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SNIA Legal Notice

The material contained in this tutorial is copyrighted 
by the SNIA.  
Member companies and individuals may use this 
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Any slide or slides used must be reproduced without 
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Abstract

SAS & SATA Combine to Change the Storage Market
Serial Attached SCSI (SAS) allows systems to be built that 
accommodates large numbers of either SAS and/or SATA hard 
disk drives.  This presentation, intended for OEM, System 
Builders and End-Users, describes the capabilities of the SAS 
interface, how it’s designed to interoperate with SATA drives 
and when combined, how these technologies can be combined 
to deliver some very compelling storage solutions. 
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Where do the drives Go?  (by Volume)

Market Snapshot 2001 – and still true today

FC, xATA

 

& xSCSI

FC, xATA & xSCSI

xSCSI
&

xATA

Direct Attached Storage SAN Attached Storage

70% of Enterprise Drives

DAS

SAN

NAS w/SAN 
back end

30% of Enterprise Drives

Little change in this split 
over the last 5 years

xSCSI denotes pSCSI and SAS
xATA denotes PATA and SATA
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Parallel vs Serial 

Serial Data Transfers

Clock Recovery
Circuit

Serial Data In
Clocked Data

Recovered Clock

Skew causes 
misalignment 
at the receiver

All bits are aligned at 
transmitting device

Parallel Data Transfers

Example of Cross Talk

Electromagnetic Coupling

Example of Signal Skew

Serial protocol:
Eliminates Signal Skew
Eliminates Cross-talk
Simplifies Interconnect
Allows Higher Data Rate
Point to Point

Source: Maxtor
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SAS: The Evolutionary Tale….

Evolution:

-
 

Replaces Ultra320 
-

 
Preserves Legacy 
SCSI Software

-
 

Renews the SCSI 
Roadmap

-
 

Continues the Serial 
Trend 

CPU

Storage

Interface

3G

6G

http://images.google.com/imgres?imgurl=www.integraltech.com/art/photos/disk drive.jpg&imgrefurl=http://www.integraltech.com/downloads.html&h=221&w=219&prev=/images%3Fq%3Ddisk%2Bdrive%26svnum%3D10%26hl%3Den%26lr%3D%26ie%3DUTF-8
http://images.google.com/imgres?imgurl=www.duxcw.com/digest/guides/hd/hd2.ht2.jpg&imgrefurl=http://www.duxcw.com/digest/guides/hd/hd2.htm&h=149&w=219&prev=/images%3Fq%3D5%2Binch%2Bdisk%2Bdrive%26svnum%3D10%26hl%3Den%26lr%3D%26ie%3DUTF-8
http://images.google.com/imgres?imgurl=www.pocketpcmag.com/Jan01/images/IBM-microdrive-coin.jpg&imgrefurl=http://www.pocketpcmag.com/Jan01/storage.stm&h=250&w=262&prev=/images%3Fq%3Dmicrodrive%26svnum%3D10%26hl%3Den%26lr%3D%26ie%3DUTF-8
http://images.google.com/imgres?imgurl=www.maran.com/dictionary/p/pentium/image.gif&imgrefurl=http://www.maran.com/dictionary/p/pentium/&h=236&w=304&prev=/images%3Fq%3Dpentium%2Bcpu%26svnum%3D10%26hl%3Den%26lr%3D%26ie%3DUTF-8
http://pcmuseum.de/images/80386intels.jpg
http://images.google.com/imgres?imgurl=www.xbitlabs.com/editorial/september2000-news/itanium.jpg&imgrefurl=http://www.xbitlabs.com/editorial/september2000-news.html&h=269&w=300&prev=/images%3Fq%3Ditanium%26svnum%3D10%26hl%3Den%26lr%3D%26ie%3DUTF-8
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Ultra320 SCSI Replacement?

Customer ChoiceCustomer Choice

ScalableScalableFuture Future 
ArchitectedArchitected

Preserve Preserve 
Legacy SCSILegacy SCSI

Cost Equivalence Cost Equivalence 
w/SCSIw/SCSI

PerformancePerformance

Small Form Factor

1000’s of 
Connections

Every-unit-Item
Economics

Multi-protocol
Plug Compatible

Preserves 20+ Years 
of SCSI Middleware

●

 

Dual-ported
●

 

Point-to-Point

Wide-Ports

Reliability
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As compared to Ultra320 SCSI

Faster interface (3Gb/s, Wide-Ports)
Addresses more than 16 devices (16K)
Supports longer distances (>6M/link, cascading)
Better fault isolation (Point-to-Point)
Reduces cable & connector costs (Serial)
Provides for high-availability (Dual-Port)
Embraces Small Form Factor (2.5”) disk drives
Lowers IC cost/bandwidth (Fewer I/O pins)

SATA/SAS Cable
vs Parallel ATA

Small Form-factor
Mini SAS

2.5” Drives

Scalability
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Serial Attached SCSI Advantages

• Four-wire Replacement for Parallel SCSI
–

 

Software compatible “drop in” replacement
–

 

Low voltage (1600 mV max) differential signaling  (8b10b encoding)
• “Star” Topology (Point-to-Point)

–

 

Each device gets full bandwidth
–

 

Minimum arbitration overhead
• SAS Attributes Extend Capabilities beyond Parallel SCSI

–

 

Dual-porting
–

 

16K devices (per domain)
–

 

Native support for either SATA 
or SAS drives

–

 

Wide ports and rate matching
- OR -

System Backplane

System Backplane

S
A

S
 

C
o

n
n

e
ct

o
r

Dual 

Port

Single 

Port
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Blind Mating and Hot Pluggable 

SATA Disk Connectors:
• Suitable for Both 3.5”

 

and 2.5”

 

Storage Devices 
• Includes data and voltage connections
• Hot-Pluggable (staggered pins)
• Blind Mating 

Enclosure

~3msec

Drive

Vcc

Vcc
Staged Power

3.3V        5V   R 12VRx  Tx
Data Voltage Pins

Grounds

Pre-charge

K
ey
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SAS/SATA Compatibility

Disk Drive Connectors

SAS

SATA Port B

SAS Connector Flip Side

Accommodates both 
SAS & SATA Drives

Pluggable

☻
SAS Backplane Connector
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SAS’s Unique Attributes

Compelling
Solutions

Performance

Density

Scalability
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SAS: Bandwidth AggregationSAS: Bandwidth Aggregation

Wide-Port (x4) yields 
24Gb/s Full Duplex!Each SAS Link (Rx and Tx)

3Gb/s 
6Gb/s (full-duplex)

Wide Ports
Combine SAS links

2 ports –

 

12Gb/s (full duplex)
4 ports –

 

24Gb/s (full-duplex)

Concurrency Brings Higher Performance
Multiple concurrent I/O’s 

(lots of drives operating concurrently)

Each SAS Link (Rx and Tx)
3Gb/s 
6Gb/s (full-duplex)

Wide Ports
Combine SAS links

2 ports –

 

12Gb/s (full duplex)
4 ports –

 

24Gb/s (full-duplex)

Concurrency Brings Higher Performance
Multiple concurrent I/O’s 

(lots of drives operating concurrently)

6Gb/s6Gb/s6Gb/s6Gb/s
3Gb/s    or

3Gb/s3Gb/s3Gb/s

Performance
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SAS/SATA Performance

SAS Bus MB/s

X1 280

X2 560

X4 1120

Host Side Bus MB/s

PCI -

 

66 MHz 520

PCI -100 MHz 790

PCI -133 MHz 900

PCIe -

 

x4 800

PCIe –

 

x8 1600

Drives to saturate a x4 SAS Connection
SAS 2.5”

 

19 to 23

 
SAS 3.5”

 

9 to 19 
SATA 2.5”

 

23 to 32

 
SATA 3.5”

 

14 to 19

Performance
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Enterprise Form Factor Transition

2.5-inch 3.5-inch

Calendar Year Combined SCSI, FC & SAS

U
ni

ts
 in

 M
ill

io
ns

5

10

15

20

25

30

2003 2004 2005 2006 2007 2008 2009
0

SAS Leads the Form Factor Transition
Density
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Industry Compacts Storage

SAS & Small Form Factor (SFF)
SFF increases density

Scale & expand in same space
Ideal for Blade System Deployment

SFF Drives Consume 50% less Power than 3.5”

 
counterparts 

Save on volatile energy costs
Growth without pulling in extra power drops
Lower heat loads & air-conditioning costs at equivalent performance

–

 

Caution –

 

Power per rack can still increase due to density increase

Higher Performance and Potentially Lower Cost
Multiple concurrent I/O’s (lots of drives operating concurrently)
Lower TCO through common infrastructure

Additional Advantages
RAID 5 or 6 on a 1U server
Improved Hard Disk Drive reliability
SAS & SATA Drives in Common Drive Carrier

Density

http://images.google.com/imgres?imgurl=www.integraltech.com/art/photos/disk drive.jpg&imgrefurl=http://www.integraltech.com/downloads.html&h=221&w=219&prev=/images%3Fq%3Ddisk%2Bdrive%26svnum%3D10%26hl%3Den%26lr%3D%26ie%3DUTF-8
http://images.google.com/imgres?imgurl=www.duxcw.com/digest/guides/hd/hd2.ht2.jpg&imgrefurl=http://www.duxcw.com/digest/guides/hd/hd2.htm&h=149&w=219&prev=/images%3Fq%3D5%2Binch%2Bdisk%2Bdrive%26svnum%3D10%26hl%3Den%26lr%3D%26ie%3DUTF-8
http://images.google.com/imgres?imgurl=www.pocketpcmag.com/Jan01/images/IBM-microdrive-coin.jpg&imgrefurl=http://www.pocketpcmag.com/Jan01/storage.stm&h=250&w=262&prev=/images%3Fq%3Dmicrodrive%26svnum%3D10%26hl%3Den%26lr%3D%26ie%3DUTF-8
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Connector Types

SAS 4X Connector

Mini SAS 4X ConnectorInfiniBand Style

iPass tm Style

iPASS

 

is a Molex Trademark
Preferred External 

Connection Scheme

Density
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Scaling outside the Server

SAS
Controller

and/or

SAS Cables

Expand Your DAS Capabilities

Cascaded 
Enclosures

Density
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SAS: Improving Density and Airflow

Dramatically Improves Connectivity, Density & Airflow

Up to 160 SAS 
Links per 
1u Rack!

SATA/SAS Cable
VS Parallel

External & Internal 
SAS 1.1 Mini SAS 

(4x & 4i)

Highly Scalable Architecture
Connectivity and Bandwidth

Density
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Serial Attached SCSI’s  Scalable Topology

Hosts
(Initiators)

Expanders

Serial Attached SCSI 
or SATA disk drives

(Targets)

Scalability
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Self Configuring Expanders Extend SAS

1st

 

Gen SAS Discovery
Vendor Unique Zoning
Limited to 128
Discovery Executed by Initiator end-devices

Complicated large topologies 
Problematic for zoning

2nd

 

Gen SAS Discovery
Standardized Zoning
Expanded to 256
Discovery executed by SAS Expanders

Reduces time to discover large topologies
Enables zoning of the topology
Allows table-to-table routing

Improving SAS Discovery Times Enables 
Richer SAS Topologies

Hosts
(Initiators)

Expanders

Serial Attached SCSI 
or SATA disk drives

(Targets)

Scalability
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SAS 2 Expander – Open, Arbitration, Open Accept

Node Node

Node Node
Expander

ID
03

ID
04

ID
01

ID
02

ARB 02, 03

OPEN 02, 03

AIP (Normal)

Frame Primitive

Expander
ARB 02, 03AIP (Normal)

OPEN 02, 03

AIP Status (WoD)

OPEN 02, 03

OPEN Accept

Scalability
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SAS Expansion

Expanders – Fan-out devices or “Switches”

SAS
HBAs

SAS 
Switch

SAS SAS - JBOD/RBOD

SAS
HBAs

JBOD Fan-OUT Devices

Standalone Switch Elements

Cascaded 
Expanders

Cascaded 
Expanders

Scalability
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Cascading Enclosures

= Universal Connection (required at both end points)

= IN –

 

Connects to universal or OUT port

= OUT –

 

Connects to Universal or IN port

JBOD Enclosure

IN OUT

JBOD Enclosure

IN OUT

Server

End Device

Server

End Device

/ /

SAS
Expander

SAS
Expander

SAS 
HBA

SAS 
HBA

/

(or Dual Keyed )

Scalability
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SAS Switch

Shared Storage Example SAS Zoning

Green 
is Zone 1

Red 
is Zone 2

4

4

2

4

2

Sees a total of 16 drives

Sees a total of 20 drives

8 - 2.5” Drives

12 - 3.5” Drives 

8 - 2.5” Drives

Solutions
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Traditional DAS model creates islands of storage
Utilization of the storage arrays will be unequal
Traditional DAS does not allow sharing and pooling of the storage

Solves the problem of routing multiple servers to multiple independent storage devices 
(JBOD or RAID systems) creating “Sharable DAS”
The SAS Switch allows sharing and pooling of the storage –

 

fewer, larger storage arrays

Scalable, Sharable DAS

Goal:  Bring the right set of SAN 
management features to SAS

Solutions
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Scalable, Sharable DAS 
SAS Value Proposition & Positioning

Performance Low Cost Distance

Fibre

 

Channel X X

GbE

 

iSCSI X X

10 GbE

 

iSCSI X X

SAS X X

Significant market segment underserved by SAN alternatives
Same room, modest scale (to few 10s of server & storage endpoints)

Switch-less -

 

external DAS, shared DAS
Switched -

 

embedded (server blade; RAID front-end) 
or 1U, scalable, sharable DAS
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Switched SAS Applications
RAID Array Drive ExpansionRAID Array Drive Expansion

Blade Storage MidBlade Storage Mid--plane I/Fplane I/F

Lower Lower 
CostCost

Higher Higher 
BandwidthBandwidth

Shareable DASShareable DAS

LSI

SASx36

SAS Switch

LSI

SAS1068

LSI 
SASx36

RAID Ctlr

LSI

SAS1068

LSI 
SASx36

RAID CtlrLSI

SASx36

SAS Switch

LSI

SAS1064

Raleigh
Blade Server

Daughter Card
LSI

SAS1064

Raleigh
Blade Server

Daughter Card
LSI

SAS1064

Raleigh
Blade Server

Daughter Card
LSI

SAS1064

Raleigh
Blade Server

Daughter Card
LSI

SAS1064

Raleigh
Blade Server

Daughter Card
LSI

SAS1064

Raleigh
Blade Server

Daughter Card
LSI

SAS1064

Raleigh
Blade Server

Daughter Card
LSI

SAS1064

Raleigh
Blade Server

Daughter Card
LSI

SAS1064

Raleigh
Blade Server

Daughter Card
LSI

SAS1064

Raleigh
Blade Server

Daughter Card
LSI

SAS1064

Raleigh
Blade Server

Daughter Card
LSI

SAS1064

Raleigh
Blade Server

Daughter Card
LSI

SAS1064

Raleigh
Blade Server

Daughter Card
LSI

SAS1064

Blade Server

Daughter Card

External 
Storage

LSI

SASx36

SAS Switch

LSI

SASx36

LSI

SASx36

SAS Switch

LSI

SAS1068

LSI 
SASx36

RAID Ctlr

LSI

SAS1068

LSI 
SASx36

RAID Ctlr

LSI

SAS1068

LSI 
SASx36

RAID Ctlr

LSI

SAS1068

LSI 
SASx36

RAID CtlrLSI

SASx36

SAS Switch

LSI

SASx36

LSI

SASx36

SAS Switch

LSI

SAS1064

Raleigh
Blade Server

Daughter Card

LSI

SAS1064

LSI

SAS1064

Raleigh
Blade Server

Daughter Card
LSI

SAS1064

Raleigh
Blade Server

Daughter Card

LSI

SAS1064

LSI

SAS1064

Raleigh
Blade Server

Daughter Card
LSI

SAS1064

Raleigh
Blade Server

Daughter Card

LSI

SAS1064

LSI

SAS1064

Raleigh
Blade Server

Daughter Card
LSI

SAS1064

Raleigh
Blade Server

Daughter Card

LSI

SAS1064

LSI

SAS1064

Raleigh
Blade Server

Daughter Card
LSI

SAS1064

Raleigh
Blade Server

Daughter Card

LSI

SAS1064

LSI

SAS1064

Raleigh
Blade Server

Daughter Card
LSI

SAS1064

Raleigh
Blade Server

Daughter Card

LSI

SAS1064

LSI

SAS1064

Raleigh
Blade Server

Daughter Card
LSI

SAS1064

Raleigh
Blade Server

Daughter Card

LSI

SAS1064

LSI

SAS1064

Raleigh
Blade Server

Daughter Card
LSI

SAS1064

Raleigh
Blade Server

Daughter Card

LSI

SAS1064

LSI

SAS1064

Raleigh
Blade Server

Daughter Card
LSI

SAS1064

Raleigh
Blade Server

Daughter Card

LSI

SAS1064

LSI

SAS1064

Raleigh
Blade Server

Daughter Card
LSI

SAS1064

Raleigh
Blade Server

Daughter Card

LSI

SAS1064

LSI

SAS1064

Raleigh
Blade Server

Daughter Card
LSI

SAS1064

Raleigh
Blade Server

Daughter Card

LSI

SAS1064

LSI

SAS1064

Raleigh
Blade Server

Daughter Card
LSI

SAS1064

Raleigh
Blade Server

Daughter Card

LSI

SAS1064

LSI

SAS1064

Raleigh
Blade Server

Daughter Card
LSI

SAS1064

Raleigh
Blade Server

Daughter Card

LSI

SAS1064

LSI

SAS1064

Raleigh
Blade Server

Daughter Card
LSI

SAS1064

Blade Server

Daughter Card

LSI

SAS1064

LSI

SAS1064

Blade Server

Daughter Card

External 
Storage

Solutions
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Switched SAS Application

System Components
Dual-Core processors
PCI-Express 
2 -

 

SAS RAID Controllers
1 -

 

SAS Switch
82 Drives –

 

(mixture of 2.5”

 
& 3.5”

 

& mixture of 10 & 15K 
RPM)
5 JBODs

 

-

 

Various Suppliers
Size: 15U Rack

Performance
SQLIO Throughput Benchmarks

64KB sequential reads of 3.2 GB/s
64KB sequential writes of 2.7 GB/s
256KB random read of 2.0 GB/s
256KB random writes of 2.1 GB/s

Up to 500K IOPS (512 Byte Blocks)!

Solutions
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Database Server Bricks

Major shift in performance, capacity & price models for 
SAS/SATA 
SAS maximizes limited PCI-X or PCI-E slots in small 4-way 
servers 
Result:  

Servers & terabytes of disk storage offering main-frame speeds at up to 
1/10th the cost of large SMP and SAN solutions.
Direct attach SAS storage is now a low cost and viable alternative  to 
SAN’s

 

for many data center solutions.
Random IO performance incredible using direct attach SAS disk & SAS 
controllers.
New opportunities in data warehousing, streaming video, eCommerce, 
data mining and OLTP.
Huge mid-market potential for customers who cannot afford multi-

 
million dollar hardware setups.

Rich Johnson –
Business Intelligence Architect 
Microsoft Consulting Services

Solutions



SAS & SATA Combine to Change the Storage Market
© 2008 Storage Networking Industry Association. All Rights Reserved. 32

In-Rack Switched Environments

Server 1
2 Mini 4x

Server 2
2 Mini 4x

Switch
Storage

12xSATA
12xSATA
12xSATA
16xSATA
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What’s coming in SAS 2?

New SAS 2 Features –
 

All optional
Double transfer rate to 6Gb
Expander Zoning

Enhanced multi-host support
Already available on some 3Gb expanders

Spread spectrum clocking
Reduces EMI

Time Division Multiplexing (TDM)
Increases link efficiency/bandwidth over today’s rate matching
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Contact Info

Harry Mason
Director Industry Marketing, LSI Corp.

President, SCSI Trade Association

T10 (Serial Attached SCSI Spec development)
http://www.t10.org

SCSI Trade Association
http://www.scsita.org

Serial Storage Wire
http://www.serialstoragewire.com

SATA I/O
http://www.sata-io.org

Marty Czekalski
Interface & Emerging Architecture Program

Manager, Seagate
V. President, SCSI Trade Association

http://www.t10.org/
http://www.scsita.org/
http://www.serialstoragewire.com/
http://www.sata-io.org/
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Q&A / Feedback

Please send any questions or comments on this 
presentation to SNIA: tracknetworking@snia.org

Many thanks to the following individuals 
for their contributions to this tutorial.

SNIA Education Committee

SCSI Trade Association (STA) Marty Czekalski 
SATA I/O Working Group David So 
Rich Johnson Howie Goldstein 
Chris Lionetti Calvin Chen 
Jay Neer Bruce Grieshaber 
Tom Hammond-Doel Nancy Clay 

mailto:tracknetworking@snia.org
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