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Preface

This manual explains concerning the 3.5 inch hard disk drives with internal Serial
Attached SCSI (SAS) controller.

The purpose of this manual is to provide the specifications and functions of SAS
for use of these magnetic disk drivesincorporated into user systems, and to present
the information necessary for creating host system software. Thismanual is
written for users who have a basic knowledge of hard disk drives and their usein
computer systems.

The composition of manuals related to these disk drives and the range of subjects
covered in this manual are shown in “*Manual Organization,” provided on a
subsequent page. Please use these other manuals along with this manual as
necessary.

The organization of this manual, related reference manual and conventions for
alert messages follow.

Overview of Manual

This manual consists of the following six chapters, glossary, abbreviation, and
index:

Chapter 1 SAS Interface

This chapter describes the topology, physical and electrical requirements, interface
protocol, and other operations of the interface.

Chapter 2 Command Processing

This chapter describes the basic logical specifications related to command
processing.

Chapter 3 Data Buffer Management

This chapter describes the data buffer configuration, data transfer processing
functions and cache operations.

Chapter 4 Command Specifications

This chapter describes detailed command specifications and how to use them.
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Chapter 5 Sense Data and Error Recovery Methods

This chapter describes the configuration and contents of sense data which report to
the host system when an error occurs, etc., key information necessary for error
recovery, recommended procedures for error recovery to be executed through host
system software and retry processing.

Chapter 6 Disk Media Management

This chapter describes the procedure for initializing the disk media, methods of
treating media defects and data recovery methods.

Glossary

The glossary explains technical terms which are necessary to the reader’s
understanding when reading this manual.

Acronyms and Abbreviations
This list shows the full spelling of abbreviations used in this manual.

Index
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CONVENTIONS USED IN THIS MANUAL

The model names of the disk drives covered by this manual differ depending
on their device types and capacity (*1). In addition, these disk drives are called
Intelligent Disk Drive (IDD), "drive" or "device" in this manual.

Note: Model Name
M AX 3147 RC

T— Interface type

Formatted capacity (1,000MB units)
* 1MB=1,000,000bytes

Disk size 3:35inch
2: 2.5inch
Type AX: 3.5inch height, 15,000rpm

AW: 3.5inch height, 10,025rpm
AY: 2.5inch height, 10,025rpm

Decimal numbers are represented normally.

Hexadecimal numbers are represented as shown in the following examples:
X’17B9’, 17B9h, 17B9y, or 17B9H.

Binary number is represented as "010", 010b.

An X is used to represent mode parameters that are ignored by the MODE
SELECT and MODE SELECT EXTENDED commands. An X is also used
to represent mode parameters reported by the MODE SELECT and MODE
SELECT EXTENDED commands and that vary depending on conditions at
the time.
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Conventions for Alert Messages

Attention

This manual uses the following conventions to show the alert messages. An alert
message consists of an alert signal and alert statements. The alert signal consists
of an alert symbol and a signal word or just a signal word.

The following are the alert signals and their meanings:

This indicates a hazardous situation likely to result in

PN YW\ [ed ;]  seriouspersonal injury if the user does not perform

the procedure correctly.

This indicates a hazardous situation could result in

PTG serious personal injury if the user does not perform

the procedure correctly.

Thisindicates a hazardous situation could result in
ACAUTION| minor or moderate personal injury if the user does
not perform the procedure correctly. This alert
signal also indicates that damages to the product or
other property, may occur if the user does not
perform the product correctly.

This indicates information that could help the user
IMPORTANT use the product more efficiently.

In the text, the alert signal is centered, followed below by the indented message. A
wider line space precedes and follows the alert message to show where the alert
message begins and ends. The following is an example:

(Example)

IMPORTANT

It ispossible to use bit 7 and bit 6 of the control byte as an inherent
control field in future product specifications. It is recommended that
the INIT specify zero in thisfield.

Please forward any comments you may have regarding this manual.

To make this manual easier for users to understand, opinions from readers are
needed. Please write your opinions or requests on the Comment at the back of this
manual and forward it to the address described in the sheet.
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MANUAL ORGANIZATION
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REFERENCED STANDARDS

The product specifications and functions described in this manual conform to the

following standards:

Specification
(document) number

Name

Concerned
organization

T10/1562-D Serial Attached SCSI (SAS) American national
Revision 05 Standards I nstitute
(ANSI)
T10/1601-D Serial Attached SCSI-1.1 (SAS-1.1) American nationa
Revision 07 Standards I nstitute
(ANSI)
T10/1236D Information technology SCSI Primary American national
Revision 20 Commands-2 (SPC-2) Standards I nstitute
(ANSI)
T10/996D Information Technology SCSI-3 Block American nationa
Revision 8C Commands (SBC) Standards I nstitute
(ANSI)
T10/1157D Information technology SCSI-3 Architecture | American national
Revision 24 Model (SAM-2) Standards I nstitute
(ANSI)
T10/1561 Information technology SCSI-3 Architecture | American national
Revision 13 Model (SAM-3) Standards I nstitute

(ANSI)

Vi
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Topologiesin SAS Interface
Names and identifiers

Phy layer

Link layer

Address frames

Transport layer

This chapter describes the topology, interface protocol, and operation of the SAS
interface.
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1.1 Topologies in SAS Interface

Asshown in Figure 1.1, SAS drives have two connection patterns: point-to-
point connection and expander connection.

SAS HBA (INIT)

SAS SAS SAS SATA
Dr|ve Drlve Dr|ve Drlve

@—@ ssP (serial SCSI Protocol)

SAS HBAs (INIT)

SMP

SAS Expander (s)

Figure 1.1 SAS drive connection patterns

SAS supports the three protocols listed below. Among these protocols, SAS
drives support only SSP.

e Seria SCSI Protocol (SSP)

o Seria ATA Tunneling Protocol (STP)
e Serial Management Protocol (SMP)
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1.1.1 SAS Layering

Asshown in Figure 1.2, for SAS, the following six control layers are defined:

Physical layer: Electric properties related to cables, connectors,
and signals

Phy (transceiver) layer: 8B/10B code, OOB, and speed negotiation

Link layer: Primitives, address frames, and connection control
Port layer: Wide port control

Transport layer: Frame control

Application layer: SCSI commands, mode pages, and log pages

Application layer

v

Transport layer

2

Port layer

2

Link layer

v

Phy layer

v

Physical layer

Figure 1.2 SAS control layers
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1.1.2 Physical links and phys

A physical link isaset of four wires used as two differential signal pairs. One
differentia signal transmits in one direction while the other differential signal

transmits in the opposite direction. Data may be transmitted in both directions
simultaneously.

A physical phy contains a transceiver which electrically interfaces to a physical
link, which attaches to another physical phy.

Phys are contained in ports. Phys interface to the service delivery subsystem.
Figure 1.3 shows two phys attached with a physical link.

An attached phy is the phy to which a phy is attached over a physical link. A
device may contain one or more phys. Each phy has a phy identifier which is
unique within the device.

Phy Phy
(Transceiver) (Transceiver)
Physical link // \\

[\ >
: . .
Differential signal pair |
]
I

-

—_—,—— e — - —™ —

Transmitter Receiver
|
|
|
Differential signal pair | |
L
\ o
\/
Receiver Transmitter

Figure 1.3 Physical links and phys

1.1.3 Ports (narrow ports and wide ports)

A port contains one or more phys. Portsin a device are associated with physical
phys based on the identification sequence. A port is created from a set of physical
physif one or more physical phys contained within a device:

a) transmit the same SAS address during the identification sequence; and

b) receive the same SAS address during the identification sequence (i.e., the
corresponding attached phy or phys transmit the same SAS address).

1-4
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A wide port is created if there is more than one phy in the port. A narrow port isa
port with only one phy.

A widelink isthe set of physical links that attach a wide port to another wide
port. A narrow link isthe physical link that attaches a narrow port to another
narrow port.

Figure 1.4 shows examples of narrow ports and wide ports, with arepresentation
of the SAS address transmitted during the identification sequence. Although
several physon the left transmit SAS addresses of B, only phys attached to the
same SAS addresses become part of the same ports. The set of physwith SAS
address B attached to the set of physwith SAS address D become one port, while
the set of physwith SAS address B attached to the set of physwith SAS address E
become another port.

SAS address A

Narrow port Narrow link Narrow port
Py L 1 > ey
Physical link ™. SAS address C
SAS address B S
Wide port W'd?‘ link Wide port
Phy - P P - Phy
Physical link | !
) iSAS address D :
. SAS address B : : .
Phy g i ’ Phy
Physical link SAS address D
SAS address B o
Wide link
Wide port ! (_3\ n Wide port
Phy < P P - Phy
. Physical link | ‘A address E .
SAS address B .
Py g > ey
Physical link SAS address E

Figure 1.4 Ports (narrow ports and wide ports)
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1.1.4 SAS devices

A SAS device contains one or more SAS ports, each containing one or more phys
(i.e., aSAS port may be anarrow port or awide port).

Each single HDD unit is a separate SAS device. Usually, it isasingle port or
dual port device, but does not use awide port.

Figure 1.5 shows examples of SAS devices with different port and phy

configurations.

SAS Device SAS Device
Wide port Wide port
g | T
Phy g Phy
Phy | ™ i phy

SAS Device
Wide port Narrow port'
------------ > Femmmsmm—————
Phy i Phy
. : Narrow port
PhY | ¢ > Phy

Figure 1.5 SAS devices
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1.1.5 Pathways

A potential pathway is a set of physical links between aSASINIT phy and a SAS
TARG phy. When aSASINIT phy isdirectly attached to a SAS TARG phy,
there is one potential pathway. When there are expander devices between a SAS
INIT phy and a SAS TARG phy, there are multiple potential pathways, each
consisting of aset of physical links between the SASINIT phy and the SAS
TARG phy. The physical links may or may not be using the same physical link
rate.

A pathway is a set of physical links between a SASINIT phy and aSAS TARG
phy being used by a connection.

Figure 1.6 shows examples of potential pathways.

Expander device
<>
Phy Phy
Phy > Phy
Phy  |< » Phy
Physical link Potential
pathway

Figure 1.6 Example of potential pathways

A partial pathway is the set of physical links participating in a connection request
that has not reached the destination phy (e.g., the OPEN address frame has been
transmitted by the source phy but the OPEN address frame has not yet reached the
destination phy).

A partial pathway is blocked when path resourcesit requires are held by another
partial pathway.
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1.1.6 Connections

A connection is atemporary association between a SASINIT port and aSAS
TARG port. During aconnection all dwords from the SASINIT port are
forwarded to the SAS TARG port, and all dwords from the SAS TARG port are
forwarded to the SASINIT port.

A connection is pending when an OPEN address frame has been delivered along a
completed pathway to the destination phy but the destination phy has not yet
responded to the connection request. A connection is established when an
OPEN_ACCEPT isreturned to the source phy.

A connection enables communication for one protocol: SSP, STP, or SMP. For
SSP and STP, connections may be opened and closed multiple times during the
processing of a command.

The connection rate is the effective rate of dwords through the pathway between a
SASINIT phy and a SAS TARG phy, established through the connection request.
Every phy shall support a 1,5 Gbps connection rate regardless of its physical link
rate.

One connection may be active on aphysical link at atime. If the connectionisan
SSP or SMP connection and there are no dwords to transmit associated with that
connection, idle dwords are transmitted.

The number of connections established by a SAS port shall not exceed the
number of SAS phys within the SAS port (i.e., only one connection per SAS phy
isallowed). There shall be a separate connection on each physical link.

If multiple potential pathways exist between the SASINIT port(s) and the SAS
TARG port(s), multiple connections may be established by a SAS port between
the following:

a) oneSASINIT port to multiple SAS TARG ports;
b) one SASTARG port to multiple SASINIT ports; or
c) oneSASINIT port to one SAS TARG port.

Once a connection is established, the pathway used for that connection shall not
be changed (i.e., al the physical links that make up the pathway remain dedicated
to the connection until it is closed).
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1.2 Names and identifiers

1.2.1 SAS ad

Device names are worldwide unique names for devices within a transport
protocol. Port names are worldwide unique names for ports within a transport
protocol. Port identifiers are the values by which ports are identified within a
domain, and are used as SAS addresses. Phy identifiers are unique within a
device.

dresses

Table 1.1 defines the SAS address format. SAS addresses shall be compatible
with the NAA (Name Address Authority) |EEE Registered format identification
descriptor defined in SPC-3. The SAS address shall be worldwide unique. A SAS
address of 00000000 _00000000h indicates an invalid SAS address.

Table 1.1 SAS address format

Bit
7 6 5 4 3 2 1 0

Byte

0 (MSB)

; IEEE COMPANY 1D

3 (LSB) | (MSB)

4

5

6

7 (LSB)

SAS addresses represent any of three types of WWNs: adevice SAS address
representing a device address, a port SAS address representing Port-A, or aport
SAS address representing Port-B.

The INQUIRY (page 83 command reports the device SAS address, while the
mode parameter (page 19) and log parameter (page 18) report port SAS addresses.

— device SAS address: 5CCC CCCX XXXX XXX yyO00
— port SAS address (Port-A): 5CCC CCCX XXXX XXX yy10
— port SASaddress (Port-B): 5CCC CCCX XXXX XXX yyl1l

C =4 bits: Company ID

X =4 bits: Serial number for WWN

y =1bit: Reserved

C141-C012
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1.2.2 Hashed SAS address

SSP frames include a hashed version of the SAS address to provide an additional

level of verification of proper frame routing.

The code used for the hashing algorithm is a cyclic binary Bose, Chaudhuri, and
Hocquenghem (BCH) (63, 39, 9) codes. Table 1.2 lists the parameters for the

code.

Table 1.2 Hashed SAS address code parameter

Parameter Vaue
Number of bits per codeword 63
Number of data bits 39
Number of redundant bits 24
Minimum distance of the code 9

The generator polynomial for this codeis:

GOX)= (X +X+1) (X + X +XZ+X+1) (X +X T+ X2+X+1) (X +x°+1)

After multiplication of the factors, the generator polynomial is:

G(X):X24+X23+X22+X20+X19+X17+X16+X13+X10+X9+X8+X6+X5+

X'+ x?+x+1

1-10
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1.3 Phy layer

In the phy layer, 8b10b coding and the link reset sequence are defined.

1.3.1 8b10b coding

All information transferred in SAS is encoded into 10-bit characters using 8b10b
encoding. Information includes data bytes representing data in aframe and
control characters used for frame delimiters.

Ten-bit characters are transferred in units of dwords, where a dword contains four
ten-bit characters.

A primitiveis adword that consists of acontrol character at the beginning and the
other three data characters.

In the SAS specifications, a primitive that starts with the K28.5 control character

and another one that starts with the K28.6 control character are defined. Table 1.3
shows the usage of special characters.

Table 1.3 Usage of special characters

Beginning character Usagein SAS Usagein SATA

Primitive to be used only within STP All the primitives

K28.3 :
connection except ALIGN
ALIGN and most primitivesthat are

K28.5 defined in SAS ALIGN
SATA_ERROR

K28.6 (used on the physical link layer of SATA) | VOt used

Dxx.y Data Data

A single data dword is a dword that starts with a data character.

Running disparity shall be maintained separately on each physical link. During a
connection, expander devices shall convert incoming 10-bit characters to 8-bit
bytes and generate the 10-bit character with correct disparity for the output
physical link. Phys within a device may or may not begin operation with the same
disparity after the reset sequence.

Information to be transmitted across a physical link shall be encoded eight bits at
atimeinto a 10-bit character and then transmitted serially bit-by-bit across the
physical link. Information received over the physical link shall be collected ten
bits at atime, and those characters that are used for data, called data characters,
shall be decoded into the correct 8-bit data bytes. The 10-bit characters support all
256 8-hit combinations. 8b10b coding ensures that sufficient transitions are
present in the serial bit stream to make clock recovery possible at the receiver.

C141-C012
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Such encoding also greatly increases the likelihood of detecting any single or
multiple bit errors that may occur during transmission and reception of
information. In addition, some of the control characters of the transmission code
contain adistinct and easily recognizable bit pattern called a comma pattern
which assists areceiver in achieving character and dword alignment on the
incoming bit stream.

1.3.2 Link reset sequence

Thelink reset sequence consists of the phy reset sequence and the identification
sequence. The phy reset sequence consists of the out of band (OOB) sequence
and speed negotiation sequence. The hard reset sequence is performed only when
the HARD_RESET primitive is detected after the completion of the speed
negotiation. The HARD_ RESET primitive detected at any time later than the

identification sequenceisinvalid. The hard reset sequence correspondsto the
reset condition of pSCSI.

SAS . l
Time

< Link reset sequence >
< Phy reset sequence >
SAS OOB SAS speed negotiation N
Identification sequence
sequence sequence » ‘ >

SAS(with hard reset)

_ Time _

Link Reset sequence

< >

Phy reset
sequence

+—>

Hard reset
sequence

Phy reset Identification
sequence sequence

|

Figure 1.7 Reset-related terminology
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1.3.3 Start conditions of the link reset sequence

Drives start the link reset sequence when they detect any of the following
conditions:

e The power isturned on.

A loss of signal is detected (OOB from the INIT).

e Alossof syncis detected.

e A HARD_RESET primitiveis received during the link reset sequence.
e A hot-plug timeout (500 ms) is detected during the link reset sequence.
e ThelDENTIFY address frame could not be received.

1.3.4 Out of band (OOB) signals

Out of band (OOB) signals are low-speed signal patterns detected by the phy that
do not appear in normal data streams. They consist of defined amounts of idle

time followed by defined amounts of burst time. During theidletime, D.C. idleis
transmitted. During the burst time, ALIGN (0) primitives are transmitted
repeatedly. The signals are differentiated by the length of idle time between the
burst times.

Table 1.4 OOB signal timing specifications

Parameter Minimum Nominal Maximum Comments
e g™
*
(O0BI) *1 666,600 ps | 666,666 ps | 666,733 ps signals. Based on 1,5 Gbps clock
tolerance.
The minimum time areceiver shall
COMSAS detect 13.65 3 3 allow to detect COM SAS after
timeout 02 1S transmitting COMSAS.

Derived from: OOBI x 512 x 40

*1  TheOOBI isdifferent from the Ul (OOB) defined in SATA (for example,
stricter clock tolerance appliesto SAS). Thisis because the OOBI isa
fixed value that is equal to the Ul value of G1, and that does not depend on
actual transfer speed used to set up the burst time.

Table 1.5 describes the OOB signal transmitter requirements for the burst time,
idle time, and negation times that comprise each OOB signal.

C141-C012
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Table 1.5 OOB signal transmitter requirements

Signal Burst time Idletime Negation time
COMINIT/RESET 160 OOBI 480 OOBI 800 OOBI
COMSAS 160 OOBI 1440 OOBI 2400 OOBI

To transmit an OOB signal, atransmitter shall repeat these steps six times:

1) transmit D.C. idlefor anidletime; and
2) transmit an ALIGN burst for aburst time.

It shall then transmit D.C. idle for an OOB signal negation time.

The ALIGNs used in OOB signals should be at generation 1 (G1) physical link rates
(i.e., 1,5 Gbps). The ALIGNs are only required to generate an envel ope for the
detection circuitry, as required for any signaling that may be A.C. coupled. If G2
ALIGNSs are used, the number of ALIGNs doubles compared with G1 ALIGNSs.

A SAS transmitter should transmit ALIGNSs at the G1 physical link rate to create
the burst portion of the OOB signal, but may transmit ALIGNs at its lowest
supported physical link rateif it is not able to transmit at the G1 physical link rate
and shall not transmit them at a physical link rate faster than its lowest supported
physical link rate.

Figure 1.8 describes OOB signal transmission by the SP transmitter.

COMRESET/COMINIT
ALIGN burst

o negation
ALIGTI burst COMSAS
vV v v ¥ ¥
m m /'g“ n A A Tranemited
™
e
NI 2 SR N S N D N R N
f\r ? ? ? ? COMSAS
negation
COMSAS idle

Figure 1.8 OOB signal transmission
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Table 1.6 describes the OOB signal receiver requirements for detecting burst
times, assuming Thurst is the length of the detected burst time. The burst timeis
not used to distinguish between signals.

Table 1.6 OOB signal receiver burst time detection requirements

Signal

Detection requirements

may detect

shall detect

COMINIT/COMRESET

Tburst < 100 ns

Thburst > 100 ns

COMSAS

Tburst < 100 ns

Thburst > 100 ns

Table 1.7 describes the OOB signal receiver requirements for detecting idle times,
assuming Tidle is the length of the detected idle time.

Table 1.7 OOB signal receiver idle time detection requirements

Signal

Detection requirements

may detect

shall detect

COMINIT/COMRESET

175ns< Tidle< 525 ns

304 ns< Tidle< 336 ns

COMSAS

525 ns< Tidle< 1575 ns

911,7 ns< Tidle < 1008 ns

Table 1.8 describes the OOB signal receiver requirements for detecting negation
times, assuming Tidle isthe length of the detected idle time.

Table 1.8 OOB signal receiver negation time detection requirements

Signal

Detection requirements

COMINIT/COMRESET

Tidle> 525 ns

COMSAS

Tidle> 1575 ns

A receiver shall detect an OOB signal after receiving four consecutive idle
time/burst time pairs. Itisnot an error to receive more than four idle time/burst
time pairs. A receiver shall not detect the same OOB signal again until it has
detected the corresponding negation time (i.e., aCOMINIT negation time for a
COMINIT) or has detected a different OOB signal.

A SAS receiver shall detect OOB signals comprised of ALIGNSs transmitted at
any rate up to its highest supported physical link rate. Thisincludes physical link
rates below its lowest supported physical link rate (e.g., a SASreceiver
supporting only 3,0 Gbps detects 1,5 Gbps based ALIGNSs, providing
interoperability with a SAS transmitter supporting both 1,5 Gbps and 3,0 Gbps).

C141-C012
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Figure 1.9 describes SAS OOB signal detection by the SP receiver.

COMRESET/COMINIT

A ransi : COMINIT
ny transitions COMINIT negation
detected
COMSAS
—
~ -

N \

D [ ]

-
oo U LU L

aial ]

T R i B
Any transitions . COMSAS
- negation

: n nth *+, COMSAS

— dle \“——/ idle/Burst pair detected

|:| ALIGN burst %-|:| idle/Burst pair

Figure 1.9 OOB signal detection

1.3.5 SAS OOB sequency

During the OOB sequence, the INIT and the drive first send the COMINIT signal
to each other, then the COMSAS signal. When they both have received the
COMSAS signal from each other, the OOB sequence is recognized as having
been performed successfully. Depending on the power-on timing, reception of
the COMINIT signal from the other side may not be detected. In such a case,
however, the OOB sequence is recognized as having been performed successfully
if the COMINIT and COMSAS signals have been sent by the time the COMSAS
signal from the other sideisreceived.

When the OOB sequence is successful, the SAS speed negotiation sequence
starts.

Figure 1.10 shows several different SAS OOB sequences between phy A and phy
B, with phy A starting the SAS OOB sequence at the same time as phy B, before
phy B, and before phy B powers on.

1-16
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Scenario 1: Both SAS phys start SAS OOB sequence at same time

COMINIT COMSAS
<+—> <+—>
Phy AT A
PhyBRx
y < A
— Time=0 Time=z —
Phy ARX/ <
PhyBTx =B ‘
<+—>
COMINIT ‘ COMSAS

Scenario 2: SAS phy A starts SAS OOB sequence

COMINIT COMSAS
Phy ATx/ -
PhyBRx A 4 |‘
- Time% Time=z —|
Phy ARX v v
PhyB Tx B | B
| e
COMINIT COMSAS
Scenario 3: SAS phy B misses SAS phy A's COMINIT

COMINIT‘ ‘ COMSAS

Phy A Tx/ —

PhyBRx A \’/ A
Phy A RX/ h 4 —_—

Phy B Tx B | ‘

‘
COMINIT

COMSAS

A: SAS phy A power on

B: SAS phy B power on

Time0: SAS phy reset sequence begins

Timez: SAS speed negotiation sequence begins

Figure 1.10 SAS to SAS OOB sequence
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1.3.5.1 Exception handling in the OOB sequence
e When the COMINIT signal cannot be detected

When a drive sends the COMINIT signa but the COMINIT signal from the
other side cannot be detected, the drive waits for the reception of the
COMINIT signal from the INIT or expander until the hot-plug timeout time
(500 ms) elapses. |If the hot-plug timeout time elapses before the COMINIT
signal from the other side has been received, the drive sends the COMINIT
signal again to start anew link reset sequence. If the drive receivesthe
COMSAS signal while waiting for the COMINIT signal, it sends the
COMSAS signal and takes the OOB sequence as having been performed
successfully in spite of the fact that it has not received the COMINIT signal.

o When the COMSAS signal cannot be detected

When a drive sends the COMSAS signal but the COMSAS signal from the
other side cannot be detected, the drive waits for the reception of the
COMSAS signal from the INIT or expander until the hot-plug timeout time
(500 ms) elapses. If the hot-plug timeout time el apses before the COMSAS
signal from the other side has been received, the drive sends the COMSAS
signal again to start anew link reset sequence.

1.3.6 SAS speed negotiation sequence

The SAS speed negotiation sequence is a peer-to-peer negotiation technique that
does not assume initiator and target (i.e., host and device) roles. The sequence
consists of a set of speed negotiation windows for each physical link rate, starting
with 1,5 Gbps, then 3,0 Gbps, then the next rate. The length of the speed
negotiation sequence is determined by the number of physical link rates supported
by the phys.

Figure 1.11 defines the speed negotiation window, including:
a) speed negotiation window time;

b) rate change delay time (RCDT);

C) speed negotiation transmit time (SNTT); and

d) speed negotiation lock time (SNLT).
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ALIGN(0)s

11118
)

T~ -
Speed negotiation lock time(SNLT)
N N _
—~ —~
Rate change delay time Speed negotiation transmit time(SNTT)
(RCDT)

Speed negotiation window

Figure 1.11 SAS speed negotiation window

Table 1.9 defines the timing specifications for the SAS speed negotiation
sequence.

Table 1.9 SAS speed negotiation sequence timing specifications

Parameter Time Comments
Rate change delay 750 000 OOB| The time the transmitter shall transmit D.C.
time (RCDT) idle between rates during speed negotiation.

The time during which ALIGN(O) or

Speed negotiation 163 840 OOBI ALIGN(21) istransmitted at each physical link
transmit time (SNTT) rate during the speed negotiation sequence.
Derived from: OOBI x 4096 x 40.

The maximum time during the speed

Speed negotiation negotiation window for atransmitter to reply
lock time (SNLT) | 123000 C0Bl 1 itk ALIGN(1). Derived from:

OOBI x 3840 x 40

Speed negotiation The duration of a speed negotiation window.
window time 913840 COBI Derived from: RCDT + SNTT.

The speed negotiation sequence shall consist of the following transmission
sequence:

1) atransmission of D.C. idlefor an RCDT; and

2) if the phy supports the physical link rate, atransmission of ALIGNSs at that
physical link rate for the remainder of the entire speed negotiation window. If
the phy does not support the physical link rate, transmission of D.C. idle for
the remainder of the entire speed negotiation window.

C141-C012 1-19



SAS|Interface

If the phy supports the physical link rate, it shall attempt to synchronize on an
incoming series of dwords at that rate for the SNLT. The received dwords may be
ALIGN (0) or ALIGN (1) primitives. If the phy achieves dword synchronization
within the SNLT, it shall change from transmitting ALIGN (0) primitivesto
transmitting ALIGN (1) primitives for the remainder of the SNTT (i.e, the
remainder of the speed negotiation window). If the phy does not achieve dword
synchronization within the SNLT, it shall continue transmitting ALIGN (0)s for
the remainder of the SNTT (i.e., the remainder of the speed negotiation window).

At the end of the SNTT, if a phy is both transmitting and receiving ALIGN (1)
primitives, it shall consider that physical link rate valid. The phy shall then
proceed to the next speed negotiation window. A phy shall participate in all speed
negotiation windows:

a) uptoitshighest supported physical link rate plus one; or

b) until it runs a speed negotiation window that does not detect avalid physical
link rate after having detected avalid physical link rate in a previous speed
negotiation window.

If the phy has detected avalid physical link rate in the previous speed negotiation
window, it shall enter the final speed negotiation window using the highest
previously successful link rate.

Figure 1.12 shows speed negotiation between a phy A that supports G1 through
G3 link rates and a phy B that only supports the G2 link rate. Both phys run:

1) the G1 speed negotiation window, supported by phy A but not by phy B;
2) the G2 speed negotiation window, supported by both phys; and
3) the G3 speed negotiation window, supported by phy A but not by phy B.

Both phys then select G2 for the final speed negotiation window to establish the
negotiated physical link rate.
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no dword dword no dword dword
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Time >

Figure 1.12 SAS speed negotiation sequence (Example 1)

If the phy does not obtain dword synchronization during the fina speed negotiation
window, the SAS speed negotiation sequence fails.

Figure 1.13 shows the same