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Abstract

Thistechnology brief describes Serial Attached SCSR (SAS2) technology, the evolution of the SAS
standard, interoperability with Serial Advanced Technology Attachment (SATA) devices,
enhancements to SA cabling and connectors, and SAS topologies and zoning.

Transition from parallel to serial SCSI protocol

The original SCSlstandard was developed in 1981 to provide a common interface that could be
used across all peripheral platforms and system applications, such as Redundant Array of
Independent Disks(RAID) storage.Since that time, there have been seven generations of the parallel
SCSI protocol Each generation doubled the bandwidth of the previousone, primarily by doubling the
bus clock frequency But as the bus frequency was increased with each nevgeneration, so did the
negative impact of bus contention,signal degradation, and signal skewfi slight signal delays from
one wire trace to the next After the development of Ultra320 SCSIwith a bandwidth of 320 MB/s
per channel, further bandwidth improvements toparallel SCSI could not occur without developing
new and expensive technologies.

In 2001, HP (Compaq), IBM, LSI Logic, Maxtor, and Seagate founded the Serial Attached SCSI
Working Group to define the rules for exchanging information between SCSI évices using a serial
interconnect(SAS) SAS was later transferred to the InterNational Committee for Information
Technology Standards (INCITS) T10 to become american (ANSI) and international (ISO/IEC)
standard.

SAS inherits its command set fsim parallel SCSI, frame formats and full duplex communicatiorfrom
Fibre Channel and it usesthe SATA interface for compatibility and investment protection. The SAS
architecture solves the parallel SCSI problems dfus contention, clock skew, and signal degradation
at higher signaling rates, thereby providing performance headroom to meet enterprise storage needs
for years to come.

SAS terminology

Table 1 provides a list of termsrelated to SAS technologyto aid in understanding the concepts
described in this paper.

Table 1. SAS terminology

Term Definition
ANSI American National Standards Institute
Domain An I/O system consisting of a set of SAS devices that communicate with one another by

means of a service delivery subsystem

Enterpriseclass devices SAS drives that provide maximum reliability, highest performance, scalability, and error
management for usewith unconstrained I/O workloads in mission-critical applications

Entry level drives SATA drives with the lowest unit costthat provide a basic level of reliability and
performance for non-missioncritical environments

Expander A device that functions as a switchto attach one or more initiators to one or more targets

Initiator A device containing SSP, STP, and/or SMP initiator ports in a SAS domain




ISO/IEC

International Organization for Standardization/International Electrotechnical Commission

Midline devices

SAS and SATA dives that provide larger capacity, greater reliability, improved resistance
to rotational and operational vibration than Entry level drives, making them better suited
for use in multidrive configurations.

Phy The mechanism that contains a transceiver which electrically interfaces to a physical link.
Phyis a common abbreviation for the physical layer of the OSI model
Physical link Two differential signal pairs, one pair in each direction, that connect two physical phys

SAS address

The identifier of an initiator port, a target port, or an expander device

Serial ATA Tunneling
Protocol (STP)

A protocol used to communicate with SATA dives

Serial Management
Protocol (SMP)

A protocol used to communicate with SAS expanders

Serial SCSI Protocol
(SSP)

A protocol used to communicate with SASdrives

Service delivery
subsystem

The part of a SAS 1/O system that transmits information between eSAS initiator port and a
SAS target port

Subtractive routing

A routing technique used whena device is not able to find other devices in the same sub-
branch. This will pass the request to a different branch altogether

Table routing

Table routing is used for identifying devices connected to the expanders connected to a
device's own phy.

Target An end device such as aSAS hard disk drive, SATA hard disk drive, or SAS tape drive

Training The process of adapting equalization circuitry in a receiver device to an incoming
transmissionpattern

Virtual phy Contains a vendorspecific interface to another virtual phy

Wide link A group of physical links that attaches awide port to another wide port

W ide port A port that contains more than one phy

Zone group A set of phys in a zone that all have the same access permission

Zoned portion of a
service delivery
subsystem (ZPSDS)

A group of zoning expander devices that cooperate to control access between phys

SAStechnology

SASis a pointto-point architecture that tranders data to and from SCSistorage devices by using
serial communication(one bit at a time). SAS devices andthe differential signaling method they use to
achieve reliable, high-speed serial communicationare described in this section.

SASdevices

There arethree types of SAS devices:initiators, targets, and expanders. An initiator device is a host
bus adaptor (HBA), or controller. The initiator is attached to one or moretargetsii SAS hard disk
drives, SATA hard disk drives, and SAS tape drivedi to form a SAS domain. Expanders are lowcost,
highspeed switchesthat scale the number of targetsattached to an initiator, thereby creating a larger



SAS domain (Figure 1). Each SAS devicehas a unique worldwide name (SAS addresg assigned at
manufacturing to simplify its identification in a domain

Initiators

SAS initiators have multiple ports for connection to internal and/or external targets. Each initiator port
can have a single physical link (a narrow port) or 2, 4, or 8 physical links (a wide port). SAS initiator
ports can be connected to separate domains for failover redundancy.

Expanders

Expandersestablish connections between initiators, targets, and other expanders by receiving
commands and datain one port and routing themto another port based on the SAS address of the
target. Expanders use threerouting methoddi direct, table, and subtractive. An expander uses direct
routing to forward commands and data to targetsdirectly attached to the expander. An expander
uses table routing to forward commands and data to another expander. When an expander receives
an address that it does not recognize, it uses subtractive routing to forward the commands and data
to another expander that does recognize the address.

Targets

SAS hard drives(enterpriseclassand midline devices) have two narrow ports. Each port can reside in
a different SAS domain to provide fail-over redundancy and load balancing. SAS hard drives
leverage a common electrical and physical connection interface with SATA hard drivesHowever,
SATA hard drives, including solid state drives,have a single narrow port.

Figure 1. Example of SAS devices in a domain. The number of initiators and targets allowed in a domain is
l'imited only by the size of the expandersdé routing tal

Links from initiator
Initiator (controller) and befween

B expanders can be
wide.

Links between

expanders and

tchefs are narrow
I

(1 link per port).

Target




Differential signaling

All SAS devices have connection points called portsOne or more transceiver mechanisms, called

phys, are located in the port of each SASdevice. A physical link, consisting of two wire pairs,

connecst the transmitterof each phyi n o ne d dtotherecéiweropagohyi n anot her de
port. The SAS interface allowsthe combination of multiple physical links to create two (2x), 3x, 4x, or

8x connections per port for scalable bandwidth. Aport thathas one phy is describ
while a port with two to four phys is described

SAS usesdifferential signaling to transfer data over a physical link (Figure2), which reduces the
effects of capacitance, inductance, and noise experienced by parallel SCSI at higher speedsSAS
communication is full duplex, which means thateach phy can send and receive information
simultaneouslyover the two wire pairs.

Figure 2. In differential signaling, positive minus negative equals 15008900 = 600mV or 900 61500 = -600mV.
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The physical Ink rates for SAS and SATA technologies are listed in Table 2.
Table2. Physical link rates per direction
Physical link rate  Generation Bandwidth 4x bandwidth
1.5 Gbps SAS1, SAS-1.1, SATA Revision 150 MB/s 600 MB/s
1.0
3 Gbps SAS1, SAS-1.1, SATA Revisim 300 MB/s 1200 MB/s
2.0
6 Gbps SAS2, SAS-2.1, SATA Revision 600 MB/s 2400 MB/s
3.0




SAS protocol evolution

SAS1

The speed of the firsgeneration SAS(SAS1) link is 3.0 gigabits per second (Gb/s). The original SAS
standard defined two classes of ex@nders: edge expanders and fanout expanders.An edge
expander attaches directly to targets, or to another edge expander, which reduces its complexity (and
cost) by constraining the size ofits routing table. Edge expanders can also be connected together to
form an edge expander device set, allowing the set to address up to 128 devices.A fanout expander
allows multiple edge expanders or edge expander sets to communicate with each othertherefore it
has to maintain a more extensive routingtable.

SAS2

The secondgeneration SAS (SAS?2) link speed doubles the physical link rate to 6.0 Gb/s. SAS2
eliminates the distinction between fanout and edge expandershy replacing themwith selfconfiguring
expanders. SAS2 also enables zoning for enhanced resource dedoyment flexibility, security, and
data traffic management SAS?2 is backward compatible with SAS1.

Each SAS device (initiator, target, or expander) may support one or more SAS communication
speeds. If any two linked devices supportmultiple speeds, thehighest speedwill be used if
performance is critical or a slower speed may be used if reliability is more important. During this
speed negotiation process linked SAS devices determinetheir mutually supported SAS spee¢s), and
other speedrelated options, such astransmissionamplitude, slew rate, deemphasis, and spread
spectrum clocking

After the speed negotiation processis complete the SAS2 standard provides a time interval, or
training window , during which the linked devices exchange predefined $gnals to test the linkusing
the selectedspeed(s) and speed+related options.

SAS2.1

The enhancement to the SAR standard, SAS2.1, will define active cables, storage power
management and additional connectors( see 0 Cabl i ng .Alad SAS2Inspligsodtther s 6)
protocol layer into a separate standard, SAS Protocol Laye(SPL).

Active cables

To help reduce cable weight, improve cable management, and improve airflow, the SAS 21
standard implementsthinner cables with active circuitry. Active circuitry includes builtin drivers and
repeaters, along with an equalizer. The equalizer removes intersymbol interference (ISl)a form of
signal distortion. The drivers and repeatersreduce the signako-oise ratio (SNR) by boosting the
received signal and by reducing near-end crosstalk (NEXT). NEXT occamwhen two wires are close
enough for the signal traveling in one wire to interfere with the signal traveling in the other. Cable
designers reducedthis phenomenonby placing a low power equalizing filter inside the cable to
compensate for the dielectric and conductor lossesEconomical, lowpower, low Hatency, active cables
enable high data transfer rates using thinner wire gauges over longer cable runs (Figuré).



Figure 3. SAS 1.1 at 1.5 Gbps and 3.0 G bps in untrained mode has a 6-m limit. SAS2 in trained mode raises
the limit to 10 m at all speeds. At 6 Gbps, active copper and optical cables extend the distance to20 m.
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Storage power management

SAS2.1 devices will be able to turn off SAS physicallinks when they are idle. Each SAS transceiver
consumes about 200 mW. Therefore, the total power saving from a dualported drive with two
transceivers and a controller (or attached SAS expander) with two transceivers a little less than

1 W. Table 3 includes an example of power savings for a 9-W small form factor (SFF) SAS drive.

Future SAS and SATA disk drives will include more standardied power management features.

Today's drives supportthe Active and Stopped states. The ®pped stateis rarely used due to its long
recovery time.

Table 3. Power management state example for a 9V SFF SAS drive

State Description Commands processed Power savings Recovery time
Active Fully active Yes None None
Idle Stop clocks to idle Yes ~1W <1lms
circuitry
Park heads Retract the heads from Automatic state ~2W 1sec
the media, reducing change
drag
Lowrpm standby  Retract heads, spin Automatic state ~4'W 7 sec

down to a lower rpm change

Standby Retract heads, spin Automatic stae ~7W 15-20 sec
down to O rpm, cache  change
still powered
Stopped Same as Standby No ~7W 15-20 sec
Sleep Everything off except  No ~9W 30 sec

wakeup circuitry




SAS/SATA interoperability

Using the SAS interface,SAS drives, SATA drives, or a mix of both SAS and SATA drivewill function
in the same storage enclosureWith this broad range of storage solutions (Figure4), IT managerscan
choose storage devices based on reliability, performance, and cost. Because the SAS architecture
features a proven SCSI command set, advanced command cguing, and advanced verification/error
correction, SAS is the ideal solution for missiorcritical enterprise storage applications.

SAS supports three protocols to handle communications with various devices:

¢ Serial Management Protocol (SMPP manages the pointto{point topology of expanders and
enclosures

¢ Serial SCSI Protocol (SSR) facilitates communicaton with SAS devices and existing SCSI software

e SATA Tunneling Protocol (STR)allows SAS controllers to communicate with SATA devices through
expanders

Figure 4. The SAS architecture provides flexible solutions ranging from entry level NAS in desktop
environments to missioreritical RAID systems that complement Fibre Channel technology.
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Cabling and connectors

Mini SAS 4x cable connectorsand receptacles

Mini SAS 4x connectorsand receptacles (Figure 5) are replacing SAS 4x connectorsand receptacles
in new designs. Mini SAS connectors containground pins that can be used for power in active
cables.

Figure 5. The internal Mini SAS 4i connector (Idt) and receptacle (right) are replacing SAS 4x
connectors and receptacles.

Signal ground pins
Al, A18, B1, B18

Figure 6 shows the Mini SAS 4x (external) cable plug connector and receptacle. Mini SAS 4x cable
connectors attach to end devices and enclosure universal ports, but they are spéic to enclosure out
and in ports. The SAS? receptacles are universal, thus theydo not have table routing or subtractive
routing restrictions. The receptacles also have a reverse key (not illustrated) to accept cablé&nger
than 6 m as well as shorterSAS1 cables 6 m or less.

Figure 6. The external Mini SAS 4x connector is specific to enclosure in and out ports,but the receptacle is
universal.

Signal ground pins
Al, Al13, B1, B13




Figure 7 shows the type and location of icons that identify the connectors that attach t@n end
device, an enclosure douté port, an enclosuredind port, and an enclosure universal port

Figure 7. External Mini SAS 4x cable connector icons identify compatible devices and ports.

Circle icon - the connector attaches to an S
end device, an enclosure out port, or an

enclosure universal port. \

Diamond icon - the connector attaches to
an end device, an enclosure in port, or an
enclosure universal port.

Cable connectors and receptaclesare keyed to correspondto in ports (subtradive routing), out ports

(table routing), and ports for direct-attached end devices (direct routing) Figure 8 shows the three
keying methods.

Figure 8 Threekey slot positions correspond to enclosurein and out ports and ports for direct-attached devices
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