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INFORMATION TECHNOLOGY –
SMALL COMPUTER SYSTEM INTERFACE (SCSI) –

Part 151: Serial attached SCSI-1.1 (SAS-1.1)

Foreword
1) ISO (International Organization for Standardization) and IEC (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. Their preparation is entrusted to technical committees; any ISO and IEC
member body interested in the subject dealt with may participate in this preparatory work. International governmental
and non-governmental organizations liaising with ISO and IEC also participate in this preparation.

2) In the field of information technology, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1. Draft
International Standards adopted by the joint technical committee are circulated to national bodies for voting.
Publication as an International Standard requires approval by at least 75 % of the national bodies casting a vote.

3) 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 and ISO member bodies.

4) IEC, ISO and ISO/IEC publications have the form of recommendations for international use and are accepted by IEC
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.

5) In order to promote international uniformity, IEC 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/IECpublication and the corresponding national or regional publication should be clearly indicated in
the latter.

6) ISO and IEC provide no marking procedure to indicate their approval and cannot be rendered responsible for any
equipment declared to be in conformity with an ISO/IEC publication.

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

8) 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 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.

9) 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.

10) Attention is drawn to the possibility that some of the elements of this International Standard 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 14776-151 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.

IMPORTANT - the “colour inside” logo on the cover page of this publication indicates that it contains colours
which are considered to be useful for the correct understanding of its contents. Users should therefore print this
publication using a colour printer
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Introduction

This International Standard defines 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.
c) Serial Management Protocol (SMP): a management protocol.

The standard is organized as follows:

Clause 1 (Scope) describes the relationship of this standard to the SCSI and ATA families of standards.
Clause 2 (Normative references) provides references to other standards and documents.
Clause 3 (Terms, definitions, symbols, abbreviations, keywords and conventions) defines terms and

conventions used throughout this standard.
Clause 4 (General) describes architecture, names and identifiers, state machines, resets, I_T nexus loss and

provides an expander device model.
Clause 5 (Physical layer) describes the physical layer. It describes passive interconnect components

(connectors, cables and backplanes) and defines the transmitter and receiver electrical
characteristics.

Clause 6 (Phy layer) describes the phy layer. It describes 8b10b encoding, bit order, out of band (OOB)
signals, phy reset sequences, phy layer state machines, and spin-up.

Clause 7 (Link layer) describes the link layer. It describes primitives, clock skew management, idle physical
links, CRC, scrambling, address frames, the identification sequence and its state machine, power
management, SAS domain changes, connections, rate matching and SSP, STP and SMP
connection rules and link layer state machines.

Clause 8 (Port layer) describes the port layer, which sits between one or more link layers and one or more
transport layers. It includes port layer state machines.

Clause 9 (Transport layer) describes the transport layer. It includes SSP, STP and SMP frame definitions and
transport layer state machines.

Clause 10 (Application layer) describes the application layer. It describes SCSI protocol services, mode
parameters, log parameters and power conditions, ATA specifics and SMP functions.

Annex A (normative) (Jitter tolerance patterns) describes the jitter tolerance patterns.
Annex B (normative) (Signal performance measurements) describes signal measurement techniques.
Annex C (informative) (SAS to SAS phy reset sequence examples) provides additional phy reset sequence

examples.
Annex D (informative) (CRC) provides information and example implementations of the CRC algorithm.
Annex E (informative) (SAS address hashing) provides information and example implementations of the

hashing algorithm.
Annex F (informative) (Scrambling) provides information and example implementations of the scrambling

algorithm.
Annex G (informative) (ATA architectural notes) describes ATA architectural differences from Serial ATA and

Serial ATA II.
Annex H (informative) (ALIGN and/or NOTIFY insertion rate summary) describes the minimum ALIGN and/or

NOTIFY insertion rates for clock skew management, rate matching and STP initiator phy throttling.
Annex I (informative) (Expander device handling of connections) describes expander device behavior in a

variety of connection examples.
Annex J (informative) (Primitive encoding) lists the primitive encodings available for future versions of this

standard.
Annex K (informative) (Messages between state machines) contains a list of messages between state

machines.
Annex L (informative) (Discover process example implementation) provides an example implementation of

the discover process.
Annex M (informative) (SAS icon) defines the general SAS icon.
Bibliography
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The following figure shows the organization of the layers of this standard.

Figure 0 - Organization of this standard
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INFORMATION TECHNOLOGY –
SMALL COMPUTER SYSTEM INTERFACE (SCSI) –

Part 151: Serial attached SCSI-1.1 (SAS-1.1)

1 Scope

The SCSI family of standards provides for many different transport protocols that define the rules for exchanging
information between different SCSI devices. This part of ISO/IEC 14776 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.

Figure 1 shows the relationship of this International Standard to the other standards and related projects in the
SCSI family of standards.

Figure 1 — 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.
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Figure 2 shows the relationship of this standard to other standards and related projects in the ATA family of
standards.

Figure 2 — ATA document relationships

Figure 1 and figure 2 show the general relationship of the documents to one another and they do not imply a
relationship such as a hierarchy, protocol stack or system architecture.
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2 Normative references

The following referenced documents are indispensable for the application 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.

The provisions of the referenced specifications other than ISO/IEC, IEC, ISO and ITU documents, as identified in
this clause, are valid within the context of this International Standard. The reference to such a specification within
this International Standard does not give it any further status within ISO/IEC. In particular, it does not give the
referenced specification the status of an International Standard.

ISO/IEC TR 14165-117, Information technology – Fibre channel – Part 117: Methodologies for jitter and signal
quality (MJSQ) [ANSI INCITS TR-35-2004]

NOTE 1 - When MJSQ is referenced from this standard, the FC Port terminology used within MJSQ should be
substituted with SAS phy terminology.

ISO/IEC 14776-413, Information technology – Small computer system interface (SCSI) – Part 413: Architecture
model-3 (SAM-3) [ANSI INCITS 402-2005]

ISO/IEC 14776-322, Information technology – Small computer system interface (SCSI) – Part 322: Block
commands-2 (SBC-2) [ANSI INCITS 405-2005]

ISO/IEC 14776-372, Information technology – Small computer system interface (SCSI) – Part 372: Enclosure
services-2 (SES-2) (under consideration) [ANSI INCITS 448-2008] 

ISO/IEC 14776-453, Information technology – Small computer system interface (SCSI) – Part 453: Primary
commands-3 (SPC-3) [ANSI INCITS 408-2005] 

ISO/IEC 24739-1, Information technology – AT Attachment with Packet Interface – Part 1: Register delivered
command set, logical register set (ATA/ATAPI-7 V1) [ANSI INCITS 397-2005] 

ISO/IEC 24739-3, Information technology – AT Attachment with Packet Interface-7 – Part 3: Serial Transport
Protocols and Physical Interconnect (ATA/ATAPI-7 V3) (under consideration) [ANSI INCITS 397-2005]

AT Attachment with Packet Interface-7 Amendment 1 [ANSI INCITS 397-2005/AMD1]

ISO/IEC 19501, Information technology -- Open Distributed Processing -- Unified Modeling Language (UML)
Version 1.4.2

SFF-8086, Compact Multilane Series: Common Elements

SFF-8087, Compact Multilane Series: Unshielded

SFF-8088, Compact Multilane Series: Shielded

SFF-8223, 2.5" Drive Form Factor with Serial Connector

SFF-8323, 3.5" Drive Form Factor with Serial Connector

SFF-8523, 5.25" Drive Form Factor with Serial Connector

SFF-8416, Measurement and Performance Requirements for HPEI Bulk Cable

SFF-8460, HSS Backplane Design Guidelines

SFF-8470, Shielded High Speed Multilane Copper Connector

SFF-8482, Unshielded Dual Port Serial Attachment Connector

SFF-8484, Multi-Lane Unshielded Serial Attachment Connectors

SFF-8485, Serial GPIO (SGPIO) Bus

NOTE 2 - For more information on the current status of SFF document, 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.sffcommittee.org.
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3 Terms, definitions, symbols, abbreviations, keywords and conventions

3.1 Terms and definitions

3.1.1
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); see 6.2

3.1.2
8b10b encoding
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); see 6.2

3.1.3
10b8b decoding
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); see 6.2

3.1.4
affiliation
STP target port state of limiting acceptance of connection requests to those from a single STP initiator port; see
7.17.5

3.1.5
aggregation
when used in class diagrams, a form of association that defines a whole-part relationship between the whole (i.e.,
aggregate) class (see 3.1.22) and its parts; see 3.5

3.1.6
application client
an object that is the source of SCSI commands (see SAM-3), ATA commands (see ATA/ATAPI-7 V1) or
management function requests

3.1.7
association
when used in class diagrams, a relationship between two or more classes (see 3.1.22) that specifies connections
among their objects (see 3.1.126) (i.e., a relationship that specifies that objects of one class are connected to
objects of another class); see 3.5

3.1.8
attached SAS address
SAS address (see 3.1.165) of the attached phy (e.g., received by a physical phy in the incoming IDENTIFY
address frame during the initialization sequence (see 4.1.2)) or the SAS address of the STP target port in an
STP/SATA bridge (see 4.6.2)

3.1.9
attribute
in class diagrams (see 3.1.23) or object diagrams (see 3.1.127), a named property of a class (see 3.1.22) that
describes the range of values that its objects (see 3.1.126) may hold; see 3.5

3.1.10
AT attachment (ATA)
standard for the internal attachment of storage devices to hosts; see ATA/ATAPI-7 V1

3.1.11
ATA device
storage peripheral (analogous to a SCSI target device); see ATA/ATAPI-7 V1
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3.1.12
ATA domain
I/O system consisting of an ATA host and one or more ATA devices that communicate with one another by means
of a service delivery subsystem

3.1.13
ATA host
host device that originates requests to be processed by an ATA device (analogous to a SCSI initiator device); see
ATA/ATAPI-7 V1

3.1.14
baud:
unit of signaling speed, expressed as the maximum number of times per second the signal (see 3.1.200) may
change the state of the physical link (see 3.1.139)

NOTE      The state change produces a transition (i.e., signal edge); units of baud are symbols/second and in this standard, a
symbol represents a single bit or single transition if the maximum transition rate (i.e., a 0101b pattern) is occurring.

3.1.15
big-endian
format for storage or transmission of binary data in which the most significant byte appears first

NOTE      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)

3.1.16
bit error ratio (BER)
those logical bits output from a receiver circuit that differ from the correct transmitted logical bits, divided by the
number of transmitted logical bits

NOTE      The BER is usually expressed as a coefficient and a power of 10 (e.g., 2 erroneous bits out of 100 000 bits transmitted
is expressed as 2 out of 105 or 2 × 10-5); see MJSQ.

3.1.17
broadcast primitive processor (BPP)
object within an expander function that manages broadcast primitives; see 4.6.5

3.1.18
burst time
that part of an OOB signal (see 3.1.131) where the OOB burst (see 3.1.128) is transmitted; see 6.6

3.1.19
byte
sequence of eight contiguous bits considered as a unit

NOTE      A byte is encoded as a character (see 3.1.21) using 8b10b coding (see 6.2).

3.1.20
cable assembly
bulk cable plus a separable connector at each end plus any retention, backshell or shielding features

3.1.21
character
sequence of ten contiguous bits considered as a unit

NOTE      A byte (see 3.1.19) is encoded as a character using 8b10b coding (see 6.2)
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3.1.22
class
description of a set of objects (see 3.1.126) that share the same attributes (see 3.1.9), operations (see 3.1.132),
relationships and semantics

NOTE      Classes may have attributes and may support operations.

3.1.23
class diagram
diagram that shows a collection of classes (see 3.1.22) and their contents and relationships; see 3.5

3.1.24
clock data recovery (CDR)
function provided by the receiver circuit responsible for producing a regular clock signal (i.e., the recovered clock)
from the received signal and for aligning the recovered clock to the symbols (i.e., bits) being transmitted with the
signal; the CDR uses the recovered clock to recover the bits; see MJSQ

3.1.25
command descriptor block (CDB)
structure used to communicate a command from a SCSI application client to a SCSI device server; see SAM-3

3.1.26
compliance point
interoperability point where interoperability specifications are met; see 5.3.1

3.1.27
compliant jitter tolerance pattern (CJTPAT)
test pattern for jitter testing; see 5.3.5.4 and A.2

3.1.28
configurable expander device
an expander device that contains an expander route table that is configured with expander route entries; see 4.1.5

3.1.29
confirmation
information passed from a lower layer state machine to a higher layer state machine, usually responding to a
request (see 3.1.155) from that higher layer state machine, and sometimes relaying a response (see 3.1.157) from
a peer higher layer state machine; see 3.6

3.1.30
connection
temporary association between a SAS initiator port and a SAS target port; see 7.12

3.1.31
connection rate
effective rate of dwords through the pathway between a SAS initiator phy and a SAS target phy, established
through the connection request

3.1.32
connector
electro-mechanical components consisting of a receptacle and a plug that provide a separable interface between
two transmission segments

3.1.33
constraint
when used in class diagrams (see 3.1.23) and object diagrams (see 3.1.127), a mechanism for specifying
semantics or conditions that are maintained as true between entities (e.g., a required condition between associa-
tions); see 5.3.1
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3.1.34
control byte
byte containing control information defined in table 54 (see 6.2)

3.1.35
control character (Kxx.y)
character containing control information defined in table 54 (see 6.2)

3.1.36
cumulative distribution function (CDF)
probability that jitter is less than a given value; see MJSQ

3.1.37
cyclic redundancy check (CRC)
error checking mechanism that checks data integrity by computing a polynomial algorithm based checksum; see
7.5

3.1.38
D.C. idle
differential signal level that is nominally 0 V(P-P), used during the idle time (see 3.1.92) of an OOB signal (see
3.1.131); see 5.3.6

3.1.39
data byte
byte containing data information defined in table 53 (see 6.2)

3.1.40
data character (Dxx.y)
character containing data information defined in table 53 (see 6.2)

3.1.41
data dword
dword containing four data bytes or four data characters with correct disparity

3.1.42
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

3.1.43
decibel (dB)
one-tenth of the common logarithm (i.e., log10) of the relative power ratio (i.e., dB = 10 log10 (P1 / P2)); equivalent
to one-twentieth of the common logarithm of the relative voltage ratio (i.e., dB = 20 log10 (V1 / V2))

3.1.44
dependency
when used in class diagrams (see 3.1.23), a relationship between two classes (see 3.1.22) where a change to one
class (i.e., the independent class) may cause a change in the other class (i.e., the dependent class); see 5.3.1

3.1.45
device server
object within a SAS target device that processes SCSI tasks (see SAM-3), ATA commands (see ATA/ATAPI-7 V1)
or management functions

3.1.46
direct current (D.C.)
the non-A.C. component of a signal

NOTE      In this standard, all frequency components below 100 kHz.
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3.1.47
direct routing attribute
attribute of an expander phy that indicates it may be used by the expander connection manager to route a
connection request to an end device; see 4.6.7.1

3.1.48
direct routing method
method the expander connection manager uses to establish a connection with an end device; see 4.6.7.1

3.1.49
discover process
algorithm used by a management application client to configure the SAS domain; see 4.7

3.1.50
disparity
difference between the number of ones and zeros in a character (see 6.2)

3.1.51
dispersion
signal pulse broadening and distortion from all causes

3.1.52
domain
a SAS domain, a SCSI domain or an ATA domain

3.1.53
dword
a sequence of four contiguous bytes or four contiguous characters considered as a unit

NOTE      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); when discussing the contents of a frame after 10b8b decoding (see 3.1.3), dword
represents four bytes (i.e., 32 bits)).

3.1.54
dword synchronization
detection of an incoming stream of dwords from a physical link by a phy; see 6.9

3.1.55
edge expander device
expander device that is part of a single edge expander device set (see 3.1.56); see 4.1.5

3.1.56
edge expander device set:
group of one or more edge expander devices (see 3.1.55) that may be attached to no more than one other edge
expander device set or one fanout expander device (see 3.1.74); see 4.1.8.2

3.1.57
enclosure
box, rack or set of boxes providing the powering, cooling, mechanical protection, EMI protection and external
electronic interfaces for one or more SAS device(s) and/or expander device(s)

NOTE      The enclosure provides the outermost electromagnetic boundary and acts as an EMI barrier; an enclosure is not a
class (see 3.1.22) in this standard

3.1.58
enclosure in port
set of expander phys with subtractive routing attributes using the same external connector (see 5.2.3.3)\; see 4.6.2

3.1.59
enclosure out port
aset of expander phys with table routing attributes using the same external connector (see 5.2.3.3); see 4.6.2
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3.1.60
end device
AS device that is not contained within an expander device

3.1.61
event notification
information passed from the transport layer to the application layer notifying the application layer that a SCSI event
has occurred; see SAM-3

3.1.62
expander connection manager (ECM)
object within an expander function that manages routing; see 4.6.3

3.1.63
expander connection router (ECR)
portion of an expander function that routes messages between expander phys; see 4.6.4

3.1.64
expander device
device that is part of the service delivery subsystem and facilitates communication between SAS devices; see
4.1.5

3.1.65
expander function
object within an expander device that contains an expander connection manager, expander connection router and
broadcast primitive processor; see 4.6.1

3.1.66
expander phy
phy in an expander device that interfaces to a service delivery subsystem

3.1.67
expander port
expander device object that interfaces to the service delivery subsystem and to SAS ports in other devices; see
4.6.2

3.1.68
expander route entry
SAS address and an enable/disable bit in an expander route table (see 4.6.7.3)

3.1.69
expander route index
value used in combination with a phy identifier to select an expander route entry in an expander route table (see
4.6.7.3)

3.1.70
expander route table
table of expander route entries within an expander device

NOTE      The table is used by the expander function to resolve connection requests; see 4.6.7.3.

3.1.71
external connector
bulkhead connector (see 3.1.32), whose purpose is to carry signals into and out of an enclosure (see 3.1.57), that
exits the enclosure with only minor compromise to the shield effectiveness of the enclosure; see 5.2.3.3.1.1 and
5.2.3.3.1.2
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3.1.72
eye contour
the locus of points in a signal level versus time eye diagram where the CDF of 10-12 in the actual signal population
exists

NOTE      Comparison of the measured eye contour to the jitter eye mask determines whether a jitter eye mask violation has
occurred; see 5.3.5 and MJSQ.

3.1.73
fall time
time interval for the falling signal edge to transit between specified percentages of the signal amplitude

NOTE      In this standard, the measurement points are the 80 % and 20 % voltage levels; also see rise time (see 3.1.161)

3.1.74
fanout expander device
expander device that is capable of being attached to two or more edge expander device sets; see 4.1.5

3.1.75
far-end crosstalk
crosstalk that is propagated in a disturbed channel in the same direction as the propagation of a signal in the
disturbing channel

NOTE      The terminals of the disturbed channel, at which the far-end crosstalk is present, and the energized terminals of the
disturbing channel are usually remote from each other.

3.1.76
field
group of one or more contiguous bits

3.1.77
frame
sequence of data dwords between a start of frame primitive (i.e., SOF, SOAF or SATA_SOF) and an end of frame
primitive (i.e., EOF, EOAF or SATA_EOF)

3.1.78
frame information structure (FIS)
SATA frame format; see ATA/ATAPI-7 V3

3.1.79
generalization
when used in class diagrams (see 3.1.23), a relationship among classes (see 3.1.22) where one class (i.e., the
superclass) shares the attributes and operations of one or more other classes (i.e., the subclasses); see 5.3.1

3.1.80
golden phase lock loop (golden PLL)
function that conforms to the jitter timing reference frequency response requirements in MJSQ that extracts the
jitter timing reference from the data stream under test to be used as the timing reference for the instrument used for
measuring the jitter in the signal under test; see MJSQ

3.1.81
hard reset
SAS device or expander device action in response to a reset event in which the device performs the operations
described in 4.4

3.1.82
hard reset sequence
sequence that causes a hard reset (see 4.4)

3.1.83
hardware maximum physical link rate
maximum physical link rate capability of a phy
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3.1.84
hardware minimum physical link rate
minimum physical link rate capability of a phy

3.1.85
hash function
mathematical function that maps values from a larger set of values into a smaller set of values, reducing a long
value into a shorter hashed value

3.1.86
I_T nexus
nexus that exists between a SCSI initiator port and a SCSI target port; see SAM-3

3.1.87
I_T nexus loss
condition where a SAS port determines that another SAS port is no longer available; see 4.5

3.1.88
I_T_L nexus
nexus that exists between a SCSI initiator port, a SCSI target port and a logical unit; this relationship extends the
prior I_T nexus; see SAM-3

3.1.89
I_T_L_Q nexus
nexus between a SCSI initiator port, a SCSI target port, a logical unit and a task; this relationship extends the prior
I_T nexus or I_T_L nexus; see SAM-3

3.1.90
identification sequence
sequence where phys exchange IDENTIFY address frames; see 7.9

3.1.91
idle dword
vendor-specific data dword that is scrambled and is transmitted outside a frame; see 7.4

3.1.92
idle time
that part of an OOB signal (see 3.1.131) where D.C. idle (see 5.3.6) is being transmitted; see 6.6

3.1.93
indication
Information passed from a lower layer state machine to a higher layer state machine, usually relaying a request
(see 3.1.155) from a peer higher layer state machine; see 3.6

3.1.94
information unit (IU)
that portion of an SSP frame that carries command, task management function, data, response or transfer ready
information; see 9.2.2

3.1.95
insertion loss (S21)
ratio, usually expressed in dB, of delivered power to incident power; see B.9

3.1.96
insertion loss, differential (SDD21)
differential insertion loss measured at port 1; see B.9
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3.1.97
insertion loss, upstream differential (SDD12)
differential insertion loss measured at port 2; see B.9

3.1.98
intersymbol interference (ISI)
reduction in the distinction of a pulse caused by overlapping energy from neighboring pulses

NOTE      Neighboring pulses are pulses that are close enough to have significant energy overlapping and does not imply or
exclude adjacent pulses (i.e., many bit times may separate the pulses, especially in the case of reflections); ISI may result in
DDJ and vertical eye closure; several mechanisms produce ISI (e.g., dispersion, reflections and circuits that lead to baseline
wander); see MJSQ.

3.1.99
invalid character
character that is not a control character (see 3.1.35) or a data character (see 3.1.40)

3.1.100
invalid dword
dword that is not a data dword (see 3.1.41) or a primitive (see 3.1.144) (i.e., in the character context, a dword that
contains an invalid character, a control character in other than the first character position, a control character other
than K28.3 or K28.5 in the first character position or one or more characters with a running disparity error)

3.1.101
jitter
the collection of instantaneous deviations of signal edge times at a defined signal level of the signal from the
reference times (e.g., as defined by the jitter timing reference) for those events; see MJSQ

3.1.102
jitter, data dependent (DDJ)
jitter that is added when the transmission pattern is changed from a clock-like to a non-clock-like pattern; see
MJSQ

3.1.103
jitter, deterministic (DJ)
jitter with non-Gaussian distribution; see MJSQ

3.1.104
jitter, random (RJ)
jitter that is characterized by a Gaussian distribution and is unbounded; see MJSQ

3.1.105
jitter, sinusoidal (SJ)
single frequency jitter applied during signal tolerance testing; see MJSQ

3.1.106
jitter, total (TJ)
jitter from all sources; see MJSQ

3.1.107
jitter timing reference
signal used as the basis for calculating the jitter in the signal under test; see MJSQ

3.1.108
jitter tolerance
the ability of the receiver device to recover transmitted bits in an incoming data stream in the presence of specified
jitter in the signal applied to the receiver device compliance point; see MJSQ
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3.1.109
jitter tolerance pattern (JTPAT)
test pattern for jitter testing; see 5.3.5.4 and A.1

3.1.110
least significant bit (LSB)
in a binary code, the bit or bit position with the smallest numerical weighting in a group of bits that, when taken as a
whole, represent a numerical value (e.g., in the number 0001b, the bit that is set to one)

3.1.111
link reset
performing the link reset sequence (see 3.1.112)

3.1.112
link reset sequence
for SATA, a phy reset sequence (see 3.1.138); for SAS, a phy reset sequence followed by an identification
sequence (see 3.1.90) or a phy reset sequence followed by a hard reset sequence (see 3.1.82), another phy reset
sequence and an identification sequence; see 4.4

3.1.113
little-endian
format for storage or transmission of binary data in which the least significant byte appears first

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

3.1.114
livelock
condition where two or more processes (e.g., connection requests) continually change their state in response to
changes in other processes, resulting in none of the processes completing

3.1.115
logical unit number (LUN)
identifier for a logical unit; see SAM-3

3.1.116
media
plural of medium (see 3.1.117)

3.1.117
medium
material on which data is stored (e.g., a magnetic disk)

3.1.118
message
information sent between state machines; see 3.6

3.1.119
most significant bit (MSB)
in a binary code, the bit or bit position with the largest numerical weighting in a group of bits that, when taken as a
whole, represent a numerical value (e.g., in the number 1000b, the bit that is set to one)

3.1.120
multiplicity
when used in class diagrams (see 3.1.23), an indication of the range of allowable instances of an object (see
3.1.126) or an attribute (see 3.1.9); see 3.5
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3.1.121
narrow link
physical link that attaches a narrow port to another narrow port; see 4.1.3

3.1.122
narrow port
port that contains exactly one phy; see 4.1.3

3.1.123
near-end crosstalk (NEXT)
crosstalk that is propagated in a disturbed channel in the opposite direction as the propagation of a signal in the
disturbing channel

NOTE      The terminals of the disturbed channel, at which the near-end crosstalk is present, and the energized terminals of the
disturbing channel are usually near each other

3.1.124
negotiated physical link rate
current operational physical link rate established as a result of speed negotiation between two phys

3.1.125
nexus
relationship between a SCSI initiator port and a SCSI target port that may extend to a logical unit and a task; see
SAM-3

3.1.126
object
entity with a well-defined boundary and identity that encapsulates state and behavior; all objects are instances of
classes (see 3.1.22) (i.e., a concrete manifestation of a class is an object)

3.1.127
object diagram
diagram that encompasses objects and their relationships at a point in time; see 3.5

3.1.128
OOB burst
the transmission of signal transitions for a burst time (see 3.1.18); see 6.6.1

3.1.129
OOB interval
time basis for burst times (see 3.1.18) and idle times (see 3.1.92) used to create OOB signals (see 3.1.131); see
6.6.1

3.1.130
OOB sequence
sequence where two phys exchange OOB signals (see 3.1.131); see 6.7.2.1 and 6.7.4.1

3.1.131
OOB signal
pattern of idle time (see 3.1.92) and burst time (see 3.1.18) used during the link reset sequence; see 6.6

3.1.132
operation
when used in class diagrams (see 3.1.23), a service that may be requested from any object (see 3.1.126) of the
class (see 3.1.22) in order to effect behavior

NOTE      Operations describe what a class is allowed to do and may be a request or a query; a request may change the state
of the object but a query should not; see 3.5
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3.1.133
partial pathway
the set of physical links participating in a connection request that have not yet conveyed a connection response;
see 4.1.9

3.1.134
pathway
a set of physical links between a SAS initiator phy and a SAS target phy being used by a connection; see 4.1.9

3.1.135
pathway blocked count
number of times the port has retried this connection request due to receiving OPEN_REJECT (PATHWAY
BLOCKED)

3.1.136
phy
object in a device that is used to interface to other devices (e.g., an expander phy (see 3.1.66) or a SAS phy (see
3.1.171)); see 4.1.2

3.1.137
phy identifier
identifier for a phy that is unique within the device containing it; see 4.2.7

3.1.138
phy reset sequence
OOB sequence (see 3.1.130) followed by a speed negotiation sequence (see 3.1.212); see 4.4

3.1.139
physical link
two differential signal pairs, one pair in each direction, that connect two physical phys; see 4.1.2

3.1.140
physical phy
phy (see 3.1.136) that contains a transceiver (see 3.1.241) and electrically interfaces to a physical link to commu-
nicate with another physical phy; see 4.1.2

3.1.141
port
SAS port or an expander port; each port contains one or more phys; see 4.1.3

3.1.142
potential pathway
a set of physical links between a SAS initiator phy and a SAS target phy; see 4.1.9

3.1.143
power on
power being applied

3.1.144
primitive
a dword containing a 7Ch or BCh control byte followed by three data bytes or a K28.3 or K28.5 control character
with correct disparity followed by three data characters with correct disparity; see 7.2

3.1.145
primitive sequence
a set of primitives treated as a single entity; see 7.2.4

3.1.146
probe point
physical position in a test load where signal characteristics for compliance points are measured; see 5.3.2
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3.1.147
programmed maximum physical link rate
maximum operational physical link rate of a phy (e.g., as programmed via the SMP PHY CONTROL function (see
10.4.3.10) or the Phy Control and Discover subpage (see 10.2.7.2.3))

3.1.148
programmed minimum physical link rate
minimum operational physical link rate of a phy (e.g., as programmed via the SMP PHY CONTROL function (see
10.4.3.10) or the Phy Control and Discover subpage (see 10.2.7.2.3))

3.1.149
rate
data transfer rate of a physical link (e.g., 1,5 Gbit/s or 3,0 Gbit/s)

3.1.150
rate change delay time (RCDT)
time between rates during the speed negotiation sequence (see 6.7.4.2)

3.1.151
read data
data transferred to the application client’s data-in buffer from the device server, as requested by the Send Data-In
transport protocol service (see 10.2.1.6)

3.1.152
receiver circuit
electronic circuit that converts an analog serial input signal to a logic signal

3.1.153
receiver device (Rx)
device downstream from an IR or CR compliance point containing a portion of the physical link and a receiver
circuit (see 3.1.152)

3.1.154
reflection coefficient ()
the ratio of reflected voltage to incident voltage

3.1.155
request
information passed from a higher layer state machine to a lower layer state machine, usually to initiate some
action; see 3.6

3.1.156
reset event
event that triggers a hard reset (see 4.4.2) in a SAS device

3.1.157
response
information passed from a higher layer state machine to a lower layer state machine, usually in response to an
indication (see 3.1.93); see 3.6

3.1.158
return loss (S11)
ratio, usually expressed in dB, of incident power to reflected power; see B.9

3.1.159
return loss, differential (SDD21)
differential return loss measured at port 1; see B.9
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3.1.160
return loss, upstream differential (SDD12)
differential return loss measured at port 2; see B.9

3.1.161
rise time
time interval for the rising signal edge to transit between specified percentages of the signal amplitude

NOTE      In this standard, the measurement points are the 20 % and 80 % voltage levels; also see fall time (see 3.1.73).

3.1.162
role
when used in class diagrams (see 3.1.23) and object diagrams (see 3.1.127), a label at the end of an association
or aggregation that defines a relationship to the class on the other side of the association or aggregation; see 3.5

3.1.163
run length
number of consecutive identical bits in the transmitted signal (e.g., the pattern 0011111010 includes the following
run lengths: five 1s, one 0, one 1 and indeterminate run lengths of 0s at the start and end)

3.1.164
running disparity (RD)
a binary parameter with a negative (-) or positive (+) value indicating the cumulative encoded signal imbalance
between the one and zero signal state of all characters since dword synchronization has been achieved; see 6.2

3.1.165
SAS address
worldwide unique value assigned to a SAS initiator port, SAS target port, expander device, SAS initiator device or
SAS target device; see 4.2.2

3.1.166
SAS device
SAS initiator device, SAS target device or SAS target/initiator device

3.1.167
SAS domain
I/O system defined by this standard that may serve as a SCSI domain; see 4.1.7

3.1.168
SAS initiator device
device containing SSP, STP and/or SMP initiator ports in a SAS domain; see 4.1.4

3.1.169
SAS initiator phy
phy in a SAS initiator device

3.1.170
SAS initiator port
SSP initiator port, STP initiator port and/or SMP initiator port in a SAS domain

3.1.171
SAS phy
phy in a SAS device that interfaces to a service delivery subsystem

3.1.172
SAS port
SAS initiator port, SAS target port or SAS target/initiator port
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3.1.173
SAS target device
device containing SSP, STP and/or SMP target ports in a SAS domain; see 4.1.4

3.1.174
SAS target phy
phy in a SAS target device

3.1.175
SAS target port
SSP target port, STP target port and/or SMP target port in a SAS domain

3.1.176
SAS target/initiator device
device that has all the characteristics of a SAS target device and a SAS initiator device

3.1.177
SAS target/initiator port
port that has all the characteristics of a SAS target port and a SAS initiator port in a SAS domain

3.1.178
SATA device
ATA device that contains a SATA device port in an ATA domain (analogous to a SCSI target device)

3.1.179
SATA device port
ATA device object that interfaces to the service delivery subsystem with SATA (analogous to a SCSI target port)

3.1.180
SATA host
ATA host that contains a SATA host port in an ATA domain (analogous to a SCSI initiator device)

3.1.181
SATA host port
ATA host object that interfaces to the service delivery subsystem with SATA (analogous to a SCSI initiator port)

3.1.182
SATA phy
phy in a SATA device or SATA port selector that interfaces to a service delivery subsystem (analogous to a SAS
phy)

3.1.183
SATA port selector
device that attaches to two SATA host ports (i.e., two ATA domains) and one SATA device port, and provides the
means for one SATA host to access the device at any given time (see SATAII-PS)

3.1.184
scrambling
modifying data by XORing each bit with a pattern generated by a linear feedback shift register to minimize repet-
itive character patterns; see 7.6

3.1.185
SCSI device
device that contains one or more SCSI ports that are connected to a service delivery subsystem and supports a
SCSI application protocol; see SAM-3

3.1.186
SCSI domain
I/O system consisting of a set of SCSI devices that communicate with one another by means of a service delivery
subsystem; see SAM-3
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