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INFORMATION TECHNOLOGY -
SMALL COMPUTER SYSTEM INTERFACE (SCSI) -

Part 262: SAS PROTOCOL LAYER - 2 (SPL-2)

FOREWORD

1) ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are
members of ISO or IEC participate in the development of International Standards through technical
committees established by the respective organization to deal with particular fields of technical
activity. ISO and IEC technical committees collaborate in fields of mutual interest. Other international
organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part in the
work. In the field of information technology, ISO and IEC have established a joint technical committee,
ISO/IEC JTC 1.

2) The formal decisions or agreements of IEC and ISO on technical matters express, as nearly as
possible, an international consensus of opinion on the relevant subjects since each technical
committee has representation from all interested IEC National Committees and ISO member bodies.

3) IEC, ISO and ISO/IEC publications have the form of recommendations for international use and are
accepted by IEC National Committees and ISO member bodies in that sense. While all reasonable
efforts are made to ensure that the technical content of IEC, ISO and ISO/IEC publications is
accurate, IEC or ISO cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC National Committees and ISO member bodies
undertake to apply IEC, ISO and ISO/IEC publications transparently to the maximum extent possible
in their national and regional publications. Any divergence between any ISO, IEC or ISO/IEC
publication and the corresponding national or regional publication should be clearly indicated in the
latter.

5) 1SO and IEC do not provide any attestation of conformity. Independent certification bodies provide
conformity assessment services and, in some areas, access to IEC marks of conformity. ISO or IEC
are not responsible for any services carried out by independent certification bodies.

6) All users should ensure that they have the latest edition of this publication.

7) No liability shall attach to IEC or ISO or its directors, employees, servants or agents including
individual experts and members of their technical committees and IEC National Committees or
ISO member bodies for any personal injury, property damage or other damage of any nature
whatsoever, whether direct or indirect, or for costs (including legal fees) and expenses arising
out of the publication of, use of, or reliance upon, this ISO/IEC publication or any other IEC,
ISO or ISO/IEC publications.

8) Attention is drawn to the normative references cited in this publication. Use of the referenced
publications is indispensable for the correct application of this publication.

9) Attention is drawn to the possibility that some of the elements of this ISO/IEC publication may
be the subject of patent rights. ISO and IEC shall not be held responsible for identifying any or
all such patent rights.

International Standard ISO/IEC 14776-262 was prepared by subcommittee 25: Interconnection of information
technology equipment, of ISO/IEC joint technical committee 1: Information technology.

The list of all currently available parts of the ISO/IEC 14776 series, under the general title Information
technology — Small computer system interface (SCSI), can be found on the IEC web site.

This International Standard has been approved by vote of the member bodies and the voting results may be
obtained from the address given on the second title page.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2, except as described in
3.4.
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INFORMATION TECHNOLOGY -
SMALL COMPUTER SYSTEM INTERFACE (SCSI) -

Part 262: SAS PROTOCOL LAYER - 2 (SPL-2)

INTRODUCTION

General

The SCSI family of standards provides for many different transport protocols that define the rules for
exchanging information between different SCSI devices. This standard defines the rules for exchanging
information between SCSI devices using a serial interconnect. Other SCSI transport protocol standards define
the rules for exchanging information between SCSI devices using other interconnects.

The following figure shows the organization of the layers of this standard.

. L Management
SCSI application layer ATA application layer application layer Clause 9
SSP transport layer STP transport layer SMP transport layer Clause 8
SAS port layer Clause 7

SSP link layer STP link layer SMP link layer
Clause 6

SAS link layer
SAS phy layer Clause 5
Figure 1 — Organization of this standard
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SCSI standards family

Figure 2 shows the relationship of this standard to the other standards and related projects in the SCSI family
of standards.

SCSI/ATA Translation
(SAT-2 (INCITS 465-2010))

Other device-type specific Primary command set
command sets (e.g., (shared for all device types)
SSC-3 (ISO/IEC 14776-333)) || SPC-4 (ISO/IEC 14776-454)

Direct-access block device
command set
SBC-3 (ISO/IEC 14776-323)

SCSI transport protocols (e.g.,
FCP-3 (ISO/IEC 14776-223),
SPL-2 (ISO/IEC 14776-262))

SCSI Architecture Model
(SAM-5 (ISO/IEC 14776-415))

Interconnects (e.g.,
SPI-5 (ISO/IEC 14776-115),
SAS-3 (ISO/IEC 14776-154))

Figure 2 — SCSI document relationships

This standard also defines the rules for exchanging information between ATA hosts and ATA devices using the
same serial interconnect. Other ATA transport protocol standards define the rules for exchanging information
between ATA hosts and ATA devices using other interconnects.

Figure 3 shows the relationship of this standard to other standards and related projects in the ATA family of
standards.

(Packet-delivered command sets)
ATA/ATAPI

Command Set-2 Primary command set

ACS-2 (ISO/IEC sets (shared for all device types)
17760-102) (SPC-4 (ISO/IEC 14776-454))

Device-type specific command

ATA transport protocols (e.g.,
STP in this standard,
Serial ATA)

ATA physical interconnects (e.g.,
SAS-3 (ISO/IEC 14776-154),
Serial ATA)

ATA/ATAPI-8 Architecture Model
(ATA8-AAM (INCITS 451-2008))

Figure 3 — ATA document relationships
Figure 2 and figure 3 show the general relationship of the documents to one another, and do not imply any
hierarchy, protocol stack or system architecture relationship.

These standards specify the interfaces, functions and operations necessary to ensure interoperability
between conforming implementations. This standard is a functional description. Conforming implementations
may employ any design technique that does not violate interoperability.
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INFORMATION TECHNOLOGY -
SMALL COMPUTER SYSTEM INTERFACE (SCSI) —

Part 262: SAS Protocol Layer - 2 (SPL-2)

1 Scope

This standard defines the protocol layer of the Serial Attached SCSI (SAS) interconnect and three transport
protocols that use the SAS interconnect:

a) Serial SCSI Protocol (SSP): a mapping of SCSI supporting multiple initiators and targets;

b) Serial ATA Tunneled Protocol (STP): a mapping of Serial ATA expanded to support multiple initiators
and targets; and

c) Serial Management Protocol (SMP): a management protocol.
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2 Normative references

The following documents are referred to in the text in such a way that some or all of their content constitutes
requirements of this document. For dated references, only the edition cited applies. For undated references,
the latest edition of the referenced document (including any amendments) applies.

Additional availability contact information is provided in Annex L.

ISO/IEC 14776-151, Information technology — Small Computer System Interface (SCSI) — Part 151: Serial
Attached SCSI - 1.1 (SAS-1.1)

ISO/IEC 14776-372, Information technology — Small Computer System Interface (SCSI) — Part 372: SCSI
Enclosure Services - 2 (SES-2)

ISO/IEC 17760-102, Information technology — AT Attachment — Part 102: ATA/ATAPI Command Set - 2
(ACS-2)

INCITS 451-2008, AT Attachment - 8 ATA/ATAPI Architecture Model (ATA8-AAM)
INCITS 465-2010, SCSI/ATA Translation - 2 (SAT-2)

INCITS 514-2014, SCSI Block Commands - 3 (SBC-3)

INCITS 515-2016, SCSI Architecture Model - 5 (SAM-5)

INCITS 513-2015, SCSI Primary Commands - 4 (SPC-4)

INCITS 519-2014, Serial Attached SCSI - 3 (SAS-3)

For information on the current status of the listed documents, or regarding availability, contact the indicated
organization.

Serial AT Attachment Revision 3.1 (SATA). 18-Ju|y-20111
SFF-8485, Serial GPIO (SGPIO) Bus?

1.For information on the current status of Serial ATA documents, contact the Serial ATA International Organization
(see http://www.sata-io.org).

2.For more information on the current status of SFF documents, contact the SFF Committee at 408-867-6630
(phone), or 408-867-2115 (fax). To obtain copies of these documents, contact the SFF Committee at 14426 Black
Walnut Court, Saratoga, CA 95070 at 408-867-6630 (phone) or 408-741-1600 (fax) or see http://www.sffcommit-
tee.org.

Documents

Document Sharing Hub

Full document details: ISO IEC 14776-262-2017


http://avadocuments2026.com/doc/iso-iec-14776-262-2017
http://avadocuments2026.com/doc/iso-iec-14776-262-2017

ISO/IEC 14776-262:2017 © ISO/IEC 2017 —-42 -

3 Terms, definitions, symbols, abbreviations, keywords, and conventions

3.1 Terms and definitions
For the purposes of this document the following terms and definitions apply.
ISO and IEC maintain terminological databases for use in standardization at the following addresses:

"IEC Electropedia: available at http://www.electropedia.org/
"ISO Online browsing platform: available at http://www.iso.org/obp

311

8b10b coding

coding scheme that represents an 8-bit byte (i.e., a control byte or data byte) as a 10-bit character (i.e., a
control character or data character)

Note 1 to entry: See 5.2.

31.2

8b10b encoding

method of encoding an 8-bit byte (i.e., a control byte or data byte) into a 10-bit character (i.e., a control
character or data character)

Note 1 to entry: See 5.2.

313

10b8b decoding

method for decoding a 10-bit character (i.e., a control character or data character) into an 8-bit byte (i.e., a
control byte or data byte)

Note 1 to entry: See 5.2.

314

active cable assembly

cable assembly (see SAS-3) that requires power for internal circuitry used in the transmission of the signal
through the cable assembly

Note 1 to entry: See SAS-3.

3.1.5
active phy power condition
normal power condition for a SAS phy or expander phy

Note 1 to entry: See 4.10.1.2.

3.1.6

active zone manager

zone manager (see 3.1.253) that locks a zoning expander device (see 3.1.257)

Note 1 to entry: See 4.8.6.

31.7

affiliation

STP target port (see 3.1.224) state of limiting acceptance of connection requests to those from one or more
STP initiator ports (see 3.1.219)

Note 1 to entry: See 6.19.4.
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3.1.8
affiliation context
set of registers maintained by an STP target port for an STP initiator port holding an affiliation

Note 1 to entry: See 6.19.4.

3.1.9

aggregation

form of association that defines a whole-part relationship between the whole (i.e., aggregate) class and its
parts

Note 1 to entry: This definition only applies when used in relation to UML.

Note 2 to entry: See 3.5.

3.1.10

association

relationship between two or more classes that specifies connections among their objects
Note 1 to entry: This definition only applies when used in relation to UML.

Note 2 to entry: An association is a relationship that specifies that objects of one class are connected to
objects of another class.

Note 3 to entry: See 3.5.
3.1.11

attached
attribute of a class used when an instance of that class is only accessible over a service delivery subsystem

3.1.12

attached SAS address

SAS address (see 3.1.164) of the attached phy or the SAS address of the STP target port in an STP SATA
bridge (see 4.5.2)

Note 1 to entry: For example, the SAS address of an attached phy may be received in the incoming
IDENTIFY address frame during the initialization sequence (see 4.1.2),

3.1.13

attribute

named property of a class that describes a range of values that its objects may hold
Note 1 to entry: This definition only applies when used in relation to UML.

Note 2 to entry: See 3.5.

3.1.14

AT Attachment

ATA
standard for the internal attachment of storage devices to hosts

Note 1 to entry: See ATA8-AAM.

3.1.15
ATA device
storage peripheral that processes ATA commands and device management functions

Note 1 to entry: Analogous to a SCSI target device (see 3.1.191).
Note 2 to entry: See ATA8-AAM.
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3.1.16

ATA domain

I/0 system consisting of an ATA host and one or more ATA devices that communicate with one another by
means of a service delivery subsystem (see 3.1.199)

Note 1 to entry: Analogous to a SCSI domain (see 3.1.187).
Note 2 to entry: See ATA8-AAM.

3.1.17
ATA host
host device that originates requests to be processed by an ATA device

Note 1 to entry: Analogous to a SCSI initiator device (see 3.1.188).
Note 2 to entry: See ATA8-AAM.

3.1.18
big-endian
format for storage or transmission of binary data in which the most significant byte appears first

Note 1 to entry: In a multi-byte value, the byte containing the most significant bit is stored in the lowest
memory address and transmitted first, and the byte containing the least significant bit is stored in the highest
memory address and transmitted last (e.g., for the value 0080h, the byte containing 00h is stored in the lowest
memory address, and the byte containing 80h is stored in the highest memory address).

3.1.19

bi-phase mark code

BMC

encoding in which a transition occurs at the beginning of each TTIU bit cell (see 3.1.242), a one is
represented by a transition in the middle of the TTIU bit cell, and a zero is represented by no transition within
the TTIU bit cell

Note 1 to entry: See 5.8.

3.1.20
bit cell time
time for transmitting a phy capabilities bit during SNW-3 (see 5.10.4.2.3.3)

3.1.21

Broadcast

information about an event in the SAS domain, communicated between phys with the BROADCAST primitive
sequence (see 6.2.6.4) and/or the SMP ZONED BROADCAST function (see 9.4.3.20)

Note 1 to entry: See 4.1.13.

3.1.22

Broadcast propagation processor

BPP

object within an expander function (see 3.1.66) that manages Broadcasts (see 3.1.21)
Note 1 to entry: See 4.5.5.

3.1.23

burst time

part of an OOB signal where the OOB burst is transmitted

Note 1 to entry: See SAS-3.
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3.1.24
byte
sequence of eight contiguous bits considered as an unit

3.1.25
character
sequence of ten contiguous bits considered as an unit

Note 1 to entry: A byte is encoded as a character using 8b10b coding (see 5.2)

3.1.26
class
description of a set of objects that share the same attributes, operations relationships, and semantics

Note 1 to entry: Classes may have attributes and may support operations.

3.1.27
class diagram
diagram that shows a collection of classes and their contents and relationships

Note 1 to entry: See 3.5.

3.1.28

command descriptor block

CDB

structure used to communicate a command from a SCSI application client to a SCSI device server

Note 1 to entry: See SAM-5.

3.1.29

commonly supported setting

supported settings bit (see table 52) with a value set to one by both the phy and the attached phy as
transmitted during the most recent SNW-3

3.1.30

compliant jitter tolerance pattern
CJTPAT

test pattern for jitter testing

Note 1 to entry: See A.2 and SAS-3.

3.1.31

configuration subprocess

subprocess invoked from the discover process (see 3.1.55) to configure an externally configurable expander
device (see 3.1.73)

Note 1 to entry: See 4.7.

3.1.32

confirmation

information passed from a lower layer state machine to a higher layer state machine, usually responding to a
request from that higher layer state machine

Note 1 to entry: For an example of a response from a peer layer state machine see figure 41 in 4.5.6.2.

Note 2 to entry: See 3.6.
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3.1.33
connection
temporary association between a SAS initiator port and a SAS target port using a pathway (see 3.1.136)

Note 1 to entry: See 4.1.12 and 6.14.

3.1.34

connection rate

effective rate of dwords through the pathway (see 3.1.136) between a SAS initiator phy and a SAS target phy,
established through the connection request

3.1.35
connection request

request to establish a connection originated by a SAS phy (see 3.1.170) using an OPEN address frame (see
6.8.3)

Note 1 to entry: See 6.14.2.1.

3.1.36
constraint
mechanism for specifying semantics or conditions that are maintained as true between entities

Note 1 to entry: This definition only applies when used in relation to UML.

Note 2 to entry: An example of a constraint is a required condition between associations.
Note 3 to entry: See 3.5.

3.1.37

control byte
byte containing control information defined in table 49

Note 1 to entry: See 5.3.7.

3.1.38

control character

Kxx.y

character containing control information defined in table 49

Note 1 to entry: See 5.3.7.

3.1.39

cyclic redundancy check

CRC

error checking mechanism that checks data integrity by computing a polynomial algorithm based checksum

Note 1 to entry: See 6.5.

3.1.40
D.C. idle
differential signal level that is nominally 0 V peak-to-peak

Note 1 to entry: See SAS-3.

3.1.4

D.C. mode

mode in which D.C. idle is used, during the idle time and negation time of an OOB signal (see SAS-3), and
during the RCDT time of speed negotiation windows (see 5.10.4.2.2)
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3.1.42
data byte
byte containing data information defined in table 48

Note 1 to entry: See 5.3.6.

3.1.43

data character

Dxx.y

character containing data information defined in table 48 (see 5.2)

Note 1 to entry: See 5.3.6.

3.1.44
data dword
dword containing four data bytes or four data characters with correct disparity

3.1.45

deadlock

condition in which two or more processes (e.g., connection requests) are waiting on the others to complete,
resulting in none of the processes completing

3.1.46
deletable primitive
primitive which may be deleted by a receiver instead of being placed into its elasticity buffer (see 6.3)

Note 1 to entry: See 6.2.5.

3.1.47

dependency

relationship between two classes where a change to one class (i.e., the independent class) may cause a
change in the other class (i.e., the dependent class)

Note 1 to entry: This definition only applies when used in relation to UML.
Note 2 to entry: See 3.5.
3.1.48

device name
worldwide unique name for a device within a transport protocol

Note 1 to entry: See 4.2.6.

3.1.49
device server
object that processes SCSI commands (see SAM-5), ATA commands (see ATA8-AAM), or SMP functions

Note 1 to entry: See 4.1.5.

3.1.50

differential high signal level

Tx+ signal of a transmitter circuit (see SAS-3) is higher than the voltage measured on the Tx- signal of a
transmitter circuit

3.1.51

differential low signal level

Tx+ signal of a transmitter circuit (see SAS-3) is lower than the voltage measured on the Tx- signal of a
transmitter circuit
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3.1.52

direct current

D.C.

non-A.C. component of a signal

Note 1 to entry: See SAS-3.

3.1.53

direct routing attribute

attribute of an expander phy that indicates that the expander phy may be used by the ECM (see 3.1.63) to
route a connection request to an end device

Note 1 to entry: See 4.5.7.1.

3.1.54

direct routing method

method the ECM (see 3.1.63) uses to route connection requests to an attached end device or an attached
expander device

Note 1 to entry: See 4.5.7.1.

3.1.55

discover process

process performed by a management application client to discover all the SAS devices and expander devices
in the SAS domain

Note 1 to entry: The discover process invokes the configuration subprocess (see 3.1.31) as needed.

Note 2 to entry: See 4.6.

3.1.56
disparity
difference between the number of ones and zeros in a character (see 5.2)

3.1.57

domain

I/0O system consisting of devices that communicate with one another by means of a service delivery
subsystem

Note 1 to entry: Examples of domains are a SAS domain (see 3.1.166), a SCSI domain (see 3.1.187), or an
ATA domain (see 3.1.16)

Note 2 to entry: See 4.1.9.

3.1.58

dword
sequence of four contiguous bytes or four contiguous characters considered as an unit

Note 1 to entry: The meaning depends on the context (e.g., when discussing the bits being transmitted over a
physical link, dword represents four characters (i.e., 40 bits) and when discussing the contents of a frame
before 8b10b encoding (see 3.1.2) or after 10b8b decoding (see 3.1.3), dword represents four bytes (i.e., 32
bits)).

3.1.59
dword synchronization

detection of an incoming stream of dwords from a physical link by a phy

Note 1 to entry: See 5.13.
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