,” on page 113.

5.5.2.1 PACKET FORMATTING RULES

1) Total length of data packets including packet delimiter symbols shall
be integer multiples of four symbols.

2) Data packets shall have SDP symbol as the first symbol of the
packet.

3) The link packets shall be eight symbols long including the packet de-
limiter symbols.

4) Link packets shall have a SLP symbol as the first symbol of the
packet.

5) When transmitted, all packets shall be terminated by an EGP or EBP
symbol.

6) There are no per-lane even or odd alignment restrictions. Packets
are not required to start with even or odd alignments. Comma
symbols do not force even alignment.

7) The starting running disparity of packet delimiters and ordered-sets is
not specified; a packet or ordered-set may start with positive or neg-
ative disparity. The disparity of all symbols shall comply with 8B/10B
encoding rules. (See Section 5.2.3)

5.5.3 1x PACKET FORMAT

The 1x link is composed of a single physical lane. The combined packet
symbol stream is serialized into a single stream of symbols. The SKIP or-
dered-set is inserted between packets as needed for clock tolerance com-
pensation. The combined symbol stream (packets, SKIP ordered-sets,
and idle data) is encoded using the 8B/10B code defined in Section 5.2
above. A 1x symbol stream containing data packets, link packet, idle data,
and SKIP ordered-sets is illustrated in Figure 16 below.

C5-6: All 1x ports and 4x and 12x ports when configured as a 1x port shall
implement packet formatting as defined by Section 5.5.3, “1x Packet
Format,” on page 113.

05-6.2.1: All 8x ports when configured as a 1x port shall implement
packet formatting as defined by Section 5.5.3, “1x Packet Format,” on

page 113.
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Figure 16 1x Packet Formats |

5.5.3.1 1x LINK FORMATTING RULES

5.5.4 4X PACKET FORMAT

1) The start of packet delimiters (SDP & SLP) shall be transmitted in
lane zero only.

2) The end of packet delimiters (EGP & EBP) shall be transmitted in
lane zero only.

The 4x link is composed of four physical lanes (0 through 3). The com-
bined data and link packet symbol stream (control and data) are byte
striped across physical lanes 0 through 3. In the 4x configuration, the start
packet delimiters will always be transmitted on physical lane 0 and the end
packet delimiters will always be transmitted on physical lane 3. When
SKIP ordered-sets are needed for clock tolerance compensation, they are
inserted between packets simultaneously on all physical lanes. The four
symbol streams composed of packets, SKIP ordered-sets, and idle data
are individually encoded using the 8B/10B code defined in Section 5.2
above.The 4x symbol streams containing data packets, link packets, and
SKIP ordered-sets is illustrated in Figure 17 below.

C5-7: All 4x ports and 12x ports when configured as a 4x port shall imple-
ment packet formatting as defined by Section 5.5.4, “4x Packet Format,”

on page 114.

InfiniBandSM Trade Association

Page 114 Proprietary and Confidential



InfiniBand ™ Architecture Release 1.2 Link/Phy Interface October, 2004
VOLUME 2 - PHYSICAL SPECIFICATIONS FINAL

05-7.2.1: All 8x ports when configured as a 4x port shall implement
packet formatting as defined by Section 5.5.4, “4x Packet Format,” on

page 114.

Physical L anes
#0 #1 #2 #3
Data
Packet ‘
: i
® —IData
Packet
o
[ —
[ | —
- Data
Packet ‘
—

Figure 17 4x Packet Formats

5.5.4.1 4x PACKET FORMATTING RULES

1) The start of packet delimiters (SDP & SLP) shall be transmitted in
lane zero (0) only.

2) The end of packet delimiters (EGP & EBP) shall be transmitted in
lane three (3) only.

3) SKIP ordered-sets shall be transmitted on all (4) lanes simulta-
neously.

4) When the idle data is placed on the link, the idle data pattern shall be
inserted on all four(4) lanes simultaneously.

5) The pseudo-random idle data for each lane should start a different
point in the sequence.

5.5.5 8Xx PACKET FORMAT

The 8x link is composed of eight physical lanes (0 through 7). The com-
bined data and link packet symbol stream (control and data) are byte
striped across physical lanes 0 through 7. In the 8x configuration the start
packet delimiters will always be transmitted on physical lane 0, and the
end packet delimiters will always be transmitted on physical lane 3 or 7.
The link will be padded (PAD control symbols) as necessary to maintain
the start of packet alignment rule. When SKIP ordered-sets are needed
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for clock tolerance compensation, they are inserted between packets si-
multaneously on all physical lanes. The eight symbol streams composed
of packets, SKIP ordered-sets, and idle data are individually encoded
using the 8B/10B code defined in Section 5.2 above.The 8x symbol
streams containing data packets, link packets, and SKIP ordered-sets is
illustrated in Figure 18 below.

05-7.2.1:  All 8x ports and 12x ports when configured as a 8x port shall
implement packet formatting as defined by Section 5.5.5, “8x Packet
Format,” on page 115.

Physical Lanes
#H0 #H1 #2- H3 HA HS5 HE  HT
Data Packet Payload
1
3 | | |
(]
- Data Packet Payload
=
[ [ | |
| Data Packet Payload
[ I
Idle Data

Figure 18 8x Packet Formats

5.5.5.1 8X PACKET FORMATTING RULES

1) The start of packet delimiters (SDP & SLP) shall be transmitted in
lane zero (0) only.

2) The end of packet delimiters (EGP & EBP) shall be transmitted in
lane three or seven (3 or 7) only.

3) When the currently transmitted packet does not end on lane 7, four
PAD control symbols shall be inserted to align the link for the next
transmit operation.

4) SKIP ordered-sets shall be transmitted on all eight (8) lanes simulta-
neously.

5) When the idle data is placed on the link, the idle data pattern shall be
inserted on all eight (8) lanes simultaneously.
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5.5.6 12X PACKET FORMAT

6) The pseudo-random idle data for each lane should start at a different
point in the sequence.

The 12x link is composed of twelve physical lanes (0 through 11). The
combined data and link packet symbol stream (control and data) are byte
striped across physical lanes 0 through 11. In the 12x configuration the
start packet delimiters will always be transmitted on physical lane 0, and
the end packet delimiters will always be transmitted on physical lane 3, 7,
or 11. The link will be padded (PAD control symbols) as necessary to
maintain the start of packet alignment rule. When SKIP ordered-sets are
needed for clock tolerance compensation, the link is padded as necessary
to allow all twelve SKIP ordered-sets to start on the same clock. SKIPS
are inserted between packets simultaneously on all physical lanes. The
twelve symbol streams, composed of packets, SKIP ordered-sets, and
idle data are individually encoded using the 8B/10B code defined in Sec-
tion 5.2. The 12x symbol streams containing data packets, link packet, idle
data and SKIP ordered-sets is illustrated in Figure 19 below.

C5-8: All 12x ports shall implement packet formatting as defined by
Section 5.5.6, “12x Packet Format,” on page 117.

Physical Lanes
#0 #1 #2 #3 HA H5 H#O6 #7 #8 #9 #10 #11

Data Packet Payload

W Be———

I

Data Packet Payload

|

Data Packet Payload

Idle Data

Figure 19 12x Packet Formats

55.6.1 12x PACKET FORMATTING RULES

1) The start of packet delimiters (SDP & SLP) shall be transmitted in
lane zero (0) only.
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2) The end of packet delimiters (EGP & EBP) shall be transmitted in
lane three, seven, or eleven (3, 7, or 11) only.

3) When the currently transmitted packet does not end on lane 11, four
or eight PAD control symbols shall be inserted to align the link for the
next transmit operation.

4) SKIP ordered-sets shall be transmitted on all twelve(12) lanes simul-
taneously.

5) When the idle data is placed on the link, the idle data pattern shall be
inserted on all twelve(12) lanes simultaneously.

6) The pseudo-random idle data for each lane should start at a different
point in the sequence.

5.6 LINK INITIALIZATION AND TRAINING

This section defines the link/physical control process that configures and
initializes a link for normal operation. A fully-powered port implements this
process by accomplishing the following:

1) Waking a remote port on auxiliary power.
2) Configuring and initializing the link.

3) Supporting normal packet transfers

4) Recovering from transient link errors.

Waking a remote port is a special case operation with the local port oper-
ating fully-powered and the remote port operating on auxiliary power. The
local port polls (See Section 5.6.4.2, “Polling States,” on page 127) the re-
mote port. The remote port detects the presence of this signal and initiates
fully-powered operation. In this special case the signal detected by the
end operating on auxiliary power is referred to as a beacon. Its use is de-
scribed further in InfiniBand Architecture Specification, Volume 2, Chapter
6: High Speed Electrical Signaling - 2.5, 5.0, & 10.0 Gb/s and in InfiniBand
Architecture Specification, Volume 2, Chapter 14: OS Power Manage-
ment.

During the training process, the ports at each end of the link learn each
other’s capabilities and configure the following parameters:

1) Link width (1x, 4x, 8x or 12x).

2) Link speed (SDR-2.5 Gb/s, DDR-5.0 Gb/s, or QDR-10.0 Gb/s).

3) Optional correction of lane reversal.

4) Optional correction of inverted received serial data (crossed differ-
ential signals).

C5-9: This compliance statement is obsolete and has been replaced by
C5-9.2.1:.
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C5-9.2.1: All ports shall implement link initialization and training as de-
fined by Section 5.6, “Link Initialization and Training.” on page 118. Ports
are not required to implement the lane reversal and serial data inversion
options. Implementations that do not support Enhanced Signhaling must
use the Link Training State Machine described in Figure 21: Link Training
State Machine - Legacy, and shall not implementation any Enhanced
Signaling functions related to TS3 ordered-sets, Heartbeat ordered-sets,
LinkRoundTripLatency, TS-T ordered-sets, or PhyTest compliance
testing.

05-9.2.1: All ports that claim compliance with the Rel. 1.2 Enhanced Sig-
naling shall implement link initialization and training as defined by
Section 5.6, “Link Initialization and Training,” on page 118 and shall im-
plement all functions related to TS3 ordered-sets, heartbeat ordered-sets,
LinkRoundTripLatency measurement, TS-T ordered-sets, or PhyTest
compliance testing,

05-1: This compliance statement is obsolete and has been replaced by
05-9.2.1:.

05-9.2.1: Ports that implement the serial data inversion option shall im-
plement the following:
Section 5.6.7.3, “RXCMD = EnConfig,” on page 152 rules #2.

05-2: This compliance statement is obsolete and has been replaced by
05-9.2.1:.

05-9.2.1:  All 4%, 8x and 12x ports that implement the lane reversal op-
tion shall implement the following:

Section 5.6.4.6.3, “Config.WaitRmt State,” on page 139 rule #7 and
Section 5.6.4.6.4, “Config.TxRevLanes State,” on page 140 all rules and
Section 5.6.7.3, “RxCMD = EnConfig.” on page 152 rule #4.

5.6.1 LINK DE-SKEW AND TRAINING SEQUENCE

The terms link de-skew and training sequence are used throughout this

section. Both are briefly explained below. Additionally, the characteristics
of the training sequence ordered-sets (TS1, TS2, and TS3) are summa-
rized herein.

Link de-skew: A multi-lane link (4%, 8x and 12x) may have many sources
of lane to lane skew. These sources include but are not limited to chip 1/0
drivers and receivers, printed wiring boards, electrical and optical cables,
serialization and de-serialization logic, and retiming repeaters. Although
symbols are transmitted simultaneously on all lanes, they cannot be ex-
pected to arrive at the receiver without lane-to-lane skew. The lane-to-
lane skew may include components which are less than a bit time, bit time
units (400ps at SDR, 200ps and 100ps at DDR and QDR, respectively),

InfiniBan

dSM

Trade Association

Page 119 Proprietary and Confidential




InfiniBand™ Architecture Release 1.2

VOLUME 2 - PHYSICAL SPECIFICATIONS

Link/Phy Interface October, 2004
FINAL

or full symbol time units (4ns at SDR, 2ns and 1ns at DDR and QDR, re-
spectively) of skew caused by the retiming repeaters’ insert/delete opera-
tions. A link may have up to two retiming repeaters. Each repeater
operates independently on multiple lanes. Because of this independent
operation, they may insert or delete a skip symbol independently on each
lane. Refer to Section 5.10 on page 161 for a complete description of
retiming repeaters. The receiving node is required to remove this lane-to-
lane skew in order to receive and process data on all lanes simulta-
neously. This process is called “link de-skew”. Receivers use TS1, TS2,
and TS3 ordered-sets to perform link de-skew functions.

TS1 and TS2: The training sequences TS1 and TS2 provide three funda-
mental types of information:

1) Lane-to-lane skew: Information is provided by the unique structure
and length of the of the two training sequences and the fact that they
are transmitted without lane-to-lane skew. Both training sequences’
(TS1 and TS2) sixteen symbol length (comma and 15 data symbols)
allows unambiguous de-skew of up to seven symbol times of skew.

2) Lane Identification: The second symbol of the training sequence
contains the lane number information. The lane number uniquely
identifies each of the twelve possible lanes.

3) Lane serial data polarity: The TS1 and TS2 data symbols contain
serial data polarity information. When the bit stream on a lane is in-
verted, the comma and lane number symbols swap running disparity
but still decode to the same value. The TS1 data symbol changes
from a D10.2 (4Ah) to a D21.5 (B5h), and the TS2 data symbol
changes from a D5.2 (45h) to a D26.5 (BAh) providing a clear indi-
cation of lane serial data polarity inversion.

TS3: The training sequence TS3 provides the same three fundamental
types of information provided by TS1 and TS2. In addition, it provides the
following types of information:

1) Enabled and Supported Link Speeds: Information is provided by a
Link/Physical layer about the speed or speeds that the layer supports
and is enabled to operate at. This information is provided in the
Symbol 8, the SpeedActive symbol, of the sixteen symbols of the TS3
training sequences. During link training, each Link/Physical layer
transmits a series of TS3 training sequences to the Link/Physical
layer on the other side of its associated link, as part of the link speed
auto-negotiation procedure. A link always operates at the highest
speed that is supported and enabled on both ends and supported by
the physical channel.

2) Link Heartbeat Enabled: The Link Heartbeat function is required at
DDR and QDR speeds, and expected at SDR speed. A port may
disable use of the Link Heartbeat function, e.g., for interoperation
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with legacy devices at SDR speed. Link Heartbeat will only be put
into effect when both ports on a negotiation exchange support and
enable it.

3) Adaptive Driver De-emphasis Request: Allows a port to request
handshake for a simple adaptive driver de-emphasis setting for
equalization, with either a default driver de-emphasis setting or one
of 16 adaptive driver de-emphasis settings negotiated between trans-
mitter and receiver.

4) Driver De-emphasis Setting request: Allows a receiver to transmit
to its peer transmitter the requested driver de-emphasis setting out of
the 17 possible settings.

5.6.2 LINK INITIALIZATION AND TRAINING OPTIONS

Two independent optional features are defined as part of link initialization
and training. Both are intended to allow on chip logic to correct non-op-
timum pin assignments which may occur when connecting an IBA link
chip-to-chip or chip-to-connector. These options can eliminate the two
common printed wiring board (PWB) layout issues of crossed differential
pair and bus bow ties. Implementing these optional features allows the
PWB layout to focus on signal integrity with simplified connections.

5.6.2.1 INVERTED SERIAL DATA CORRECTION (OPTIONAL)

The inverted serial data correction feature allows the receiver logic to cor-
rect a receive differential pair that is crossed in the PWB layout. Such a
receiver will need to test the polarity of the received training sequences
and correct inverted data as part of link configuration. This option does not
provide the capability to correct the polarity of transmit data.

To be inter-operable with ports that do not implement inverted serial data
correction, the polarity at the transmitting connector must be as specified
in the InfiniBand Architecture Specification, Chapter 7: Copper Cable and
Chapter 10: Backplane Connector Specification.

5.6.2.2 LANE REVERSAL CORRECTION (OPTIONAL)

The lane reversal feature allows a PWB layout to connect 4x, 8x or 12x
ports in reversed lane number order. The receiver logic uses the lane
number symbol in the training sequences (TS1 or TS2) to detect and cor-
rect the reversed lane connections in the PWB layout. When the remote
port is incapable of correcting receive lane reversal (link width is less than
the local port or the port does not implement this option) the local port will
reverse its transmit lane as part of its configuration process. (see
Section 5.6.4.6, “Configuration States - Enhanced Signaling,” on

page 133)
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5.6.3 INTERACTIONS WITH OTHER ENTITIES

Link training is an involved process that requires interactions with other
entities. This section briefly describes these interfaces and refers the
reader to other sections for more detailed information. Figure 20 illustrates
all entities that interact with the link training state machine in the link ini-
tialization and configuration process.

Link Layer
LinkPhyRecover LinkPhyStat
CMD
Management P Link Training
Entity P State Machine
“States
RXCMD RxStatus TxCMD
\ 4
Receiver Transmitter

Figure 20 Link Training State Machine Interactions

The interface between the link layer and the link/phy layer is comprised of
the signals LinkPhyRecover and LinkPhyStat. These logical signals are
described in Section 5.3.3, “Packet Logical Interfaces,” on page 103.

The link training state machine and the unit's management entity commu-
nicate over a set of logical signals. Although this logical interface is not de-
fined completely in this specification, functions that need to be carried out
over this interface are defined. The management messages related to the
link training state machine operations are described in Section 5.4, “Man-
agement Datagram Control and Status Interface,” on page 104.

The link training state machine also interfaces to the transmitter and re-
ceiver logic to coordinate the link initialization and configuration opera-
tions. The interface to the transmitter is in the form of commands (TxCMD)
for the transmitter to perform. Similarly, the receiver interface has a set of
commands (RXCMD) or configurations and a set of receiver status (Rx-
Status) values.

These commands and status conditions are listed in Table 16 below and
are described in detail in Section 5.6.6 and Section 5.6.7. The receiver
status conditions (RxStatus) are not mutually exclusive conditions.
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Table 16 Transmitter and Receiver Interface

Transmitter Receiver
TXCMD Speed RxCMD Status (RxStatus)

Disable Disable

SendTS1, SendTS2, |SPEED = MinEnabledSpeed, |WaitTS1,WaitTS2, |RcvdTS1,

SendTS3 SPEED = MaxBothActive WaitTS3 RcvdTS2, RevdTS3

RevLanes EnConfig, RxTrained
EnDeSkew

Sendldle Waitldle Rcvdldle

Enable Enable RxMajorError,

RxHeartbeatError

WaitTS-T RcvdTS-T

5.6.4 LINK TRAINING STATE MACHINE

Link initialization, configuration, and link error recovery operations are
performed by the link training state machine. This state machine is de-
scribed in this section in the form of hierarchical states. As depicted in
Figure 22, the link training state machine has seven primary states. Some
of these states are super states composed of two or more states.

The link training state machine has the following primary states:

1) Disabled: Port drives its outputs to quiescent levels and does not re-
spond to received data.

2) Sleeping: In this super state, the port drives its outputs to quiescent
levels and responds to received training sequences.

3) Polling: In this super state, the port transmits training sequences and
responds to received training sequences. This is the default state fol-
lowing power on.

4) Configuration: A transient super state with both the transmitter and
receiver active. The port is attempting to configure and transition to
the LinkUp state.

5) LinkUp: This is the normal link operation state. The port is available
to transfer packets.

6) Recovery: The recovery super state attempts to re-synchronize the
link and return it to normal operation. This state is entered when a
port experiences loss of link synchronization, a major error, or when a
link layer error triggers error recovery.

7) Phy Test: The Physical Layer test state allows simplified testing to
determine compliance of physical layer transmitter driver and re-
ceiver circuitry with specified requirements. This state is defined for
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Enhanced Signaling, and is not implemented in products not sup-
porting Enhanced Signaling.

These primary states directly map to the enumerated port states defined
in Section 5.4, “Management Datagram Control and Status Interface,” on

page 104.

The status of the link training state machine is also reported to the link
layer in a more abstract fashion. The “LinkPhyStat” logical signal over this
interface provides the values “Up” and “Down”. This logical signal is given
the “Up” value when this state machine is in the LinkUp state. It is given
the “Down” value in all other states.

The initial or post-reset state of the link training state machine is Polling.
This insures that a newly connected and powered on port will be recog-
nized by any remote port. Management commands can force the link
training state machine to the following states: Disabled, Polling, or
Sleeping. Management commands also set a default state for link down.
All other state transitions are under the control of the link training state ma-
chine. Test equipment can control the transition in and out of the Phy Test
state by injecting patterns in the port’s receiver.

Figure 21 shows the Link Training State Machine for products not sup-

porting Enhanced Signaling. Figure 22 shows the Link Training State Ma-
chine for products that support Enhanced Signaling, which adds the Phy
Test state, and additional substates within the Configuration super state.

In Eigure 22, all state transition events are based on management com-
mands, delay events, or receiver status. These receiver status conditions
are described later in Section 5.6.7 on page 151.

Operations in certain states involve delays or time-out periods. These
events are denoted the state diagrams as state transitions labeled with
DelayTimeOut (time). These time-out periods start as the state is entered
and cleared when a transition to a different state is taken. Time-out pe-
riods cannot be re-started within a state. (See Section 5.6.5 on page 147)
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Note: This is the legacy state diagram, for products that do
not support Enhanced Signaling. It has been modified for
Enhanced Signaling as shown in the diagram in Eigure 22.

CMD = Disabled

CMD = Polling or

LinkPhyReset or Disabled
PowerOnReset TxCMD = Disable CMD = Sleeping
l RxCMD = Disable l
Polling Sleeping
See details in See details in
Figure 23 Figure 24
3 A AAA
RcvdTS1 RcvdTS1
Configuration
See details in
(Config Failed) Figure 26 (Config Failed)
(Config OK)
w
LinkUp
TXCMD = Enable
(Heartbeat Error) | rxcMD = Enable (Heartbeat Error)
RxMajorError or (Recovery OK)
LinkPhyRecover
Recovery
; See details in ;
Recovery Failed ) Recovery Failed
( Y ) Figure 28 ( Y )
Figure 21 Link Training State Machine - Legacy |
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5.6.4.1 DISABLED STATE

CMD = Polling or

CMD = Disabled

l

Disabled

LinkPhyReset or
PowerOnReset TXCMD = Disable CMD = Sleeping
l RxCMD = Disable l
Polling Sleeping
See details in RcvdTS-T  RevdTS-T| See details in
Figure 23 Figure 24
A 4 2 L ¥ W )
Phy Test
TxCmd=Test
RevdTS1] RxCmd=WaitTs1  |RevdTS1
RcvdTS1 RcvdTS1
Configuration
See details in
(Config Failed)| Figure 26 (Config Failed)
l(Config OK)
LinkUp

(Heartbeat Error)

TxCMD = Enable
RxCMD = Enable

LinkPhyR

RxMajorError or

(Heartbeat Error)

ecover

Recovery

(Recovery Failed)

See details in
Figure 28

T(Recovery OK)

(Recovery Failed)

Figure 22 Link Training State Machine - Enhanced Signaling

As the state name implies, there is no physical layer activity in this state,
and both the transmitter and receiver are disabled. The transmitter out-
puts are forced to a quiescent condition, and receiver inputs are ignored.
Entrance to and exit from the Disabled state are controlled by manage-
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5.6.4.2 POLLING STATES

ment commands. In the Port Disabled State the following rules and com-
mands shall be active:

1) TxCMD = Disable

2) RxCMD = Disable

3) LinkPhyStat = Down

4) SymbolErrorCounter is inhibited

The Polling States define the polling process used to initiate link configu-
ration. The link training state machine cycles between the two states.
These states are transmitting repeated TS1(s) for 2ms in Polling.Active
followed by 100ms of a quiescent output in Polling.Quiet. In both states,
the port’s receiver is configured to detect TS1 ordered-sets. When TS1 is
received, the link training state machine transfers control to the Configu-
ration Super State. The states of the Polling Super State are expanded in
the state graph shown in Figure 23.

CMD = Polling or (Configuration Failed or Recovery Failed)

LinkPhyReset or and LinkDownDefaultState = Polling
PowerOnReset

Polling.Active

SPEED=MinEnabledSpeed RevdTS-T
TXCMD = Sen-dT81 . RcvdTS1
RxCMD = WaitTS1, WaitTS-T
DelayTimeOut | DelayTimeOut
(2ms) (100ms)
v
Polling.Quiet
TXCMD = Disable
RXCMD = WaitTS1, WaitTs-T | RVATSTT | 0
RevdTS1
v
[To Configuration State] [To Phy Test State]

Figure 23 Polling Super State (Expanded)
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5.6.4.2.1 POLLING.ACTIVE STATE

5.6.4.2.2 POLLING.QUIET STATE

5.6.4.3 SLEEPING STATES

The Polling.Active state sends a stream of TS1s and at the same time en-
ables detection of TS1s on all receiver lanes. The transmitter speed is set
to the minimum enabled speed. In the Polling.Active state the following
rules and commands shall be active:

1) SPEED = MinEnabledSpeed

2) TxCMD = SendTS1

3) RxCMD = WaitTS1, WaitTS-T

4) LinkPhyStat = Down

5) SymbolErrorCounter is inhibited.

6) LinkSpeedActive = LinkSpeedEnabled

7) TS1 and SKIP ordered-sets are transmitted on all lanes.

8) If RxStatus = RcvdTS1, the next state is Configuration.

9) If RxStatus = RcvdTS-T, the next state is Phy Test

10) Else if DelayTimeOut(2ms), the next state is Polling.Quiet

The Polling.Quiet state inhibits the transmitter and continues to enable de-
tection of TS1 on all receiver lanes. When TS1 is detected, configuration
can be started. In the Polling.Quiet state, the following rules and com-
mands shall be active:

1) TxCMD = Disable

2) RxCMD = WaitTS1

3) LinkPhyStat = Down

4) SymbolErrorCounter is inhibited

5) If RxStatus = RevdTS1, the next state is Configuration

6) If RxStatus = RcvdTS-T, the next state is Phy Test

7) Else If DelayTimeOut(100ms), the next state is Polling.Active

The Sleeping states are used to deactivate a link without powering off the
port. When a port enters the sleeping state, it first disables its transmitter
and receiver and then delays, allowing all link activity to cease. Following
the delay, the receiver is enabled to detect TS1 ordered-sets. When a TS1
is detected, port configuration is started. The states of the Sleeping Super
State are expanded in the state graph shown in Figure 24.
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5.6.4.3.1 SLEEPING.DELAY STATE

5.6.4.3.2 SLEEPING.QUIET STATE

CMD = Sleeping (Configuration Failed or Recovery Failed)
and LinkDownDefaultState = Sleeping

Sleeping.Delay

TxCMD = Disable
RxCMD = Disable

l DelayTimeOut

(400ms)

Sleeping.Quiet

SPEED = MinEnabledSpeed
TXCMD = Disable RcvdTS-T
RXCMD = WaitTS1,WaitTS-T

RcvdTS1

[To Configuration State] [To Phy Test State]

Figure 24 Sleeping Super State (Expanded)

In the Sleeping Delay (Sleeping.Delay) state the transmitter is quiescent,
and the receiver is disabled. The next state following the delay is
Sleeping.Quiet. In the Sleeping.Delay state the following rules and com-

mands shall be active:

1) TxCMD = Disable

2) RxCMD = Disable

3) LinkPhyStat = Down

4) SymbolErrorCounter is inhibited

5) If DelayTimeOut(400ms), the next state is Sleeping.Quiet

The Sleeping.Quiet state inhibits the transmitter and at the same time en-
ables detection of TS1 on all receiver lanes. The transmitter speed is set
to the minimum enabled speed for when transmission resumes. When
TS1 is detected, configuration can be started. In the Sleeping.Quiet state,
the following rules and commands shall be active:

1) SPEED = MinEnabledSpeed
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5.6.4.4 PHY TEST STATE

2) TxCMD = Disable

3) RxCMD = WaitTS1, WaitTS-T

4) LinkPhyStat = Down

5) SymbolErrorCounter is inhibited

6) LinkSpeedActive = LinkSpeedEnabled

7) If RxStatus = RcvdTS1, the next state is Configuration
8) If RxStatus = RevdTS-T, the next state is Phy Test

The Phy Test state allows the transmitter and receiver circuitry to be
tested by external test equipment for compliance with transmitter and re-
ceiver specifications. This state is not used for normal operations. Opera-
tion of this state is described further in Section 5.12, “Physical Layer
Compliance Testing,” on page 169.Entry to this state occurs on receipt of
a TS-T (Training Sequence for Test) ordered-set. In the Phy Test state, the
following rules and commands shall be active:

1) SPEED = Value determined in TS-T ordered-set
2) RxCMD = WaitTS1

3) Transmitted signals will follow rules defined in Section 5.12, “Physical
Layer Compliance Testing,” on page 169.

4) If RxStatus = RcvdTS1, the next state is the LinkDownDefaultState
(Polling or Sleeping)

5.6.4.5 CONFIGURATION STATES - LEGACY OPERATION

The Configuration Super State controls the configuration and training of
the link. A low level protocol using TS1, TS2, and Idle Data is used to com-
municate the state of the two ports on the link.

The first step is to send a extended stream of TS1 ordered-sets indicating
that the port has started the configuration process. This allows time for the
physical connection to stabilize (debounce delay).

Following the delay, the second step of configuration begins by enabling
the receivers to auto-configure and de-skew. The remote port may have
completed receiver training and be transmitting TS2 ordered-sets. The re-
ceiver can auto-configure and de-skew while receiving TS1 or TS2 or-
dered-sets. The transmitter continues to send a stream of TS1 ordered-
sets and waits for the receiver to complete configuration and de-skew
(training).

The third step starts when the receiver has completed training, and the
transmitter begins to send a stream of TS2 ordered-sets indicating that
the local receiver is trained. A delay is started, and the port waits for the
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remote port to indicate that its receiver has completed training. While
waiting the received training sequences are checked for lane order errors.

Atthe end of the delay, if the remote port has notindicated that it is trained,
a port implementing the optional lane reversal will reverse its transmit
lanes, start a short delay, and continue to wait for the remote port to report
that its receiver has completed training. While waiting the received
training sequences are checked for lane order errors. If both ports are not
trained at the end of the delay(s), configuration has failed. If the port com-
pletes training before the end of the delay(s), the final step of configuration
starts when the port is both sending and receiving TS2 ordered-sets.

The final step of link configuration transmits the idle data stream and waits
to receive idle data. When the port is both sending idle data and receiving
idle data, configuration is complete, and the link is up. While waiting for
idle data the receivers continue to verify TS2 lane order. Receiving TS1 in
this state will force the restart of link configuration.

The states of Configuration Super State are expanded in the state graph
shown in Eigure 25.
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Note: This is the legacy state diagram, for products that do
not support Enhanced Signaling. It has been modified for
Enhanced Signaling as shown in the diagram in Figure 26.

[From Polling or Sleeping States]

Config.Debounce

TXCMD = SendTS1
RxCMD = WaitTS1

DelayTimeOut
(100ms)

DelayTimeOut
(2ms) & not
‘Option RevLanes

" Lane Order
Error

DelayTimeOut
(2ms)

fig.R f :
Config-RevrCtg DelayTimeOut
TxCMD = SendTS1 (150ms) :
RxCMD = EnConfig ——»
i RxTrained
Config.WaitRmt
TXCMD = SendTS2
RxCMD = WaitTS2 :
RevdTs2 | DelayTimeOut(2ms) |

& Option RevLanes |

Config.TxRevLanes

”i
|~ Lane Order
Error

DelayTimeOut
(2ms)

TXCMD = SendTS2
TXCMD = RevLanes
RxCMD = WaitTS2

Ll

cvdTS2

Config.ldle

Z “Lane Order
Z Error or TS1

TxCMD = Sendldle
RxCMD = Waitldle

Rcvdidle

[To LinkUp State] [To

v
LinkDownDefaultState]
[Polling or Sleeping]

Figure 25 Configuration Super State (Expanded) - Legacy |
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5.6.4.6 CONFIGURATION STATES - ENHANCED SIGNALING

In this release of this specification, additional functions are added to the
Configuration states to support enhanced signaling capabilities of the
links, including higher speed operation at DDR (5.0 Gb/s) and QDR (10.0
Gb/s) bit rates, Link Heartbeat function (described in Section 5.11, “Link
Heartbeat,” on page 166), and support for transmitter and receiver equal-
ization to better enable operation at higher bit rates over a variety of
media. Several additional states and an additional training sequence
(TS3) are added for the purpose of negotiating common use of these en-
hanced capabilities between the two peer ports on a link.

The first three steps of link initialization are the same as for legacy de-
vices: a TS1 exchange assures that both transmitters are active, a TS2
exchange assures that both receivers are trained, and lane reversal as-
sures correct polarity at each end of the link.

Following these steps, both ports transmit a TS3 training-set, indicating
which enhanced capabilities they are enabled to support (DDR/QDR,
Equalization, and Link Heartbeat). Each transmitter compares its own ca-
pabilities with the capabilities indicated in the TS3 received from the other
end of the link. When both sides have sent and received TS3s, indicating
agreement on common enhanced capabilities, they act to enable those
capabilities. These negotiations occur at the lowest enabled speed, which
will generally be the SDR speed.

The TS3 exchange for negotiating link speed operates by having each
port send a bit map of the active speeds, in the format used in the
SM.Portinfo(LinkSpeedEnabled), and SM.Portinfo(LinkSpeedSup-
ported) MADs. The first time the ports traverse the states negotiating en-
hanced capabilities, they send TS3 ordered-sets indicating the link
speeds enabled by the SM (LinkSpeedEnabled). If, however, a particular
speed is attempted, and found to be unsupportable (for example, link at-
tenuation is too high for intact data transmission), the bit corresponding to
this speed is cleared to 0 in the LinkSpeedActive field, and in the fol-
lowing TS3 ordered-sets. A logical AND operation on the transmitted and
received fields is used to determine the speed(s) supported on both ports,
and further operation is attempted at the highest speed that is active on
both.

A link pair will go through TS3 exchange at least twice, to ensure that the
supported capabilities on both ends of the link are consistent, and sup-

ported by the link media. Links will always be Active at the highest speed
which is Enabled in both ports driving the link, and supported by the link
transmission medium. During the negotiation phase of the configuration

super state, multiple speeds bits may be setto 1 in the LinkSpeedActive
bit map exchanged in TS3 ordered-sets, but once consistent and correct
operation has been established, only one LinkSpeedActive bit will be set
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to 1. Links always operate at the same speed in both directions, and a port
always configures its transmitter and receiver to operate at the same
speed.

The TS3 exchange is also used to establish whether adaptive driver de-
emphasis equalization training is requested. If either side requested adap-
tive equalization, both sides will participate. For equalization training,
each transmitter sends idle data at the maximum speed commonly active
in both ports (typically DDR or QDR, but possibly SDR as well), for a 100
millisecond period. The 100 ms. period is split into a 36 ms period where
data is sent with a default transmitter equalization setting, for receivers
which don’t support adaptive equalization, and 16 separate adaptive
transmitter equalization setting slots, of 4ms duration each. On each 4 ms.
slot, the transmitter sends data using one of a set of vendor-dependent
pre-emphasis settings. The receiver, on each slot, attempts to receive in-
tact data, optionally adjusting a receiver equalization setting. The receiver
determines which is the first slot that provides a signal good enough to be
equalized at the receiver.

Implementation Note

On definition of the terms Enabled, Supported, and Active, in the con-
text of describing link widths and speeds:

The set of Enabled widths or speeds is determined by the subnet man-
ager, and will be equal to the set of or a subset of the widths or speeds
Supported by the design and implementation of the port. The Active
width or speed is determined by a combination of the implemented ca-
pabilities in the two ports of a link, and by the link used to connect them.
For example, a pair of ports sharing a link may both Support and be
Enabled for SDR/DDR/QDR operation (7), but the cable over which
they are connected may only allow intact data transmission at SDR
speed. In this case, the port Link/Phy logic would set the LinkSpeed-
Active value to 1 on both ports. The actual operating link speed or link
width, as determined by the Link/Phy logic during the Configuration
super state, is reflected in the Active fields.
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Implementation Note:

Equalization is used to compensate for signal distortion (attenuation or
dispersion) that occurs in the medium between transmitter and re-
ceiver. The distortion being compensated for may take a variety of
forms, including attenuation of high-frequency components, frequency-
dependent crosstalk, or frequency-dependent reflections. Signal-pro-
cessing circuitry in the transmitter, or the receiver, or (typically) both,
can equalize out some of the effect of some distortions. This equaliza-
tion may, for example, take the form of emphasizing high frequencies
(fast toggles) or de-emphasizing low frequencies (strings of 1s or 0s),
or of de-emphasizing high frequencies, in cases where frequency-de-
pendent crosstalk is the major distortion. The equalization circuitry
should therefore be adaptive to the characteristics of the particular link
medium.

Achieving ideal adaptive equalization over the wide variety of copper

and optical media of the various distances used for InfiniBand™ links
is very complex problem. The algorithm described here (16 different
adaptive driver de-emphasis settings, which the receiver selects from,
after attempting adaptive receiver equalization on each) provides a
mechanism for both transmitter and receiver equalization with mod-
erate complexity. The algorithm also allows interoperability with ports
that don’t implement adaptive equalization.

Since the maximum physical length of an InfiniBand cable this release
using long wavelength optical fiber links is 10 km, with speed-of-light
round-trip latency on the order of 100 microseconds (0.1 ms), the two
ends of a link may be un-synchronized with each other by this much.
This synchronization period determines, along with the (-1us/ +126us)
clock tolerance and 100 ppm variation in clock frequency described in
Section 5.6.5, “State Machine Delays and Timeouts,” on page 147, the
window of proper transmitter-equalized data within the 4ms slot period,
and must be taken into account at the receiver when determining trans-

mitter equalization setting slots.

Following attempted transmission at the maximum speed that is active on
both ports, including transmitter and receiver adaptive equalization, the
ports then transition through an WaitCfgMaxBothActive state, to ensure
that both ports have completed attempting operation at the maximum ac-
tive speed, and then do another round of TS3 exchange. This round al-
lows both ports to indicate whether they were able to receive intact data
at the attempted speed, and if so, to allow each port’s receiver to indicate
to its peer port’s transmitter which of the 16 4 ms slots was the first that
had a transmitter equalization setting with good enough signal for receiver
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data recovery. The use of the first good slot allows the transmitter/receiver
pair to optimize the link’s overall power usage.

The TS3 exchange also establishes the use of Link Heartbeat. Link Heart-
beat is used (a) to determine that both receivers on a link are receiving
data from their peer transmitters rather than from crosstalk, and (b) to de-
termine the link round-trip latency for data to traverse the link in both di-
rections. Link Heartbeat is required at DDR and QDR speeds, due to the
small received signal swings and lack of a signal detect capability at the
higher bit rates. Link Heartbeat is also useful at SDR speed, and is re-
quired for devices supporting Enhanced Signaling, even if they only sup-
port SDR. A bit in the exchanged TS3 indicates that Link Heartbeat is
requested. If both ports request the use of Link Heartbeat, it is used when
the link transitions to the LinkUp state. Further details on Link Heartbeat
may be found in Section 5.11, “Link Heartbeat,” on page 166.

Once both ports on a link have exchanged consistent TS3s, and assured
correct operation at the highest commonly-Active speed, they will transi-
tion to the Config.WaitCfgEnhanced state, to indicate completion of con-
figuration for enhanced operation, and from there to Config.LinkUp.

On connection with a port that does not support Enhanced Signaling, or
during legacy operation, the port state machine would traverse the states
directly from top to bottom, at SDR rate, bypassing the Config.Test,
Config.WaitRmtTest, and Config.WaitCfgEnhanced states.

The states of Configuration Super State for ports supporting Chapter 5:
operation are expanded in the state diagram shown in Figure 26.

A simplified diagram of the State graph is shown in Figure 27, along with
a typical control flow through the states, showing negotiation from SDR up
to higher speed operation.
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[To LinkDownDefault State]

[Polling or Sleeping]

Figure 26 Configuration Super State (Expanded) - Enhanced Signaling
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Figure 27 Typical Control Flow through Configuration
Super State - Enhanced Signaling |

5.6.4.6.1 CONFIG.DEBOUNCE STATE

In the debounce state (Config.Debounce), the transmitter sends a series
of TS1 ordered-sets on all lanes. The receiver status is not checked in this
state. In receivers with adaptive receiver equalization, the 100 ms dura-
tion of this state may optionally be used for determining receiver equaliza-
tion settings. Operation in Config.Debounce is always at SDR speed. In
the Config.Debounce state, the following rules and commands shall be
active:

1) TxCMD = SendTS1
2) RxCMD = WaitTS1
3) LinkPhyStat = Down
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5.6.4.6.2 CONFIG.RCVRCFG STATE

5.6.4.6.3 CONFIG.WAITRMT STATE

4) TS1 and SKIP ordered-sets are transmitted on all lanes
5) SymbolErrorCounter is inhibited
6) If DelayTimeOut(100ms), next state is Config.RcvrCfg.

In the Receiver Configure (Config.RcvrCfg) state, the transmitter sends a
stream of TS1 ordered-sets on all lanes. The receiver uses received TS1
or TS2 ordered-sets to identify the width of the remote port and to option-
ally correct lane reversal and inverted lane data. When the receiver has
completed configuration and training, it reports Receiver Trained status.
The transmitter speed is set to the minimum enabled speed. In the
Config.RcvrCfg state, the following rules and commands shall be active:

1) SPEED = MinEnabledSpeed

2) TxCMD = SendTS1

3) RxCMD = EnConfig

4) LinkPhyStat = Down

5) TS1 and SKIP ordered-sets are transmitted on all lanes

6) SymbolErrorCounter is enabled

7) LinkSpeedActive = LinkSpeedEnabled

8) If the RxStatus = RxTrained, the next state is Config.WaitRmt.

9) Else if DelayTimeOut (150 ms) the next state is the LinkDownDefault-
State (Polling or Sleeping).

In the Wait Remote (Config.WaitRmt) state, the transmitter sends a series
of TS2 ordered-sets on all lanes. The receiver monitors the configured
physical lanes waiting for a transition from TS1 to TS2 ordered-sets indi-
cating the remote port has completed its configuration. If the lane reversal
option is supported and the delay has timed out, the next state will reverse
the port’s transmit lanes. If the lane reversal option is not supported and
the delay has timed out, the next state will be retry receiver configuration.
In the Config.WaitRmt state the following rules and commands shall be
active:

1) TXCMD = SendTS2 (minimum of 16 TS2s)

2) RxXCMD = WaitTS2

3) LinkPhyStat = Down

4) TS2 and SKIP ordered-sets are transmitted on all lanes
5) SymbolErrorCounter is enabled

6) If received “lane order error” the next state is Config.RcvrCfg.
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7) Else If the RxStatus = RcvdTS2, the next state is Config.CfgEn-
hanced for ports implementing Rel. 1.2 Enhanced Signaling capa-
bility. For ports implementing only legacy functionality, the next state
is Config.ldle.

8) Else If “Lane Reversal Option” and DelayTimeOut(2ms), the next
state is Config. TxRevLanes.

9) Else if not “Lane Reversal Option” and DelayTimeOut(2ms), the next
state is Config.RcvrCfg.

5.6.4.6.4 CONFIG.TXREVLANES STATE

In the reverse transmit lanes (Config. TxRevLanes) state, the transmitter
reverses its lanes and continues to sends a series of TS2 ordered-sets on
all lanes. The receiver monitors the configured physical lanes waiting for
a transition from TS1 to TS2 ordered-sets, indicating the remote port has
completed its configuration. In the Config. TxRevLanes state, the following
rules and commands shall be active:

1) TXCMD = SendTS2 (minimum of 16 TS2s)

2) TxCMD = RevLanes

3) RxCMD = WaitTS2

4) LinkPhyStat = Down

5) TS2 and SKIP ordered-sets are transmitted on all lanes

6) SymbolErrorCounter is enabled

7) If received “lane order error” the next state is Config.RcvrCfg

8) Else If the RxStatus = RcvdTS2, the next state is Config.CfgEn-
hanced.

9) Else If DelayTimeOut(2ms), the next state is Config.RcvrCfg.

5.6.4.6.5 CONFIG.CFGENHANCED STATE - RELEASE 1.2 ENHANCED SIGNALING

In the Configure Enhanced Capabilities state (Config.CfgEnhanced) the
transmitter sends TS3 (Training Sequence 3) ordered-sets to negotiate
with the link peer port what enhanced capabilities will be used. As de-
scribed in Section 5.3.2.4, “Training Sequence Three Ordered-Set (TS3),”
on page 99, a TS3 ordered-set includes fields which allow the transmitter
to indicate

« which link speeds may be attempted (in a form consistent with the
SM.PortInfo(LinkSpeedEnabled) and SM.Portinfo(LinkSpeed-
Supported) fields described in Section 5.4.2, “Status Qutputs (MAD
get),” on page 107),

« whether or not adaptive transmitter pre-emphasis is requested, and
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whether or not the LINK HEARTBEAT functionality, required for DDR
and QDR operation as described in Section 5.11, “Link Heartbeat,”
on page 166, is enabled, and

which transmitter equalization setting should be used, if equalization
training has already occurred in the Config.Equalization state.

In the Config.CfgEnhanced state the following rules and commands shall
be active:

1)
2)
3)
4)
5)
6)

7

8)

9)

TXCMD = SendTS3

RxXCMD = WaitTS3

LinkPhyStat = Down

TS3 and SKIP ordered-sets are transmitted on all lanes
SymbolErrorCounter is inhibited

If RxStatus = RcvdTS3, and the exchanged TS3 indicate both (a) a
request for equalization on either port, OR (b) MaxBothActive
changed from previous visit (i.e., first time on state since
Config.RcvrCfg, or equalization failed on one of the peers), the next
state is Config.Test. Also, LinkSpeedActive is set equal to the AND
of the current LinkSpeedActive and the SpeedActive field of the re-
ceived TS3 to determine the speed(s) active on both ports.

Else if RxStatus = RevdTS3, and either no further equalization is re-
quested AND MaxBothActive has not changed from previous visit,
and LinkSpeedActive is set to the highest bit set on both peers, the
next state is Config.WaitCfgEnhanced.

Else If RxStatus = Revdldle (indicating the port is connected to a
legacy device port), the next state is Config.ldle.

* For legacy compatibility, an 8x device should assert RxStatus =
Rcvdldle if it receives Idles on only lanes 0...3, as described in
Section 5.6.7.7, “RxCMD = Waitldle,” on page 154.

« After following this transition, since the port is connected to a leg-
acy device, all Rel. 1.2 Enhanced Signaling capabilities
(DDR/QDR, heartbeat, etc.) are inactivated. Furthermore, an 8x
device reverting to legacy operation shall operate with 4x or 1x
link width, with only lanes 0-3 or lane 0 configured.

Else if DelayTimeOut (2 ms), the next state is Config.RcvrCfg.

5.6.4.6.6 CONFIG.TEST STATE - RELEASE 1.2 ENHANCED SIGNALING

In the Configure Test state (Config.Test) the transmitter will send idle data
at the maximum speed indicated in the LinkSpeedActive bit map, for a
100 millisecond period. The 100 ms. period is split into a 36 ms period of
default transmitter equalization time, and 16 separate adaptive transmitter
equalization setting slots of 4ms duration each. On each 4 ms slot, the

transmitter sends one of a vendor-dependent set of adaptive equalization
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settings. The receiver, on each slot, attempts to receive intact data (valid
and supported 8b/10b code groups, with correct running disparity), while
optionally adjusting receiver equalization settings.

The receiver equalization techniques and settings used are vendor-de-
pendent, don’t require transmitter/receiver handshaking across a link.
Therefore, the receiver equalization is unspecified here.

Once the 100 ms period of the Config.Test state is over, the receiver de-
cides which of the 16 adaptive transmitter equalization settings was the
first usable one. This request is indicated in the TS3 ordered-sets trans-
mitted in the Config.CfgEnhanced state following this Config.Test state.

Transmitter and receiver adaptive equalization capabilities are optional,
and may not be implemented in some devices. In this case, the non-im-
plementing device will return a TS3 with DDSV and the DDS bits all
cleared to 0, and the attached device will use the default equalization set-
ting of the first 36 ms.

In the Config.Test state the following rules and commands shall be active:

1) SPEED = MaxBothActive

2) TxCMD = Sendidle

3) RxCMD = Waitldle

4) Idle and SKIP ordered-sets are transmitted on configured lanes
5) LinkPhyStat = Down

6) SymbolErrorCounter is enabled

7) If DelayTimeOut(100 ms), next state is Config.WaitRmtTest.

« If the receiver was unable to recover data from the received sig-
nal without incurring any minor link errors, the bit indicating the
currently-active speed, MaxBothEnabled, should be cleared to 0
in LinkSpeedsActive. This modified Speeds mask, indicating
that the current speed is not supported, is reflected in further
transmitted TS3 ordered-sets.

* Areceiver MAY use SKIP ordered-sets to ensure that the require-
ment of total link skew of 6 symbol times (60 Ul) or less has been
met. Please see Table 28, Table 41, Table 60, Table 61, and Table
62. If the total link skew is measured to be more than 6 symbol
times, the bit indicating the currently-active speed, MaxBothEn-
abled, should be cleared to 0 in LinkSpeedsActive. This modified
Speeds mask, indicating that the current speed is not supported,
is reflected in further transmitted TS3 ordered-sets.
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5.6.4.6.7 CONFIG.WAITRMTTEST STATE - RELEASE 1.2 ENHANCED SIGNALING

In the Configure Wait for Remote Test state (Config.WaitRmtTest) the
transmitter sends a series of TS2 ordered-sets at the MinEnabledSpeed
transmitter speed to indicate to the link peer that it has completed at-
tempting operation at the maximum speed commonly active in both ports,
with attempted equalization training. In the Config.WaitRmtTest state the
following rules and commands shall be active:

1) SPEED = MinEnabledSpeed

2) TxCMD = SendTS2

3) RxCMD = EnDeskew

4) LinkPhyStat = Down

5) TS2 and SKIP ordered-sets are transmitted on all lanes at the cur-
rently-active transmitter speed.

6) SymbolErrorCounter is inhibited
7) If DelayTimeOut (2 ms), the next state is Config.CfgEnhanced

5.6.4.6.8 CONFIG.WAITCFGENHANCED STATE - RELEASE 1.2 ENHANCED SIGNALING

5.6.4.6.9 CONFIG.IDLE STATE

In the Configure Wait Remote Configure Enhanced state (Config.WaitCf-
gEnhanced) the transmitter sends a series of TS2 ordered-sets at the cur-
rently-active transmitter speed to indicate to the link peer that it has (a)
completed TS3 exchange for negotiating enhanced capabilities, and (b)
committed to operation at the speed negotiated in the Config.CfgEn-
hanced TS3 exchange and attempted in a previous Config.Test state. In
the Config.WaitCfgEnhanced state the following rules and commands
shall be active:

1) SPEED = MaxBothActive
2) TxCMD = SendTS2

3) RxCMD = EnDeSkew

4) LinkPhyStat = Down

5) TS2 and SKIP ordered-sets are transmitted on all lanes at the cur-
rently-active transmitter speed.

6) SymbolErrorCounter is inhibited
7) If DelayTimeOut (2 ms), the next state is Config.ldle.

In the configuration idle (Config.ldle) state, both the local and remote ports
have completed configuration and training. The port now transmits link
idle data at the configured active speed. The receiver monitors the config-
ured physical lanes, waiting for a transition from TS2 ordered-sets to Idle
Data. When Link Idle Data is received the link is up. In the Config.ldle
state, the following rules and commands shall be active:
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5.6.4.7 LINKUP STATE

1) TxCMD = Sendldle
2) RxCMD = Waitldle
3) LinkPhyStat = Down

4) Idle data and SKIP ordered-sets are transmitted on configured lanes
only.

5) SymbolErrorCounter is enabled

6) If RxStatus = RcvdTS1 or If DelayTimeOut(2ms), the next state is
Config.RcvrCfg.

The LinkUp state is the normal operational state of the port. Packets pro-
vided by the Link Layer are transmitted, and received packets are for-
warded to the Link Layer. This is the only state in which the Link Physical
logical status signal LinkPhyStat is assigned the value “Up”, indicating that
the link is available to transfer packets. In the LinkUp state, Physical Link
error handling is enabled. The Physical Link Error Handling is defined in
Section 5.7, “Link Physical Error Handling,” on page 156. In the LinkUP
state the following rules and commands shall be active:

1) TxCMD = Enable
2) RxCMD = Enable
3) LinkPhyStat = Up
4) The SymbolErrorCounter is enabled

5) If RxStatus = RxMajorError or LinkPhyRecover, the next state is Re-
covery.

6) If RxStatus = RxHeartbeatError,
a) The LinkDownedCounter is incremented
a) The LinkRoundTripLatency value is reset to OXFFFF FFFF
b) The next state is the LinkDownDefaultState (Polling or Sleeping)

5.6.4.8 LINK ERROR RECOVERY STATES

The Link Error Recovery Super State controls port error recovery. The re-
covery process is triggered when an error is detected by the Link Layer or
Link/Physical Layer. The Physical Layer error handling logic monitors
minor errors and, when a rate threshold is reached or when a major error
is detected, triggers recovery. (See Section 5.7 on page 156)

The recovery process starts by sending a stream of TS1 ordered-sets to
trigger error recovery at the remote port. When TS1 or TS2 is received by
the local receiver, it will use the current configuration (width, lane reversal,
serial data inversion, and speed) to retrain.
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The second step of recovery starts when the receiver has completed re-
training. The port starts sending a stream of TS2 ordered-sets. The port
then waits for the remote port to complete retraining. When the portis both
sending and receiving TS2, both receivers have been retrained, and the
second step of recovery is complete.

In the final step of link recovery, the port transmits an idle data stream and
waits for idle data. When the port is both sending and receiving idle data,
recovery is complete, and the link is up.

If the recovery process fails at any step, the Link/Physical Layer state ma-
chine returns to its link down default state.

The states of Recovery Super State are expanded in the state graph
shown in Eigure 28.

i [From LinkUp State]

Recovery.ReTrain

TXCMD = SendTS1 DelayTimeOut(2ms)
RxCMD =EnDeSkew P

l RxTrained

Recovery.WaitRmt

TXCMD = SendTS2 DelayTimeOut(2ms)
RxCMD = WaitTS2 >

chvdTSZ

Recovery.ldle

TxXCMD = Sendldle DelayTimeOut(2ms)
RxCMD = Waitldle g

| chvdIdle |

v
[To LinkUp State] [To LinkDownDefaultState]
[Polling or Sleeping]

Figure 28 Recovery Super State (Expanded)
5.6.4.8.1 RECOVERY.RETRAIN STATE

In the Recovery Retrain (Recovery.Retrain) state, the transmitter is com-
manded to send a series of TS1 ordered-sets using the currently config-
ured lanes. The receiver is enabled to reacquire symbol sync and then to
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5.6.4.8.2 RECOVERY.WAITRMT STATE

5.6.4.8.3 RECOVERY.IDLE STATE

de-skew the lanes. In the Recovery.Retrain state the following rules and
commands shall be active:
1) TXCMD = SendTS1 (minimum of 16 TS1s)
2) RxCMD = EnDeSkew
3) LinkPhyStat = Down
4) TS1 and SKIP ordered-sets are transmitted on configured lanes only.
5) The port SymbolErrorCounter is enabled.
6) If the RxStatus = RxTrained, the next state is Recovery.WaitRmt.
7) Else if DelayTimeOut(2ms),
a) The LinkDownedCounter is incremented
b) The LinkRoundTripLatency value is reset to OXFFFF FFFF
c) The next state is the LinkDownDefaultState (Polling or Sleeping)

In the Recovery Wait Remote state (Recovery.WaitRmt), the transmitter is
commanded to send a series of TS2 ordered-sets on the configured
lanes. The receiver monitors the receive streams on the configured lanes.
In the Recovery.WaitRmt state the following rules and commands shall be
active:
1) TXCMD = SendTS2 (minimum of 16 TS2s)
2) RxCMD = WaitTS2
3) LinkPhyStat = Down
4) TS2 and SKIP ordered-sets are transmitted on configured lanes only
5) The port SymbolErrorCounter is enabled.
6) If the RxStatus = RcvdTS2, the next state is Recovery.ldle.
7) Else if DelayTimeOut(2ms)

a) The LinkDownedCounter is incremented

b) The LinkRoundTripLatency value is reset to OXFFFF FFFF

c) The next state is the LinkDownDefaultState (Polling or Sleeping)

In the Recovery Idle state (Recovery.ldle), both ports have retrained, and
the transmitter is commanded to send on the configured lanes. The re-
ceiver monitors the receive streams on the configured lanes waiting for
idle data. In the Recovery.ldle state, the following rules and commands
shall be active:

1) TxCMD = Sendldle (minimum of 16 symbol times)
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2) RxCMD = Waitldle
3) LinkPhyStat = Down

4) Idle Data and SKIP ordered-sets are transmitted on configured lanes
only.

5) The port SymbolErrorCounter is enabled.
6) If RxStatus = Rcvdldle,
a) The LinkErrorRecoveryCounter is incremented
b) The next state is LinkUp.
7) Else If DelayTimeOut(2ms),
a) The LinkDownedCounter is incremented
b) The LinkRoundTripLatency value is reset to OXFFFF FFFF
c) The next state is the LinkDownDefaultState (Polling or Sleeping)

5.6.5 STATE MACHINE DELAYS AND TIMEOUTS

Operations in certain states involve delays or time-out periods. These
time-out periods start as the state is entered and are cleared when a tran-
sition to a different state is taken.

C5-10: All ports shall use the delays and tolerances defined in
Section 5.6.5, “State Machine Delays and Timeouts,” on page 147.

The delay timeouts used by the link training state machine shall have the
following tolerances:

1) DelayTimeOut (2ms): 2ms (-1lus/ +126us)

2) DelayTimeOut (100ms): 100ms (-1us/ +126us)

3) DelayTimeOut (150ms): 150ms (-1us/ +126us)

4) DelayTimeOut (400ms): 400ms (-1us/ +126us)

Note: The delay tolerances specified above do not include plus/minus
100ppm allocated to the clock oscillator. The two tolerances are cumula-
tive (delay tolerance + oscillator tolerance).

5.6.6 TRANSMITTER INTERFACE AND BEHAVIOR

The link training state machine controls the transmitter behavior using a
set of transmitter commands (TxCMD). The transmitter reports its status
as TxStatus. The expected behavior of each command is specified in the
following paragraphs.

C5-11: All ports shall implement the transmitter behaviors defined in
Section 5.6.6, “Transmitter Interface and Behavior,” on page 147 but are
not required to implement the optional lane reversal function.
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5.6.6.1 TXCMD = DISABLE

5.6.6.2 TXCMD = SENDTS1

5.6.6.3 TXCMD = SENDTS2

05-3:  All ports that implement the optional lane reversal function shall
implement the behavior as defined in Section 5.6.6.6, “TxCMD = Rev-
Lanes,” on page 150.

When transmit command is “disabled”, the transmitter output signals on
all physical lanes shall be driven to a quiescent condition.

The SendTS1 command instructs the transmitter to send a sequence of
training sequence one ordered-sets (TS1). When commanded to send
TS1 ordered-sets, the transmitter shall implement the following rules:

1)

2)

3)

4)

5)
6)

7)

The first TS1 ordered-set shall be transmitted at the next available
ordered-set or symbol boundary. The packet currently being trans-
mitted may be terminated abnormally to send TS1 ordered-sets that
trigger error recovery.

The first TS1 ordered-set transmitted should force the current
running disparity in all lanes to the same value (positive or negative)

The SKIP ordered-sets have the highest transmit priority. When
scheduled, a SKIP ordered-set shall be transmitted at the next or-
dered-set boundary

Complete TS1 ordered-sets shall be transmitted back-to-back as
long as the SendTS1 command is active.

At a minimum, sixteen (16) TS1 ordered-sets shall be transmitted.
In the Polling and Configuration Super States:

a) The SKIP ordered-sets shall be transmitted on all enabled physi-
cal lanes.

b) The TS1 ordered-sets shall be transmitted on all enabled physi-
cal lanes.

In the Recovery Super State:

a) The SKIP ordered-sets shall be transmitted only on configured
physical lanes.

b) The TS1 ordered-sets shall be transmitted only on configured
physical lanes.

¢) Lanes not included in the configured link width (unused) shall be
forced to a quiescent condition.

The SendTS2 command instructs the transmitter to send a sequence of
training sequence two ordered-sets (TS2). When commanded to send
TS2 ordered-sets, the transmitter will implement the following rules.
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5.6.6.4 TXCMD = SENDTS3

1) The first TS2 ordered-set shall be transmitted at the next available
ordered-set boundary.

2) Complete TS2 ordered-sets shall be transmitted back-to-back as
long as the SendTS2 command is active.

3) Ata minimum, sixteen (16) TS2 ordered-sets shall be transmitted.

4) The SKIP ordered-sets have the highest transmit priority. When
scheduled, a SKIP ordered-set shall be transmitted at the next
packet or ordered-set boundary.

5) In the Config.WaitRmt and Config.TxRevLane States:

a) The SKIP ordered-sets shall be transmitted on all enabled physi-
cal lanes.

b) The TS2 ordered-sets shall be transmitted on all enabled physi-
cal lanes.

6) In the Recovery.WaitRmt, the Config.WaitRmtTest, and the
Config.WaitCfgEnhanced State:

a) The SKIP ordered-sets shall be transmitted only on configured
physical lanes.

b) The TS2 ordered-sets shall be transmitted only on configured
physical lanes.

c) Lanes notincluded in the configured link width (unused) shall be
forced to a quiescent condition.

The SendTS3 command instructs the transmitter to send a sequence of
training sequence three ordered sets (TS3). When commanded to send
TS3 ordered-sets, the transmitter will implement the following rules:

1) The first TS3 ordered set shall be transmitted at the next available
ordered-set boundary.

2) Complete TS3 ordered sets shall be transmitted back-to-back as
long as the SendTS3 command is active.

3) Ata minimum, sixteen (16) TS3 ordered sets shall be transmitted.

4) The SKIP ordered sets have the highest transmit priority. When
scheduled a SKIP ordered set shall be transmitted at the next packet
or ordered set boundary.

5) The SKIP ordered-sets shall be transmitted on all enabled physical
lanes.

6) The TS3 ordered-sets shall be transmitted on all enabled physical
lanes.
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5.6.6.5 TXCMD = SENDIDLE

The Sendldle command instructs the transmitter to send the link idle data
sequence. When commanded to send idle data, the transmitter shall im-
plement the following rules.

1) The SKIP ordered-sets have the highest transmit priority. When
scheduled, a SKIP ordered-set shall be transmitted as soon as pos-
sible by interrupting link idle data sequence transmission.

2) The SKIP ordered-sets shall be transmitted only on configured
physical lanes.

3) The link idle data sequence shall be transmitted only on configured
physical lanes.

4) Lanes not included in the configured link width (unused) shall be
forced to a quiescent condition.

5) At a minimum, sixteen (16) symbols times of link idle data shall be
transmitted on each physical lane.

5.6.6.6 TXCMD = REVLANES

The Reverse Lanes command is an optional modifier to the SendTS2
command. The RevLanes command instructs the transmitter to reverse
the order of its transmit lanes. When commanded to reverse lanes, the
transmitter shall implement the following rules.

1) The operation of the SendTS2 command shall not be interrupted.

2) The lane swap shall not cause the remote receiver to detect an
error.

3) Four wide (4x) port shall reverse lanes causing the following lane
swaps:0to3,1t02,2to0 1, and 3t0 0.

4) Eight wide (8x) port shall reverse lanes causing the following lane
swaps: 0to7,1t06,2to5,3t04,4t03,5t02,6t01,and 7 to 0.

5) Twelve wide (12x) port shall reverse lanes causing the following lane
swaps: 0to11,11t010,2t09,3t08,4t07,5t06,6t05,7t04,8to
3,9t02,10to 1, and 11 to O.

5.6.6.7 SPEED = MAXBOTHACTIVE

This command configures the transmitter to transmit data at the maximum
rate commonly enabled on both ports of the link that is also supported by
the link medium.

5.6.6.8 SPEED = MINENABLEDSPEED

This command configures the transmitter to transmit data at the minimum
speed enabled on the port, generally the SDR rate.
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5.6.6.9 TXCMD = ENABLE

This command enables the normal operation condition of the transmitter.
When enabled, the transmitter will implement the following rules.

1) The transmission of SKIP ordered-sets, link heartbeats, packets, and
link idle data shall be restricted to the configured link width.

2) Physical lanes not included in the configured link width (unused)
shall be forced to a quiescent condition.

3) SKIP ordered-sets have the highest transmit priority. When
scheduled, a SKIP ordered-set shall be transmitted as soon as pos-
sible at the next packet boundary, at the next ordered-set boundary,
or by interrupting link idle transmission.

4) On ports that implement Rel. 1.2 Enhanced Signaling capability, Link
Heartbeat Ordered-Sets have the second highest transmit priority.
When a Link Heartbeat ordered-set is available for transmission, it
shall be transmitted as soon as possible at the next packet boundary,
at the next ordered-set boundary, or by interrupting link idle trans-
mission.

5) Packets have the next highest transmit priority. When a packet is
available for transmission, it shall be transmitted as soon as possible
at the next packet boundary, at the next ordered-set boundary, or by
interrupting link idle transmission.

6) When there are no SKIP ordered-sets, link heartbeats, or packets to
transmit, the transmitter shall transmit the link idle data pattern.

5.6.7 RECEIVER INTERFACE AND BEHAVIOR

The link training state machine controls the receiver behavior using a set
of receiver commands (RxCMD). The receiver reports its status as Rx-
Status. The expected behavior of the receiver in response to each com-
mand is described in the following paragraphs. Receiver status conditions
are defined as part of receiver command definition.

C5-12: All ports shall implement the Receiver behaviors defined in
Section 5.6.7, “Receiver Interface and Behavior,” on page 151 but are not
required to implement the optional lane reversal function or correction of
inverted serial data.

05-4: All ports that implement the optional correction of inverted serial
data shall implement the behavior as defined in Section 5.6.7.3, “RxCMD
= EnConfig,” on page 152 rule 2.

05-5:  All ports that implement the optional lane reversal function shall
implement the behavior as defined in Section 5.6.7.3, “RXCMD = En-
Config,” on page 152 rule 4.
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5.6.7.1 RXCMD = DISABLE
When the receiver is disabled, the receiver shall implement the following
rules:
1) The receiver shall not forward packets to the upper layer protocols.

2) The receiver shall not update the port error counters. (See Section
5.4.3 on page 110)

5.6.7.2 RXCMD = WaAITTS1

This command instructs the receiver to look for TS1 on all physical lanes
independently. When commanded to WaitTS1, the receiver shall imple-
ment the following rules.

1) Symbol synchronization shall be enabled on all lanes.

2) The receiver status shall be RcvdTS1 when at least one complete
and error free TS1 or TS2 ordered-set is detected in one or more
physical lanes.

3) The training sequence ordered-set lane number shall not be
checked.

5.6.7.3 RXCMD = ENCONFIG

When the receiver is commanded to enable auto-configure, the receiver

will attempt to configure the port as restricted by port capability and by ca-
pabilities enabled by management commands (See Section 5.4.1 on page
105). When commanded to enable auto-configure, the receiver will imple-
ment the following rules:

1) The receiver shall only attempt to configure the link to speeds en-
abled by the LinkSpeedEnabled variable. (Auto-configuration of link
speed is supported under Rel. 1.2 Enhanced Signaling, but not sup-
ported by legacy devices).

2) The receiver may optionally correct inverted receiver data.

3) The receiver shall verify proper lane polarity using the training se-
guence data (symbols 3 through 16 of both TS1 and TS2) in the re-
ceived training sequence. If the lane polarity is not correct (or cannot
be corrected), the receiver shall not report RxTrained.

4) The receiver may optionally correct reversed lanes.

5) The receiver shall verify proper lane order using the lane number
symbol (the second symbol in both TS1 and TS2) in the received
training sequence. If proper lane ordering is not present (or cannot be
corrected), the port shall not report RxTrained.

6) The receiver shall only attempt to configure the link to widths en-
abled by the LinkWidthEnabled variable.
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5.6.7.4 RXCMD = ENDESKEW

5.6.7.5 RXCMD = WAITTS2

7)

8)

9)

a) When the 12x width is enabled, the receiver shall attempt symbol
synchronization on twelve physical lanes (11-0) and shall verify
that all twelve lanes are receiving TS1 or TS2 ordered-sets.

b) When the 8x width is enabled, the receiver shall attempt symbol
synchronization on eight physical lanes (7-0) and shall verify that
all eight lanes are receiving TS1 or TS2 ordered-sets.

c) When the 4x width is enabled, the receiver shall attempt symbol
synchronization on four physical lanes (3-0) and shall verify that
all four lanes are receiving TS1 or TS2 ordered-sets.

d) When the 1x width is enabled, the receiver shall attempt symbol
synchronization on physical lane (0) and shall verify that it is re-
ceiving TS1 or TS2 ordered-sets.

The receiver shall use widest enabled and verified link width for com-
pletion of link training and report that width as the configured link
width.

The receiver shall use the sixteen symbol long TS1 or TS2 as ref-
erence for link de-skew operations.

The receiver shall be capable of de-skewing a minimum of six
symbol times of total link skew.

10) After successful link de-skew, the receiver shall receive eight (8)

consecutive error free TS1 or TS2 (all TS1, all TS2 or TS1 followed
by TS2) ordered-sets simultaneously on all configured lanes before
reporting RxTrained status.

When the receiver is commanded to enable de-skew, it will implement the
following rules:

1)

2)

3)

The receiver shall use the sixteen symbol long TS1 or TS2 as refer-
ence for link de-skew operations.

The receiver shall be capable of de-skewing a minimum of six
symbol times of total link skew.

After successful link de-skew, the receiver shall receive eight (8)
consecutive error free TS1 or TS2 (all TS1, all TS2 or TS1 followed
by TS2) ordered-sets simultaneously on all configured lanes before
reporting RxTrained status.

This command instructs the receiver to confirm configuration of the re-
mote port. When the remote port configures its receiver, it starts to
transmit TS2 ordered-sets. When commanded to wait for TS2, the re-
ceiver shall implement the following rules:
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5.6.7.6 RXCMD = WAITTS3

5.6.7.7 RXCMD = WAITIDLE

5.6.7.8 RXCMD = ENABLE

1) The receiver shall ignore data on the lanes that are not included in
the configured link width (unused).

2) The receiver shall ignore properly formatted TS1 and SKIP ordered-
sets.

3) The receiver shall receive eight (8) consecutive error free and
properly lane ordered TS2 or TS3 ordered-sets simultaneously on all
configured lanes before reporting RevdTS2 status.

The WaitTS3 command instructs the receiver to determine the advertised
speed of the remote port. When the far port has finished sending and re-
ceiving idle data it starts to transmit TS3 ordered-sets. When commanded
to wait for TS3, the receiver shall implement the following rules:

1) The receiver shall ignore data on lanes that are not included in the
configured link width (unused).

2) The receiver shall receive eight (8) consecutive error free TS3 or-
dered sets simultaneously on all configured lanes before reporting
RcvdTS3 status.

3) The receiver shall ignore error free idle data and SKIP ordered-sets

4) The Receiver shall compare the link speed indicator from the re-
ceived TS3 ordered-sets with the link speed indicator from the links
transmitted TS3 ordered-sets. The highest common speed will be
saved and passed to the transmitter for use in the transmission of
further data.

This command instructs the receiver to confirm reception of the final hand-
shake necessary to complete the link training process. When the far port
confirms proper configuration of the near port, it starts to transmit the link
idle data pattern. When commanded to wait for idle data, the receiver
shall implement the following rules:

1) The receiver shall ignore properly formatted TS2 and SKIP ordered-
sets.

2) The receiver shall assert Rcvdldle after reception of at least eight (8)
error free symbol times of link idle data sequence on all configured
lanes (i.e. eight (8) per lane).

This command enables the normal receiver operation. The receiver will
implement the following rules:

1) Received packets shall be transferred to the upper layers of the pro-
tocol (link layer).
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5.6.7.9 RXCMD = WAITTS-T

5.6.7.10 RXSTATUS = RcvDTS1

5.6.7.11 RXSTATUS = RXTRAINED

5.6.7.12 RXSTATUS = RcvDTS2

5.6.7.13 RXSTATUS = RcvDTS3

5.6.7.14 RXSTATUS = RcVvDTS-T

5.6.7.15 RXSTATUS = RcVDIDLE

2) Link error detection shall be enabled. (See Section 5.7 on page 156)

3) If Rel. 1.2 Enhanced Signaling capabilities are implemented,
a) detection of Heartbeat SND Ordered Sets shall be enabled, and

b) detection of Heartbeat Errors shall be enabled.

This command enables the receiver to detect the TS-T ordered set. The
receiver will implement the following rules:

1) The receiver status shall be RcvdTS-T when at least one complete
and error free TS-T ordered-set is detected in one or more physical
lanes.

The received TS1 status is valid at any time TS1 is received. The receiver
status RcvdTS1 is defined in Section 5.6.7.2, “RxCMD = WaitTS1,” on

page 152.

The receiver trained status is valid only when the RxCMD is EnConfig or
EnDeSkew. The receiver status RxTrained is defined in Section 5.6.7.4,
“RxCMD = EnDeSkew,” on page 153.

The received TS2 status is valid at any time TS2 is received. The receiver
status RcvdTS2 is defined in Section 5.6.7.5, “RxCMD = WaitTS2,” on

page 153.

The received TS3 status is valid only when the RXCMD is WaitTS3. The
receiver status RcvdTS3 is defined in Section 5.6.7.6, “RxCMD =
WaitTS3,” on page 154.

The received TS-T status is valid only when the RxCMD is WaitTS-T. The
receiver status RcvdTS-T is defined in Section 5.6.7.9, “RxCMD =
WalitTS-T,” on page 155.

The received idle status is valid when the RxCMD is Waitldle and in states
where a received Ildle causes a state transition. The receiver status Rcv-
didle is defined in Section 5.6.7.7, “RxCMD = Waitldle,” on page 154.
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5.6.7.16 RXSTATUS = RXMAJORERROR

Receiver Major Error status can be asserted by multiple sources. The re-
ceiver status RxMajorError is defined in Section 5.7.4, “Major Link Phys-
ical Errors Events,” on page 158.

5.6.7.17 RXSTATUS = RXHEARTBEATERROR

Receiver Heartbeat Error status can be asserted by multiple sources. The
receiver status RxMajorError is defined in Section 5.11.2, “Heartbeat
Error Handling,” on page 168.

5.7 LINK PHYSICAL ERROR HANDLING

This section describes link error detection and link error recovery imple-
mented in the Link/Physical layer.

The Link/Physical layer does not interpret packet payloads, packet
framing, or CRCs. These errors are detected at the Link Layer Protocol
described in Volume 1.

C5-13: All ports shall implement link physical error handling as defined in
Section 5.7, “Link Physical Error Handling,” on page 156.

5.7.1 LINK PHYSICAL ERRORS EVENTS

Link/Physical errors stem from two fundamental sources: link bit errors
and protocol violations. Bit errors may appear as 8B/10B coding viola-
tions, running disparity violations, or incorrect but valid 8B/10B code
groups. Bit errors which result in incorrect but valid code groups may be
detected as protocol errors or as CRC errors when checked by the upper
layers of the protocol. Burst errors may severely corrupt multiple code
groups on one or more lanes. These major error events may result in mul-
tiple coding violations, protocol errors, loss of lane to lane de-skew, or loss
of symbol synchronization. Protocol errors may be the result of simple bit
errors, or they may be the result of some other event. Receiver-detected
errors are handled in several basic ways:

1) Minor error events which do not significantly impact link/physical
layer processing shall be marked and forwarded to the upper layers.

« When minor error events occur simultaneously on multiple lanes,
they shall be treated as a single minor error event.

2) Major error events shall result in a link error event which triggers
link/physical error recovery.

The error threshold logic described in Section 5.7.3 on page 157 monitors
minor error events and may trigger a major event if the rate is too high.
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5.7.2 MINOR LINK PHYSICAL ERRORS EVENTS

Minor error events are input to the error threshold logic described in Sec-
tion 5.7.3 on page 157 and to the SymbolErrorCounter described in Sec-
tion 5.4.2. The following errors are counted as minor error events:

1) Invalid 8B/10B codes groups and running disparity errors shall be
counted as minor error events. (See Section 5.2).

2) Unsupported or disabled valid code groups shall be counted as
minor error events. (See Section 5.3.1.8 and Section 5.3.1.9).

3) Start or End Packet Delimiter in the wrong lane of a multi-lane link
shall be counted as a minor error event. (See Section 5.5.4, Section
5.5.5, and Section 5.5.6).

4) Any control symbol within the boundaries of a packet shall be
counted as a minor error event.

5) PAD symbols on a non-12x and non-8x link shall be counted as
minor error events. (See Section 5.5.5 and Section 5.5.6).

6) On an 8x or 12x link, PAD symbols not preceded by a End of Packet
Delimiter shall be counted as minor error events. PAD symbols in the
wrong lane shall also be counted as minor error events. (See Section
5.5.5, Section 5.5.6 and Section 5.10.3)

5.7.3 LINK PHYSICAL ERROR THRESHOLD ALGORITHM

To detect an excessive number of minor errors (see Section 5.7.2 above),
an error threshold algorithm is implemented. The threshold shall be setto
detect an error rate of four (4) or more minor errors within sixteen (16)
symbol times. Both the “leaky bucket algorithm” and “sliding window algo-
rithm” implementations are sufficient. The error threshold function will im-
plement the following rules:

1) The error threshold shall be enabled only when the link training state
machine is in the LinkUp state.

2) The error threshold shall be disabled and cleared when the link
training state machine is not in the LinkUp state.

The following implementation notes describe leaky bucket and sliding
window error threshold algorithms.
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Implementation Note:

The error threshold counter which employs the “leaky bucket algorithm”
should implement with the following rules:

1) When a minor error is detected, the error threshold counter is in-
cremented.

2) The error threshold counter is decremented every sixteen (16)
symbol times.

3) The decrement event may be a free-running symbol time counter
that is not synchronized to any specific link state or error condition.

An error threshold event will be reported when the error threshold
counter is value is four (4) or greater.

Implementation Note:

The error threshold counter which employs the “sliding window algo-
rithm” should implement with the following rules:

1) Logic tracks the minor error status of the most recent 16 symbol
times.

2) An error threshold event will be reported when four (4) or more
minor errors are present in the in the most recent 16 symbol time
of history

5.7.4 MAJOR LINK PHYSICAL ERRORS EVENTS

Major error events trigger the link error recovery process of the Link
Training State Machine. These error events are not counted directly. How-
ever, successful error recovery attempts are counted by the LinkErrorRe-
coveryCounter and failed error recovery attempts are counted by the
LinkDownedCounter. Both counters are defined in Section 5.4.3, “Port
Performance Counters,” on page 110. The following errors events will
start the link error recovery process:

1) Training Sequence one or two (TS1 or TS2) received in the linkup
state shall trigger link error recovery. (TS1 indicates that the remote
port has initiated the link error recovery process)

2) The assertion of LinkPhyRecover from the Link Layer shall trigger
link error recovery.
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5.7.5 HEARTBEAT ERROR

3) Loss of symbol(s) caused by elastic buffer overflow or underflow
shall trigger link error recovery.

4) The absence of 4 expected SKIP ordered-sets should trigger link
error recovery.

5) Clear loss of lane-to-lane de-skew should trigger link error recovery.

6) A minor error threshold event should trigger link error recovery.

A Heartbeat Error error event triggers a transition to the default state in the
Link Training State Machine. These error events are counted by the Link-
DownedCounter. The following error event is a Heartbeat Error event:

4 HEARTBEAT transmission periods (8 ms) elapse without receiving
valid HEARTBEAT ACK ordered-sets simultaneously on all active
lanes.

The characteristics of a valid HEARTBEAT ordered-set are described in
Section 5.3.2.5, “Link Heartbeat Ordered-Set (HRTBT),” on page 101. A
valid Link Heartbeat ordered-set has the following characteristics:

» Error-free reception of 8b/10b symbols on all configured lanes.
e Lane IDs match the lanes on which they were received.
e Opcode of either 5Dh (SND) or ACh (ACK).

¢ Received GUID on a SND HRTBT that doesn’t match the receive
port’'s own GUID. Matching SND GUID is interpreted as transmit-
ter/receiver crosstalk on SND transmission from a port transmitter on
the same device.

* Received GUID and PortNum on an ACK HRTBT that matches the
receive port’'s own GUID and PortNum. Mismatched ACK GUID and
Portnum is interpreted as transmitter/receiver crosstalk on ACK
transmission.

5.8 INTERNAL SERIAL LOOPBACK

The Internal Serial Loopback is optional and is not required on all ports.
Internal serial loopback allows a port to receive its transmitted data stream
without the need for external support. The internal serial loopback function
is intended for self-test and fault isolation use only.

05-6: All ports that implement internal serial loopback option shall imple-
ment it as defined in Section 5.8, “Internal Serial Loopback,” on page 159.

The following rules apply to the internal serial loopback:

1) When disabled, the internal serial loopback shall have no effect on
port operation.
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2) When enabled, internal serial loopback shall connect the transmit
serial data output to the receive serial data input as close to the chip
I/0O cells as is practical.

3) When internal serial loopback is enabled, the receive data from the
receiver input pins shall be blocked.

4) When internal serial loopback is enabled, the chip’s transmitter
output pins shall be forced to a quiescent condition.

5.9 CLock TOLERANCE COMPENSATION

Each end of a 1x link (or each physical lane on 4x, 8x and 12x links) uti-
lizes a transmitter and a receiver. The transmitter logic operates using a
tightly controlled reference clock called the “transmit clock”. Likewise, the
receiver logic operates using a clock recovered from the incoming bit
stream called the “receive clock”. Once the link is trained, the recovered
receive clock operates at the same frequency as the transmit clock at the
other end of the link.

The Ul parameter in InfiniBand Architecture Specification, Volume 2
Table 17 Driver Characteristics for 2.5 Gb/s on page 185 specifies the
transmit clock accuracy as +/- 100 ppm (parts per million). The worst-case
frequency difference between the transmit and receive clocks of a link oc-
curs when one of the transmitters is at the +100 ppm and the other one is
at the -100 ppm tolerance, resulting in a 200 ppm difference. In other
words, the transmit and receive clocks can shift by as much as one clock
period every 5000 clocks.

A common design practice is to clock most of the receive path logic in the
transmit clock domain. This is accomplished by using an “elastic buffer” in
the very early stages of the receive path. The elastic buffer compensates
for the differences between the transmit and receive clock domains by
dropping or inserting symbols. The input side of the elastic buffer operates
in the receive clock domain, and the output side operates in the transmit
clock domain.

To perform the compensation function, the elastic buffer needs to identify
safe zones in the incoming symbol sequence to insert or drop a symbol.
This zone is provided by the “SKIP ordered-set”.

C5-14: All ports shall implement clock tolerance compensation as defined
in Section 5.9, “Clock Tolerance Compensation,” on page 160.

5.9.1 TRANSMITTER “ SKIP” REQUIREMENTS

The transmitters are required to transmit SKIP ordered-sets periodically,
complying with the following rules:

InfiniBandSM Trade Association

Page 160 Proprietary and Confidential




InfiniBand™ Architecture Release 1.2

VOLUME 2 - PHYSICAL SPECIFICATIONS

Link/Phy Interface October, 2004
FINAL

1) The SKIP ordered-set shall be scheduled for insertion at least once
every 4608 symbol times.

2) The SKIP ordered-set shall be scheduled for insertion at most once
every 4352 symbol times.

3) A scheduled SKIP ordered-set shall be inserted at the next packet or
ordered-set boundary.

5.9.2 RECEIVER “SKIP” REQUIREMENTS

5.10 RETIMING REPEATERS

The receivers are required to receive and process SKIP ordered-sets pe-
riodically, complying with the following rules:

1) The receivers shall recognize received SKIP ordered-sets that are
comprised of one (1) comma (COM) symbol followed by one (1) to
five (5) skip (SKP) symbols.

2) The receivers shall be tolerant to receive and process SKIP ordered-
sets at an average rate of once in every 4352 to 4608 symbol times.

3) The receivers shall be tolerant to receive and process SKIP ordered-
sets separated from each other at least 128 symbol times -- mea-
sured as the distance between the leading comma (COM) symbols.

4) The receivers shall be tolerant to receive and process SKIP ordered-
sets separated from each other at most 8832 symbol times -- mea-
sured as the distance between the leading comma (COM) symbols.

The InfiniBand™ Architecture allows for the use of “retiming repeaters” to
recover from potentially weakened signal strength and built-up jitter be-
tween two end nodes of a link.

There are two types of retiming repeater: “SKIP ordered-set dependent”
retiming repeaters, which use the SKIP ordered-set to compensate for fre-
quency difference, and “transparent” retiming repeaters, which do not de-
pend on or use the SKIP ordered-set, but operate at a single common
frequency for both transmission and reception.

This section describes, in general, the operation of SKIP ordered-set de-
pendent retiming repeaters, except where transparent retiming repeaters
are specifically mentioned. Both types of retiming repeater reset jitter and
meet the signaling requirement specified in (InfiniBand Architecture Spec-
ification, Volume 2, Chapter 6: High Speed Electrical Signaling - 2.5, 5.0,
& 10.0 Gbis).
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Implementation Note:

The major difference between the two types of retiming repeaters is in
whether the retiming repeater uses an internal clock, or uses a clock re-
covered from the received data stream, for transmitting the repeated
data. A SKIP ordered-set dependent retiming repeater will typically
have its own internal clock, with the usual +/- 100 ppm frequency toler-
ance, and may need to insert or remove SKIP symbols to compensate
for frequency differences with the originating port. A transparent
retiming repeater will typically transmit the repeated data using a clock
recovered from the received data.

Transparent retiming repeaters will typically be more generally useful,
since they are not dependent on the specific InfiniBand link/phy pro-
tocol’s use of the SKIP ordered-set.

C5-15: All retiming repeaters shall implement functions as defined in
5.10: Retiming Repeaters.

The following general rules apply to retiming repeaters:

1) Retiming repeaters shall reset the jitter budget.

2) Not more than two SKIP ordered set-dependent retiming repeaters
shall be allowed between two protocol-aware ports.

3) Retiming repeaters may join dissimilar physical media such as
copper-to-fiber optic links.

4) Retiming repeaters are not in-band-addressable devices. Hence they
cannot be managed through in-band management messages.
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5.10.1 RETIMING REPEATER FUNCTIONS

Figure 29 below depicts a block diagram of a conceptual retiming re-
peater. This figure is provided as a visual aid to help explain the funda-
mental functions of retiming repeaters.

Rx Clock (A) Tx Clock (B
Control E) Tx Osc.
N |e S5 I3 S
—— AT 2 BEFM 2|
5 3] Wm 3] @
< » (04 (04 n @
/o) o)
S 5 S5 8 N
(S 2 ¢35 2 [ gae—
) o} Wm o} o
()] nd x n
: 1
Tx Osc. »| Control
Tx Clock (A Rx Clock (B)

Figure 29 A Conceptual Retiming Repeater Block Diagram

Retiming repeaters are fairly simple devices. A 1x retiming repeater con-
sists of two ports. It simply transmits every symbol received on one port to
the other port. The receiver circuitry on each port operates from its own
recovered receive clock (Rx Clock) domain. However, the transmit cir-
cuitry operates on a locally generated transmit clock (Tx Clock) domain,
which may have a different frequency than the frequency of the incoming
data. In order to compensate for the differences in the receive and
transmit clock domains, elastic buffers are used in each direction. Trans-
parent retiming repeaters transmit the data using the clock recovered from
the received data, and have less requirement for elastic buffers.

Retiming repeaters are not link-protocol-aware devices. In other words,

they do not recognize link and data packets. However, SKIP ordered-set
dependent retiming repeaters do recognize two kinds of ordered-sets in
the incoming symbol stream:

» SKIP ordered-set
e TS1 and TS2 Training Sequence ordered-sets

SKIP ordered-sets are both recognized in the incoming symbol stream
and used in the elasticity operations performed in each direction. Elasticity
operations performed by the retiming repeaters are specified in Section
5.10.2 later in this chapter.
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During Link Training, repeated training sequence ordered-sets are trans-
mitted between two end points. Repeaters use the periodic comma
(COM) symboils in this stream to detect symbol boundary misalignment.

5.10.2 CLoCK TOLERANCE COMPENSATION

SKIP ordered-set dependent retiming repeaters perform clock tolerance
compensation during SKIP sequences. The SKIP sequence -- as ob-
served by repeaters -- is comprised of one comma (COM) symbol fol-
lowed by two to four skip (SKP) symbols. Repeaters are allowed to insert
or delete one skip symbol in this ordered-set in order to compensate for
the differences between the receive and transmit clock frequencies.

SKIP ordered-set dependent retiming repeaters shall use the following
rules to insert or delete a skip symbol in a SKIP ordered-set:

1) When necessary, the retiming repeaters shall insert a skip (SKP)
symbol after the comma (COM) symbol within the current SKIP or-
dered-set.

2) When necessary, the retiming repeaters shall delete any skip (SKP)
symbol after the comma (COM) symbol in the current SKIP ordered-
set.

5.10.3 ERROR HANDLING CONSIDERATIONS

Retiming repeaters shall not check for code violations (i.e. decode and
disparity errors). Symbols received on one port with or without transmis-
sion errors are simply transmitted by the other port.

The elastic buffers are not expected to underflow or overflow. However,
when these conditions are detected, these rules apply:

1) When an underflow condition is detected, the retiming repeaters
shall insert a pad (PAD) symbol.

2) When an overflow condition is detected, the retiming repeaters shall
replace two arbitrary but consecutive symbols with a pad (PAD)
symbol.

5.10.4 SymBOL BOUNDARY ALIGNMENT

When protocol-aware nodes detect link errors (including loss-of-symbol
synchronization), they initiate error recovery (see Section 5.7 on page
156) by sending training sequences that contain the commas needed for
symbol synchronization. Retiming repeaters cannot initiate training se-
guences on their own. Instead, they detect periodic unaligned comma
(COM) symbols within this sequence to determine the loss-of-symbol
boundary alignment.

The following rules define the symbol boundary alignment process used
by retiming repeaters:
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1) Periodic comma symbols (COM) in TS1, TS2 or SKIP ordered-sets
shall be used to acquire symbol boundary synchronization.

2) SKIP ordered-set dependent retiming repeaters shall reacquire
symbol boundary synchronization when three consecutive mis-
aligned comma symbols are detected. A misaligned comma symbol
is the 0011111 or 1100000 symbol pattern which does not begin at the
current symbol boundary.

e SKIP ordered-set dependent retiming repeaters may use the 7-
bit comma bit pattern 1100000 or 0011111 to acquire alignment,
rather than the full 10-bit comma symbol pattern.

3) Retiming repeaters shall disable their symbol boundary synchroni-
zation circuitry when five consecutive instances of aligned comma
symbols (COM) are detected.

5.10.5 MULTI-LANE REPEATER CONSIDERATIONS

Multi-lane retiming repeaters are used by multi-lane (4x, 8x and 12x) links.
Like protocol aware ports, retiming repeaters are required to use a
common clock source for all lanes in the link. The logic within a retiming
repeater is not required to synchronize lane to lane operation. Multi-lane
retiming repeaters can be shared by multiple links that use a subset of the
retiming repeater’s lanes. For example, a 4x retiming repeater can be
used by up to 4 1x links. The 12x retiming repeater can be used by mul-
tiple combinations of 1x, 4x, and 8x links.

The following rules apply to operation of multi-lane retiming repeaters:
1) For each direction all lanes of multi-lane retiming repeaters shall

have a common transmit clock source.

2) The lanes in opposed directions may have independent transmit
clock sources.

3) Each lane of multi-lane retiming repeaters shall operate indepen-
dently of the other lanes.

4) Multi-lane retiming repeaters may implement lane to lane de-skew.

5.10.6 POWER STATE CONSIDERATIONS

The retiming repeaters are not protocol-aware devices. Hence they
cannot be managed through in-band management packets. However,
they are expected to be managed by either:

1) the Management Entity of the chassis of which they are part, or

2) the Management Entity of the InfiniBand module of which they are
part.

The retiming repeaters that are managed using one of these schemes are
also said to be “proxy-managed.”
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5.11 LINK HEARTBEAT

During normal operation, a neighboring node may transition to Xsiangny Of
Xsleep State. In these states, the node drives the link to “quiescent” state.
Similarly, when the neighboring node transitions to the Xpgjing State, the
link will be driven to its “quiescent” state periodically. Retiming repeaters
are expected to detect the link going to “quiescent” state at its receiver on

either side and to propagate this link “quiescent” state on the transmitter
of the other side.

When the neighboring node transitions to Xq,, state, the link goes from

“quiescent” to “active” state. Similarly, when the neighboring node transi-
tions to the Xpgjing State, the link will transition from “quiescent” to “active”

state periodically. The retiming repeaters are expected to detect this link
state change on its receiver at either side and to propagate it to the trans-
mitter on the other side.

Proxy managed retiming repeaters shall comply with power states and
behavior defined in InfiniBand Architecture Specification, Volume 2
Section 14.3, “Port Power Management States,” on page 641. Addition-
ally, operation of the retiming repeaters when propagating “quiescent” and
“active” link activity are governed by the following rules:

1) Retiming repeaters shall detect “quiescent” to “active” transition on
one side and propagate that state to the other side within 100 micro-
seconds.

2) Retiming repeaters shall detect “active” to “quiescent” transition on
one side and propagate that state to the other side within 100 micro-
seconds.

At the DDR and QDR link bit rates described for Rel. 1.2 Enhanced Sig-
naling, the lower peak-to-peak received voltage and the consequent lack
of a signal detect at the receiver results in higher vulnerability to crosstalk
in the receiver logic. It is possible that if a link is disconnected while a port
is in the LinkUp state a receiver may interpret crosstalk from its own trans-
mitter as valid data and incorrectly maintain LinkUp status. The link heart-
beat function ensures that received data actually originates from the
opposite end of a link, rather than from crosstalk from the port’'s own trans-
mitter.

Link Heartbeats are also used to determine link round-trip latency. Since
InfiniBand™ links use a variety of copper and optical physical layer trans-
mission media, a link may be between a few inches and many kilometers
long, causing a wide range of link latency values. Prior releases of the In-
finiBand™ specification allowed no straightforward way for the link layer
logic or for a subnet manager to determine the round-trip latency across
a link. Link Heartbeats allow the determination of link round-trip latency,
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for helping to improve link management and bandwidth allocation algo-
rithms, which is useful for SDR as well as for DDR & QDR link rates.

Implementation Note:

Knowledge of link lengths can be useful for link management functions,
e.g., to tell whether optical transceivers or retiming repeaters are likely
to be present. A 1 km link, for example, may be assumed to have an
optical transceiver inserted, even though, since they are simple de-
vices, and are not in-band-addressable, this information can’t be deter-
mined using in-band management messages.

Knowledge of link lengths is also useful for congestion control and
bandwidth maximization mechanisms, since a long link with high link la-
tency may be throttled in bandwidth due to credit starvation if it is not
allocated extra buffering and extra credits. A switch chip, for example,
with a combination of long and short links on different ports and with a
flexible buffering allocation capability, can move buffer space and credit
allocation from a short link to a long link, maximizing usable bandwidth
on both.

C5-15.2.1: All ports claiming compliance with InfiniBand Rel. 1.2 En-
hanced Signaling shall implement link heartbeat functionality as defined
by Section 5.11, “Link Heartbeat,” on page 166, at all link speeds.

5.11.1 OPERATION OF LINK HEARTBEATS

Each port capable of Rel. 1.2 Enhanced Signaling operation will create
regularly transmitted HEARTBEAT ordered-sets when connected to an-
other capable port, at any link speed. A HRTBT ordered-set, described in
Section 5.3.2.5, “Link Heartbeat Ordered-Set (HRTBT).” on page 101
contains an OpCode identifying it as a SND HEARTBEAT or an ACK
HEARTBEAT, along with information identifying its source.

A port schedules for transmission a Link Heartbeat with OpCode=5Dh, in-
dicating SND, once every 100 milliseconds while the port is in the LinkUp
state. The SND HEARTBEAT contains the sending port’s base GUID and,
if applicable, the sending port’s switch port number. In the SND HEART-
BEAT, the OpCode byte, is set to the value D29.2 (5Dh, encoded as
101110 0101 or 010001 0101).

Upon reception of a valid SND HEARTBEAT the port schedules an ACK
(Acknowledge) HEARTBEAT for transmission at the next possible trans-
mission time. The ACK heartbeat is sent with the GUID and switch port
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number contained in the SND heartbeat, i.e., these values are reflected
back in the ACK HEARTBEAT ordered-set. In the ACK HEARTBEAT, the
OpCode byte, the sixth byte in the ordered-set, is set to the value D12.5
(ACh, encoded as 001101 1010 or 001101 1010).

Upon reception of a valid ACK (acknowledge) HEARTBEAT, the port finds
the difference in time between its original SND transmission and the ACK
reception. This difference correlates to the link round-trip latency, which
correlates to link length.

Both SND HEARTBEAT and ACK HEARTBEAT ordered-sets are trans-
mitted on every active lane simultaneously (like SKP ordered-sets).

SND HEARTBEAT ordered-sets are scheduled once every 100 ms in
LinkUp State, to match the minimum DelayTimeOut period. Transmitting
this often incurs negligible bandwidth loss and provides prompt notifica-
tion of changes in link integrity.

Transmission of Link Heartbeat ordered-sets interspersed with other
packets and ordered-sets uses the priority scheme described in
Section 5.6.6.9, “TxCMD = Enable,” on page 151.

5.11.2 HEARTBEAT ERROR HANDLING

Heartbeat errors are detected under the conditions described in
Section 5.7.5, “Heartbeat Error,” on page 159.

Heartbeat errors indicate that a link has been disconnected, and should
result in the Link Training State Machine returning to LinkDownDefault-
State (Polling or Sleeping) with the LinkDownedCounter being incre-
mented.

5.11.3 HEARTBEAT LATENCY CALCULATION AND REPORTING

Round-trip latency is measured as the time between the end of Heartbeat
SND transmission and the end of reception of the corresponding Heart-
beat ACK. The longest possible round-trip latency, over a 10 km. single-
mode optical link, with roughly 5 ns/meter propagation speed, will be
roughly 100 microseconds, and the shortest possible round-trip latency
will be less than 100 nanoseconds.
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Implementation Note:

Since the fundamental granularity is limited by clock cycle and HEART-
BEAT ordered-set lengths to at least 4 nanoseconds, and the maximum
round-trip link latency is roughly 100,000 nanoseconds across a 10 km
link, a 2-byte counter (e.g., counting to 64K cycles of 4ns. each) should
be sufficient. A 3-byte counter, with 4 ns. granularity, would allow accu-

rate round-trip latency measurement of a link roughly 6,700 km. long.

Use of the Heartbeat mechanism allows for a PortInfo value, SM.Port-
Info(LinkRoundTripLatency), which is accessible through the subnet
management MAD Get mechanism, as described in Section 5.4.2
“Status Outputs (MAD get).” on page 107. This is a 32 bit value repre-
senting the round-trip latency of the link, measured in 4 nanosecond inter-
vals. This value is reset to OXFFFF_FFFF upon entry to
LinkDownDefaultState. When a SND heartbeat is transmitted, the current
time (most likely via a free-running counter) is latched. Upon reception of
an ACK heartbeat, the current time is compared against the latched time,
and the difference, converted to hanoseconds, is reported as the Link-
RoundTripLatency.

Due to delays in scheduling, an ACK may be sent significantly later (by as
much as roughly 8 microsec.) than the time that the SND was received,
resulting in an erroneously high link latency. Therefore, only the lowest
value seen across a set of link latency measurements will indicate the
most representative value, and only the lowest measured value should be
reported as SM.Portinfo(LinkRoundTripLatency).

The precision of reporting is dependent on how well the link round trip la-
tency has been measured, but is expected to be measured to precision of
better than 100 nanoseconds. When a port is brought to the Sleeping,
Polling, or Disabled State, the LinkRoundTripLatency is re-set to
OXFFFF FFFF.

5.12 PHYSICAL LAYER COMPLIANCE TESTING

The following facilities and procedures are intended to simplify physical
layer device characterization and compliance testing to specifications de-
scribed in Section 6:, “High Speed Electrical Signalling - 2.5Gb/s, 5.0
Gb/s, & 10 Gb/s,” on page 139, while minimizing the amount of circuity
and complexity required in the InfiniBand devices.

C5-15.2.2: All ports claiming compliance with InfiniBand Rel. 1.2 En-
hanced Signaling shall implement physical layer compliance testing as
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defined by Section 5.12, “Physical Layer Compliance Testing,” on
page 169, at all link speeds.

5.12.1 COMPLIANCE TESTING OVERVIEW

Device testing is accomplished by attaching the device to test equipment
over a link, with the receiver attached to a signal generator such as an ar-
bitrary pattern generator, and the transmitter attached to a signal monitor
such as an oscilloscope. Testing at the physical layer does not require in-
tervention by a Subnet Manager. New facilities are included in the port to
simplify compliance testing for the high-speed devices, including modifi-
cation to the Link Training State Machine from the structure shown in
Figure 21 to the structure shown in Figure 22, and definition of an ordered-
set, Training Sequence for Test (TS-T), which is used exclusively for com-
pliance testing. Multiple testing modes are possible, as determined by an
Opcode in the TS-T ordered-set.

When the port is placed into the Phy Test state by reception of a TS-T or-
dered-set from attached test equipment on any lane, it disables all link-
level protocol other than 8b/10b code/decode and TS1 detection, and only
enables the physical layer circuitry, including clock and data recovery, link
transmitter, driver de-emphasis, and receiver equalization circuitry.

Transmitter testing is accomplished using the TS-T to command the trans-
mitter to transmit particular test patterns, and monitoring the characteris-
tics (jitter, amplitude, rise/fall times, etc.) of the transmitted patterns.

For receiver testing, the test equipment uses the TS-T to command the
transmitter to send particular symbols depending on the validity (signal
strength, 8b/10b decode correctness as to bit errors, disparity, etc.) of the
received data, and then feeding the receiver 8b/10b coded data with var-
ious characteristics (signal strength, deterministic jitter, pattern-depen-
dent jitter, etc.) and monitoring the symbols the transmitter sends.

Since there is no link-level logic enabled during this procedure (aside from
optional vendor-dependent capabilities which are beyond the scope of
this specification), no link-level functions (flow control, CRC, packet
framing, etc.) are tested with these procedures. These facilities are in-
tended to test compliance with transmitter and receiver specifications de-
scribed in Section 6:, “High Speed Electrical Signalling - 2.5Gb/s, 5.0
Gb/s, & 10 Gb/s,” on page 139.

5.12.2 COMPLIANCE TESTING FACILITIES

Facilities for physical layer compliance testing include changes to the Link
Training State Machine (LTSM), addition of a new Training Sequence for
Test (TS-T) ordered-set, and capability for the link to generate patterns
specifically used for compliance testing.
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5.12.2.1 LINK TRAINING STATE MACHINE MODIFICATIONS FOR COMPLIANCE TESTING

The differences from the legacy Link Training State Machine include the
following.

1)

2)

3)

4)

5)

6)

A new state is defined, “Phy Test”, which allows physical layer com-
pliance testing.

A new training sequence, Training Sequence-Test (TS-T) is added,
which allows transitions from the LinkDownDefault State (either
Polling or Sleeping) to the Phy Test state.

Two new transition arcs are added, from Polling and from Sleeping,
to the Phy Test state, on reception of TS-T.

Two new transition arcs are added, from the Phy Test state to the
LinkDownDefault state (either Polling or Sleeping), on RcvdTS1.
These transitions allow exit from Testing mode, without a power-off of
the device. Testing procedures must ensure that no test pattern gen-
erates 8 contiguous TS1 patterns before testing is completed.

Within the Phy Test state, there are three (3) different required modes
of operation, as described in Section 5.12.2.2, “Use of the Training
Seqguence for Test Ordered-Set (TS-T),” on page 171, including (a) a
“SKIP-less Idles” mode, of transmitting Idle data without SKIP or-
dered sets for clock compensation, (b) a “SKIP-less TS1” mode, of
transmitting back-to-back TS1 without SKIPs, and (c) a “Receiver
Test” mode, of transmitting simple patterns indicating whether the re-
ceiver is detecting good data, or is detecting logical bit errors, or is
detecting a loss of signal.

The Phy Test state may optionally also include other test modes, and
the TS-T ordered-set allows the transmitter and receiver to optionally
be placed in multiple configurations, for optional compliance testing
beyond the required modes described above.

The general operation of physical layer compliance testing is described
below.

5.12.2.2 USE OF THE TRAINING SEQUENCE FOR TEST ORDERED-SET (TS-T)

The Training Sequence for Test (TS-T) is only generated by test equip-
ment. There is no need for an InfiniBand device to be able to generate this
ordered-set - only the need to recognize it and behave appropriately when
8 contiguous and valid copies of TS-T arrive at the receiver port on one or
more lanes.

A TS-T may be received on only a single lane, or on multiple lanes. If a
multi-lane TS-T ordered-set with different values on different lanes in sym-
bols 8, 9 and 12-15, the port may use any of the received TS-T values.
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Symbol 1 of a TS-T (the Lane ID in other ordered-sets) is reserved, so that
the test equipment may insert a TS-T on any lane. Symbols 2-7 contain
the TS-T unique data symbol, D17.2 (or 51h), whose 10-bit encoded value
is the pattern (100011 0101) for both the positive and negative running
disparity. Symbols 2-7 may be used by the port to determine the polarity
of symbols 8-15, since the test equipment may insert a TS-T of either po-
larity.

Symbol 8 of a TS-T, the link speed identifier, is used to identify the speed
at which the test equipment requests the IB device to operate. At least one
bit of this bit map must be asserted to 1. If multiple bits are asserted, the
test will be conducted at the highest LinkSpeedEnabled speed. This al-
lows testing at the highest enabled speed by simply asserting all bits in
this symbol.

Symbol 9 of a TS-T allows the test equipment to determine which testing
mode the port will be placed in. The following values are defined.

0: SKIP-less Idle Data

Each transmitter lane transmits a pseudo-random sequence of
data symbols, generated by the 11th order LFSR = X1+ X%+ 1
with no insertion of SKIP ordered-sets.

1: SKIP-less back-to-back TS1s

Each transmitter lane transmits an unbroken string of TS1 or-
dered-sets, with no insertion of SKIP ordered-sets.

2: Receiver test.

On each lane, the transmitter sends an indication of the validity
of the data received on the corresponding receiver lane.

VALID DATA: For each received symbol on a lane which de-

codes to a valid 8b/10b code point with good running disparity,
the corresponding transmitter lane transmits a D10.2 (010101
0101) character.

LOGICAL ERROR: For each received symbol on a lane which
decodes with a logical error (e.g., bit error, or running disparity
error), the corresponding transmitter lane transmits a K28.5
D00.0 pair of symbols.

LOSS OF SIGNAL: For each received symbol on a lane which
indicates an inadequate signal (e.g., inadequate signal swing,
all Os, all 1s, or noise), the corresponding transmitter lane
transmits a K28.5 D01.0 pair of symbols.

3-255: Optional Vendor-dependent opcodes to allow other testing
modes.

Symbols 12 and 13 allow the test equipment to optionally configure the
transmitter in one of 65,536 vendor-dependent states, and symbols 14
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and 15 allow the test equipment to configure the receiver in one of 65,536
vendor-dependent states. The values 0000h are identified for “normal” or
“default” operation, so that test equipment can be expected to get good
and correct operation when these fields are set to 0. Values other than 0
are optional and vendor-dependent. Typically only a very small subset of
these states will be valid and will provide specific unique behaviors.

Implementation Note:

One patrticular use of this transmitter and receiver configuration facility
may be for measuring transmitter equalization. As described above in
Section Chapter 5:, this annex allows transmitters and receivers to ne-
gotiate for use of up to 16 different transmitter equalization setting
(TES) configurations which may be adapted to the characteristics of the
link. Testing of this transmitter equalization facility over various physical
links will be an important function. This facility in the TS-T ordered-set
can allow the test equipment to configure the transmitter to use a par-
ticular TES configuration as it's transmitting the data, in order to see
how the different TES settings operate over various media.

Similarly, the facility allows the test equipment to test out various con-
figurations of the receiver circuitry, such as using different receiver

equalization setting (RES) configurations.

5.12.3 EXAMPLE COMPLIANCE TEST PROCEDURE

Efficient and fast compliance testing requires a simple and efficient proce-
dure to measure transmitter and receiver characteristics. The proposed
procedure described below allows simple testing of the most critical ele-
ments of the transmitter and receiver circuitry. More detailed procedures
will be used in practice, as this procedure is intended to illustrate use of
the facilities described above.

1) The Device Under Test (DUT) is powered up, and goes into Polling
state, transmitting repeated TS1(s) for 2ms in Polling.Active followed
by 100ms of a quiescent output in Polling.Quiet.

2) The Test Equipment (TE) (which may be a combination of a sophisti-
cated arbitrary pattern generator and oscilloscope, or a simpler and
more application-specific box with FPGAs, simple microprocessors
and SERDES circuits) is attached to the DUT by a cable.

3) The TE transmits a TS-T to the DUT, with flags set to test a particular
device capability (e.g., TS-T with fields set to Speed=QDR,
Opcode=0, TxCfg=0000h and RxCfg=0000h).
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4)

5)

6)

7)

The DUT detects the TS-T, transitions to the Phy Test state, and uses
the values in the TS-T fields to determine the specific test mode.

« Ifthe Opcode in the TS-T was set to 0, indicating “SKIP-less Idle
Data,” the DUT transmits Idle data. The TE measures parameters
such as Rise/Fall Time, Driver Jitter, Transmitter Peak-Peak volt-
age, etc., using the wide-spectrum of data contained in the Idle
data pattern.

¢ If the Opcode in the TS-T was set to 1, indicating “SKIP-less
back-to-back TS1s”, the DUT transmits TS1 patterns, allowing
the TE to make similar measurements on a much shorter data
pattern with a combination of high-frequency (1010...) and low-
transition-density (K28.5) elements.

« Ifthe Opcode in the TS-T was set to 2, indicating “Receiver Test”,
the DUT transmits either D10.2, K28.5 D0.0, or K28.5 D01.0 pat-
terns, depending on the validity of the received signal. The TE
can test the sensitivity of the receiver by varying the signal given
to the receiver and monitoring the transmitted pattern. Similarly,
the TE can test the receiver’s sensitivity to input jitter the same
way, to do a full four-corners test of receiver sensitivity to signal
strength and received jitter.

The TE can move the device out of Phy Test state and back to the
LinkDownDefaultState (Polling or Sleeping) at any time by sending a
stream of 8 contiguous TS1 ordered-sets on a receiver lane.

Once the device is back in the Polling state, the TE can test the trans
mitter under different conditions by sending in a new TS-T ordered-
set (e.g., with speed set to DDR instead of QDR, or with TxCfg set to
1 instead of 0).

At finish of testing, the TE would send the DUT a series of 8 TS1 or-
dered-sets, placing it back in Polling mode, and then the cable can be
removed. The device is then ready to be connected to other IB de-
vices.

There is no cross-dependency between different lanes during the Phy
Test state, other from TS1 detection and the requirement that all lanes op-
erate at the same speed. All lanes of a port move in and out of the Phy
Test state together.This allows the test procedure described here to be im-
plemented either with serial test equipment, or with more complex parallel
test equipment running multiple lanes at once.

As described above, the format of the TS-T ordered-set and the function
of the Phy Test state allows various other capabilities to be defined and
used in a vendor-dependent manner, limited by the device and the testing
equipment capabilities.
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CHAPTER 6:

HIGH SPEED ELECTRICAL SIGNALING - 2.5, 5.0, & 10.0 GB/s

6.1 INTRODUCTION

This section describes the signaling that allows for InfiniBand™ link oper-
ation at 2.5Gbits/s (SDR), 5.0 Gbits/s (DDR) and 10 Gbits/s (QDR). Un-
less otherwise noted, the specifications contained herein apply to all
signals of each of the interface width definitions.

The signaling rates are for encoded data on the media, and correspond to
10 bits/Byte. The data rate can also be considered to be 250
MBytes/second/direction for SDR, 500 MB/s for DDR and 1GB/s for QDR
for each of the 1, 4, 8, or 12 physical lanes.

6.1.1 BACKGROUND AND REFERENCE MATERIAL

While this specification endeavors to be complete, there is a great deal of
background material which is helpful in understanding and correctly im-
plementing this interface that is not included.

Much useful information can be found in books such as “High-Speed Dig-
ital Design, A Handbook of Black Magic” by Howard Johnson and Martin
Graham and “Digital Systems Engineering” by William J. Dally and John
W. Poulton. The web site http://www.t11.0rg has a great deal of useful in-
formation as does the site for 10Gig Ethernet.

The draft 4 Common Electrical Interface (CEI) Interoperability agreement
for 6+ and 11+ Gbps I/O from the Optical Internetworking Forum (OIF)
was consulted in the preparation of this chapter. At this writing it is docu-
ment OIF2003.104.5 and is available to members of OIF.

Additional information is available from the IEEE (1&M) subcommittee on
Pulse measurement Techniques (SCOPT). Methods of performing pulse
amplitude and parametric measurements should be conducted in accor-
dance to IEEE Std.181-2003, and this will be referenced explicitly
throughout this chapter.

6.1.2 OVERVIEW AND SUMMARY OF CHANGES FOR THIS SECTION

1) Transmit and Channel parameters for DDR and QDR

2) Increased total loss and noise budget to 20 dB from 15 dB
(DDR/QDR only)

3) Required Compliance and Characterization functions

4) Receive equalization and pre-emphasis for DDR/QDR
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6.2 SIGNAL SPECIFICATION
6.2.1 BACKGROUND

5) Transmitter provides training pattern for receive equalizer

6) Heartbeat and latency ordered set for connection verification and la-
tency determination

7) Channel definition by isolated pulse response and S-parameters
8) Common mode changes
9) Power is provided to enable “Active Cable” connector receptacles.

Note: Some enhanced functions are defined in other sections of this
annex.

This chapter of the InfiniBand™ specification defines characteristics re-
quired to communicate between an InfiniBand output and an InfiniBand
input using copper printed wiring on a printed circuit board and optional
cabling at signaling rates of 2.5, 5.0, or 10 Gbits/second.

This release of the specification extends and enhances but does not su-
persede prior releases. Products built using this release will be interoper-
able with legacy products at SDR rate (2.5 Gbits/second).

Connections are point to point and signaling is unidirectional. By defini-
tion, a physical lane comprises a differential pair or fiber in each direction,
i.e. a transmit signal and a receive signal at each end.

The characteristic impedance of the cables and printed wiring is nominally
100 ohms differential. The single ended impedance is more variable, de-
pending on the amount of coupling and the package design. The details

of properly designing the packaging and interconnect of an InfiniBand link
are beyond the scope of this specification and are the responsibility of the
designer.

The definition of the DDR and QDR signaling includes a definition of a
“Compliance Channel” which represents a worst case connection from
driver to receiver. SDR, by contrast, uses a loss budget approach. The
compliance channel and the transmitter define the minimum acceptable
inputs which the receiver shall be capable of receiving at the specified bit
error rate.

A compliant channel is any channel which provides a signal at the receiver
which is better than the compliance channel.

An important requirement of InfiniBand is that devices which may be pro-
duced by different manufacturers shall be inter-operable and hot-plug-
gable.
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6.2.2 COMPLIANCE

DDR devices shall be capable of operating in compliance with SDR. QDR
devices shall be capable of operating in compliance with SDR and may
optionally operate in compliance with DDR. Restrictions on configurations
or the use of DC blocking capacitors may be necessary to meet this re-
quirement with respect to prior release backplane ports. Details of the
speed negotiation and configuration are specified in Section 5.6, “Link Ini-
tialization and Training,” on page 118.

Pluggable devices shall meet the same requirements as other InfiniBand
ports.

Note: The differential amplitude represents the value of the voltage be-
tween the true and complement signals. This may be expressed as RMS,
peak, or peak-peak. The Peak-Peak value is twice the Peak value. This
document uses the IEEE Std.181-2003 terminology in which the value
commonly referred to as “peak-peak” is rather called “unsigned ampli-
tude”.

C6-1: This compliance statement is obsolete and has been replaced by
C6-1.2.1..

C6-1.1.1: This compliance statement is obsolete and has been replaced
by C6-1.2.2:.

C6-1.2.1: Any device claiming InfiniBand compliance at the slot interface,
or copper cable interface shall comply with the requirements of Chapter
6: High Speed Electrical Signaling - 2.5, 5.0, & 10.0 Gb/s for Port Type 1
when operating at 2.5 Gb/s (SDR).

C6-1.2.2: Any 1x pluggable device claiming InfiniBand compliance at the
socket interface shall comply with the requirements of Chapter 6: High
Speed Electrical Signaling - 2.5, 5.0, & 10.0 Gb/s for Port Type 2 when op-
erating at 2.5 Gb/s (SDR).

06-1.2.1:  Any device claiming InfiniBand Rel. 1.2 Enhanced Signaling
compliance may support data rates higher than SDR. A port may support
a non-contiguous set of link speeds, e.g., SDR and QDR without DDR.

06-1.2.2: Any port claiming InfiniBand Rel. 1.2 Enhanced Signaling com-
pliance at the slot interface, or copper cable interface shall comply with
the requirements of Chapter 6: High Speed Electrical Signaling - 2.5, 5.0,
& 10.0 Gb/s while operating at 5.0 Gb/s (DDR).

06-1.2.3: Any port claiming InfiniBand Rel. 1.2 Enhanced Signaling com-
pliance at the slot interface, or copper cable interface shall comply with
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the requirements of Chapter 6: High Speed Electrical Signaling - 2.5, 5.0,
& 10.0 Gb/s while operating at 10 Gb/s (QDR).

6.3 GENERAL REQUIREMENTS
6.3.1 ESD

C6-2: This compliance statement is obsolete and has been replaced by
C6-2.2.1:.

C6-2.1.1: This compliance statement is obsolete and has been replaced
by C6-2.2.2:.

C6-2.2.1: InfiniBand signal and power pins shall withstand 2000 V of
ESD using the human body model and 500 V using the charged device
model without damage. Class 2 per JEDEC JESD22-A114-B.

C6-2.2.2: InfiniBand pins shall withstand 2000 V of ESD using the
human body model and 500 V using the charged device model, Class 2
per JEDEC JESD22-A114-B, with power applied, without damage or non-
recoverable error including but not limited to latchup. A recoverable error
is one that does not require reset or replacement of the device.

6.3.2 HOT INSERTION AND REMOVAL

C6-3: InfiniBand Devices, including modules and chassis, shall not be
damaged by unexpected removal or insertion. Removal may occur while
the link is operating without damage to either port on the link. Insertion or
removal may occur with power on or power off.

6.3.3 ENVIRONMENT

C6-4: This compliance statement is obsolete and has been replaced by
C6-4.2.1:.

C6-4.2.1: InfiniBand links shall meet all specifications in this chapter
when operating in an InfiniBand chassis or other package within the envi-
ronment as defined in Section 9.5.2, “Cooling Requirements,” on

page 398. The IB power supply is 12 Volts as defined in Chapter 12:
Power / Hot Plug.
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Architecture Note

InfiniBand does not specify tolerances or values for the local regulated
power supply because the local power supply is regulated locally from
the bulk power supply. Only bulk power and aux power are supplied at
the IB backplane connector. Regulated Power does not appear at any
IB interface.

6.3.4 HIGH SPEED DIFFERENTIAL SHIELD RETURNS

C6-5: The IB_Sh_Ret connections are specified on the cable connector
to support the isolation of the high speed differential inputs and outputs.
These shield returns shall be connected to logic ground on the module.

Implementation Note

The primary purpose of these connections is to provide for isolation of
the differential signals from each other. These shields also help to in-
sure that the desired impedance of the link is maintained.

C6-6: The bulk shield is used for EMI control and shall be connected to
chassis ground as defined in Section 7.9.4, “Cable Shield Connections,”

on page 192.

6.4 DIFFERENTIAL DRIVER OUTPUTS

The SDR driver characteristics are specified so as to guarantee the spec-
ified differential signal characteristics at the receiver as described in
Section 6.5, “Differential Receiver Inputs,” on page 191 within defined In-
finiBand topologies. Some driver parameters are not specified, but can be
derived from other specified parameters.

SDR, DDR and QDR Driver characteristics shall enable the receiver to
achieve the specified BER when connected by a compliant channel.
Values for driver characteristics are provided but may not be sufficient to
guarantee proper operation. In case of conflict, driver characteristics shall
be determined from the requirement to achieve the specified BER with a
Compliant Channel.

Transmitters are specified at the board side of the backplane or cable con-
nector, TP1 or TP5 in Eigure 34. Values at the SERDES (ASIC) pin are
informative.
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6.4.1 DC BLOCKING

C6-7: This compliance statement is obsolete and has been replaced by
C6-7.2.1..

C6-7.1.1: This compliance statement is obsolete and has been replaced
by C6-7.2.2:.

C6-7.2.1: All output ports shall comply with the parameters and notes of
Table 17 Driver Characteristics for 2.5 Gb/s using appropriate parameters
as noted while operating at SDR. The parameters are defined in terms of
values at IB port pins.

In addition to the parameters defined for "normal" IB signaling from device
to device defined as Port Type 1, additional more restrictive parameters
are defined as Port Type 2 for 1x Pluggable Devices such as Optical
Transceivers in the Small Form Factor Pluggable (SFP) form factor in
order to be compatible with the MSA for that package.

C6-7.2.2: 1x Pluggable ports shall meet the jitter I, and Jp, defined for

Port Type 2 in addition to the other parameters of Table 17 Driver Charac-
teristics for 2.5 Gb/s.

06-7.2.1: Any output port claiming InfiniBand Rel. 1.2 Enhanced Sig-
naling compliance shall comply with the parameters and notes of Table
18 Driver Characteristics for 5.0 Gb/s while operating at DDR.

06-7.2.2: Any output port claiming InfiniBand Rel. 1.2 Enhanced Sig-
naling compliance shall comply with the parameters and notes of Table
19 Driver Characteristics for 10 Gb/s while operating at QDR.

06-1: This compliance statement is obsolete and has been replaced by
06-7.2.1:

06-7.2.1: The use of DC blocking capacitors is optional for backplane
connections at SDR rate.

Explanation: The specified levels and termination allow the direct con-
nection of driver to receiver if desired in environments with a common
signal ground reference. Direct connection will minimize cost and maxi-
mize signal integrity. At higher speeds, DC blocking capacitors may be re-
quired.

C6-8: Cable ports shall incorporate DC blocking capacitors located at the
receiver.

06-2: Optionally, additional DC blocking capacitors may be located at the
transmitter.
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6.4.2 EQUALIZATION

06-8.2.1: DC blocking capacitors may be located at any IB pin (or pin
pair).

Any loss or jitter caused by the addition of capacitors must be accounted
for as part of the allocation for the printed wiring board on which the ca-
pacitors are mounted.

C6-8.2.1: DC blocking capacitors shall not be mounted inside the cable
assembly.

Capacitor value selection is left to the designer. Capacitors must be large
enough to provide a -3dB point below 100 MHz. Impedance and voltage
values and measurements below 100 MHz will be affected by the pres-
ence of blocking capacitors. Appropriate allowances shall be made when
evaluating compliance.

Capacitor DC working voltage is left to the designer. Since the differences
in common mode voltage are limited by the power supply voltage and the
grounding of the shields, a value of 10 volts should be more than ade-
quate. ESD resistance should be taken into account, since the Cable and
Backplane connector pins also need to meet the ESD specifications.

Layout of the mounting pads and vias for the blocking capacitor, and se-
lection of the capacitor value and model must be carefully done in order
to minimize impedance discontinuities. At higher speeds, blind or back
drilled vias may be required.

The frequency dependent attenuation of the interconnection media de-
grades the signal and thus produces Inter-Symbol Interference or Data
Dependent Jitter which is a component of the Deterministic Jitter. The ef-
fects of high frequency attenuation can be reduced by techniques such
as:

- Pre-distortion or Pre-emphasis/de-emphasis of the signal
produced at the driver.

« Addition of a passive high pass filter network which has a
frequency response complementary to that of the
interconnect between driver and receiver. This is
sometimes called Passive Equalization.

« Adaptive equalization using techniques such as partial
response or DFE may be implemented at the receiver.

The method of equalization selected is dependent on the frequency of op-
eration and the generation (version) of the ports.
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Prior releases of the InfiniBand specification described fixed pre-em-
phasis or filtering rather than adaptive equalization when operating at 2.5
Gbits/second (SDR) for the first generation backplane interface. A fixed
Total Jitter of 0.30 Ul is allocated to the interconnect between the trans-
mitter ASIC and the Receiver ASIC. Prior release SDR cables incorpo-
rated equalization filters as necessary to limit total jitter.

Ports supporting Rel. 1.2 Enhanced Signaling use a combination of fixed
or adaptive transmit equalization and variable receive equalization. The
equalization when Enhanced Signaling ports are inter-operating with
legacy ports shall be transmit equalization for the ES transmitter and pre-
emphasis or filtering for the legacy transmitter. This may require a new hy-
brid cable at longer lengths, or an adapter to provide the necessary fil-
tering.

C6-9: This compliance statement is obsolete and has been replaced by
C6-9.2.1:.

C6-9.2.1: InfiniBand connection equalization shall conform to the fol-
lowing restrictions.

« Backplane connections shall use either a passive
equalization network, driver pre-emphasis, or some
combination of the two to compensate for the maximum
loss as specified in Table 23. This equalization or pre-
emphasis shall be provided on the InfiniBand module
which contains the transmitter. Backplane connections
which exceed the specified loss shall provide additional
equalization on the backplane. Note that this pre-
emphasis/de-emphasis may cause the subsequent bits in
a run to have an amplitude lower than the specified
minimum. Figure 30: Waveform with De-emphasis for
Backplane and Cable shows examples.

- Equalization filters shall not be provided on Infiniband
module cable ports. Equalization for copper cables is
provided within the cable assembly (see Section 7.7.3
“Equalization,” on page 247). Pre-emphasis/de-emphasis
may be provided. Note that this pre-emphasis/de-
emphasis may cause the subsequent bits in a run to have
an amplitude lower than the specified minimum, as shown
in Figure 30 Waveform with De-emphasis for Backplane
and Cable on page 184.

« Port Type 2 outputs shall not implement pre-emphasis
except to a limited extent such that the pre-emphasis
shall not cause the amplitude for any bit to violate the
maximum or minimum amplitude specifications in Table
17.
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C6-9.2.2: InfiniBand Rel. 1.2 Enhanced Signaling connection equaliza-
tion shall conform to the following restrictions for ports when operating at
2.5 Gb/s (SDR)

- Backplane connections shall use driver de-emphasis to
compensate for the maximum loss as specified in Table
23.

« Cable ports shall use the specified driver de-emphasis to
compensate for the maximum cable loss allowed. This is
necessary for compatibility with legacy Receivers.

« Receive equalization may be provided however no
training pattern is available other than the SDR
initialization sequence as defined in Chapter 5: Link/Phy
Interface.

- Equalization for copper cables may be provided external
to the transmitter for those connections with legacy
transmitters.

C6-9.2.3: InfiniBand Rel. 1.2 Enhanced Signaling connection equaliza-
tion shall conform to the following restrictions for ports which may operate
at 5.0 Gb/s (DDR) or 10 Gb/s (QDR)

« The transmitter shall provide the specified de-emphasis
or equalization.

« The transmitter shall transmit a training pattern for the
receive equalizer as defined in Chapter 5: Link/Phy
Interface.

- Filters shall not be used in the cable or backplane. The
allowed interconnect characteristics are defined in
Section 6.8, “Compliance Channel - DDR and QDR,” on
page 203

» Receivers shall incorporate equalization since the

allowed de-emphasis will not be sufficient to guarantee an
open eye under all circumstances
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Figure 30 Waveform with De-emphasis for Backplane and Cable
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6.4.3 DIFFERENTIAL OUTPUT CHARACTERISTICS

Table 17 Driver Characteristics for 2.5 Gb/s

Symbol Parameter Maximum Minimum Units Notes

Vem Output Common Mode 1.2 0.30 \% (Vhigh+Vlow)/2
Voltage The common mode is unde-
(backplane connections) fined if DC blocking capaci-

tors are used.

Vdiff Differential output Voltage 1.6 1.0 \% Differential unsigned wave-

(serdes) At Transmit SerDes pins form amplitude into 100 ohm
(Informative) differential load. Note
13,14,15.

Vdiffc Differential output 1.6 0.89 \% Differential unsigned wave-
At cable connector p|n form amplitude into 100 ohm
(Normative) differential load. Note

13,14,15

Vdiffb Differential output 1.6 0.80 \% Differential unsigned wave-
At Backp|ane connector p|n form amplitude into 100 ohm
(Normative) differential load

Note 13,14,15
Vdisable Disabled Mode output 1.6 0 \% The output in disabled or qui-
(Note 5) escent state may be zero
volts differential.
Vstandby Standby Mode output 1.6 0 \%
(Note 5)
toRE Driver Transition Time 30 ps at 20-80% at the connector
pins into 100 ohm load
lacem AC Common Mode current 5 UuA Determined by EMI restric-
(Note 3, 6) tions and shielding effective-
(RMS Voltage) ness.
30 MHz to 6.25 GHz
Vaccm  AC Common Mode Voltage 25 mV ~ RMS
(Note 3,6, 7)
Sop Differential Output return 10 dB differential mode
loss Note 11.
(Note 1)
Sse Single Ended Output 8 dB Single ended, either output,
Return Loss current -15 to 15 ma, both
(Note 1) pins driven.
Note 11
Zsgpe — Single Ended Output 10,000 30 Q Single ended, either output,

Impedance--Low Fre-
quency

Note 10, Note 12

current -15 to 15 ma, both
pins driven

Note 11

InfiniBandSM

Trade Association

Page 185

Proprietary and Confidential




InfiniBand ™ Architecture Release 1.2 High Speed Electrical Signaling - 2.5, 5.0, & 10.0 Gb/s October, 2004

VOLUME 2 - PHYSICAL SPECIFICATIONS FINAL
Table 17 Driver Characteristics for 2.5 Gb/s
Symbol Parameter Maximum Minimum Units Notes
Spc Common Mode to Differen- -20 dB Reflected common mode that
tial Reflection appears as differential mode.
Note 11
Ibshort Short Circuit Current 100 -100 mA To any voltage between 1.6
and ground, power on or off.
Spete Skew 500 ps Between any two physical
lanes within a single transmit-
ter.
Jp Deterministic Jitter 17 ul Without pre-emphasis
(Note 2, 8)
Jr Total Jitter 35 ] At +/- 7s (1012 BER)
(Note 8)
Jp2 Deterministic Jitter 0.09 ul Without pre-emphasis
(Note 8, Note 9) Port Type 2
I Total Jitter 0.24 ul At +/- 7o
(Note 8, Note 9) Port Type 2
Ulp Unit Interval 400 400 ps Plus/Minus 100 ppm mea-

sured over a minimum of
10,000 Uls.

1. At the InfiniBand connector pins from 100 MHz to 1.875 GHz.

2. A transmitter which implements pre emphasis shall meet the receiver mask with the
minimum and maximum allowable interconnect configuration.

3. The AC common mode voltage is limited in order to control radiated EMI. Some causes
of AC common mode are skew between the true and complement outputs of the
differential driver, mismatched levels between the true and complement outputs of the
differential driver, and power supply or ground noise such as that caused by switching
activity being conducted through the driver.

4. The output level is increased above the minimum required by the specified backplane
attenuation to allow for cable attenuation as well as provide headroom for noise. Amplitude
is measured for the first bit in a run if a Backplane port, for all bits of a Cable Port.

5. Section 5:, “Link/Phy Interface,” on page 43 defines states in which the transmitter is
quiescent. In these states driving node is inactive and there are no transitions on the link.
Driver outputs shall be static in these states.

6. Common mode current is measured on an IB cable assembly using a detector
bandwidth of 120 kHz below 1 GHz and 1MHz above 1 GHz. All physical lanes shall be
transmitting the idle pseudo-random character sequence.

7. Since cable shield effectiveness is in excess of 40 dB and common mode impedance is
approximately 50 ohms, driver common mode voltage of 25 mV is specified

8. Jitter is measured as defined in IBTA CIWG Test Specification.

9. Port Type 2 - Obsolete

10. DC to 100 MHz

11. Driver impedances selected to adequately absorb reflections and other noise Return
Loss measured with respect to 100 ohms, 100 MHz to 3.75 GHz

12. In the absence of DC blocking capacitors. Undefined if DC blocking capacitors present.
13. Refer to IEEE Std.181-2003 for definitions and procedures around un-signed
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waveform amplitude measurements. (amplitude unsigned.)

14.Waveform amplitude measurements shall be conducted only on consecutive transition
bits, over a 2Ul Epoch (IEEE Std. 181-2003) unit interval, to a minimum population of 10E4
Ul's. This test should apply to any unsigned consecutive transition bit in the test pattern.

15: Top and Base level calculations should be determined based on the histogram mean
technique as described in IEEE Std. 181--2003 (Determining State Levels from the

Histogram).

Table 18 Driver Characteristics for 5.0 Gb/s

Symbol Parameter Maximum Minimum Units Notes
Ve Common Mode Voltage 1.2 0.75 \% (Vhigh+Viow)/2
(Backplane connections) The common mode is unde-
Note 12 fined if DC blocking capaci-
tors are used.
Vdiff Differential output (Note 4) 1.6 0.8 \Y, Differential unsigned wave-
(Serdes pinsl informative) form amplitude into 100 ohm
differential load
Note 13,14,15
Vdiffc Differential output (Note 4) 1.6 0.65 \Y Differential unsigned wave-
(TP6, normative) form amplitude into 100 ohm
differential load
Note 13,14,15
Vdiff Differential output (Note 4) 1.6 0.60 \Y Differential unsigned wave-
(TP1, normative) form amplitude into 100 ohm
differential load
Note 13,14,15
Vdisable  Disabled Mode output 1.6 0 \Y, The output in disabled or qui-
(Note 5) escent state may be zero
volts differential. DC value
Vstandby Standby Mode output 1.6 0 \% DC value
(Note 5)
toRE Driver Transition Time 30 ps At 20-80% at the package
pins into 100 ohm load
laceMm AC Common Mode current 5 uA Determined by EMI restric-
(Note 3, Note 6) tions and shielding effective-
(RMS Voltage) ness.
30 MHz to 6.25 GHz
Vaccm  AC Common Mode Voltage 25 mV ~ RMS
(Note 3, 6,7)
Spp Differential Output Return 10 dB Differential mode
Loss Note 11.
(Note 1)
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Table 18 Driver Characteristics for 5.0 Gb/s

Symbol Parameter Maximum Minimum Units Notes
Scc Single Ended Return Loss 8 dB Single ended, either output,
(Note 1) current -15 to 15 ma, both
pins driven.
Note 11
Zsepc Single Ended Output 10,000 30 Q Single ended, either output,
Impedance--Low Fre- current -15 to 15 ma, both
quency pins driven
(Note 10, Note 12) Note 11
Spc Common Mode to Differen- -20 dB Reflected common mode that
tial Reflection appears as differential mode.
Note 11
Ibshort Short Circuit Current 100 -100 mA  To any voltage between 1.6
and ground, power on or off.
Speis Skew 500 ps between any two physical
lanes within a single transmit-
ter.
Jp1 Deterministic Jitter 0.15 ul Without pre-emphasis
(Note 2, Note 8)
I Total Jitter 0.30 ul At +/- 7o
(Note 8)
Ulp Unit Interval 200 200 ps Plus/Minus 100 ppm mea-

sured over a minimum of
10,000 Uls.

1. At the InfiniBand connector pins from 100 MHz to 3.75 GHz.

2. A transmitter which implements pre emphasis shall meet the receiver mask with the
minimum and maximum allowable interconnect configuration.

3. The AC common mode voltage is limited in order to control radiated EMI. Some causes
of AC common mode are skew between the true and complement outputs of the
differential driver, mismatched levels between the true and complement outputs of the
differential driver, and power supply or ground noise such as that caused by switching
activity being conducted through the driver.

4. The output level is increased above the minimum required by the specified backplane
attenuation to allow for cable attenuation as well as provide headroom for noise. Amplitude
is measured for the first bit in a run.

5. Section 5:, “Link/Phy Interface,” on page 43 defines states in which the transmitter is
quiescent. In these states driving node is inactive and there are no transitions on the link.
Driver outputs shall be static in these states.

6. Common mode current is measured on an IB cable assembly using a detector
bandwidth of 120 kHz below 1 GHz and 1MHz above 1 GHz. All physical lanes shall be
transmitting the idle pseudo-random character sequence.

7. Since cable shield effectiveness is in excess of 40 dB and common mode impedance is
approximately 50 ohms, driver common mode voltage of 25 mV is specified

8. Jitter is measured as defined in IBTA CIWG Test Specification.

9. N/A - obsolete.

10. DC to 100 MHz
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11. Driver impedances selected to adequately absorb reflections and other noise Return
loss with respect to 100 ohms 100 MHz to 6.25 GHz
12. In the absence of DC blocking capacitors. Undefined if DC blocking capacitors present.
13. Refer to IEEE Std.181-2003 for definitions and procedures around un-signed
waveform amplitude measurements. (amplitude unsigned.)

14.Waveform amplitude measurements shall be conducted only on consecutive transition
bits, over a 2Ul Epoch (IEEE Std. 181-2003) unit interval, to a minimum population of 10E4
Ul's. This test should apply to any unsigned consecutive transition bit in the test pattern.
15: Top and Base level calculations should be determined based on the histogram mean
technique as described in IEEE Std. 181--2003 (Determining State Levels from the

Histogram).

Table 19 Driver Characteristics for 10 Gb/s

Symbol Parameter Maximum Minimum Units Notes
Vem Common Mode Voltage 1.2 0.75 \% (Vhigh+Vlow)/2
Backplane connection The common mode is unde-
Note 12 fined if DC blocking capaci-
tors are used.
Vite Differential output (Note 4) 16 0.6 \ Differential unsigned wave-
(Serdes pinS, informative) form amplitude into 100 ohm
differential load
Note 13,14,15
Vdiffc Differential output (Note 4) 16 0.50 \ Differential unsigned wave-
(TP6, normative) form amplitude into 100 ohm
differential load
Note 13,14,15
Vditib Differential output (Note 4) 16 0.45 \ Differential unsigned wave-
(TP1, normative) form amplitude into 100 ohm
differential load
Note 13,14,15
Vyisable  Disabled Mode output 1.6 0 \ The output in disabled or qui-
(Note 5) escent state may be zero
volts differential. DC
Vstandby ~ Standby Mode output 1.6 0 \ DC
(Note 5)
toRE Driver Transition Time 30 ps at 20-80% at the connector
pins into 100 ohm load
lacem AC Common Mode current 5 UA Determined by EMI restric-
(Note 3, Note 6) tions and shielding effective-
(RMS Voltage) ness.
30 MHz to 6.25 GHz
Vaccm  AC Common Mode Voltage 25 mV ~ RMS

(Note 3, Note 6, Note 7)
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Table 19 Driver Characteristics for 10 Gb/s
Symbol Parameter Maximum Minimum Units Notes
Sbp Differential Output Return 8 dB Differential mode
Loss Note 11.
(Note 1)
Scc Single Ended Output 8 daB Single ended, either output,
Return Loss current -15 to 15 ma, both
(Note 1) outputs driven.
Note 11
Zggpc — Single Ended Output 10,000 30 Q Single ended, either output,
Impedance--Low Fre- current -15 to 15 ma, both
quency pins driven
(Note 10, Note 12) Note 11
Spc Common Mode to Differen- -20 dB Reflected common mode that
tial Reflection appears as differential mode.
Note 11
Ipshort Short Circuit Current 100 -100 mA  To any voltage between 1.6
and ground, power on or off.
Speis Skew 500 ps between any two physical
lanes within a single transmit-
ter.
Jp1 Deterministic Jitter 15 ul Without pre-emphasis
(Note 2, Note 8)
Jn Total Jitter .30 ul At +/- 7o
(Note 8)
Ulp Unit Interval 100 100 ps Plus/Minus 100 ppm mea-

sured over 10,000 UI.

1. At the InfiniBand connector pins from 100 MHz to 3.75 GHz.

2. A transmitter which implements pre emphasis shall meet the receiver mask with the
minimum and maximum allowable interconnect configuration.

3. The AC common mode voltage is limited in order to control radiated EMI. Some causes
of AC common mode are skew between the true and complement outputs of the
differential driver, mismatched levels between the true and complement outputs of the
differential driver, and power supply or ground noise such as that caused by switching
activity being conducted through the driver.

4. Amplitude is measured for the first bit in a run if a Backplane port, for all bits of a Cable
Port.

5. Section 5:, “Link/Phy Interface.” on page 43 defines states in which the transmitter is
quiescent. In these states driving node is inactive and there are no transitions on the link.
Driver outputs shall be static in these states.

6. Common mode current is measured on an IB cable assembly using a detector
bandwidth of 120 kHz below 1 GHz and 1MHz above 1 GHz. All physical lanes shall be
transmitting the idle pseudo-random character sequence.

7. Since cable shield effectiveness is in excess of 40 dB and common mode impedance is
approximately 50 ohms, driver common mode voltage of 25 mV is specified

8. Jitter is measured as defined in IBTA CIWG Test Specification.
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6.4.4 CABLE DRIVING

9. N/A - obsolete

10. DC to 100 MHz

11. Driver impedances selected to adequately absorb reflections and other noise. Return
Loss with respect to 100 ohms 100 MHz to 12.5 GHz.

12. In the absence of DC blocking capacitors. Undefined if DC blocking capacitors present.
13. Refer to IEEE Std.181-2003 for definitions and procedures around un-signed
waveform amplitude measurements. (amplitude unsigned.)

14.Waveform amplitude measurements shall be conducted only on consecutive transition
bits, over a 2Ul Epoch (IEEE Std. 181-2003) unit interval, to a minimum population of 10E4
Ul's. This test should apply to any unsigned consecutive transition bit in the test pattern.
15: Top and Base level calculations should be determined based on the histogram mean
technique as described in IEEE Std. 181--2003 (Determining State Levels from the
Histogram).

C6-10: This compliance statement is obsolete and has been removed.

6.5 DIFFERENTIAL RECEIVER INPUTS

C6-11: This compliance statement is obsolete and has been replaced by
C6-11.2.1:.

C6-11.2.1: Allinput ports shall comply with the parameters and notes of
Table 20 Receiver Characteristics for 2.5 Gb/s while operating at SDR.
Parameters apply to the pin type as noted. The parameters are defined in
terms of values at ASIC pins. They may be measured at accessible test
points, with the values adjusted appropriately as defined in Section 6.7

“Compliance Points.” on page 201. A BER of 10"1? shall be achieved when
connected to the worst case transmitter through any compliant channel.

06-11.2.1: Allinput ports claiming InfiniBand Rel. 1.2 Enhanced Signaling
compliance shall comply with the parameters and notes of Table 21 Re-
ceiver Characteristics for 5.0 Gb/s while operating at DDR. A BER of 10
12 shall be achieved when connected to the worst case transmitter
through any compliant channel.

06-11.2.2: Allinput ports claiming InfiniBand Rel. 1.2 Enhanced Signaling
compliance shall comply with the parameters and notes of Table 22 Re-
ceiver Characteristics for 10 Gb/s while operating at QDR. A BER of 10712
shall be achieved when connected to the worst case transmitter through
any compliant channel.
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6.5.1 DIFFERENTIAL INPUT CHARACTERISTICS

Table 20 Receiver Characteristics for 2.5 Gb/s

Symbol Parameter Maximum Minimum Units Conditions or Remarks
BER Bit Error Ratio 1012 With minimum input
Jpbr Deterministic Jitter at Receiver A7 Ul Port Type 1
IR Total Jitter at Receiver .65 ul at 1012 BER
ZRTerm Termination 62.5 40 Q To Vy (differential impedance is
double) See Figure 32.
Vit Termination Voltage 1.0 0.5 \ See Figure 32
Note 3, Note 6
Spc Mode Conversion return loss 30 daB The plus and minus rails of the
signal are each terminated to Vy;
and must be matched to avoid
common mode to differential con-
version. Note 4.
Measured at TP1, TP6.
Ay Vit Impedance 30 0 Note 4.
Iyt Vit Impedance 10,000 0 Note 5
Note 6 Use of large values can reduce
excess power caused by Vecm
conflicts between driver and
receiver.
Lpr Differential Return Loss 10 dB Note 4
Levr Common Mode Return Loss 6 dB Note 4
VRsense  Input Sensitivity 175 mV Minimum differential unsigned
waveform amplitude.
Note 1, 7, 8
See Figure 31 on page 193
VRsD Signal Threshold 85 mV Minimum differential unsigned
waveform amplitude.
Note 2.
See Figure 31 on page 193
Vrmax Maximum Input Voltage 1.6 \% Maximum differential unsigned
waveform amplitude.
VeeMm Common Mode Voltage 1.25 0.25 \% (Vhigh+Vlow)/2
Note 6 Note 3.
IRoff Off Current 50 -50 mA Max. current into a pin with power
off. Max voltage 1.6
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Table 20 Receiver Characteristics for 2.5 Gb/s

Symbol

Parameter Maximum Minimum Units Conditions or Remarks

VRHP

Hot Plug Voltage

1.6 -0.5 \% Applied without damage to any IB

(Voltage applied with power off or connector signal pin.

on)

tREYe

Eye width

140 ps Note 9
See Figure 31 on page 193.

SretB

Total Skew

24 ns Across receive physical lanes on
a port. (see Section 5.6.7.4
“RXCMD = EnDeSkew,” on

page 153 ltem 2)

1. Signals meeting the InfiniBand input specification shall be received with a maximum bit
error rate of 1*1071?

2. Signals having an un-signed differential amplitude less than VRSD shall be ignored.
Signals having an un-signed differential amplitude greater than VRSD and less than
VRSense may be ignored.

3. Unless DC blocking capacitors are present between the termination and the InfiniBand
module pins.

4. Over a frequency range of 100 MHz to 1.875 GHz.

5. Frequency from DC to 100 MHz.

6. In the absence of DC blocking capacitors. Undefined if DC blocking capacitors present.
7. Refer to IEEE Std.181-2003 (Amplitude, Waveform, Unsigned) for definitions and
measurement procedures.

8.Waveform amplitude measurement’s shall be conducted only on consecutive transition
bits, over a 2Ul Epoch (IEEE Std. 181-2003), over a minimum population of 10E3 UI's.
This test should apply to any unsigned consecutive transition bit in the test pattern.

9: Top and Base level calculation should be determined based on the histogram mean
technique as described in IEEE Std. 181--2003 (Determining State Levels from the
Histogram)

Maximum Eye

Minimum Eye  VRsense
VRmax ,
(Max)

Ul

Figure 31 Eye Opening at receiver (Differential) |
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Table 21 Receiver Characteristics for 5.0 Gb/s

Symbol

Parameter

Maximum Minimum

Units

Conditions or Remarks

BER

Bit Error Ratio

10'12

Driven by compliant transmitter
through compliance channel

Differential return loss

Reference to 100 ohms

Common Mode Return Loss

reference to 30 ohms.
Note 4

Termination Voltage

1.2 1.0 \%

See Figure 32
Note 3, Note 6

May need to change

Sbc

Mode Conversion at input

The plus and minus rails of the
signal are each terminated to Vy;
and must be matched to avoid
common mode to differential con-
version.

Note 4
Measured at IB connector pins.

Zyt

Vtt Impedance

Note 5, Note 6

Use of larger values can reduce
excess power caused by Vem
conflicts between driver and
receiver.

VRSEHSG

Input Sensitivity
(informative, at serdes input)

80 mV

Minimum differential unsigned
waveform amplitude.

Note 1,7,8
See Figure 31 on page 193

Vesense

Input Sensitivity at cable connec-
tor

(informative)

90 mV

Minimum differential unsigned
waveform amplitude.

Note 1,7,8,10
See Figure 31 on page 193

VBSense

Input Sensitivity at Backplane
connector

(informative)

95 mVv

Minimum differential unsigned
waveform amplitude.

Note 1,7,8,10
See Figure 31 on page 193

Vrmax

Maximum Input Voltage

1.6 \%

Maximum differential unsigned
waveform amplitude.
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Table 21 Receiver Characteristics for 5.0 Gb/s

VkeMm Common Mode Voltage 0.70 1.2 \% (Vhigh+Vlow)/2
Note 6 Note 3

IrRof Off Current 50 -50 mA Max. current into a pin with power

off. Max 1.6 V

VRHP Hot Plug Voltage 1.6 -0.5 Y, Applied without damage to any IB
(Voltage applied with power off or connector signal pin.
on)

tREye Eye width

?2?7?7? ps Note 9
See Figure 31 on page 193.

SrBtB Total Skew

12 ns Across receive physical lanes on
a port. (see Section 5.6.7.4
“RxCMD = EnDeSkew,” on

page 153 Item 2)

1. Signals meeting the InfiniBand input specification shall be received with a maximum bit
error rate of 1*10712,

2. Signals amplitude informative only. DDR signal amplitude determined by transmit and
channel

3. Unless DC blocking capacitors are present between the termination and the InfiniBand
module pins.

4. Over a frequency range of 100 MHz to 3.75 GHz.

5. Frequency from DC to 100 MHz.

6. In the absence of DC blocking capacitors. Undefined if DC blocking capacitors present.
7. Refer to IEEE Std.181-2003 (Amplitude, Waveform, Unsigned) for definitions and
measurement procedures.

8.Waveform amplitude measurement’s shall be conducted only on consecutive transition
bits, over a 2Ul Epoch (IEEE Std. 181-2003), over a minimum population of 1000 Ul's. This
test should apply to any unsigned consecutive transition bit in the test

pattern.

9: Top and Base level calculation should be determined based on the histogram mean
technique as described in IEEE Std. 181--2003 (Determining State Levels from the
Histogram mean technique)

10. Does not supersede Compliant channel requirement
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Table 22 Receiver Characteristics for 10 Gb/s

Symbol Parameter Maximum Minimum Units Conditions or Remarks
BER Bit Error Ratio 1012 Driven by compliant transmitter
through compliance channel
Vit Termination Voltage 1.2 0.9 \ See Figure 32
Note 3, Note 6
Spp Differential Return Loss 8 dB Note 4
Scc Common Mode Return Loss 6 dB Note 4
Scp Mode Conversion, Common -20 dB The plus and minus rails of the
mode to differential signal are each terminated to Vy
and must be matched to avoid
common mode to differential con-
version.
Note 4
Measured at IB connector pins.
Zyit Vit Impedance 10,000 0 Q Note 5
Note 6 Use of large values can reduce
excess power caused by Vecm
conflicts between driver and
receiver.
VRsense  Input Sensitivity 60 mV Minimum differential unsigned
(informative, at serdes pins) waveform amplitude.
Note 1,7,8
See Figure 31 on page 193
Vesense Input Sensitivity at cable connec- 70 mV Minimum differential unsigned
tor. waveform amplitude.
Note 1,7,8,10
See Figure 31 on page 193
Vesense  Input Sensitivity at Backplane 60 mV Minimum differential unsigned
connector waveform amplitude.
Note 1,7,8,10
See Figure 31 on page 193
Vrmax Maximum Input Voltage 1.6 \Y Maximum differential unsigned
waveform amplitude.
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Table 22 Receiver Characteristics for 10 Gb/s
Symbol Parameter Maximum Minimum Units Conditions or Remarks

VRkeMm Common Mode Voltage 1.25 .8 \% (Vhigh+Vlow)/2
Note 6 Note 3.

IrRoff Off Current 50 -50 mA Max. current into a pin with power

off.

VRHP Hot Plug Voltage 1.6 -0.5 Y, Applied without damage to any IB
(Voltage applied with power off or connector signal pin.
on)

tREye Eye width

27?7 ps Note 9
See Figure 31 on page 193.

SrBiB Total Skew

6 ns Across receive physical lanes on
a port. (see Section 5.6.7.4
“RxCMD = EnDeSkew,” on

page 153 Item 2)

1. Signals meeting the InfiniBand input specification shall be received with a maximum bit
error rate of 1*10712,

2. Signals VRSD for information only. Input signal determined by Transmitter and
compliance channel.

3. Unless DC blocking capacitors are present between the termination and the InfiniBand
module pins.

4. Over a frequency range of 100 MHz to 7.5 GHz.

5. Frequency from DC to 100 MHz.

6. In the absence of DC blocking capacitors. Undefined if DC blocking capacitors present.
7. Refer to IEEE Std.181-2003 (Amplitude, Waveform, Unsigned) for definitions and
measurement procedures.

8.Waveform amplitude measurement’s shall be conducted only on consecutive transition
bits, over a 2Ul Epoch (IEEE Std. 181-2003), over a minimum population of 1000 Ul's. This
test should apply to any unsigned consecutive transition bit in the test pattern.

9: Top and Base level calculation should be determined based on the histogram mean
technique as described in IEEE Std. 181--2003 (Determining State Levels from the
Histogram)

10. Does not supersede Compliant channel requirement.
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6.5.2 TERMINATION

Figure 32 shows the concept of termination and signal definition. Differen-
tial and common mode (odd and even mode) termination is important to
dampen noise and reflections in both modes.

Input Signal True

Input Signal Complement

Zrterm

Zvtt

Zrterm

6.5.3 BEACON SIGNALING

Figure 32 Termination and Signaling |

C6-12: This compliance statement is obsolete and has been replaced by
C6-13.2.1:.

C6-13: This compliance statement is obsolete and has been replaced by
C6-13.2.2:.

C6-13.2.1: The beaconing sequence is described in detail in Section 5:
“Link/Phy Interface,” on page 79. Devices which power down in Xgjeep
state shall detect the beaconing sequence while operating on Auxiliary
power. All devices shall detect the beaconing sequence. The beaconing
sequence is transmitted at SDR only.

C6-13.2.2: The beacon detection shall meet the following requirements:
The beaconing detector shall detect a minimum unsigned waveform am-
plitude of 175 mV p-p as a valid signal present. Unsigned waveform am-
plitudes less than 85 mV p-p shall be considered absent. Signals with
transitions only at less than 10 MHz shall be considered absent. The bea-
coning sequence is transmitted at the in band signaling rate of 2.5
Gbits/second with an active period of 2 ms and a quiescent period of 100
ms (See Section 5.6.4.2, “Polling States,” on page 127).

Note: Beaconing occurs at 2.5 Gb/s. All links begin the initialization pro-
cess at 2.5 Gb/s. Continued link connection is verified by periodic trans-
mission and reception of the “Link Heartbeat" ordered-set.
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6.5.4 SIGNALING CAUTIONS

6.5.5 REPEATER

C6-14. This compliance statement is obsolete and has been replaced by
C6-14.2.1:.

C6-14.2.1: Note that there are many circumstances in InfiniBand in which
no differential voltage will be applied at the IB receiver. Examples include
sleeping links, disconnected cables, and partially used ports resulting
from width negotiation. Therefore means shall be provided to disable or
de-gate the data coming from such a receiver to assure that false error
signals are not generated. This gating shall be maintained across speed
changes as appropriate. Note that the heartbeat will be absent in a dis-
connected link.

C6-15: This compliance statement is obsolete and has been replaced by
C6-15.2.1:.

C6-15.2.1: A repeater which retimes by recovering the clock and filtering
it is allowed. The transmit port of any SDR retimer shall meet the specifi-
cations of Table 17 on page 185. The receive port of any SDR retimer
shall meet the specifications of Table 20 on page 192. A repeater need
be neither protocol aware nor capable of any error detection. Outputs cor-
responding to quiescent inputs shall be quiescent. Repeaters shall be ca-
pable of handling SDR signaling in addition to any other signaling rate with
which compliance is claimed. Non SDR repeaters may need to be pro-
tocol aware to a limited degree in order to participate in the speed negoti-
ation and equalization or have capabilities to handle SDR data with DDR
or QDR clocking.

6.6 LOSS MODEL FOR 2.5 GB/S SIGNALING

Note that Section 6.6, “Loss Model for 2.5 Gb/s signaling,” on page 199
applies only to SDR 2.5 Ghit/s signaling.

6.6.1 BACKGROUND AND REASONING

6.6.2 LOSS VALUES

Allowable interconnect is specified in terms of attenuation at various
package boundaries and at two or more frequencies. This bounds the ac-
ceptable configurations but does not guarantee operation. Both the
driver and the interconnect are responsible for producing the specified
signal at the receiver pins.

C6-16: This compliance statement is obsolete and has been replaced by
C6-16.2.1:.

C6-16.2.1: Table 23 defines the maximum values of the loss assumed
in IB interconnect topologies. The following sections define each of the
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parameters. IB components shall limit loss at each package level to pro-
vide the eye openings and amplitudes at the Compliance Test Points as

shown in Table 24 2.5 Gb/s Signal Test Points on page 202, when oper-

ating at 2.5 Gb/s (SDR).

Table 23 SDR Loss Parameter Maximum Values

Loss Parameter Symbol dBlgsgﬁE/s, dB at 625 MHz
Total Loss Lt 15dB 8 dB
Adapter Board® La 25dB 1.8dB
Cable Assembly? Le See Chapter 7: Copper
Cable
I/O Plate Ls 1dB 0.6 dB
Active Backplane Lga 9.5dB 6.5dB
Passive Backplane Lgp 7 dB 5dB
Crosstalk Lyt 3dB N/A

Lincludes a loss based on 1 pf via at the connector. Implementations must account for larger
vias, if used.

2 Cable attenuation is measured from the connecting vias on the 1B board. Allowable values

are defined in Chapter 7: Copper Cable.
3. Loss at 625 MHz specified for predictable equalization. Attenuation is assumed to be

6.6.2.1 TOTAL Loss (LT)

Total loss is measured between the pins of communicating IC packages
or between the receiving IC and the passive equalizer at the transmitter.

6.6.2.2 ADAPTER BOARD LOSS (LA)

The maximum loss from the IC package to the board connector is 2.5 db
at 1250 MHz, including the connector.

6.6.2.3 CABLE ASSEMBLY Loss (LC)

The maximum loss in a cable assembly, including the connector loss, is
10 db (value given here for reference only) as defined in Section 7:
“Copper Cable,” on page 212.

6.6.2.4 1/0 PLATE Loss (LS)

The maximum loss from the IC package to the 1/O plate connector is 1 dB
not including the connector.

dSM
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6.6.2.5 PLUGGABLE DEVICE LOSS

6.6.2.6 CROSSTALK

6.7 COMPLIANCE POINTS

The maximum loss from the IC package to the Pluggable Device Con-
nector is 1 dB.

80 mV referenced to the receiver of the loss budget is reserved for worst
case crosstalk and other noise sources. Crosstalk is specified for the
Backplane Connector in InfiniBand Architecture Specification, Table 108
“Connector electrical performance requirements,” on page 433, and for
the cable connectors in InfiniBand Architecture Specification, Table 31
“Cable connector electrical performance requirements,” on page 214.

Since the ASIC or Serdes pins are not accessible, other points within the
IB defined topologies are defined and the signal levels listed in Table 24
“2.5 Gb/s Signal Test Points,” on page 202 below. These signal levels and
eye openings are derived from the already defined driver, receiver, and in-
terconnect characteristics. All values are for an equivalent 100 ohm differ-
ential impedance load located at the test point. Correction or de-
embedding must be performed to derive actual measured data, taking into
account the configuration of the test setup.

|
Connector
I
TPL ] TP2
ASIC ™, >
I
TP3 || TP4
-t | -t
iR
Board | Backplane
|
Figure 33 Board/Backplane test points |
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Connector
|
TP5 [T] TP6
ASIC il s
I
TP7 || TP8
g | |-
_'_
Board ! Cable
Figure 34 Board/Cable test points |

Table 24 2.5 Gb/s Signal Test Points

Unsigned
Test & Waveform )
Point Description Amplitude Eye Width
Notes 1,2

TP1 Transmitted signal at board side of back- .8 250 ps
plane connector

TP2 Transmitted signal at backplane side of .75 240 ps
backplane connector

TP3 Received signal at board side of connector  .316 150 ps

TP4 Received signal at backplane side of con- .335 160 ps
nector

TP5 Transmitted signal at board side of cable .89 250 ps
connector

TP6 Transmitted signal at cable side of cable .82 240 ps
connector

TP7 Received signal at board side of cable con- .282 150 ps
nector

TP8 Received signal at cable side of cable con- .30 160 ps
nector

TP9 Transmitted signal at board side of plugga- .89 296 ps
ble interface socket

TP10 Received signal at board side of pluggable  .282 126 ps

interface socket

Note: All measurements for only LUT active.
1. Refer to IEEE Std.181-2003 (Amplitude, Waveform, Unsigned) for definitions and
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procedures around un-signed waveform amplitude measurements.

2. Waveform amplitude measurements shall be conducted only on consecutive transition
bits, over a 2Ul Epoch (IEEE Std. 181-2003) unit interval, over a minimum population of
10E4 Ul's.

C6-16.1.1: This compliance statement is obsolete and has been replaced
by C6-16.2.2..

C6-16.1.2: This compliance statementis obsolete and has been replaced
by C6-16.2.3:.

C6-16.1.3: This compliance statement is obsolete and has been replaced
by C6-16.2.4..

C6-16.2.2: SDR Backplane Connections shall comply with the amplitude
and eye opening at TP1 and TP3. TP2 and TP4 are for reference.

C6-16.2.3: SDR Cable Connection shall comply with the amplitude and
eye opening at TP5 and TP7. TP6 and TP8 are for reference.

C6-16.2.4: 1x Pluggable and 4x PluggableDevice Ports shall comply with
the amplitude and eye opening at TP9 and TP10. Measurement may re-
quire de-embedding.

6.8 CoMPLIANCE CHANNEL - DDR AND QDR

The signal characteristics seen by an InfiniBand DDR or QDR receiver are
defined by the combination of the Transmitter characteristics as defined
in the tables and any Compliant Channel as defined in this section. It is
intended that the channel will be capable of being equalized by the re-
ceiver using equalizers such as a 5-tap DFE.

6.8.1 DDR (5.0 GBIT/SEC) COMPLIANT CHANNEL

A Compliant Channel is defined in terms of response to an isolated bit
having an amplitude of 1.0 volt, measured at 1.0 Ul intervals. Table 25
Compliant Channel Impulse response on page 204 defines the values.
For test purposes, bits of alternating polarity should be used, separated
by adequate time.

06-16.2.1: Any receiver claiming InfiniBand Rel. 1.2 Enhanced Signaling

compliance shall achieve a BER of 1072 when connected to an Infini-
Band compliant Transmitter through any Compliant Channel when oper-
ating at 5.0 Gb/s (DDR).

6.8.2 QDR (10.0 GBIT/SEC) COMPLIANT CHANNEL

A Compliant Channel is defined in terms of response to an isolated bit
having an amplitude of 1 volt, measured at 1.0 Ul intervals as listed in
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Table 25 Compliant Channel Impulse response on page 204. For test pur-
poses, bits of alternating polarity should be used, separated by adequate
time.

06-16.2.1: Any receiver claiming InfiniBand Rel. 1.2 Enhanced Signaling

compliance shall achieve a BER of 102 when connected to an Infini-
Band compliant Transmitter through any Compliant Channel when oper-
ating at 10.0 Gb/s (QDR).

Table 25 Compliant Channel Impulse response

Interval DDR Amplitude QDR Amplitude
-5 .01 .01
-4 .01 .01
-3 .01 .01
-2 .01 .01
-1 .03 .03
0 .180 .180
1 .06 .06
2 .04 .04
3 .03 .02
4 .01 01
5 .01 01
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6.8.3 ExaAMPLE COMPLIANT CHANNEL DEFINITION

Figure 35 Example Channel Definition
peak response

1 Ul

6.8.4 COMPLIANT CHANNEL S-PARAMETERS

Parameters are for maximum loss at Bit rate/2, and must be scaled for
shorter configurations having less loss at Bitrate/2.

Table 26 S Parameters DDR (dB)

SDD21  SDD21

Frequency SDD11 (min) (max) SDC11 SDC21
100 MHz -10 0 -1 -20 -20
200 MHz -10 -2 -1 -20 -20
625 MHz -10 -7 -4 -20 -20
1250 MHz -10 -10 -8 -18 -18
1875 MHz -10 -12.5 -11 -15 -15
2500 MHz -10 -15 -15 -10dB -10dB

Table 27 S parameters QDR (dB)

SDD21 SDD21

Frequency SDD11 (min) (max) SDC11 SDC21
100 MHz -10 0 -20dB -20dB
200 MHz -10 -2 -1 -20 -20
625 MHz -10 -3 -2 -20 -20
1250 MHz -10 -5 -4 -20 -20

dSM
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Table 27 S parameters QDR (dB)

SDD21 SDD21

Frequency SDD11 (min) (max) SDC11 SDC21
1875 MHz -10 -7 -6 -18 -18
2500 MHz -10 -10 -8 -15 -15
3750 MHz -10 -12.5 -11 -12 -12
5000 MHz -10 -15dB -15 -10 dB -10dB

6.9 BIT TO BIT SKEW
6.9.1 SKEW VALUES
C6-17: Table 28 defines the allowable bit to bit skew across the physical

lanes. All IB ports shall limit skew to the values in Table 28 Bit to Bit Skew
Parameter Maximum Values

Table 28 Bit to Bit Skew Parameter Maximum Values

Skew Parameter Symbol Value
Total Skew? SRBB 60 Ul
Driving Transceiver? Speis 500 ps
Backplane SgepeiB 500 ps
Adapter Board SaBtB 500 ps
Cable Assembly® Sceis See Chapter 7: and
Chapter 8:
Transceiver to 1/O Plate Ssei 500 ps
Retiming Repeatgr 2 SRTR 10 Ul each, 20 Ul total
max per link) See Section 5.10
“Retiming Repeaters.”
on page 125

a. Defined in Table 20 Receiver Characteristics for 2.5 Gb/s on page
192 and included for reference.

b. Defined in Table 17 Driver Characteristics for 2.5 Gb/s on page
185 and included for reference.

c. Defined in Chapter 7: Copper Cable.

d. Retiming repeaters may independently insert or delete skip
symbols on a per lane basis. Repeaters which do not utilize skips are
not counted in this limit.

6.9.2 SKEW DEFINITION

Skew at any point is measured using the zero crossings of the differential
voltage of the commas present in the training sequences TS1 and TS2 or
in the Skip ordered-set as defined in Section 5.3.2, “Control Ordered-
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6.10 ELECTRICAL TOPOLOGIES

6.10.1 ON-BOARD

sets,” on page 98. Each of these sequences transmits a rank of commas
on all physical lanes simultaneously.

This section outlines the electrical topologies accommodated within the
InfiniBand specification.

Integrated Circuits (IC) that are depicted represent elements that gen-
erate and accept a specified InfiniBand interface. These ICs may be any
one of the following types of functions:

* Host Channel Adapter (HCA)

» Target Channel Adapter (TCA)

e Switch

¢ Repeater (non-addressable retime and redrive component)
« Electrical/Optical Translation function

e Pluggable Device

This configuration is used for interconnection of IC on a common PCB.

L
- ! >
IC A ICB
PCB
|< SRrBtB >|

Figure 36 On-board Topology |
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6.10.2 SLOT ON ACTIVE BACKPLANE

This is the typical chipset bridge or switch chip on a backplane that inter-
faces to an adapter board plugged into the backplane. This topology is
typical of PCI configurations.

Lt

m ~

Backplane
Lga

I/0O Plate

PCB PCB

/
Board Connector
Figure 37 Slot on Active Backplane Topology

6.10.3 SLOT TO SLOT VIA BACKPLANE

This topology allows for one pluggable board (for example, a switch) to in-
terface to another pluggable board (for example, a TCA) through a pas-
sive backplane.

Ly
1/0 Plate |< >| I/0 Plate

Board Connector (Lcqp)
Figure 38 Slot to Slot on Passive Backplane Topology

6.10.4 COPPER INTERCONNECTS

These interfaces would be used for driving remote TCA or HCA through
copper cables either from I/O Plate to 1/O Plate, in the case of a switch to
a switch or adapter, or from a backplane mounted switch to another back-
plane mounted switch. A cable will be one of 1x, 4x, 8x or 12x. A typical
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application of this topology might be a stand-alone storage box con-
necting to another such box or a processor.

Lt

T - > ——
Switch Board or Cable Adaptq Switch Board or Cable Adapte
L
Ls c Ls
IC A ICB
La / La
Ssets Scets Ssets

PCB CB

IB Cable I/O Plate I/O Plate I

1x, 4x, 8x, or 12x
Cable Connector
Figure 39 I/O Plate to I/O Plate via Cable Topology

Backplanes (or “System Boards”) may be connected together using cable.

- L >~

System Board System Board

IC A ICB

La

PCB PCH

IB Copper Cable
1x, 4x, 8x, or 12X

Cable Connector

Figure 40 System Board to System Board via Cable Topology

6.10.5 OPTICAL FIBER

This topology may be used for driving remote IB ports at distances of up
to several hundred meters (or several km using the long haul fiber and

laser transmitters) through optical interfaces. Each end of the link may be
mounted on pluggable boards with each housing optical transceiver com-
ponents as shown in Figure 41 or be directly mounted on a system board
as shown in Figure 42. This release of the InfiniBand specification speci-
fies 1x and 4x short and long haul links, and 1x, 4x, 8x and 12x short haul
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optical links, at several speeds. Backplanes may be connected together
using optical links. The transceivers depicted translate the Infiniband™
copper interface into an optical interface to drive the optical componentry.

Specification Interface Specification Interface
r—r— - - - - - - -"-"-—=-""—"" V0 - = - == - - - = 1
—)4 IFB Optics Board I/O Plate I/O Plate  IFB Optics Board
© IB Specification optical fiber 2
E 1x, 4x, 8x, or 12x =
¢ Ic A —\_— :
3 0
s] L Vendor Vendor
Unique Unique
Interface Interface
I e— —— 1 |

Transceiver

Figure 41 Optical Fiber Interconnect Topology

System Board 5I R ] ] l System Board
IB Ypecification optical fib

1x, 4x, 8x, or 12X

IC A /-\/.

Ly Vendor Vendor
Unique Unique
Interface Interface

Transceiver

Figure 42 System Board Optical Fiber Interconnect Topology

6.10.6 PLUGGABLE
InfiniBand devices may be connected together by pluggable devices, as
shown in Figure 43. ICs depicted translate the Infiniband™ copper inter-
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face into an InfiniBand Pluggable Device interface to drive the intercon-
nect componentry.

Specification Interface Specification Interfac
r--m——"---"-"--=-""--"""--"-""-"""""-"""-"""""-""""-""-"--"="--=-=-=-= =1
ﬁé IFB PD Board 1/0 Plate /0 Plate IFB PD Board
(O]
() — c
c (]
< o
e IC A — N\ cB 3
: 5
A Pluggable De- B '%igam]em Pluggable De- A
vice Interface vice Interface
I — —— |
[ |
L (— — — e e e e e e e e e e\ — e e e e e e e e e e e — A
IB interconnect
medium

Pluggable Device Socket

Figure 43 Pluggable Device Topology

6.11 PHYSICAL LAYER TEST AND CHARACTERIZATION FACILITIES

Test, characterization, and compliance verification of an IB port requires
additional states, modes, or accessible signals that are not required for
functional operation. These facilities, as specified in the Link/Phy section
of this annex, are recommended but not required for legacy ports. These
facilities are required for devices claiming compliance with Rel. 1.2 En-
hanced Signaling.

The test and characterization modes are specified in the Link/Phy section
of this annex, Section 5.12, “Physical Layer Compliance Testing,” on

page 169.

06-17.2.1: Any device claiming InfiniBand Rel. 1.2 Enhanced Signaling
compliance at the slot interface, or copper cable interface shall comply
with the requirements of Section 6.11 on page 211 regarding physical
layer test and characterization facilities.
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CHAPTER 7: CoPPER CABLE

7.1 INTRODUCTION

This chapter defines InfiniBand cables and the connectors used to attach
InfiniBand cables to InfiniBand modules. InfiniBand cable connectors
shall incorporate features shown in the appropriate sections below that
specify the connector to board interfaces.

It is the responsibility of the cable and connector designers or suppliers to
perform the indicated tests and supply the data to potential customer com-
panies to indicate compliance. Itis recommended that the appropriate test
groups specified in EIA-364.1000.01 be used for qualification testing,
using the following conditions:

- 50 mating cycles preconditioning

« Un-mated exposure, option 2 mixed flowing gas exposure
« Five year product life

- Field operating temperature range up to 60 degrees C.

7.2 CABLE AND BOARD CONNECTORS - COMMON REQUIREMENTS

The requirements stated in this section apply to all connectors used to at-
tach InfiniBand cables to InfiniBand modules. The following individual sec-
tions that define the specific connectors to be used for a given link width

may also define additional requirements for that specific connector.

Use of the keying definitions included herein is optional; however, utiliza-
tion of these definitions is highly recommended to prevent plugging of In-
finiBand cables into ports using incompatible interfaces such as Fibre
Channel.

7.2.1 PHYSICAL AND MECHANICAL PERFORMANCE REQUIREMENTS

C7-1: Connectors to be used on and for connection to InfiniBand mod-
ules shall meet or exceed the physical and mechanical performance re-
quirements listed in Table 29.

Itis also recommended that connector interfaces meet the parameters de-
fined in Table 30. Unless otherwise noted, successful completion of a
given test is indicated by an acceptable Low Level Contact Resistance
measurement as indicated in EIA-364.1000.01 or other equivalent test se-
guence.
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Note that all drawing dimensions in the following sections are in millime-
ters (mm).

Table 29 Cable connector physical requirements

Parameter Minimum  Maximum Units Conditions/Comments
N Durability 250 mating  Without physical damage or exceeding low |
cycles level contact resistance when mated; no more
than 1% of contacts with exposed base metal
Fi Insertion force 1x 30 N
4x 56
12x 73
Fw Withdrawal force 1x 30 N
4x 49
12x 59
Fr Retention force 75 N Load pull, per EIA 364-38A
Fis Side load capability 75 N No damage to cable or board, no opens
detected with LLCR test; force applied to the
cable in a plane parallel to the I/O plate at
a distance of 90 mm, in the direction of the
smaller dimension of the receptacle
Fi Longitudinal load capability 100 N No damage to cable or board, no opens
detected with LLCR test; force applied to the
cable in a plane parallel to the I/O plate at
a distance of 90 mm, in the direction of the |
larger dimension of the receptacle
Fre Housing contact retention 5 N
force
tom Contact finish — option 1 0.76 Au pm
over 1.27
Nickel
tom Contact finish — option 2 0.51 PdNi pm Min. 75% Pd in PdNi alloy
with Au
flash over
1.27
Nickel
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Table 30 Recommended cable connector physical requirements

Symbol Parameter Minimum Maximum Units Conditions/Comment
Fn Contact normal force 100 cN per contact beam
Shee Contact Hertz stress 170 kpsi per contact beam
Dwe Contact wipe 1.0 mm

7.2.2 ELECTRICAL PERFORMANCE REQUIREMENTS

C7-2: Connectors to be used on and for connection to InfiniBand mod-
ules shall meet or exceed the electrical performance requirements for
port type 1, listed in Table 31.

Table 31 Cable connector electrical performance requirements

Symbol Parameter Minimum Maximum Units Conditions/Comment
LLCR Low level contact resis- 80 mQ through testing per EIA 364-23
tance - initial
ALLCR Low level contact resis- 20 mQ through testing per EIA 364-23, as a result of
tance - change any test group step
Imax Current rating 0.5 A per EIA-364-70 or IEC 512-5-1 Test 5a, at 30°
C. temperature rise above ambient
Zyco(peak)  Differential Impedance 90 110 Q Mated cable and board connector, average
(peak) value measured over the propagation delay of
- - the connector at 100 ps rise time (at the con-
Zgeo(nom)  Differential Impedance 95 105 Q nector) per EIA 364-108. Includes connector,
(nominal) cable to connector interface, and board termi-

nation pads and vias but not equalizer.

Leo Insertion loss 1.0 dB Mated cable assembly and board connector, at
frequencies up to 1.25 GHz, per EIA 364-101

Scop Within pair skew 5 ps per EIA 364-103; by design, measurement not
required

Jeo Jitter 10 ps per EIA 364-107 with Fibre Channel CITPAT

stimulus until 20000 hits in max. 20 mV high jit-
ter box or equivalent, with equipment and fix-
ture contribution de-embedded; by design,
measurement not required.

NEXT, Near end crosstalk 4 % Mated cable and board connector, measured
differentially with all adjacent neighbor pairs
driven at 100 ps transition time, per EIA 364-90
and Section 6.6.2.6. A lower value will result in
additional design margin. See Note 2.

dSM
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The signal eye pattern at the cable output must conform to the electrical
requirements as listed in Table 31 and shown in Figure 60 in all cases.

Notes

1. All rise or transition times referenced in this chapter of the specifica-
tion are assumed to be measured from the 20% to 80% levels of the
waveform base state to top state amplitudes.

2. Crosstalk is calculated by dividing the larger of the amplitudes of the
unsigned positive or negative differential crosstalk noise waveforms by
the unsigned amplitude of the differential aggressor waveform, the re-
sult being multiplied by 100 to obtain percent. In the case of measure-
ment by superposition, the noise voltage is the sum of the maximum
noise amplitude values induced by the individual aggressor pair
sources.

7.2.3 ENVIRONMENTAL PERFORMANCE REQUIREMENTS

7.2.4 PORT LABELING

C7-3: Connectors to be used on and for connection to InfiniBand mod-
ules shall meet or exceed the environmental performance requirements
of EIA-364.1000.01, including exposure to Mixed Flowing Gas consistent
with the required product life as defined in Section 7.1.

Unless otherwise noted, successful completion of a given test is indicated
by an acceptable Low Level Contact Resistance measurement upon com-
pletion of the test, as defined above.

It is recommended that 1/O ports be labeled to avoid confusion between
InfiniBand ports and connections and those used for other incompatible
interfaces. The recommended labeling is defined in Section 9.6.

7.3 1X INTERFACE BOARD CONNECTOR

7.3.1 DESCRIPTION

This section defines the connector for the 1x cable interface on InfiniBand
boards. The 1x interface is the narrowest InfiniBand link, providing for si-
multaneous transmit and receive of one bit of differential data.

The connector used on InfiniBand boards for 1x cable ports is similar to
that used for Fibre Channel. The receptacle is a surface-mounted design
with seven contacts; four of the pins are signal contacts, and three con-
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tacts are connected to signal ground. The connector is shielded to mini-
mize EMI radiation. A suitable receptacle, referred to as HSSDC2

InfiniBand, is available from Tyco Electronics and others, and is shown in
Figure 44. Detailed drawings of mating interface dimensions are shown in

Figure 45.
C7-4: All 1x InfiniBand cable plugs shall be intermateable with this con-
nector.
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Figure 44 1x cable board connector |
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Figure 45 1x connector interface details |

7.3.2 FOOTPRINT AND CONTACT PATTERN

The board footprint shown in Figure 46 should be used for the 1x cable
connector shown in Figure 44. The connector is surface-mounted, so
there are no contacts on the secondary side of the board.

dSM
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Figure 46 1x cable board connector footprint (top view) and panel layout

7.3.3 PIN ASSIGNMENT

C7-5: The pin assignment listed in Table 32 shall be used for the board
connector for InfiniBand 1x cables.

The character 'x’ in the signal symbol is the port number, as defined in
Section 4.1, “Signal Naming Conventions,” on page 69.
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7.3.4 KEYING

Table 32 1x cable board connector signal assignment

Pin Number Signal
1 Signal Ground
2 IBtxIp(0)
3 IBtxIn(0)
4 Signal Ground
5 IBtxOn(0)
6 IBtxOp(0)
7 Signal Ground
Housing Chassis Ground

C7-6: Signal Ground shall be connected to IB_Sh_Ret on the module.

C7-7: Signal Ground shall not be connected to Chassis Ground in the
connector.

C7-7.1.1: A continuous ground path from the cable's inner shield(s)
through the connector to the board signal ground shall be provided to in-
sure low jitter, low crosstalk and EMI containment.

A cable constructed with only a bulk shield is not likely to meet the elec-
trical requirements of Section 6.3.4.

The 1x board connector accommodates a bottom-side (opposite the latch
side) key with width of 1.0 mm, which is centered horizontally in the con-
nector body, as shown in Figure 45.

7.4 4X INTERFACE BOARD CONNECTOR

7.4.1 DESCRIPTION

This section defines the connector for the 4x cable interface on InfiniBand
boards. The 4x interface provides for simultaneous transmit and receive
of four bits of differential data.

This section defines the connector for the 4x cable interface on InfiniBand
boards. The connector uses pairs of contacts separated by Ground con-
tacts to reduce near end crosstalk (NEXT). The connector is surface-

mounted, and all signal pins are used. A suitable receptacle, referred to

as an eight pair MICRO GIGACN ™ 1 receptacle, is available from Fuijitsu
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Components Ltd. and others, and is shown in Figure 47. Detailed draw-
ings of mating interface dimensions are shown in Figure 48.

C7-8: All 4x InfiniBand cable plugs shall be intermateable with this con-

nector.
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| d
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Figure 47 4x cable board connector |

1. MICRO GIGACN is a trademark of Fujitsu Components Limited
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7.4.2 FOOTPRINT AND CONTACT PATTERN
The board footprint shown in Figure 49 should be used for the 4x cable
connector shown in Figure 47. Connector pin numbers are indicated for
information. The connector is surface-mounted, so there are no contacts

on the secondary side of the board.
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2 ©
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) TR NN g
R 7 nl e
U i i Il Cl o<
Edge of P.W.B. . I I U o=
0.5 TYP _| Lo . He
Signal and ground e Ao w
terminal pitch YP
Detail C ‘ i
TYPE | n n Jio
A

4x 1~8 1~9 ‘16.45

12X |1~24 |1~25 40.45 Recommended P.W.B. dimension

Figure 49 4x cable board connector footprint, top view |

7.4.3 PIN ASSIGNMENT
C7-9: The pin assignment listed in Table 33 shall be used for the board

connector for InfiniBand 4x cables.

The character X’ in the signal symbol is the port number, as defined in
Section 4.1, “Signal Naming Conventions,” on page 69.

Table 33 4x board connector signal assignment

Pin Number Signal
G1-G9 Signal Ground
S1 IBtxIp(0)
S2 IBtxIn(0)
S3 IBtxIp(1)
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7.4.4 KEYING

Table 33 4x board connector signal assignment

Pin Number Signal
S4 IBtxIn(1)
S5 IBtXIp(2)
S6 IBtxIn(2)
S7 IBtxIp(3)
S8 IBtxIn(3)
S9 IBtxOn(3)
S10 IBtxOp(3)
S11 IBtxOn(2)
S12 IBtxOp(2)
S13 IBtxOn(1)
S14 IBtxOp(1)
S15 IBtxON(0)
S16 IBtxOp(0)

Housing Chassis Ground

C7-10: Signal Ground shall be connected to IB_Sh_Ret on the module.

C7-11: Signal Ground shall not be connected to Chassis Ground in the
connector. See Section 9.5.4.

C7-11.1.1: A continuous ground path from the cable's inner shield(s)
through the connector to the board signal ground shall be provided to in-
sure low jitter, low crosstalk and EMI containment.

A cable constructed with only a bulk shield is not likely to meet the elec-
trical requirements of Section 6.3.4.

Itis recommended that the 4x board and copper cable connectors as used
for InfiniBand use keys in positions 4 and 5, shown in Figure 52 as viewed
from the outside of the chassis. This is to prevent misplugging with other
interfaces that might have chosen to use the same physical connector.
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Figure 50 4x board and cable connector keying |

7.5 12X AND 8X INTERFACE BOARD CONNECTOR

7.5.1 DESCRIPTION

This section defines the connector for the 12x and 8x cable interface on
InfiniBand boards. The 12x interface is the widest InfiniBand link, pro-
viding for simultaneous transmit and receive of twelve bits of encoded dif-
ferential data.

This connector uses pairs of contacts separated by Ground contacts to re-
duce near end crosstalk (NEXT). The connector is a surface-mounted de-
sign similar to that of the 4x connector, and all signal pins are used. A
suitable receptacle, referred to as a 24 pair MICRO GIGACN receptacle,
is available from Fujitsu Components Ltd. and others, and is shown in
Figure 51. Detailed drawings of mating interface dimensions are shown in

Figure 48.

The 8x cable interface uses the same board connector as the 12x inter-
face described in Section 7.5 on page 225, but with a subset of the pins
used.

C7-12: All 12x InfiniBand cable plugs shall be intermateable with this con-
nector.

C7-12.2.1: All 8x InfiniBand cable plugs shall be intermateable with this
connector.
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7.5.2 FOOTPRINT AND CONTACT PATTERN

The board footprint shown in Eigure 52 should be used for the 12x cable
board connector shown in Figure 51. Connector pin numbers are indi-
cated for information. The connector is surface-mounted, so there are no
contacts on the secondary side of the board.
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7.5.3 PIN ASSIGNMENT FOR 12X OPERATION
C7-13: The pin assignment listed in Table 34 shall be used for the board
connector for InfiniBand 12x cables.

The character X’ in the signal symbol is the port number, as defined in
Section 4.1, “Signal Naming Conventions,” on page 69.

Table 34 12x board connector signal assignment

Pin Number Signal
G1-G25 Signal Ground
S1 IBtxIp(0)
S2 IBtxIn(0)
S3 IBtxIp(1)
S4 IBtxIn(1)
S5 IBtxIp(2)
S6 IBtxIn(2)
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Table 34 12x board connector signal assignment

Pin Number Signal
S7 IBtxIp(3)
S8 IBtxIn(3)
S9 IBtxIp(4)

S10 IBtxIn(4)
S11 IBtxIp(5)
S12 IBtxIn(5)
S13 IBtxIp(6)
S14 IBtxIn(6)
S15 IBtxIp(7)
S16 IBtxIn(7)
S17 IBtxIp(8)
S18 IBtxIn(8)
S19 IBtxIp(9)
S20 IBtxIn(9)
S21 IBtxIp(10)
S22 IBtxIn(10)
S23 IBtxIp(11)
S24 IBtxIn(11)
S25 IBtxOn(11)
S26 IBtxOp(11)
S27 IBtxONn(10)
S28 IBtxOp(10)
S29 IBtxOn(9)
S30 IBtxOp(9)
S31 IBtxON(8)
S32 IBtxOp(8)
S33 IBtxOn(7)
S34 IBtxOp(7)
S35 IBtxOn(6)
S36 IBtxOp(6)

dSM
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Table 34 12x board connector signal assignment

Pin Number Signal
S37 IBtxON(5)
S38 IBtxOp(5)
S39 IBtxOn(4)
S40 IBtxOp(4)
s41 IBtxOn(3)
S42 IBtxOp(3)
S43 IBtxON(2)
S44 IBtXOp(2)
S45 IBtxOn(1)
S46 IBtxOp(1)
S47 IBtxOn(0)
S48 IBtxOp(0)

Housing Chassis Ground

C7-14: Signal Ground shall be connected to IB_Sh_Ret on the module.

C7-15: Signal Ground shall not be connected to Chassis Ground in the
connector.

C7-15.1.1: A continuous ground path from the cable's inner shield(s)
through the connector to the board signal ground shall be provided to in-
sure low jitter, low crosstalk and EMI containment.

A cable constructed with only a bulk shield is not likely to meet the elec-
trical requirements of Section 6.3.4.

7.5.4 PIN ASSIGNMENT FOR 8X OPERATION

07-15.2.1: The pin assignment listed in Table 34 shall be used for the
board connector for InfiniBand 8x cables.

The character X’ in the signal symbol is the port number, as defined in
Section 4.1, “Signal Naming Conventions,” on page 69.
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Table 35 8x board connector signal assignment

Pin Number Signal
G1-G25 Signal Ground

s1 IBtxIp(0)

S2 IBtxIn(0)

S3 IBtxIp(1)

sS4 IBtxIn(1)

S5 IBtxXIp(2)

S6 IBtxIn(2)

S7 IBtxXIp(3)

S8 IBtxIn(3)

S9 IBtxIp(4)
S10 IBtxIn(4)
S11 IBtxIp(5)
S12 IBtxIn(5)
S13 IBtxIp(6)
S14 IBtxIn(6)
S15 IBtxIp(7)
S16 IBtxIn(7)
S17 reserved
S18 reserved
S19 reserved
S20 reserved
S21 reserved
S22 reserved
S23 reserved
S24 reserved
S25 reserved
S26 reserved
S27 reserved
S28 reserved

dSM
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7.5.5 KEYING

Table 35 8x board connector signal assignment

Pin Number Signal
S29 reserved
S30 reserved
S31 reserved
S32 reserved
S33 IBtxON(7)
S34 IBtxOp(7)
S35 IBtxON(6)
S36 IBtxOp(6)
S37 IBtxOn(5)
S38 IBtxOp(5)
S39 IBtxOn(4)
S40 IBtxOp(4)
S41 IBtxON(3)
S42 IBtxOp(3)
S43 IBtxOn(2)
S44 IBtxOp(2)
S45 IBtxOn(1)
S46 IBtxOp(1)
S47 IBtxON(0)
S48 IBtxOp(0)

Housing Chassis Ground

It is recommended that the 12x board and copper cable connectors as
used for InfiniBand use keys in positions 4 and 5, shown in Figure 53 as
viewed from the outside of the chassis. This is to prevent misplugging with
other interfaces that might have chosen to use the same physical con-

nector.

Itis recommended that the 8x board and copper cable connectors as used
for InfiniBand use the same keying as that for a 12x cable.
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keys here keys here

(a) board connector (b) cable connector

Figure 53 12x board and cable connector keying |

7.6 PLUGGABLE INTERFACE CONNECTORS

Unlike the 1x, 4x, 8%, and 12x connectors described in the preceding sec-
tions, a pluggable interface port is designed to be used with either copper
or optical cables. Due to the need to account for the jitter introduced in the
assembly between the board and the cable, a new port type, referred to
as port type 2, is defined for these devices. The unique electrical require-
ments for port type 2 are listed in Section 6.4. In the case of the copper
pluggable devices, the transceiver may be part of the cable assembly that
is mated with the port connector on the board. Only those cable types
listed in Table 36 shall be supported.

The active devices contain circuitry to compensate for the jitter introduced
in the cable assembly. The active optical device external interface is de-
fined in Section 8.10. The passive copper device is permanently attached
to the cable, so the port type 2 interface to the board is the only separable
interface.

C7-15.1.2: Passive copper pluggable cables shall meet the requirements
listed in Section 6.4.

Table 36 1x Pluggable interface supported device types

Pluggable device

type Board port type External port type Cable connector

Active copper 2 1 1x Copper
(HSSDC2)
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Table 36 1x Pluggable interface supported device types

PIugga;Slpeedewce Board port type External port type Cable connector
Active optical 2 See Section 8.10 See Section 8.10
Passive copper 2 None (see text) None (see text)
(captive)

7.6.1 1X PLUGGABLE INTERFACE
7.6.1.1 DESCRIPTION

The interface connector used on InfiniBand boards for 1x pluggable
copper and optical po