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Abstract

The SCSI protocol is designed to provide an efficient peer-to-peer 1/0 bus with up to 16 devices,
including one or more hosts. Data may be transferred asynchronously at rates that only depend
on device implementation and cable length. Synchronous data transfers are supported at rates up
to 10 mega-transfers per second. With the 32-bit wide data transfer option, data rates of up to 40
megabytes per second are possible.

SCSI-2 includes command sets for magnetic and optical disks, tapes, printers, processors, CD-
ROMs, scanners, medium changers, and communications devices.
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Approval of an American National Standard requires verification by ANSI
that the requirements for due process, consensus, and other criteria for
approval have been met by the standards developer.

Consensus is established when, in the judgment of the ANSI Board of
Standards Review, substantial agreement has been reached by directly
and materially affected interests. Substantial agreement means much more
than a simple majority, but not necessarily unanimity. Consensus requires
that all views and objections be considered, and that a concerted effort be
made toward their resolution.

The use of American National Standards is completely voluntary; their
existence does not in any respect preclude anyone, whether he has approved
the standards or not, from manufacturing, marketing, purchasing, or using
products, processes, or procedures not conforming to the standards.

The American National Standards Institute does not develop standards and
will in no circumstances give an interpretation of any American National
Standard. Moreover, no person shall have the right or authority to issue an
interpretation of an American National Standard in the name of the American
National Standards Institute. Requests for interpretations should be ad-
dressed to the secretariat or sponsor whose name appears on the title page
of this standard.

CAUTION NOTICE: This American National Standard may be revised or
withdrawn at any time. The procedures of the American National Standards
institute require that action be taken periodically to reaffirm, revise, or
withdraw this standard. Purchasers of American National Standards may
receive current information on all standards by calling or writing the American
National Standards Institute.

standard.

CAUTION: The developers of this standard have requested that holders of patents that may be
required for the implementation of the standard disclose such patents to the publisher. However,
neither the developers nor the publisher have undertaken a patent search in order to identify which,
it any, patents may apply to this standard.

As of the date of publication of this standard and following calls for the identification of patents that
may be required for the implementation of the standard, no such claims have been made. No further
patent search is conducted by the developer or publisher in respect to any standard it processes. No
representation is made or implied that licenses are not required to avoid infringement in the use of this
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Foreword (This foreword is not part of American National Standard X3.131-1994.)

The Small Computer System Interface-2 standard is designed to provide
an efficient peer-to-peer /O bus with up to 16 devices, including one or
more hosts. Data may be transferred asynchronously at rates that only
depend on device implementation and cable length. Synchronous data
transfers are supported at rates up to 10 mega-transfers per second. With
the 32-bit wide data transfer option, data rates of up to 40 megabytes per
second are possible. This standard includes command sets for magnetic
and optical disks, tapes, printers, processors, CD-ROMs, scanners, medi-
um changers, and communications devices.

This standard was developed by Task Group X3T79.2 of Accredited
Standards Committee X3 during 1986-90. The standards approval process
started in 1991. This document includes five annexes, which are informa-
tive and are not considered part of the standard.

Requests for interpretation, suggestions for improvement and addenda, or
defect reports are welcome. They should be sent to the X3 Secretariat,
Computer and Business Equipment Manufacturers Association, 1250 Eye
Street, NW, Suite 200, Washington, DC 20005-3922.

This standard was processed and approved for submittal to ANSI by
Accredited Standards Committee on Information Processing Systems, X3.
Committee approval of the standard does not necessarily imply that all
committee members voted for approval. At the time it approved this stan-
dard, the X3 Committee had the following members:

James D. Converse, Chair
Donald C. Loughry, Vice-Chair
Joanne M. Flanagan, Secretary

Organization Represented Name of Representative
American Nuclear Society........c..ccccceiiiiiciiiiiiennnineinis Geraldine C. Main

Sally Hartzell (Alt.)
AMP, INC. it e Edward Kelley

Charles Brill (Alt.)
Association of the Institute for

Certification of Computer Professionals (AICCP)............. Kenneth Zemrowski
ATET/NCR .o e s vese e e sesse s aas s sasaennne Thomas W. Kern
Thomas F. Frost (Alt.)
Apple Computer, INC....ccooviiiiiiiniiiinr e Karen Higginbottom
Boeing COMPAaNY .......ccueemmiiiieeriiiie e Catherine Howells
Andrea Vanosdoll (Alt.)
Bull HN Information Systems, InC....ccoovveveeriiiviiiiiniiinnnnnns William George
Compaq Computers................... .James Barnes
Digital Equipment Corporation ........ .Delbert Shoemaker
Kevin Lewis (Alt.)
Eastman Kodak CoOmMPaNY...........ceiieiiiniinniniiciinnneneneeenns James Converse
Michael Nier (Alt.)
Guide International, InC. ....ciccoviiiiiiiniiiii Frank Kirshenbaum
Harold Kuneke (Alt.)
Hewlett-Packard............cccvveiiiieinccniiinn Donald C. Loughry
Hitachi America, Lid. .....ccoivimniinniericiiiiceecciicii e John Neumann
Kei Yamashita (Alt.)
Hughes Aircraft Company ........ccceeeeeeoerrreeniiecccniieencccneennn Harold Zebrack
IBM COorporation ........cccciiimnecianneeiinnninnenerecssienennsssieessons Josel Urman
Mary Ann Lawler (Alt.)
National Communications Systems ........occcveeevieiiiiiereereeinans Dennis Bodson
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Organization Represented Name of Representative
National Institute of Standards and Technology.................. Robert E. Rountree

Michael Hogan (Alt.)
Northern Telecom, InC. ...cvivcieeiiiiiiiiiii e Mel Woinsky

Subhash Patel (Alt.)
Neville & AsSoCiates.......ccccevuveriiiiiiiiiiin i Carlton Neville
Recognition Technology Users Association......c.cceeeninninnnne Herbert P. Schantz

G. Edwin Hale (Alt.)
Share, INC. ..o e Gary Ainsworth

David Thewlis (Alt.)
Sony Corporation of America...........cceccuuuimmiieieiiiinviiiieiicenn Michael Deese
Storage Technology Corporation........cccccerniinneeeeerinninneennn. Joseph S. Zajaczkowski

Samusel D. Cheatham (Alt.)
Sun Microsystems, INC....c..coiiiiiiiiiiiiiiii i Scott Jameson

Gary S. Robinson (Alt.)
BM COMPENY ceeeneniiiiiierneeeeriieretneeerresereressesseasssasssssns Eddie T. Morioka

Paul D. Jahnke (Alt.)
Unisys Corporation........cccueiiiconeienreeen e eeeieeieeceenens John Hill

Stephen P. Oksala (Alt.)
U.S. Department of Defense .........c.cceeevviiiiceiinieniniiinnnennn. William Rinehuls

C. J. Pasquariello (Alt.)
U.S. Department of ENergy .......cccccceiiiiiiiiiiiiiniinnnn, Alton Cox

Lawrence A. Wasson (Alt.)
U.S. General Services Administration ..........cccccevviiiieininnens Douglas Arai

Larry L. Jackson (Alt.)
Wintergreen Information Services ...........cccuevviiiniiiicneeennnn. John Wheeler
XeroX COrporation ........ccccceeueueeuieeiiiieeiireneeenciieeiieninssenasens Dwight McBain

Roy Peirce (Alt.)

Subcommittee X3T9 on IO Interface, which reviewed this standard, had
the following members:

Del Shoemaker, Chair Charles Brill Doug Morrissey
ink. Vice- i Bill Burr Steven Myers
Bob Fink, Vice-Chair Jetf Connell Roger Pandanda
Steve Cooper Everett Rigsbee, Il
Roger Cummings Floyd Ross
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ANSI X3.131-1994

Introduction

ANSI X3.131-1994 replaces ANS| X3.131-1986 Small Computer System Interface.
The clauses contain material as described below.

Clause 1
Clause 2
Clause 3
Clause 4
Clause 5
Clause 6
Clause 7
Clause 8
Clause 9
Clause 10
Clause 11
Clause 12
Clause 13
Clause 14
Clause 15
Clause 16
Clause 17
Clause 18
Annex A
Annex B
Annex C
Annex D
Annex E

The SCSI protocol is designed to provide an efficient peer-to-peer I/O bus with up to 16 devices,
including one or more hosts. Data may be transferred asynchronously at rates that only depend
on device implementation and cable length. Synchronous data transfers are supported at rates up
to 10 mega-transfers per second. With the 32-bit wide data transfer option, data rates of up to 40

describes the scope.

lists the normative references.

provides a glossary common to the whole document.
provides descriptions and conventions.

describes the physical characteristics.

describes the logical characteristics of the interface.
describes the SCSI command and status structure.
specifies those commands that have a consistent meaning for all device types.
specifies commands for direct-access devices.
specifies commands for sequential-access devices.
specifies commands for printer devices.

specifies commands for processor devices.
specifies commands for write-once devices.
specifies commands for CD-ROM devices.

specifies commands for scanner devices.

specifies commands for optical memory devices.
specifies commands for medium changer devices.
specifies commands for communications devices.
illustrates SCSI signal sequence.

illustrates fast SCSI skew time.

describes other SCSI standardization activities.
contains SCSI-2 additional sense codes and operation codes in numeric order.
contains the list of SCSI-2 vendor identifications.

megabytes per second are possible.

SCSI-2 includes command sets for magnetic and optical disks, tapes, printers, processors, CD-

ROMs, scanners, medium changers, and communications devices.

In 1985, when the first SCSI standard was being finalized, several manufacturers wanted to
increase the mandatory requirements of SCSI and to define further features for direct-access
devices. Rather than delay the SCSI standard, an ad hoc group was formed to develop a working
paper that was eventually called the Common Command Set (CCS). Many disk products were

designed using this working paper.

xXii
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In parallel with the development of the CCS working paper, work began on an enhanced SCSI
standard, which was named SCSI-2. SCSI-2 included the results of the CCS working paper and
extended them to all device types. It also added caching commands, performance enhancement
features, and other worthwhile functions. While SCSI-2 has gone well beyond the original SCSI
standard (now referred to as SCSI-1), it retains a high degree of compatibility with SCSI-1 devices.

SCSi-2 has evolved significantly from SCSI-1 with the new document nearly three times larger.
Most of the changes are additions, but several obsolete options were removed:

a) Single initiator option;
b) Non-arbitrating systems option;
¢} The SCSI-1 alternative 1 shielded connector;
d) Non-extended sense data option;
e) Reservation queuing option;
fy The read-only device command set.
There are several new low-level requirements:
a) Parity is now required;
b) Initiators are required to provide terminator power;
¢) The arbitration delay was increased from 2.2 to 2.4 ps;
d) Message support is now required.
Several low-level options were added:
a) Wide SCSI (up to 32 bits wide using a second cable);
b) Fast SCSI (synchronous data transfers of up to 10 mega-transfers per second);
¢) Command queuing (up to 256 commands per initiator per logical unit);
d) High-density connector alternatives were added;
e) Asynchronous event notification;
f) Extended contingent allegiance.
New command sets were added including:
a) CD-ROM (replaces read-only device);
b) Scanner device;
c) Optical memory device (provides for write-once, read-only, and erasable media);
d} Medium changer device;
e) Communications device.
All command sets were enhanced:
a) Device models were added;
b) Extended sense was expanded;
c) The INQUIRY data was expanded;
d) The MODE SELECT and MODE SENSE commands were paged for all device types;

e) The CHANGE DEFINITION, LOG SELECT, LOG SENSE, READ BUFFER, and WRITE
BUFFER commands were added for all device types;

xxiii
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f) The COPY command definition was expanded to include inexact block size handling and an
image copy option;

9) The direct-access device command set was enhanced to add cache management, several
new commands and to provide more initiator control over defect management;

h) The sequential-access device command set was enhanced to add a partitioned media con-
cept;

iy The printer device command set was enhanced by adding several mode pages;

i) The write-once (optical) device command set was enhanced by adding several new com-
mands plus extending several command descriptor blocks to twelve bytes to accommodate
larger transfer lengths.

XXiv

Copyright American National Standards Institute Order Number: 02079874

Provided by IHS under license with ANSI Sold to:ORRICK HERRINGTON & SUTCLIFF [570970] - HHORTER@ORRICK.COM,
No reproduction or networking permitted without license from IHS Not for Resale,2015-10-30 19:17:06 UTC

LG Exhibit 1204D, Page 28
LG Electronics, Inc. v. Papst Licensing



ANSI X3.131 94 BN 0724150 051L337 074 A

AMERICAN NATIONAL STANDARD ANSI X3.131-1994

American National Standard
for Information Systems —

Information Technology —
Small Computer System Interface-2

1 Scope

This standard defines an input/output bus for interconnecting computers and peripheral devices. It
defines extensions to the Small Computer System Interface (1ISO 9316: 1989), referred to herein
as SCSI-1. It also provides more complete standardization of the previously defined command
sets. It includes the necessary specification of the mechanical, electrical, and functional charac-
teristics of the interface to allow interoperability of conforming devices. This standard is referred
to herein as SCSI-2. The term, SCSI, is used wherever it is not necessary to distinguish between
the two versions.

Copyright American National Standards Institute Order Number: 02079874
Provided by IHS under license with ANSI Sold to:ORRICK HERRINGTON & SUTCLIFF [570970] - HHORTER@ORRICK.COM,
No reproduction or networking permitted without license from IHS Not for Resale,2015-10-30 19:17:06 UTC

LG Exhibit 1204D, Page 29
LG Electronics, Inc. v. Papst Licensing



ANSI X3.33% 94 BB 0724150 05163386 TOO MW

ANSI X3.131-1994
2 Normative references

The following standards contain provisions which, through reference in this text, constitute provi-
sions of this American National Standard. At the time of publication, the editions indicated were
valid. All standards are subject to revision, and parties to agreements based on this American
National Standard are encouraged to investigate the possibility of applying the most recent edi-
tions of the standards and publications listed below.

Members of IEC and ISO maintain registers of currently valid standards.

ANSI X3.170a-1991, Information systems — Enhanced small device interface (available only as
part of ANSI X3.170-1990)

EIA RS-485-1983, Standard for electrical characteristics of generators and receivers for use in
balanced digital muitipoint systems )

IEC 908: 1987, Compact disc digital audio system 2

ISO/IEC 10149: 1989, Information technology — Data interchange on read-only 120 mm optical
data disks (CD-ROM) 2

) Available from the Electronic Industries Association, 2001 Pennsylvania Avenue, NW, Washington, DC
20006.

2) Available from the American National Standards Institute, 11 West 42nd Street, New York, NY 10036.

Copyright American National Standards Institute Order Number: 02079874
Provided by IHS under license with ANSI Sold to:ORRICK HERRINGTON & SUTCLIFF [570970] - HHORTER@ORRICK.COM,
No reproduction or networking permitted without license from IHS Not for Resale,2015-10-30 19:17:06 UTC

LG Exhibit 1204D, Page 30
LG Electronics, Inc. v. Papst Licensing



ANST X3.131 94 BE 0724150 0516339 ‘W;-

ANSI X3.131-1994

3 Definitions, symbols and abbreviations

3.1 Definitions

For the purposes of this standard, the following definitions apply.

3.1.1 active I/O process: An I/O process that is presently in execution (not queued).

3.1.2 byte: Indicates an 8-bit construct.

3.1.3 command descriptor block (CDB): The structure used to communicate commands from an initiator to a target.
3.1.4 command queue: The queue used to store the queued I/O processes (see 7.8).

3.1.5 connect: The initiator function that selects a target to establish a nexus and to start an 1/O process. The
connection that results is an initial connection.

3.1.6 connection: An initial connection or reconhection. A connection can only occur between one initiator and one
target.

3.1.7 contact: The electrically-conductive portion of a connector associated with a single conductor in a cable.

3.1.8 contingent allegiance: A condlition typically generated by a CHECK CONDITION status during which a target
preserves sense data (see 7.6).

3.1.9 current I/O process: The I/O process that is presently connected on the SCSI bus.

3.1.10 disconnect: The action that occurs when an SCSI device releases control of the SCSI bus, allowing it to go
to the BUS FREE phase.

3.1.11 extended contingent allegiance: A condition generated by an INITIATE RECOVERY message to assist in
extended error recovery procedures in multi-initiator systems (see 7.7).

3.1.12 field: A group of one or more contiguous bits.

3.1.13 host adapter: A device which connects between a host system and the SCSI bus. The device usually
performs the lower layers of the SCSI protocol and normally operates in the initiator role. This function may be
integrated into the host system.

3.1.14 initial connection: An initial connection is the result of a connect and it exists from the assertion of the BSY
signal in a SELECTION phase until the next BUS FREE phase occurs.

3.1.15 initiator: An SCSI device that requests an |/O process to be performed by another SCSI device (a target).
3.1.16 invalid: An illegal (reserved) or unsupported field or code value.

3.1.17 1/O process: An |I/O process consists of one initial connection and zero or more reconnections, all pertaining
to a single command or a group of linked commands. More specifically, the connection(s) pertain to a nexus in
which zero or more command descriptor blocks are transferred. An 1/O process begins with the establishment of a
nexus. An |/O process normally ends with the BUS FREE phase following successful transfer of a COMMAND
COMPLETE or a RELEASE RECOVERY message. An I/O process also ends with the BUS FREE phase following an
ABORT, ABORT TAG, BUS DEVICE RESET, CLEAR QUEUE message, or a hard RESET condition, or an unexpected
disconnect occurs.

Copyright American National Standards Institute Order Number: 02079874
Provided by IHS under license with ANSI Sold to:ORRICK HERRINGTON & SUTCLIFF [570970] - HHORTER@ORRICK.COM,
No reproduction or networking permitted without license from IHS Not for Resale,2015-10-30 19:17:06 UTC

LG Exhibit 1204D, Page 31
LG Electronics, Inc. v. Papst Licensing



ANSI X3.131 94 EM 0724150 0516340 bb9 HE

ANS| X3.131-1994
3.1.18 I_T nexus: A nexus which exists between an initiator and a target.

3.1.19 [_T_L nexus: A nexus which exists between an initiator, a target, and a logical unit. This relationship replaces
the prior I_T nexus.

3.1.20 I_T_R nexus: A nexus which exists between an initiator, a target, and a target routine. This relationship
replaces the prior I_T nexus.

3.1.21 |_T_x nexus: A nexus which is either an |_T_L or |_T_R nexus.

3.1.22 |_T_L_Q nexus: A nexus between an initiator, a target, a logical unit, and a queue tag following the successful
receipt of one of the queue tag messages. This relationship replaces the prior |_T_L nexus.

3.1.23 L_T_x_y nexus: A nexus which is eitheran I_T x or I_T_L_Q.

3.1.24 logical block: A unit of data supplied or requested by an initiator.

3.1.25 logical unit: A physical or virtual peripheral device addressable through a target.

3.1.26 logical unit number: An encoded three-bit identifier for the logical unit.

3.1.27 mandatory: The referenced item is required to claim compliance with this standard.

3.1.28 nexus: A relationship that begins with the establishment of an initial connection and ends with the completion
of the 1/O process. The relationship may be restricted to specify a single logical unit or target routine by the

successful transfer of an IDENTIFY message. The relationship may be further restricted by the successful transfer
of a queue tag message.

3.1.29 one: A true signal value or a true condition of a variable.

3.1.30 optional: The referenced item is not required to claim compliance with this standard. Implementation of an
optional item must be as defined in this standard.

3.1.31 page: Several commands use regular parameter structures that are referred to as pages. These pages are
identified with a value known as a page code.

3.1.32 peripheral device: A physical peripheral device that can be attached to an SCSI device, which connects to
the SCSI bus. The peripheral device and the SCSI device (peripheral controller) may be physically packaged
together. Often there is a one-to-one mapping between peripheral devices and logical units, but this is not required.
Examples of peripheral devices are: magnetic disks, printers, optical disks, and magnstic tapes.

3.1.33 queue tag: The value associated with an I/O process that uniquely identifies it from other queued I/O
processes in the logical unit for the same initiator.

3.1.34 queued 1/O process: An /O process that is in the command queue.

3.1.35 reconnect: The act of reviving a nexus to continue an 1/O process. Atarget reconnects to an initiator by using
the RESELECTION and MESSAGE IN phases after winning arbitration. An initiator reconnects to a target by using
the SELECTION and MESSAGE OUT phases after winning arbitration (see 7.5.2).

3.1.36 reconnection: A reconnection is the result of a reconnect and it exists from the assertion of the BSY signal
in a SELECTION or RESELECTION phase until the next BUS FREE phase occurs.

3.1.37 reserved: Identifies bits, fields, and code values that are set aside for future standardization.
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3.1.38 SCSl address: The hex representation of the unique address (0-15) assigned to an SCSI device. This address
would normally be assigned and set in the SCSI device during system installation.

3.1.39 SCSiI ID: The bit-significant representation of the SCSI address referring to one of the signal lines DB(7-0).
3.1.40 SCSI device: A host adapter or a target controller that can be attached to the SCSI bus.
3.1.41 signal assertion: The act of driving a signal to the true state.

3.1.42 signal negation: The act of driving a signal to the false state or allowing the cable terminators to bias the
signal to the false state (by placing the driver in the high impedance condition).

3.1.43 signal release: The act of allowing the cable terminators to bias the signal to the false state (by placing the
driver in the high impedance condition).

3.1.44 status: One byte of information sent from a target to an initiator upon completion of each command.
3.1.45 target: An SCSI device that performs an operation requested by an initiator.
3.1.46 target routine: A target routine is an I/O process directed to a target, and not to a logical unit (see 6.6.7).

3.1.47 third-party: When used in reference to COPY commands, third-party means a COPY command issued to one
device to perform a copy operation between two other devices. When used in reference to RESERVE, or RELEASE
commands, third-party means a reservation made on behalf of another device (e.g. A processor device requests that
a direct-access device reserve itself for exclusive use by a sequential-access device).

3.1.48 unexpected disconnect: A disconnection that occurs as a result of an exception condition (see 6.1.1).

3.1.49 vendor-specific (VS): Something (e.g. a bit, field, code value, etc.) that is not defined by this standard and
may be used differently in various implementations.

3.1.50 zero: A false signal value or a false condition of a variable.

3.2 Symbols and abbreviations

AEN Asynchronous event notification (see 7.5.5)

AWG American Wire Gauge

LSB Least significant bit

LUN Logical unit number

MSB Most significant bit

SCSI| Either SCSI-1 or SCSI-2

SCSI-1  The Small Computer System Interface (ISO 9316:1989)
SCSI-2 The Small Computer System Interface - 2 (this standard)
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4 General

4.1 Overview

SCSl is a local I/O bus that can be operated over a wide range of data rates. The primary objective of the interface
is to provide host computers with device independence within a class of devices. Thus, different disk drives, tape
drives, printers, optical media drives, and other devices can be added to the host computers without requiring
modifications to generic system hardware or software. Provision is made for the addition of special features and
functions through the use of vendor unique fields and codes. Reserved fields and codes are provided for future
standardization.

A second key objective of SCSI-2 is to provide compatibility with those SCSI-1 devices that support bus parity and
that meet conformance level 2 of SCSI-1. While some previously vendor unique commands and parameters have
been defined by the SCSI-2 standard, devices meeting SCSI-1 and SCSI-2 can co-exist on the same bus. It is
intended that those operating systems providing support for both command sets be able to operate in environments
mixing SCSI-1 and SCSI-2 devices. Properly conforming SCSI-1 devices, both initiators and targets, should respond
in an acceptable manner to reject SCSI-2 protocol extensions. All SCSI-2 protocol extensions are designed to be
permissive of such rejections and to allow the SCSi-1 device to continue operation without requiring the use of the
extension.

A third key objective of SCSI-2 is to move device-dependent intelligence out to the SCSI-2 devices. The command
set definitions allowa sophisticated operating system to obtain all required initialization information from the attached
SCSI-2 devices. The formalized sequence of requests identify the type of attached SCSI-2 device, the characteristics
of the device, and all the changeable parameters supported by the device. Further requests can determine the
readiness of the device to operate, the types of media supported by the device, and all other pertinent system
information. Those parameters not required by the operating system for operation, initialization, or system tuning are
not exposed to the SCSI-2 interface, but are managed by the SCSI-2 device itself.

The interface uses logical rather than physical addressing for all data blocks. For direct-access devices, each logical
unit may be interrogated to determine how many blocks it contains. A logical unit may coincide with all or part of
a peripheral device.

The interface protocol includes provision for the connection of multiple initiators (SCSI devices capabile of initiating
an operation) and multiple targets (SCSI devices capable of responding to a request to perform an operation).
Distributed arbitration (i.e. bus-contention logic) is built into the architecture of SCSI. A priority system awards
interface control to the highest priority SCSI device that is contending for use of the bus. The time to complete
arbitration is independent of the number of devices that are contending and can be completed in less than 10 us.

There are two electricai alternatives: single-ended and differential. Single-ended and differential devices are
electrically incompatible and can not be mixed on the same physical bus.

Provision is made for cable lengths up to 25 m using differential drivers and receivers. A single-ended driver and
receiver configuration is defined for cable lengths of up to 6 m and is primarily intended for applications within a
cabinet.

Arbitration is defined to permit multiple initiators and to permit concurrent 1/O operations. All SCSI devices are
required to be capable of operating with the defined asynchronous transfer protocol. In addition, an optional
synchronous transfer protocol is defined. A message protocol for control of the interface is also specified. In most
cases, messages are not directly apparent to the host computer software.

Commands are classified as mandatory, optional, or vendor-specific. SCSI devices are required to implement all
mandatory commands defined for the appropriate device type and may implement other commands as well. SCS)
devices contain commands that facilitate the writing of self-configuring software drivers that can discover all necessary
attributes without prior knowledge of specific peripheral characteristics (such as storage capacity). Many commands

6
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also implement a very large logical block address space (232 blocks), although some commands implement a
somewhat smaller logical block address space (221 blocks).

Starting with clause 8 and for each clause on a specific device type, the clause is constructed of at least four
subclauses. The first subclause is the model for the device type. The model establishes the framework for
interpreting the commands for the device type. The attributes and capabilities of the device type are discussed and
examples are given. The second subclause defines the commands applicable to the device type. The third
subclause defines the parameters applicable to the device type. These are the diagnostic parameters, log
parameters, mode parameters and vital product data parameters that are transmitted as part of the appropriate
commands. Most of the parameters are formatted into pages. The fourth subclause gives the definition of terms that
apply specifically to that device type.

Starting with clause 9 the commands in each of these clauses are unique to the device type, or they have
interpretations, fields, or features that are specific for the device type. Thus, for example, although the WRITE

command is used for several device types, it has a somewhat different form for each type, with different parameters
and meanings. Therefore, it is specified separately for each device type.

4.2 Conventions

Certain words and terms used in this standard have a specific meaning beyond the normal English meaning. These
words and terms are defined either in clause 3 or in the text where they first appear. Names of signals, phases,
messages, commands, statuses, sense keys, additional sense codes, and additional sense code qualifiers are in all
uppercase {e.g. REQUEST SENSE). Lower-case is used for words having the normal English meaning.

Fields containing only one bit are usually referred to as the name bit instead of the hame field.

Numbers that are not immediately followed by lower-case b or h are decimal values.

Numbers immediately followed by lower-case b (xxb) are binary values.

Numbers immediately followed by lower-case h (xxh) are hexadecimal values.
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5 Physical characteristics

This clause contains the physical definition of SCSI-2. The connectors, cables, signals, terminators, and bus timing
values needed to implement the interface are covered.

5.1 Physical description

SCSI devices are daisy-chained together using a common 50-conductor A cable and, optionally, a 68-conductor B
cable. Both ends of each cable are terminated. All sighals are common between all SCSI devices on the A cable.
In systems that employ the wide SCSI option, wide SCSI devices additionally connect to the B cable. Various width
SCSI devices may be mixed.

NOTE 1 An alternate 16-bit single-cable solution and an alternate 32-bit solution is beihng defined and the B cable definition
will be removed in a future version of SCSI.

Two driver/receiver alternatives are specified:
a) Single-ended drivers and receivers, which allowa maximum cable length of 6 m (primatrily for connection within
an enclosure).
b) Differential drivers and receivers, which allow a maximum cable length of 25 m.

The single-ended and differential alternatives are mutually exclusive on the same physical bus.

NOTE 2 Use of single-ended drivers and receivers with the fast synchronous data transfer option is not recommended.

5.2 Cable requirements

The characteristic impedance of the cable should be no less than 80 Q and no greater than 140 Q. The characteristic
impedance of the cable used when implementing the fast synchronous data transfer option is defined in 5.2.3.

NOTE 3 There are successful single-ended implementations using cables with less than 90 Q characteristic impedance.
However, system integrity in single-ended implementations is improved when the characteristic impedance of the cable
is greater than 90 Q. Cable parameters other than characteristic impedance are critical to system integrity. Alternative cable
parameters are being investigated as a part of a future version of SCSI.

A minimum conductor size of 0,080 42 mm? (28 AWG) should be used to minimize noise effects and ensure proper
distribution of terminator power. A smaller conductor size may be used for signals other than terminator power.

NOTES

4 To minimize discontinuities and signal reflections, cables of different impedances should not be used in the same bus.
Implementations may require trade-offs in shielding effectiveness, cable length, the number of loads, transfer rates, and
cost to achieve satisfactory system operation.

5 To minimize discontinuities due to local impedance variation, a flat cable should be spaced at least 1,27 mm (0,050 in)
from other cables, any other conductor, or the cable itself when the cable is folded.

6 Regulatory agencies may require use of larger wire size.

5.2.1 Single-ended cable

A 50-conductor flat cable or 25-signal twisted-pair cable shall be used for the A cable. A 68-conductor flat cable or
34-signal twisted-pair cable shall be used for the B cable if the wide SCSI option is implemented. The maximum
cumulative cable length shall be 6,0 m. If twisted-pair cables are used, then twisted pairs in the cable shall be wired
to physically opposing contacts in the connector.

A stub length of no more than 0,1 m is allowed off the mainline interconnection within any connected equipment or
from any connected point.

NOTE 7 Stub clustering should be avoided. Stubs should be spaced at ieast 0,3 m apart.

8
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SCSI bus termination shall be at each end of the cable and may be internal to the SCSI devices that are at the ends
of the cable.

5.2.2 Differential cable

A 50-conductor flat cable or 25-signal twisted-pair cable shall be used for the A cable. A 68-conductor flat cable or
34-signal twisted-pair cable shall be used for the B cable if the wide SCSI| option is implemented. The maximum
cumulative cable length shall be 25 m. If twisted-pair cables are used, then twisted pairs in the cable shall be wired
to physically opposing contacts in the connector.

A stub length of no more than 0,2 m is allowed off the mainline interconnection within any connected equipment or
from any connected point.

SCSI bus termination shall be at each end of the cable and may be internal to the SCSI devices that are at the ends
of the cable.

NOTE 8 The use of twisted pair cable (either twisted-flat or discrete wire twisted pairs) is strongly recommended. Without
twisted pairs, even at slow data rates and very short distances, crosstalk between adjacent signals causes spurious pulses
with differential signals.

5.2.3 Cable requirements for fast synchronous data transfer
In systems which use the fast synchronous data transfer option (see 5.8), the A and B cables should meet the
conductor size recommendation in 5.2. The cable should have an overall shield suitable for termination in a shielded

connector.

In such systems, the cables shall have the following electrical characteristics:

Characteristic impedance: 90 Qto 132 Q

Signal attenuation: 0,095 dB maximum per metre at 5 Mhz
Pair-to-pair propagation delay delta: 0,20 ns maximum per metre

DC resistance: 0,230 Q maximum per metre at 20°C

5.3 Connector requirements

Two types of connectors are defined: non-shielded and shielded. The ncn-shielded connectors are typically used
for in-cabinet applications. Shielded connectors are typically used for external applications where electromagnetic
compatibility (EMC) and electrostatic discharge (ESD) protection may be required. Either type of connector may be
used with the single-ended or differential drivers.

5.3.1 Non-shielded connector requirements

Two non-shielded connector alternatives are specified for the A cable and one non-shielded connector is specified
for the B cable.

5.3.1.1 Non-shielded connector alternative 1 - A cable

The alternative 1 non-shielded high-density SCS! device connector for the A cable (see figure 1) shall be a 50-
conductor connector consisting of two rows of 25 female contacts with adjacent contacts 1,27 mm (0,05 in) apart.
The non-mating portion of the connector is shown for reference only.

The alternative 1 non-shielded high-density cable connector for the A cable (see figure 2) shall be a 50-conductor
connector consisting of two rows of 25 male contacts with adjacent contacts 1,27 mm (0,05 in) apart. The non-
mating portion of the connector is shown for reference only.
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5.3.1.2 Non-shielded connector alternative 2 - A cable

The alternative 2 non-shielded low-density SCSI device connector for the A cable (see figure 3) shall be a 50-
conductor connector consisting of two rows of 25 male pins with adjacent pins 2,54 mm (0,1 in) apart. A shroud and
header body should be used. The non-mating portion of the connector is shown for reference only.

The alternative 2 non-shielded low-density cable connector for the A cable (see figure 4) shall be a 50-conductor
connector consisting of two rows of 25 female contacts with adjacent contacts 2,54 mm (0,1 in) apart. |t is
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