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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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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 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 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 Commititee 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.....ccccivveieiiiiicieciniinnicceccniinn, Geraldine C. Main

Sally Hartzell (Alt.)
AMP, INC. ittt Edward Kelley

Charles Brill (Alt.)
Association of the Institute for

Certification of Computer Professionals (AICCP)............. Kenneth Zemrowski
ATET/NCR .o rr e e v e e s e Thomas W. Kern
Thomas F. Frost (Alt.)
Apple Computer, INC....ccciiiiiiiiiiiiirencre s ceeese e e ceeene Karen Higginbottom
Boeing COMPaNY .......ccoiveiriiiicciinenr e Catherine Howaells
Andrea Vanosdoll (Alt.)
Bull HN Information Systems, Inc William George
Compaq Computers......ccccceeeeeeennn. James Barnes
Digital Equipment Corporation .........cccvvvvveemvmemmereimcnnnn. Delbert Shoemaker
Kevin Lewis (Alt.)
Eastman Kodak Company....c.....ccceeeriiieiiniiiieirinmceennnnnieeens James Converse
Michael Nier (Alt.)
Guide International, INC. ....cverrmimmiiccier e Frank Kirshenbaum
Harold Kuneke (Alt.)
Hewlett-Packard............ccccoceviniiinninniiicnn e, Donald C. Loughry
Hitachi America, Ltd. .....ccoiviviviinrriiiiiiiiiiererenc it John Neumann
Kei Yamashita (Alt.)
Hughes Aircraft Company .......cccoeeeieeeriiiririiiirecieiiicnae, Harold Zebrack
IBM Corporation ........cccceuiiiieciaeeniiienrrne e seinnanans Joel Urman
Mary Ann Lawler (Alt.)
National Communications Systems ........uccvveemiiiiirierenieniinns Dennis Bodson
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Organization Represented
National Institute of Standards and Technology

Name of Representative

............ Robert E. Rountree

Michael Hogan (Alt.)

Northern Telecom, INC. ......cccciiiviiiiiiiiinii e, Mel Woinsky

Neville & Associates..........cccceeevenienne. essarerinrasneesaens
Recognition Technology Users Association

Subhash Patel (Alt.)
...Carlton Neville
Herbert P. Schantz
G. Edwin Hale (Alt.)

Share, INC. .ooeeeceiieiice et e e er e s aseanes Gary Ainsworth

Sony Corporation of America
Storage Technology Corporation

David Thewlis (Alt.)

............................................. Michael Deese
............ Joseph S. Zajaczkowski

Samuel D. Cheatham (Alt.)

Sun Microsystems, INC......cciiiiiiiiiiiiiiiic et Scott Jameson

Gary S. Robinson (Alt.)

BM COMPENY ceieeiiiiieerneiereari e erieeeernes e trtaeeenenseessaaenennns Eddie T. Morioka

Paul D. Jahnke (Alt.)

Unisys Corporation ........cceeevieiiiciriucor e icece e s ceeneeens John Hill

U.S. Department of Defense
U.S. Department of Energy
U.S. General Services Administration

Wintergreen Information Services

Stephen P. Oksala (Alt.)

.............................................. William Rinehuls

C. J. Pasquariello {Alt.)

................................................ Alton Cox

Lawrence A. Wasson (Alt.)

............ Douglas Arai

Larry L. Jackson (Alt.)

............ John Whesler

Xerox Corporation ......c.c.cooviivirieiieiiniir e e e Dwight McBain

Roy Peirce (Alt.)

Subcommittee X3T9 on I/O Interface, which reviewed this standard, had

the following members:
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Bob Fink, Vice-Chair
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Introduction

ANSI X3.131-1994 replaces ANSI 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/0O 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 SCS!-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)
b)
c)
d)
e)

f)

Single initiator option;

Non-arbitrating systems option;

The SCSI-1 alternative 1 shielded connector;
Non-extended sense data option;
Reservation queuing option;

The read-only device command set.

There are several new low-level requirements:

a)
b)
c)
d)

Parity is now required;

Initiators are required to provide terminator power;
The arbitration delay was increased from 2.2 to 2.4 ps;
Message support is now required.

Several low-level options were added:

a)
b)
c)
d)
e)

f)

Wide SCSI (up to 32 bits wide using a second cable);

Fast SCSI (synchronous data transfers of up to 10 mega-transfers per second);
Command queuing (up to 256 commands per initiator per logical unit);
High-density connector alternatives were added;

Asynchronous event notification;

Extended contingent allegiance.

New command sets were added including:

a)
b)
c)
d)
e)

CD-ROM (replaces read-only device);

Scanner device;

Optical memory device (provides for write-once, read-only, and erasable media);
Medium changer device;

Communications device.

All command sets were enhanced:

a)
b)
c)
d)
e)

Device models were added;

Extended sense was expanded;

The INQUIRY data was expanded;

The MODE SELECT and MODE SENSE commands were paged for all device types;

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;

g) 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.

XXV
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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 (ISO 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.
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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 multipoint systems)

IEC 908: 1987, Compact disc digital audio system

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

1) 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.

2
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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 (CDBY): 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 |/O process. The
connection that results is an initial connection.

3.1.6 connection: An initial connection or reconnection. 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 condition 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 SCS| bus.

3.1.10 disconnect: The action that occurs when an SCS| 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 fieid: 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 |/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 I/O process begins with the establishment of a
nexus. An I/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.
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3.1.18 L_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 I_T_x_y nexus: A nexus which is eitheran |_T x or |_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 I/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 requnred
Examples of peripheral devices are: magnetic disks, printers, optical disks, and magnetic tapes.

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

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

3.1.35 reconnect: The act of reviving a nexus to continue an 1/O process. A target 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 SCSI 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 allow a 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 capable 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 electrical 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. SCSI
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
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also implement a very large logical block address space (25’2 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 cabie 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 being 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 allow a maximum cable length of 6 m (primarily 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 least 0,3 m apart.
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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 SCS! 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 Qto132Q

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 non-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. It is
recommended that keyed connectors be used.

5.3.1.3 Non-shielded connector - B cable

The non-shielded high-density SCSI device connector for the B cable (see figure 1) shall be a 68-conductor connector
consisting of two rows of 34 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 non-shielded high-density cable connector for the B cable (see figure 2) shall be a 68-conductor connector
consisting of two rows of 34 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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. . 50 Position 68 Position
Dimensions mm n Py a ™
B1 [34,70] 1,366 46,13 [1.816)
B2 0,218
B3
B4 0,050 0,050
B5 30,48 1,200
B6
B? [0,039 R] [1,00 R] 0,039 R
B8 0,61+0,05 |0,024+0,002 | 0,611£0,05 |0,024+0,002
B9 0,15 0,006 0,15 0,006
B10 0,86+0,10 0,034+ 0,004 0,86+ 0,10 |0,034+ 0,004
Bi11 0,15 0,006 0,15 0,006
B12 0,05 0,002 0,05 0,002
B13 5,00£0,13 | 0,197+0,005| 5,00£0,13 | 0,197£0,005
B14 1,75 max, | 0,069 max, 1,75 max. | 0,069 max.
Socket X 25 34
Socket Y 26 35
Socket Z 50 68
NOTE: Dimensions B8 and BfQare the opening in the dielectric.
The socket contacts (not shown) fit wthin the opening.

Figure 1 - 50/68-contact non-shielded high-density SCSI device connector
(A cable/B cable)
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A7 [1.04 R] [0.04T R]
A8 0,40+ 0,010 |0,015640,0004| 0,40+0,010 |0,0156+0,0004
A9 0,23 0,009 0,23 0,009
A10 0,60+ 0,03 0,024+ 0,001 0,60+£0,03 | 0,024+0,001
ATl 0,23 0,009 0,23 0,009
Al12 0,05 0,002 0,05 0,002
A13 5,15£0,15 | 0,203+£0,006 | 5,15+0,15 | 0,203+0,006
Al4 4,39 max. 0,173 max. 4,39 max. 0,173 max.
Al15 3,02 min, 0,119 min, 3,02 min. 0,119 min.
Pin X 25 34
Pin Y 26 35
Pin Z 50 68

Figure 2 - 50/68-contact non-shielded high-density cable connector
(A cable/B cable)
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Dimension mm in Comments
D1 2,54 0,100
D2 82,80 3,260 Reference Only
D3 2,54 0,100
D4 8,89 0,350 Reference Only
D5 72,64 2,860 Reference Only
Dé6 78,74 3,100 Reference Only
D7 13,94 0,549 Reference Only
D8 4,19+0,25 |0,165+£0,010
D9 6,09 0,240
D10 6,60 0,260 Reference Only
NOTES

1 Two rows of twenty five contacts on 2,540 mm
(0,100 in) spacing = 60,960 mm (2,400 in).

2 Tolerances £0,127 mm (0,005 in) non—cumulative,
unless specified otherwise.

Figure 3 - 50-contact non-shielded low-density SCSI device connector

(A cable)
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Contact 507 C1
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b dddd bbbl Ll LLL, * Back view
Contact 1—/ _—H‘_ ¢4
—e Cc3
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ee Note 1 —| _— wires are not shown.

| I l Side view
—~ - ¢s

Cé

/— SOCkgctaclet 49 _[ ¢7

T T T T P T L C L T T Front view
C8 | l—Socket 2 / _T
Socket 50
Dimensions mm in Comments

c1 2,54 0,100

c2 60,96 2,400

C3 2,54 0,100

c4 3,30 0,130

(065) 32,38 1,275

C6 68,07 2,680

Cc7 6,10 0,240

c8 7,62 0,300 Maximum

NOTES

1 Fifty contacts on 1,270 mm (0,050 in) staggered
spacing = 62,230 mm (2,450 in) [reference only].

2 Tolerances 0,127 mm (0,005) non—cumulative,
unless specified otherwise.

3 Connector cover and strain relief are optional.

Figure 4 - 50-contact non-shielded low-density cable connector
(A cable)
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5.3.2 Shielded connector requirements

Two shielded connector alternatives are specified for the A cable and one shielded connector is specified for the B
cable. The connector shielding system should provide a d.c. resistance of less than 10 mQ from the cable shield
at its termination point to the SCSI device enclosure.

In order to support daisy-chain connections, SCSI devices that use shielded connectors should provide two shielded
device connectors on the device enclosure. These two connectors may be wired one-to-one with a stub to the SCSI
device's drivers and receivers provided the maximum stub length is not violated. Alternatively, two cables may be
run from the two shielded connectors to the drivers and receivers so that the maximum stub length is not violated.
The length of the cable within the device enclosure is included when calculating the total cable length of the SCSI
bus.

NOTE 9 SCSI-1 defined three shielded connector systems in an annex. The alternative 1 shielded connhector of SCSI-1
has been replaced by a high-density connector in this standard. The alternative 2 shielded connector remains unchanged.
The EUROCARD boxes shielded connector system of SCSI-1 has been deleted in this standard.

5.3.2.1 Shielded connector alternative 1 - A cable

The shielded high-density SCSI device connector for the A cable (see figure 5) is 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 shielded high-density cable connector for the A cable (see figure 6) is 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.

5.3.2.2 Shielded connector alternative 2 - A cable

The shielded low-density device connector for the A cable (see figure 7) is a 50-conductor connector consisting of
two rows of ribbon contacts spaced 2,16 mm (0,085 in) apart. The non-mating portion of the connector is shown
for reference only.

The shielded low-density cable connector for the A cable (see figure 8) is a 50-conductor connector consisting of two
rows of ribbon contacts spaced 2,16 mm (0,085 in) apart. The non-mating portion of the connector is shown for
reference only.

5.3.2.3 Shielded connector - B cable

The shielded high-density SCSI device connector for the B cable (see figure 5) is a 68-conductor connector consisting
of two rows of 34 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 shielded high-density cable connector for the B cable (see figure 6) is a 68-conductor connector consisting of
two rows of 34 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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(TO CONTACT POINT)
! i 816
4 j : S ) ==
B13 I 3 T l_ ) 3'14
A\ SEATING PLANE l/\/’\'T T_/\/\’
50 Position 68 Position
Dimensions mm ™ oy "
B1 34,70 1,366 46,13 1,816
B2 (0.218]
B3 [ 2,54] 10,100} 12,54] Lo.100]
B4 1,27 .0.050] 1,27 [ 0,050]
BS [41.91 [1.650]
B6 EEi| S
B? 0,033 R (1,00 R [0,039_R]
B8 0,61£0,05 |0,024+0,002 | 0,61£0,05 |0,024+0,002
B9 0,15 0,006 0,15 0,006
B10 0,86+£0,10 {0,034+0,004 | 0,86+0,10 ]0,034+0,004
B11 0,15 0,006 0,15 0,006
B12 0,05 0,002 0,05 0,002
B13 5,10£0,05 | 0,201£0,002{ 5,10+0,05 | 0,201£0,002
B14 5,00+0,13 | 0,197£0,005| S5,00%0,13 | 0,197+0,005
B1§ 1,85 mox. {0,073 max, | 1,85 max. | 0,073 moax.
B16 1,50+£0,03 | 0,059+0,001( 1,50+0,03 | 0,059+0,001
B17 42,29%0,10 |1,665+0,004 | 53,72+0,10 |2,115+0,004
Socket X 25 34
Socket Y 26 35
Socket Z 50 68
NOTE - Dimensions B8 and B10 are the opening in the dielectric.
The socket contacts (not shown) fit within the opening.

Figure 5 - 50/68-contact shielded high-density SCSI device connector
(A cable/B cable)
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LL]- o == r
K -7 T T T AT
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_’ /// 1 F 1 F Y\ f
E10
E2
Contact 1
Contact 25 —\ E6
+ /, N b
/- Boatatatatyl
! E8

|
L L]

E3 / \' *
E1 ~’l
Contact 50 —/ - Contact 28

-~ E§ ——— =

i
E12

Dimensions mm in

E1 56,39 min. 2,220 min,

g2 1) 2,62 min. | 0,103 min.

E3 3,99 min. 0,157 min,

E4 5,84 min. 0,230 min.

ES 74,85 2,947

E6 64,29 max. 2,531 max.

E7 2) 83.06 3.270

E8 2) 15,24 0,600

E9 12,04 max. 0,474 max,

E10 9,78 max. 0,385 max.

Et11 2,16 0,085 E11 —on| |em—

E12 15°4 2° 15°+2°

NOTE — Tolerances + 0,127 mm
(0,005 in) non—cumulative, unless
specified otherwise.

1) This dimension is selected to
accomodate 4—-40 or 6—-32 threaded
screws.

2) These dimensions are shown for
reference only,

Figure 7 - 50-contact shielded low-density SCSI device connector
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|

i

F1
Contact 1

+ { g J Contoct! 25 N i
L

L E— S [ ]
ﬁf S == I - ]
* F7 = \ Contact 50 -/ *
Contact 26
el
F‘—— F10 ——————e|-— F5 F11
Dimensions mm in
F1 56,26 max. 2,215 mox.
F2 64,29 min. 2,531 min,
F3 1) 15,24 0,600
F4 0 7,29 min. 0,287 min. m
F5 1,02 0,040
Fé6 4,09 mox. 0,161 mox, LU
F? ‘g 5.08 0,200
Fg 6,10 0,240
F9 12,04 min. 0,474 min.
F10 1) 68,45 2,695
Fi11 15°+ 2° 15%4 2°
F121) 76,71 3,020
F13 2,16 0,085
F73 — j—
NOTE - Tolerances £ 0,127 mm
(0,005 in) non—cumulative, unless
specified otherwise,
1) These dimensions are shown for
reference only.
Figure 8 - 50-contact shielded low-density cable connector
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5.3.3 Connector contact assighments

The connector contact assignments are defined in tables 1 through 5. Table 1 defines which of the other four tables

to use and which set of contact assignments to use.

Table 1 - Cross-reference to connector contact assignments

Driver/ Contact
receiver Connector|assignment|Contact
Connector type type Cable| figure table set
Non-shielded alternative 1 |Single-ended| A 1 &2 2 2
Non-shielded alternative 1|Single-ended B 1 &2 3
Non-shielded alternative 1|Differential A 1 &2 4 2
Non-shielded alternative 1|Differential B 1 & 2 5
Non-shielded alternative 2|Single-ended A 3 & 4 2 1
Non-shielded alternative 2{Differential|{ A 3 &4 4 1
Shielded alternative 1 Single-ended| A 5 &6 2 2
Shielded alternative 1 Single-ended B 5 &6 3
Shielded alternative 1 Differential A 5 &6 4 2
Shielded alternative 1 Differential B 5&6 5
Shielded alternative 2 Single-ended; A 7 &8 2 2
Shielded alternative 2 Differential A 7 & 8 4 2

20
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Table 2 - Single-ended contact assighments - A cable

Connector Connector
contact number| Cable |contact number
Signal conductor Signal
name Set 2 | Set 1 number Set 1 Set 2 name
GROUND 1 1 1 2 2 26 -DB(0)
GROUND 2 3 3 4 4 27 -DB(1)
GROUND 3 5 5 6 6 28 -DB(2)
GROUND 4 7 7 8 8 29 -DB(8)
GROUND 5 9 9 | 10 10 30 -DB(4)
GROUND 6 11 11 12 12 31 -DB(5)
GROUND 7 13 13 14 14 32 -DB(6)
GROUND 8 15 15 16 16 33 -DB(7)
GROUND 9 17 17 | 18 18 34 -DB(P)
GROUND 10 19 19 | 20 20 35 GROUND
GROUND 11 21 21 22 22 36 GROUND
RESERVED 12 23 23 | 24 24 37 RESERVED
OPEN 13 25 25 | 28 26 38 TERMPWR
RESERVED 14 27 27 | 28 28 39 RESERVED
GROUND 15 29 29 | 30 30 40 GROUND
GROUND 16 31 31 32 32 41 -ATN
GROUND 17 33 33 34 34 42 GROUND
GROUND 18 35 35 | 36 36 43 -BSY
GROUND 19 37 37 | 38 38 44 -ACK
GROUND 20 39 39 | 40 40 45 -RST
GROUND 21 44 41 42 42 46 -MSG
GROUND 22 43 43 | 44 44 47 -SEL
GROUND 23 45 45 46 46 48 -C/D
GROUND 24 47 47 | 48 48 49 -REQ
GROUND 25 49 49 | 50 50 50 -1/0
NOTES

1 The minus sign next to a signal indicates active low.

2 The conductor number refers to the conductor position when using
0,050 inch centreline flat ribbon cable with a low-density connector or
when using 0,025 inch centreline flat ribbon cable with a high-density
connector. Other cable types may be used to implement equivalent
contact assignments.

3 Two sets of contact assignments are shown. Refer to table 1 to
determine which set of contacts applies to each connector.

4 See 5.4,4 for a definition of the RESERVED lines.
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Table 3 - Single-ended contact assignments - B cable

Connector Cable Connector
Signal contact conductor contact Signal
name number number number name
GROUND 1 1 2 35 GROUND
GROUND 2 3 4 36 -DB(8)
GROUND 3 5 6 37 -DB(9)
GROUND 4 7 8 38 -DB(10)
GROUND 5 9 10 39 -DB(11)
GROUND 6 11 12 40 -DB(12)
GROUND 7 13 14 41 -DB(13)
GROUND 8 15 16 42 -DB(14)
GROUND 9 17 18 43 -DB(15)
GROUND 10 19 | 20 44 -DB(P1)
GROUND 11 21 22 45 -ACKB
GROUND 12 23 | 24 46 GROUND
GROUND 13 25 26 47 -REQB
GROUND 14 27 | 28 48 -DB(16)
GROUND 15 29 | 30 49 -DB(17)
GROUND 16 31 32 50 -DB(18)
TERMPWRB 17 33 | 34 51 TERMPWRB
TERMPWRB 18 35 36 52 TERMPWRB
GROUND 19 37 | 38 53 -DB(19)
GROUND 20 39 | 40 54 -DB(20)
GROUND 21 41 42 55 -DB(21)
GROUND 22 43 | 44 56 -DB(22)
GROUND 23 45 | 486 57 -DB(23)
GROUND 24 47 48 58 -DB(P2)
GROUND 25 48 | 50 59 -DB(24)
GROUND 26 51 52 60 -DB(25)
GROUND 27 53 | 54 61 -DB(26)
GROUND 28 55 | 56 62 -DB(27)
GROUND 29 57 | 58 63 -DB(28)
GROUND 30 59 | 60 64 -DB(29)
GROUND 31 61 62 65 -DB(30)
GROUND 32 63 64 66 -DB(31)
GROUND 33 65 66 67 -DB(P3)
GROUND 34 67 | 68 68 GROUND
NOTES
1 The minus sign next to a signal indicates active low.
2 The conductor number refers to the conductor position when using
0,025 inch centreline flat ribbon cable. Other cable types may be used
to implement contact assignments.

NOTE 10 An alternate 16-bit single-cable solution and an alternate 32-bit solution is being defined and the B cable definition
witl be removed in a future version of SCSI.
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0,050 inch centreline flat ribbon cable with
when using 0,025 inch centreline flat ribbon
Other cable types may be used to

connector.

contact assignments.

2 Two sets of contact assignments are shown.

Refer to table

determine which set of contacts applies to each connector.
3 See 5.4.4 for a definition of the RESERVED lines.

Connector Connector
contact number Cable contact number
Signal conductor Signal
name Set 2 Set 1 number Set 1 Set 2 name
GROUND 1 1 1 2 2 26 GROUND
+DB(0) 2 3 3 4 4 27 -DB(0)
+DB(1) 3 5 5 6 6 28 -DB(1)
+DB(2) 4 7 7 8 8 29 -DB(2)
+DB(3) 5 9 9 10 10 30 -DB(3)
+DB(4) 6 11 11 12 12 31 -DB(4)
+DB(5) 7 13 13 14 14 32 -DB(5)
+DB(6) 8 15 15 16 16 33 -DB(6)
+DB(7) 9 17 17 18 18 34 -DB(7)
+DB(P) 10 19 19 20 20 35 -DB(P)
DIFFSENS 11 21 21 22 22 36 GROUND
RESERVED 12 23 23 24 24 37 RESERVED
TERMPWR 13 25 25 26 26 38 TERMPWR
RESERVED 14 27 27 28 28 39 RESERVED
+ATN 15 29 29 30 30 40 -ATN
GROUND 16 31 31 32 32 41 GROUND
+BSY 17 33 33 34 34 42 -BsYy
+ACK 18 35 35 36 36 43 -ACK
+RST 19 37 37 38 38 44 -RST
+ACK 18 35 35 36 36 43 -ACK
+RST 19 37 37 38 38 44 -RST
+MSG 20 39 39 40 40 45 -MSG
+SEL 21 41 41 42 42 46 -SEL
+C/D 22 43 43 44 44 47 -C/D
+REQ 23 45 45 46 46 48 -REQ
+1/0 24 47 47 48 48 49 -I/0
GROUND 25 49 49 50 50 50 GROUND
NOTES
1 The conductor number refers to the conductor position when using

a low-density connector or
cable with a high-density
implement equivalent

1 to
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Table 5 - Differential contact assignments - B cable

Connector Cable Connector
Signal contact conductor contact Signal
name number number number name
GROUND 1 1 2 35 GROUND
+DB(8) 2 3 4 36 -DB(8)
+DB{(9) 3 5 6 37 -DB(9)
+DB(10) 4 7 8 38 -DB(10)
+DB(11) 5 9 10 39 -DB(11)
+DB{12) 6 11 12 40 -DB(12)
+DB(13) 7 13 14 41 -DB(13)
+DB(14) 8 15 | 16 42 -DB(14)
+DB(15) 9 17 | 18 43 -DB(15)
+DB(P1) 10 19 | 20 44 -DB(P1)
+ACKB 11 21 22 45 -ACKB
GROUND 12 23 | 24 46 DIFFSENS
+REQB 13 25 | 26 47 -REQB
+DB(16) 14 27 | 28 48 -DB(16)
+DB(17) 15 29 | 30 49 -DB(17)
+DB(18) 16 31 32 50 -DB(18)
TERMPWRB 17 33 | 34 51 TERMPWRB
TERMPWRB 18 35 | 36 52 TERMPWRB
+DB(19) 19 37 | 38 53 -DB(19)
+DB(20) 20 39 | 40 54 -DB(20)
+DB(21) 21 41 42 55 -DB(21)
+DB(22) 22 43 | 44 56 -DB(22)
+DB{23) 23 45 | 46 57 -DB(23)
+DB(P2) 24 47 | 48 58 -DB(P2)
+DB(24) 25 49 | 50 59 -DB(24)
+DB(25) 26 51 52 60 -DB(25)
+DB(26) 27 53 | 54 61 -DB(26)
+DB(27) 28 55 | 56 62 -DB(27)
+DB(28) 29 57 | 58 63 -DB(28)
+DB(29) 30 59 | 60 64 -DB(29)
+DB(30) 31 61 62 65 -DB(30)
+DB(31) 32 63 | 64 66 -DB(31)
+DB(P3) 33 65 | 66 67 -DB(P3)
GROUND 34 67 | 68 68 GROUND
NOTE

The conductor number refers to the conductor position when using

0,025 inch centreline flat ribbon cable. Other cable types may be used

to implement equivalent contact assignments.

NOTE 11 An alternate 16-bit single-cable solution and an alternate 32-bit solution is being defined and the B cable definition
will be removed in a future version of SCSI.
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5.4 Electrical description

For the measurements in this subclause, SCSI bus termination is assumed to be external to the SCSI| device. See
5.4.4 for the terminating requirements for the RESERVED lines. SCSI devices may have the provision for allowing
optional internal termination.

5.4.1 Single-ended alternative

All signals not defined as RESERVED, GROUND, or TERMPWR shall be terminated at both ends of the cable. The
implementor may choose one of the following two methods to terminate each end (see figures 9 and 10):

a) The termination of each signal shall consist of 220 Q (+5%) to the TERMPWR line and 330 Q (+5%) to ground.
Using resistors with +1% tolerance improves noise margins.
b) The termination of each signal shall meet these requirements:
1) The terminators shall each supply a characteristic impedance between 100 Q and 132 Q.
2) The terminators shall be powered by the TERMPWR line and may receive additional power from other
sources but shall not require such additional power for proper operation (see 5.4.3).
3) The current available to any signal line driver shall not exceed 48 mA when the driver asserts the line and
pulls it to 0,5 V d.c. Only 44,8 mA of this current shall be available from the two terminators.
4) The voltage on all released signal lines shall be at least 2,5 V d.c. when the TERMPWR line is within
specified values (see 5.4.3).
5) These conditions shall be met with any legal configuration of targets and initiators as long as at least one
device is supplying TERMPWR.

The first termination method above is the same as in SCSI-1. The second termination method is recommended for
better signal quality.

5.4.1.1 Output characteristics

All signals shall use open-collector or three-state drivers. Each signal driven by an SCSI device shall have the
following output characteristics when measured at the SCSI device's connector:

VoL (low-level output voltage) = 0,0 to 0,5 V d.c. at 48 mA sinking (signal assertion)
Von (high-level output voltage) = 2,5 to 5,25 V d.c. (signal negation)
5.4.1.2 Input characteristics

SCSI devices with power on shall meet the following electrical characteristics on each signal (including both receivers
and passive drivers):

Vi (low-level input voltage) = 0,0 Vd.c.to 0,8 V d.c. (signal true)

\)H (high-level input voltage) = 2,0V d.c.to 5,25V d.c. (signal false)

Iy (low-level input current) = -0,4 mA to 0,0 mA at VI =0,5Vd.c.

Ny (high-level input current) = 0,0 mAto 0,1 mAatV, =27Vd.c.

l\[i‘nimum input hysteresis =0,2Vd.c.

Maximum input capacitance = 25 pF (measured at the device connector closest to the stub, if any, within the device)

It is recommended that SCSI devices with power off also meet the above /| and /), electrical characteristics on each
signal.

To achieve maximum noise immunity and to assure proper operation with complex cable configurations, it is
recommended that the nominal switching threshold be approximately 1,4 V.
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5.4.2 Differential alternative

All signals consist of two lines denoted +SIGNAL and -SIGNAL. A signal is true when +SIGNAL is more positive than
-SIGNAL, and a signal is false when -SIGNAL is more positive than +SIGNAL. All assigned signals of the A and B
cables described in 5.6 shall be terminated at each end of the cable with a terminator network as shown in figure 11.
Resistor tolerances in the terminator network shall be +5 % or less.

The DIFFSENS signal of the connector is used as an active high enable for the differential drivers. If a single-ended
device or terminator is inadvertently connected, this signal is grounded, disabling the differential drivers (see figure
12).

The characteristic impedance of differential terminators is 122 Q.
5.4.2.1 Output characteristics

Each signal driven by an SCSI device shall have the following output characteristics when measured at the SCSI
device's connector:

VA (low-level output voltage) 1,7 V maximum at /~, (low-level output current) = 55 mA.

Vopn (high-level output voltage) = 2,7 V minimum at [, (high-level output current) = -55 mA.

Vop (differential output voltage) = 1,0 V minimum with common-mode voltage ranges from -7 V d.c.to +12 V d.c.

VoL and Vg shall be as measured between the output terminal and the SCSI device’s logic ground reference.
The output characteristics shall additionally conform to EIA RS-485-1983.
5.4.2.2 Input characteristics

SC8I devices shall meet the following electrical charactetistics on each signal (including both receivers and passive

drivers):
/; (input current on either input) = + 2,0 mA maximum.
Maximum input capacitance = 25 pF.

The /;, requirement shall be met with the input voltage varying between -7 V d.c. and +12 V d.c., with power on or
off, and with the hysteresis equaling 35 mV, minimum.

The input characteristics shall additionally conform to EIA RS-485-1983.
5.4.3 Terminator power

SCSil initiators shall supply terminator power to the TERMPWR contact(s) and, if it implements the wide SCSI option,
to the TERMPWRB contacts. This power shall be supplied through a diode or similar semiconductor that prevents
backflow of power to the SCSI device. Targets and SCSI devices that become temporary initiators (e.g. targets which
implement the COPY command or asynchronous event notification) are not required to supply terminator power. Any
SCSI device may supply terminator power. Interface etror rates are lower if the termination voltage is maintained at
the extreme ends of the cable.

All terminators independent of location shall be powered from the TERMPWR and TERMPWRB contact(s). The use
of keyed connectors is recommended in SCSI devices that provide terminator power to prevent accidental grounding
or the incorrect connection of terminator power.

NOTE 12 Regulatory agencies may require limiting maximum (short circuit) current to the terminator power lines.
Recommended current limiting is 1,5 A for TERMPWR and 2 A for TERMPWRB. For systems utilizing multiple initiators,
the initiators may be configured with option straps or current limiting devices. Maximum available current should not
exceed S A
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SCSI devices shall sink no more than 1,0 mA from TERMPWR and no more than 1,0 mA from TERMPWRB except
to power an optional internal terminator.

Single-ended SCSI devices providing terminator power on cable A shall have the following characteristics:
=425Vd.c.to5,25Vd.c.

VTerm L . .
900 mA minimum source drive capability

Differential SCSI devices providing terminator power on cable A shall have the following characteristics:
Vierm =40Vd.c.to525Vd.c.
600 mA minimum source drive capability

Single-ended SCSI devices providing terminator power on cable B shall have the following characteristics:
VT =45Vd.c.to525Vd.c.
erm L . -
1500 mA minimum source drive capability

Differential SCSI devices providing terminator power on cable B shall have the following characteristics:
vTerm =4,0Vd.c.to525Vd.c.
1000 mA minimum source drive capability

NOTE 13 It is recommended that the terminator power lines be decoupled at each terminator with at least a 2,2 uF high-
frequency capacitor to improve signal quality.
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Figure 9 - Alternative 1 termination for single-ended devices
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Figure 11 - Termination for differential devices
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/ " (High)

Figure 12 - Differential driver protection circuit

5.4.4 RESERVED lines

The lines labelled RESERVED in the A cable contact assignment tables (table 2 and table 4) shall be connected to
ground in the bus terminator assemblies or in the end devices on the SCSI cable. The RESERVED lines shouid be
open in the other SCSI devices, but may be connected to ground.
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5.5 SCSI bus

Communication on the SCSI bus is allowed between only two SCSI devices at any given time. There is a maximum
of eight SCSI devices. Each SCSI device has an SCSI ID bit assigned as shown in figure 13. Three sample system
configurations are shown in figure 14. There can be any combination of initiators and targets provided there is at
least one of each.

When two SCSI devices communicate on the SCSI bus, one acts as an initiator and the other acts as a target. The
initiator originates an operation and the target performs the operation. An SCSI device usually has a fixed role as
an initiator or target, but some devices may be able to assume either role.

An initiator may address up to eight peripheral devices that are connected to a target. The target may be physically
housed within the peripheral device in which case the peripheral device is referred to as an embedded SCSI device.

Certain SCSI bus functions are assigned to the initiator and certain SCSI bus functions are assigned to the target.
The initiator may arbitrate for the SCSI bus and select a particular target. The target may request the transfer of
COMMAND, DATA, STATUS, or other information on the DATA BUS, and in some cases it may arbitrate for the SCSI
bus and reselect an initiator for the purpose of continuing an operation.

Information transfers on the DATA BUS are asynchronous and follow a defined REQ/ACK handshake protocol. One
byte of information may be transferred with each handshake on the A cable and, if the wide data transfer option is
implemented, one or three bytes of information may be transferred with each handshake on the B cable. An option
is defined for synchronous data transfer.

DATA BUS
I

e N

DB(7) DB(6) DB(5) DB(4) DB(3) DB(2) DB(1) DB(O)

L SCSHID =0
SCSI ID = 1
L SCSI ID = 2
_ SCSI'ID = 3
_ SCSI'ID = 4
| SCSI'ID = 8
. SCSIH'ID = 6
L SCSI ID 7

Figure 13 - SCSI ID bits
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Peripheral devices such as
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Figure 14 - Sample SCSI configurations
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5.6 SCSI bus signals

There are a total of 18 signals on the A cable and 29 signals on the B cable. Atotal of 11 signals are used for control
and 36 are used for data (messages, commands, status and data), including parity. These sighals are described as
follows:

a) BSY (BUSY). An OR-tied signal that indicates that the bus is being used.
b) SEL (SELECT). An OR-tied signal used by an initiator to select a target or by a target to reselect an initiator.

NOTE 14 The SEL signal was not defined as OR-tied in SC8l-1. it has been defined as OR-tied in SCSI-2 in anticipation
of needing another OR-tied signal for future standardization. This does not cause an operational problem in mixing SCSI-1
and SCSI-2 devices.

c) C/D (CONTROL/DATA). A signal driven by a target that indicates whether CONTROL or DATA information is
on the DATA BUS. True indicates CONTROL.

d) I/O (INPUT/OUTPUT). A signal driven by a target that controls the direction of data movement on the DATA
BUS with respect to an initiator. True indicates input to the initiator. This sighal is also used to distinguish
between SELECTION and RESELECTION phases.

e) MSG (MESSAGE). A signal driven by a target during the MESSAGE phase.

f) REQ (REQUEST). A signal driven by a target on the A cable to indicate a request for an ACK information
transfer handshake.

g) REQB (REQUEST). A signal driven by a target on the B cable to indicate a request for an ACKB information
transfer handshake.

h) ACK (ACKNOWLEDGE). A signal driven by an initiator on the A cable to indicate an acknowledgment for a
REQ information transfer handshake.

i) ACKB (ACKNOWLEDGE). A signal driven by an initiator on the B cable to indicate an acknowledgment for
a REQB information transfer handshake.

)] ATN (ATTENTION). A signal driven by an initiator to indicate the ATTENTION condition.
k) RST (RESET). An OR-tied signal that indicates the RESET condition.

) DB(7-0,P) (DATA BUS). Eight data-bit signals, plus a parity-bit signa! that form a DATA BUS. DB(7) is the
most significant bit and has the highest priority during the ARBITRATION phase. Bit number, significance, and
priority decrease downward to DB(0). A data bit is defined as one when the signal value is true and is defined
as zero when the signal value is false. Data parity DB(P) shall be odd. Parity is undefined during the
ARBITRATION phase.

m) DB(31-8,P1,P2,P3) (DATA BUS). Twenty-four data-bit signals, plus three parity-bit signals that form an
extension to the DATABUS. DB(P1,P2,P3) are parity bits for DB(15-8), DB(23-16), and DB(31-24) respectively.
A data bit is defined as one when the signal value is true and is defined as zero when the signal value is false.
Data parity DB(Px) shall be odd.
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5.6.1 Signal values

Signals may assume true or false values. There are two methods of driving these signals. In both cases, the signal
shall be actively driven true, or asserted. In the case of OR-tied drivers, the driver does not drive the signal to the
false state, rather the bias circuitry of the bus terminators pulls the signal false whenever it is released by the drivers
at every SCSI device. If any driver is asserted, then the signal is true. In the case of non-OR-tied drivers, the signal
may be actively driven false. In this standard, wherever the term negated is used, it means that the signal may be
actively driven false, or may be simply released (in which case the bias circuitry pulls it false), at the option of the
implementor. The advantage to actively driving signals false during information transfer is that the transition from true
to false occurs more quickly and the noise margin is much higher than if the signal is simply released. This facilitates
reliable data transfer at high rates, especially at the longer cable lengths used with differential drivers.

5.6.2 OR-tied signals

The BSY, SEL, and RST signals shall be OR-tied only. In the ordinary operation of the bus, the BSY and RST signals
may be simultaneously driven true by several drivers. No signals cther than BSY, RST, and DB(P) are simultaneously
driven by two or more drivers, and any signal other than BSY, SEL, and RST may employ OR-tied or non-OR-tied
drivers. DB(P) shall not be driven false during the ARBITRATION phase but may be driven false in other phases.
There is no operational problem in mixing OR-tied and non-OR-tied drivers on signals other than BSY and RST.

5.6.3 Signal sources

Table 6 indicates which type of SCSI device is allowed to source each signal. No attempt is made to show if the
source is driving asserted, driving negated, or is passive. All SCSI device drivers that are not active sources be in
the passive state. The RST signal may be asserted by any SCSI device at any time.
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Table 6 - Signal sources

Bus phase A cable signals B cable signals
c/D, DB(31-8)
I1/0, DB(P1)
MSG, ACK, DB(7-0) DB(P2)
BSY SEL REQ ATN DB{P) REQB | ACKB DB(P3)
BUS FREE None None None None None None None None
ARBITRATION All Win None None S ID None None None
SELECTION I&T Init None Init Init None None None
RESELECTION I&T Targ Targ Init Targ None None None
COMMAND Targ | None | Targ Init Init None | None None
DATA IN Targ None Targ Init Targ Targ Init Targ
DATA OUT Targ | None | Targ Init Init Targ Init Init
STATUS Targ None Targ Init Targ None None None
MESSAGE IN Targ None Targ Init Targ None None None
MESSAGE OUT Targ None Targ Init Init None None None

All: The signal shall be driven by all SCSI devices that are actively
arbitrating.

S ID: A unique data bit (the SCSI ID) shall be driven by each SCSI device
that is actively arbitrating; the other seven data bits shall be
released (i.e., not driven) by this SCSI device. The parity bit
(DB(P)) may be released or driven to the true state, but shall never
be driven to the false state during this phase.

I&T: The signal shall be driven by the initiator, target, or both, as
specified in the SELECTION phase and RESELECTION phase.

Init: If driven, this signal shall be driven only by the active initiator.

None: The signal shall be released; that is, not be driven b{ any SCSI
device. The bias circuitry of the bus terminators pulls the signal
to the false state.

Win: The signal shall be driven by the one SCSI device that wins
arbitration.

Targ: If the signal is driven, it shall be driven only by the active
target.

5.7 SCSI bus timing

Unless otherwise indicated, the delay-time measurements for each SCSI device, shown in table 7, shall be calculated
from signal conditions existing at that SCSI device’s own SCSI bus connection. Thus, these measurements (except
cable skew delay) can be made without considering delays in the cable. The timing characteristics of each signal
are described in the following paragraphs.
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Table 7 - SCSI bus timing values

Timing description Timing value
Arbitration delay 2,4 us

Assertion period 90 ns

Bus clear delay 800 ns

Bus free delay 800 ns

Bus set delay 1,8 us

Bus settle delay 400 ns

Cable skew delay 10 ns

Data release delay 400 ns

Deskew delay 45 ns
Disconnection delay 200 us

Hold time 45 ns

Negation period 90 ns

Power-on to selection time 10 s recommended
Reset to selection time 250 ms recommended
Reset hold time 25 us

Selection abort time 200 us

Selection time-out delay 250 ms recommended
Transfer period set during an SDTR message
Fast assertion period 30 ns

Fast cable skew delay 5 ns

Fast deskew delay 20 ns

Fast hold time 10 ns

Fast negation period 30 ns

5.7.1 Arbitration delay

The minimum time an SCSI device shall wait from asserting BSY for arbitration until the DATA BUS can be examined
to see if arbitration has been won. There is no maximum time.

5.7.2 Assertion period

The minimum time that a target shall assert REQ (or REQB) while using synchronous data transfers. Also, the
minimum time that an initiator shall assert ACK (or ACKB) while using synchronous data transfers. REQB and ACKB
timings only apply to optional wide data transfers.

5.7.3 Bus clear delay

The maximum time for an SCSI device to stop driving all bus signals after:
a) The BUS FREE phase is detected (see 6.1.1)
b) SEL is received from another SCSI device during the ARBITRATION phase
c) The transition of RST to true.

For the first condition above, the maximum time for an SCSI device to clear the bus is 1200 nanoseconds from BSY
and SEL first becoming both false. If an SCSI device requires more than a bus settle delay to detect BUS FREE
phase, it shall clear the bus within a bus clear delay minus the excess time.

5.7.4 Bus free delay

The minimum time that an SCSI device shall wait from its detection of the BUS FREE phase (see 6.1.1) until its
assertion of BSY when going to the ARBITRATION phase.
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5.7.5 Bus set delay

The maximum time for an SCSI device to assert BSY and its SCSI ID bit on the DATA BUS after it detects BUS FREE
phase (see 6.1.1) for the purpose of entering the ARBITRATION phase.

5.7.6 Bus settle delay

The minimum time to wait for the bus to settle after changing certain control signals as called out in the protocol
definitions.

5.7.7 Cable skew delay

The maximum difference in propagation time allowed between any two SCSI bus sighals measured between any two
SCSI devices.

5.7.8 Data release delay

The maximum time for an initiator to release the DATA BUS signals following the transition of the 1/O signal from false
to true.

5.7.9 Deskew delay
The minimum time required for deskew of certain signals.
5.7.10 Disconnection delay

The minimum time that a target shall wait after releasing BSY before participating in an ARBITRATION phase when
honouring a DISCONNECT message from the initiator.

5.7.11 Hold time

The minimum time added between the assertion of REQ (or REQB) or ACK {or ACKB) and the changing of the data
lines to provide hold time in the initiator or target while using synchronous data transfers. REQB and ACKB timings
only apply to optional wide data transfers.

5.7.12 Negation period

The minimum time that a target shall negate REQ (or REQB) while using synchronous data transfers. Also, the
minimum time that an initiator shall negate ACK (or ACKB) while using synchronous data transfers. REQB and ACKB
timings only apply to optional wide data transfers.

5.7.13 Power-on to selection time

The recommended maximum time from power application until an SCSI target is able to respond with appropriate
status and sense data to the TEST UNIT READY, INQUIRY, and REQUEST SENSE commands.

5.7.14 Reset to selection time

The recommended maximum time after a hard RESET condition until an SCSI target is able to respond with
appropriate status and sense data to the TEST UNIT READY, INQUIRY, and REQUEST SENSE commands.
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5.7.15 Reset hold time
The minimum time for which RST is asserted. There is no maximum time.
5.7.16 Selection abort time

The maximum time that a target (or initiator) shall take from its most recent detection of being selected (or reselected)
until asserting a BSY response. This time-out is required to ensure that a target (or initiator) does not assert BSY after
a SELECTION (or RESELECTION) phase has been aborted. This is nhot the selection time-out period; see 6.1.3.1 and
6.1.4.2 for a complete description.

5.7.17 Selection time-out delay

The minimum time that an SCSI device should wait for a BSY response during the SELECTION or RESELECTION
phase before starting the time-out procedure.

Note 15 The selection time-out delay is only a recommended time period,
5.7.18 Transfer period

The minimum time allowed between the leading edges of successive REQ pulses or of successive ACK pulses while
using synchronous data transfers. (See 6.1.5.2 and 6.6.21.)

5.8 Fast synchronous transfer option

When devices negotiate a synchronous data transfer period of less than 200 ns they are said to be using fast
synchronous data transfers. Devices that negotiate a synchronous data transfer period greater than or equal to 200
ns use timing parameters specified in 5.7. When a fast synchronous data transfer period is hegotiated, those specific
times redefined in this section are used; those not redefined remain the same. The minimum synchronous data
transfer period is 100 ns.

5.8.1 Fast assertion period

The minimum time that a target shall assert REQ (or REQB) while using fast synchronous data transfers. It is also
the minimum time that an initiator shall assert ACK (or ACKB) while using fast synchronous data transfers. REQB
and ACKB timings only apply to optional wide data transfers.

5.8.2 Fast cable skew delay

The maximum difference in propagation time allowed between any two SCSI bus sighals measured between any two
SCSI devices while using fast synchronous data transfers.

5.8.3 Fast deskew delay
The minimum time required for deskew of certain signals while using fast synchronous data transfers.
5.8.4 Fast hold time

The minimum time added between the assertion of REQ (or REQB) or ACK (or ACKB) and the changing of the data
lines to provide hold time in the initiator or target while using fast synchronous data transfers. REQB and ACKB
timings only apply to optional wide data transfers.
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5.8.5 Fast negation period

The minimum time that a target shall negate REQ (or REQB) while using fast synchronous data transfers. Also, the
minimum time that an initiator shall negate ACK (or ACKB) while using fast synchronous data transfers. REQB and
ACKB timings only apply to optional wide data transfers.
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6 Logical characteristics

6.1 SCSI bus phases
The SCSI architecture includes eight distinct phases:

a) BUS FREE phase

b) ARBITRATION phase

c) SELECTION phase

d) RESELECTION phase

e) COMMAND phase

f) DATA phase [ These phases are collectively termed
g) STATUS phase || the information transfer phases.

h) MESSAGE phase -!

The SCSI bus can never be in more than one phase at any given time. In the following descriptions, signals that are
not mentioned shall not be asserted.

6.1.1 BUS FREE phase

The BUS FREE phase indicates that there is no current I/O process and that the SCSI| bus is available for a
connection.

SCSI devices shall detect the BUS FREE phase after the SEL and BSY signals are both false for at least a bus settle
delay.

SCSI devices shall release all SCSI bus signals within a bus clear delay after the BSY and SEL signals become
continuously false for a bus settle delay. If an SCSI device requires more than a bus settle delay to detect the BUS
FREE phase then it shall release all SCSI bus signals within a bus clear delay minus the excess time to detect the
BUS FREE phase. The total time to clear the SCSI bus shall not exceed a bus settle delay plus a bus clear delay.

During normal operation the BUS FREE phase is entered when a target releases the BSY signal. However, the BUS
FREE phase may be entered following the release of the SEL signal after a SELECTION or RESELECTION phase
time-out.

Initiators normally do not expect BUS FREE phase to begin because of the target’s release of the BSY signal except
after one of the following occurrences:

a) after a reset condition is detected,;

b) after an ABORT message is successfully received by a target;

c) after a BUS DEVICE RESET message is successfully received by a target;

d) after a DISCONNECT message is successfully transmitted from a target (see 6.6.6);

e) after a COMMAND COMPLETE message is successfully transmitted from a target (see 6.6.5);

f) after a RELEASE RECOVERY message is successfully received by a target;

g) after an ABORT TAG message is successfully received by a target;

h) after a CLEAR QUEUE message is successfully received by a target.

If an initiator detects the release of the BSY signal by the target at any other time, the target is indicating an error
condition to the initiator. The target may perform this transition to the BUS FREE phase independent of the state of
the ATN signal. The initiator shall manage this condition as an unsuccessful /O process termination. The target
terminates the 1/O process by clearing all pending data and status information for the affected nexus. The target may
optionally prepare sense data that may be retrieved by a REQUEST SENSE command.

39

Copyright American National Standards Institute Order Number: 02079874 Canon EXthlt 1 105

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




ANSI X3.131 94 EE 0724150 051637: 814 W

ANSI X3.131-1994
6.1.2 ARBITRATION phase

The ARBITRATION phase allows one SCSI device to gain control of the SCSI bus so that it can initiate or resume an
I/O process.

The procedure for an SCSI device to obtain control of the SCSI bus is as follows:
a) The SCSI device shallfirst wait for the BUS FREE phase to occur. The BUS FREE phase is detected whenever
both the BSY and SEL signals are simultaneously and continuously false for a minimum of a bus settle delay.

NOTE 16 This bus settle delay is necessary because a transmission line phenomenon known as a wired-OR glitch may
cause the BSY signal to briefly appear false, even though it is being driven true.

b) The SCSI device shall wait a minimum of a bus free delay after detection of the BUS FREE phase (i.e. after the
BSY and SEL signals are both false for a bus settle delay) before driving any signal.

c) Following the bus free delay in step (b), the SCSI device may arbitrate for the SCSI bus by asserting both the
BSY signal and its own SCSI ID, however the SCSI device shall not arbitrate (i.e. assert the BSY signal and
its SCSI ID) if more than a bus set delay has passed since the BUS FREE phase was last observed.

NOTE 17 There is no maximum delay before asserting the BSY signal and the SCSI ID following the bus free delay in step
(b) as long as the bus remains in the BUS FREE phase. However, SCSI devices that delay longer than a bus settle delay
plus a bus set delay from the time when the BSY and SEL signals first become false may fail to participate in arbitration
when competing with faster SCSI devices.

d) After waiting at least an arbitration delay (measured from its assertion of the BSY signal) the SCSI device shall
examine the DATA BUS. If a higher priority SCSI ID bit is true on the DATA BUS (DB(7) is the highest), then
the SCSI device has lost the arbitration and the SCSI device may release its signals and return to step (a).
If no higher priority SCSI ID bit is true on the DATA BUS, then the SCSI device has won the arbitration and it
shall assert the SEL signal. Any SCSI device other than the winner has lost the arbitration and shall release
the BSY signal and its SCSI ID bit within a bus clear delay after the SEL signal becomes true. An SCSi device
that loses arbitration may return to step (a).

NOTES

18 Step d) above requires that any device complete the arbitration phase to the point of SEL being asserted if it begins
the arbitration phase as stated in step c). This precludes the possibility of the bus being hung.

19 It is recommended that new implementations wait for the SEL signal to become true before releasing the BSY signal
and SCSI ID bit when arbitration is lost.

e) The SCSI device that wins arbitration shall wait at least a bus clear delay plus a bus settle delay after asserting
the SEL signal before changing any signals.

NOTE 20 The SCSI ID bit is a single bit on the DATA BUS that corresponds to the SCSI device’s unique SCSI address.
All other DATA BUS bits shall be released by the SCSI device. Parity is not valid during the ARBITRATION phase. During
the ARBITRATION phase, DB(P) may be released or asserted, but shall not be actively driven false.

6.1.3 SELECTION phase

The SELECTION phase allows an initiator to select a target for the purpose of initiating some target function (e.g.,
READ or WRITE command). During the SELECTION phase the /O signal is negated so that this phase can be
distinguished from the RESELECTION phase.

The SCSI device that won the arbitration has both the BSY and SEL signals asserted and has delayed at least a bus
clear delay plus a bus settle delay before ending the ARBITRATION phase. The SCSI device that won the arbitration
becomes an initiator by not asserting the /O signal.

The initiator shall set the DATA BUS to a value that is the OR of its SCSI ID bit and the target's SCSI ID bit and it shall
assert the ATN signal (indicating that a MESSAGE OUT phase is to follow the SELECTION phase). The initiator shall
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then wait at least two deskew delays and release the BSY signal. The initiator shall then wait at least a bus settle
delay before looking for a response from the target.

The target shall determine that it is selected when the SEL signal and its SCSI ID bit are true and the BSY and 1/O
signals are false for at least a bus settle delay. The selected target may examine the DATA BUS in order to determine
the SCSI ID of the selecting initiator. The selected target shall then assert the BSY signal within a selection abort time
of its most recent detection of being selected; this is required for correct operation of the selection time-out
procedure.

The target shall not respond to a selection if bad parity is detected. Also, if more than two SCSI ID bits are on the
DATA BUS, the target shall not respond to selection.

NOTE 21 Although an SCSI-2 initiator may not use the single initiator option or the selection without asserting ATN option
of SCSI-1, an SCSI-2 target may elect to support these options for compatibility with SCSI-1 initiators. When doing so the
SCSI-2 target responds as described in the SCSI-1 standard.

No less than two deskew delays after the initiator detects the BSY signal is true, it shall release the SEL signal and
may change the DATABUS. The target shall wait until the SEL signal is false before asserting the REQ signal to enter
an information transfer phase.

6.1.3.1 SELECTION time-out procedure

Two optional selection time-out procedures are specified for clearing the SCSI bus if the initiator waits a minimum
of a selection time-out delay and there has been no BSY signal response from the target:

a) Optionally, the initiator shall assert the RST signal (see 6.2.2);

b) Optionally, the initiator shall continue asserting the SEL and ATN signals and shall release the DATABUS. If
the initiator has not detected the BSY signal to be true after at least a selection abort time plus two deskew
delays, the initiator shall release the SEL and ATN signals allowing the SCSI bus to go to the BUS FREE phase.
SCSI devices shall ensure that when responding to selection that the selection was still valid within a selection
abort time of their assertion of the BSY signal. Failure to comply with this requirement could result in an
improper selection (two targets connected to the same initiator, wrong target connected to an initiator, or a
target connected to no initiator).

6.1.4 RESELECTION phase

RESELECTION is an optional phase that allows a target to reconnect to an initiator for the purpose of continuing
some operation that was previously started by the initiator but was suspended by the target, (i.e. the target
disconnected by allowing a BUS FREE phase to occur before the operation was complete).

6.1.4.1 RESELECTION

Upon completing the ARBITRATION phase, the winning SCSI device has both the BSY and SEL signals asserted and
has delayed at least a bus clear delay plus a bus settle delay. The winning SCSI device becomes a target by
asserting the {/O signal. The winning SCSI device shall also set the DATA BUS to a value that is the logical OR of
its SCSI ID bit and the initiator's SCSI ID bit. The target shall wait at least two deskew delays and release the BSY
signal. The target shall then wait at least a bus settle delay before looking for a response from the initiator.

The initiator shall determine that it is reselected when the SEL and 1/O signals and its SCSI ID bit are true and the
BSY signal is false for at least a bus settle delay. The reselected initiator may examine the DATA BUS in order to
determine the SCSI ID of the reselecting target. The reselected initiator shall then assert the BSY signal within a
selection abort time of its most recent detection of being reselected; this is required for correct operation of the time-
out procedure. The initiator shall not respond to a RESELECTION phase if bad parity is detected. Also, the initiator
shall not respond to a RESELECTION phase if other than two SCSI ID bits are on the DATA BUS.

After the target detects the BSY signal is true, it shall also assert the BSY signal and wait at least two deskew delays
and then release the SEL signal. The target may then change the 1/O signhal and the DATABUS. After the reselected
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initiator detects the SEL signal is false, it shall release the BSY signal. The target shall continue asserting the BSY
signal until it relinquishes the SCSI bus.

NOTE 22 When the target is asserting the BSY signal, a transmission line phenomenon known as a wired-OR glitch may
cause the BSY signal to appear false for up to a round-trip propagation delay following the release of the BSY signal by
the initiator. This is the reason why the BUS FREE phase is recognized only after both the BSY and SEL signals are
continuously false for a minimum of a bus settle delay. Cables longer than 25 m should not be used even if the chosen
driver, receiver, and cable provide adequate noise margins, because they increase the duration of the glitch and could
cause SCSI devices to inadvertently detect the BUS FREE phase.

6.1.4.2 RESELECTION time-out procedure

Two optional RESELECTION time-out procedures are specified for clearing the SCSI bus during a RESELECTION
phase if the target waits a minimum of a selection time-out delay and there has been no BSY signal response from
the initiator:

a) Optionally, the target shall assert the RST signal (see 6.2.2),

b) Optionally, the target shall continue asserting the SEL and 1/O signals and shall release all DATA BUS signals.
if the target has not detected the BSY signal to be true after at least a selection abort time plus two deskew
delays, the target shall release the SEL and 1/O signals allowing the SCSI bus to go to the BUS FREE phase.
SCSI devices that respond to the RESELECTION phase shall ensure that the reselection was still valid within
a selection abort time of their assertion of the BSY signal. Failure to comply with this requirement could resulit
in an improper reselection (two initiators connected to the same target or the wrong initiator connected to a
target).

6.1.5 Information transfer phases

NOTE 23 The COMMAND, DATA, STATUS, and MESSAGE phases are all grouped together as the information transfer
phases because they are all used to transfer data or control information via the DATA BUS. The actual content of the
information is beyond the scope of this section.

The C/D, I/0, and MSG signals are used to distinguish between the different information transfer phases (see table
8). The target drives these three signals and therefore controls all changes from one phase to another. The initiator
can request a MESSAGE OUT phase by asserting the ATN signal, while the target can cause the BUS FREE phase
by releasing the MSG, C/D, I/O, and BSY signals.

The information transfer phases use one or more REQ/ACK handshakes to control the information transfer. Each
REQ/ACK handshake allows the transfer of one byte of information. During the information transfer phases the BSY
signal shall remain true and the SEL signal shall remain false. Additionally, during the information transfer phases,
the target shall continuously envelope the REQ/ACK handshake(s) with the C/D, 1/O, and MSG signals in such a
manner that these control signals are valid for a bus settle delay before the assertion of the REQ signal of the first
handshake and remain valid until after the negation of the ACK signal at the end of the handshake of the last transfer
of the phase.

NOTES

24 After the negation of the ACK signal of the last transfer of the phase, the target may prepare for a new phase by
asserting or negating the C/D, I/O, and MSG signals. These signals may be changed together or individually. They may
be changed in any order and may be changed more than once. It is desirable that each line change only once. A new
phase does not begin until the REQ signal is asserted for the first byte of the new phase.

25 A phase is defined as ending when the C/D, I/O, or MSG signals change after the negation of the ACK signal. The time
between the end of a phase and the assertion of the REQ signal beginning a new phase is undefined. An initiator is
allowed to anticipate a new phase based on the previous phase, the expected new phase, and early information provided
by changes in the C/D, I/O, and MSG signals. However, the anticipated phase is not valid until the REQ signal is asserted
at the beginning of the next phase.
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Table 8 - Information transfer phases

Signal Phase name Direction of transfer Comment
MSG|C/D|I/O
0 0 0 DATA OUT Initiator to target \ Data
0] 0 1 DATA 1IN Initiator from target / phase
0 1 0 COMMAND Initiator to target
0] 1 1 STATUS Initiator from target
1 0|0 *
1 o | 1 *
1 1 0 MESSAGE OUT Initiator to target \ Message
1 1 1 MESSAGE IN Initiator from target / phase

Key: 0 = False, 1 = True, * = Reserved for future standardization

6.1.5.1 Asynchronous information transfer

The target shall controf the direction of information transfer by means of the I/O signal. When the I/O signal is true,
information shall be transferred from the target to the initiator. When the |/O signal is false, information shall be
transferred from the initiator to the target.

If the 1/O signal is true (transfer to the initiator), the target shall first drive the DB(7-0,P) signals to their desired values,
delay at least one deskew delay plus a cable skew delay, then assert the REQ signal. The DB(7-0,P) signals shall
remain valid until the ACK signal is true at the target. The initiator shall read the DB(7-0,P) signals after the REQ
signal is true, then indicate its acceptance of the data by asserting the ACK signal. When the ACK signal becomes
true at the target, the target may change or release the DB(7-0,P) signals and shall negate the REQ signal. After the
REQ signal is false the initiator shall then negate the ACK signal. Afterthe ACK signal is false the target may continue
the transfer by driving the DB(7-0,P) signals and asserting the REQ signal, as described above.

if the 1/O signal is false (transfer to the target) the target shall request information by asserting the REQ signal. The
initiator shall drive the DB(7-0,P) signals to their desired values, delay at least one deskew delay plus a cable skew
delay and assert the ACK signal. The initiator shall continue to drive the DB(7-0,P) signals until the REQ signal is
false. When the ACK signal becomes true at the target, the target shall read the DB(7-0,P), signals then negate the
REQ signal. When the REQ signal becomes false at the initiator, the initiator may change or release the DB(7-0,P)
signals and shall negate the ACK signal. After the ACK signal is false the target may continue the transfer by
asserting the REQ signal, as described above.

6.1.5.2 Synchronous data transfer

Synchronous data transfer is optional and is only used in data phases. It shall be used in a data phase if a
synchronous data transfer agreement has been established (see 6.6.21). The agreement specifies the REQ/ACK
offset and the minimum transfer period.

The REQ/ACK offset specifies the maximum number of REQ pulses that can be sent by the target in advance of the
number of ACK pulses received from the initiator, establishing a pacing mechanism. If the number of REQ pulses
exceeds the number of ACK pulses by the REQ/ACK offset, the target shall not assert the REQ signal until after the
leading edge of the next ACK pulse is received. For successful completion of the data phase the number of ACK
and REQ pulses shall be equal.

The target shall assert the REQ signal for a minimum of an assertion period. The target shall then wait at least the
greater of a transfer period from the last transition of the REQ signal to true or a minimum of a negation period from
the last transition of the REQ signal to false before again asserting the REQ signal.

The initiator shall send one pulse on the ACK signal for each REQ pulse received. The ACK signal may be asserted
as soon as the leading edge of the corresponding REQ pulse has been received. The initiator shall assert the ACK
signal for a minimum of an assertion period. The initiator shall wait at least the greater of a transfer period from the
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last transition of the ACK signal to true or for a minimum of a negation period from the last transition of the ACK signal
to false before asserting the ACK signal.

If the I/O signal is true (transfer to the initiator), the target shall first drive the DB(7-0,P) signals to their desired values,
wait at least one deskew delay plus one cable skew delay, then assert the REQ signals. The DB(7-0,P) signals shall
be held valid for a minimum of one deskew delay plus one cable skew delay plus one hold time after the assertion
of the REQ signal. The target shall assert the REQ signal for a minimum of an assertion period. The target may then
negate the REQ signal and change or release the DB(7-0,P) signals. The initiator shall read the value on the DB(7-
0,P) signals within one hold time of the transition of the REQ signal to true. The initiator shall then respond with an
ACK pulse.

If the 1/O signal is false (transfer to the target), the initiator shall transfer one byte for each REQ pulse received. After
receiving the leading edge of a REQ pulse, the initiator shall first drive the DB(7-0,P) signals to their desired values,
delay at least one deskew delay plus one cable skew delay, then assert the ACK signal. The initiator shall hold the
DB(7-0,P) signals valid for at least one deskew delay plus one cable skew delay plus one hold time after the assertion
of the ACK signal. The initiator shall assert the ACK signal for a minimum of an assertion period. The initiator may
then negate the ACK signal and may change or release the DB(7-0,P) signals. The target shall read the value of the
DB(7-0,P) signals within one hold time of the transition of the ACK signal to true.

NOTE 26 The description in SCSI-1 allowed some implementors to presume that the leading edge of the first REQ pulse
beyond the REQ/ACK offset agreement would not occur until after the trailing edge of the last ACK pulse within the
agreement. Devices implemented with this understanding may be subject to data destruction when in synchronous data
transfer mode with devices that issue the leading edge of the next REQ pulse, at the boundary of the agreement, as soon
as the leading edge of the last ACK pulse within the agreement is received. Implementors using devices of the former type
in initiator designs may ensure data integrity by restricting the synchronous offset agreement to values smaller than the
maximum nominally offered by their device.

6.1.5.3 Wide data transfer

Wide data transfer is optional and may be used in the DATA phase only if a non-zero wide data transfer agreement
is in effect (see WIDE DATATRANSFER REQUEST message, 6.6.23). The messages determine the use of wide mode
by both SCSI devices and establish a data path width to be used during the DATA phase.

Wide data transfers of 16- or 32-bits may be established. Targets and initiators that support 32-bit wide transfers
should also support 16-bit wide transfers. All SCSI devices shall support 8-bit data transfers.

During 16-bit wide data transfers, the first logical data byte for each data phase shall be transferred across the DB(7-
0,P) signals on the A cable and the second logical data byte shall be transferred across the DB(15-8,P1) signals on
the B cable. Subsequent pairs of data bytes are likewise transferred in parallel across the A and B cables (see figure
15).

NOTE 27 X3T10 is documenting an alternate 16-bit single-cable solution and an alternate 32-bit solution and expects to
be able to remove the B cable definition in a future version of SCSI.

During 32-bit wide data transfers, the first logical data byte for each data phase shall be transferred across the DB(7-
0,P) signals on the A cable and the second, third, and fourth logical data bytes shall be transferred across the DB(15-
8,P1), DB(23-16,P2), and DB(31-24,P3) signals, respectively, on the B cable. Subsequent groups of four data bytes
are likewise transferred in parallel across the A and B cables (see figure 15).
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When transferring bytes W, X, Y, and Z across the three bus widths,
they are transferred as shown in this figure.

Handshake 8-bit 16-bit 32-bit
number A cable B cable A cable  ———— B cable———— A cable
1 w X w Z Y X w
2 X Z Y 31.....24 23.....16 15......8 7....... 0
3 Y 15......8 7.......0 Bit number
4 7 Bit number

Bit number

NOTE: This figure does not represent how these bytes are stored in
the initiator's memory, which may be different.

Figure 15 - Wide SCSI byte ordering

If the last data byte transferred does not fall on the DB(15-8,P1) signals for a 16-bit wide transfer or the DB(31-24,P3)
signals for a 32-bit wide transfer, then the values of the remaining higher-numbered bits are undefined. However,
parity bits for these undefined bytes shall be valid for whatever data is placed on the bus.

To ensure proper data integrity, certain sequence requirements shall be met between the REQ/ACK handshakes on
the A cable and the REQB/ACKB handshakes on the B cable:

a) The REQB and ACKB signals shall only be asserted during data phases while a nonzero wide data transfer
agreement is in effect. These signals shall not be asserted during other phases.

b) The same information transfer mode (asynchronous or synchronous) shall be used for both the A cable and
the B cable. If synchronous data transfer mode is in effect, the same REQ/ACK offset and transfer period shall
be used for both cables.

¢} The information transfer procedures defined in 6.1.5.1 and 6.1.5.2 for the A cable (the REQ, ACK, and DB(7-
0,P) signals) shall also apply to the B cable (the REQB, ACKB, and DB(31-8,P1,P2,P3) signals). The only
means available for a target to manage the timing relationship between the signals on the two cables is its
management of the REQ and REQB signals. Similarly, the only means for the initiator to manage the timing
between the two cables is its management of the ACK and ACKB signals.

d) The target shall ensure that the number of REQ/ACK handshakes and the number of REQB/ACKB handshakes
in a data phase are equal before it changes to another phase. The target shall not change the phase until the
ACK and ACKB signals have both become false for the last REQ/ACK handshake and the last REQB/ACKB
handshake.

NOTE 28 If any violations of these rules are detected by the target, the target may attempt to end the data phase and return
CHECK CONDITION status. If it is impossible to correctly terminate the data phase, the target may abnormally terminate
the 1/O process by an unexpected disconnect. If any violations of these rules are detected by the initiator, the initiator may
attempt to send an INITIATOR DETECTED ERROR message to the target. If the initiator is unable to terminate the /O
process normally, it may generate the reset condition.
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6.1.6 COMMAND phase
The COMMAND phase allows the target to request command information from the initiator.

The target shall assert the C/D signal and negate the /O and MSG signals during the REQ/ACK handshake(s) of this
phase.

6.1.7 Data phase

The data phase is a term that encompasses both the DATA IN phase and the DATA OUT phase.
6.1.7.1 DATA IN phase

The DATA IN phase allows the target to request that data be sent to the initiator from the target.

The target shall assert the I/O signal and negate the C/D and MSG signals during the REQ/ACK handshake(s) of this
phase.

6.1.7.2 DATA OUT phase
The DATA OUT phase allows the target to request that data be sent from the initiator to the target.
The target shall negate the C/D, I/O, and MSG signals during the REQ/ACK handshake(s) of this phase.

6.1.8 STATUS phase
The STATUS phase allows the target to request that status information be sent from the target to the initiator.

The target shall assert the C/D and 1/O signals and negate the MSG signal during the REQ/ACK handshake of this
phase.

6.1.9 Message phase

The message phase is a term that references either a MESSAGE IN, or a MESSAGE OUT phase. Multiple messages
may be sent during either phase. The first byte transferred in either of these phases shall be either a single-byte
message or the first byte of a multiple-byte message. Multiple-byte messages shall be wholly contained within a
single message phase.

6.1.9.1 MESSAGE IN phase

The MESSAGE IN phase allows the target to request that message(s) be sent to the initiator from the target.
The target shall assert the C/D, I/0, and MSG signals during the REQ/ACK handshake(s) of this phase.
6.1.9.2 MESSAGE OUT phase

The MESSAGE OUT phase allows the target to request that message(s) be sent from the initiator to the target. The
target invokes this phase in response to the attention condition created by the initiator (see 6.2.1).

The target shall assert the C/D and MSG signals and negate the I/O signal during the REQ/ACK handshake(s) of this
phase. The target shall handshake byte(s) in this phase until the ATN signal is negated, except when rejecting a
message.

If the target detects one or more parity error(s) on the message byte(s) received, it may indicate its desire to retry
the message(s) by asserting the REQ signal after detecting the ATN signal has gone false and prior to changing to
any other phase. The initiator, upon detecting this condition, shall resend all of the previous message byte(s) in the
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same order as previously sent during this phase. When resending more than one message byte, the initiator shall
assert the ATN signal at least two deskew delays prior to asserting the ACK signal on the first byte and shall maintain
the ATN signal asserted until the last byte is sent as described in 6.2.1.

If the target does not retry the MESSAGE OUT phase or it exhausts its retry limit it may
a) return CHECK CONDITION status and set the sense key to ABORTED COMMAND and the additional sense
code to MESSAGE ERROR or;
b) indicate an exception condition by performing an unexpected disconnect.

The target may act on messages as received as long as no parity error is detected and may ignore all remaining
messages sent under one ATN condition after a parity etror is detected. When a sequence of messages is resent
by an initiator because of a target detected parity error, the target shall not act on any message which it acted on
the first time received.

If the target receives all of the message byte(s) successfully (i.e. no parity errors), it shall indicate that it does not wish
to retry by changing to any information transfer phase other than the MESSAGE OUT phase and transfer at least one
byte. The target may also indicate that it has successfully received the message byte(s) by changing to the BUS
FREE phase (e.g. ABORT or BUS DEVICE RESET messages).

6.1.10 Signal restrictions between phases

When the SCSI bus is between two information transfer phases, the following restrictions shall apply to the SCSI bus
signals:

a) The BSY, SEL, REQ, REQB, ACK and ACKB signals shali not change.

b) The C/D, I/O, MSG, and DATA BUS signals may change. When switching the DATA BUS direction from out
(initiator driving) to in (target driving), the target shall delay driving the DATA BUS by at least a data release
delay plus a bus settle delay after asserting the I/O signal and the initiator shall release the DATABUS no later
than a data release delay after the transition of the 1/0 signal to true. When switching the DATA BUS direction
“from in (target driving) to out (initiator driving), the target shall release the DATA BUS no later than a deskew
‘delay after negating the I/O signal.

c) The ATN and RST signals may change as defined under the descriptions for the attention condition (see 6.2.1)
‘and reset condition (see 6.2.2).

6.2 SCSI bus conditions

The SCSI bus has two asynchronous conditions; the attention condition and the reset condition. These conditions
cause the SCSI device to perform certain actions and can alter the phase sequence.

Furthermore, SCSI devices may not all be powered-on at the same time. This standard does not address power
sequencing issues. However, each SCSI device, as it is powered on, should perform appropriate internal reset
operations and internal test operations. Following a power-on to selection time after power-on, SCS8I targets should
be able to respond with appropriate status and sense data to the TEST UNIT READY, INQUIRY, and REQUEST
SENSE commands.

6.2.1 Attention condition

The attention condition allows an initiator to inform a target that the initiator has a message ready. The target may
get this message by performing a MESSAGE OUT phase.

The initiator creates the attention condition by asserting ATN at any time except during the ARBITRATION or BUS
FREE phases.
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The initiator shall negate the ATN signal at least two deskew delays before asserting the ACK signal while transferring
the last byte of the messages indicated with a Yes in table 10. If the target detects that the initiator failed to meet
this requirement, then the target shall go to BUS FREE phase (see unexpected disconnect, 6.1.1).

The initiator shall assert the ATN signal at least two deskew delays before negating the ACK signal for the last byte
transferred in a bus phase for the attention condition to be honoured before transition to a new bus phase. Asserting
the ATN signal later might not be honoured until a later bus phase and then may not result in the expected action.

A target shall respond with MESSAGE OUT phase as follows:

a) Ifthe ATN signal becomes true during a COMMAND phase, the target shall enter MESSAGE OUT phase after
transferring part or all of the command descriptor block bytes.

b) If the ATN signal becomes true during a DATA phase, the target shall enter MESSAGE OUT phase at the
target’s earliest convenience (often, but not necessarily on a logical block boundary). The initiator shall
continue REQ/ACK handshakes until it detects the phase change.

c) Ifthe ATN signal becomes true during a STATUS phase, the target shall enter MESSAGE OUT phase after the
status byte has been acknowledged by the initiator.

d) If the ATN signal becomes true during a MESSAGE IN phase, the target shall enter MESSAGE OUT phase
before it sends another message. This permits a MESSAGE PARITY ERROR message from the initiator to be
associated with the appropriate message.

e) Ifthe ATN signal becomes true during a SELECTION phase and before the initiator releases the BSY signal,
the target shall enter MESSAGE OUT phase immediately after that SELECTION phase.

f) If the ATN signal becomes true during a RESELECTION phase, the target shall enter MESSAGE OUT phase
after the target has sent its IDENTIFY message for that RESELECTION phase.

NOTE 29 The initiator should only assert the ATN signal during a RESELECTION phase to transmit a BUS DEVICE RESET
or DISCONNECT message. Other uses may result in ambiguities concerning the nexus.

The initiator shall keep the ATN signal asserted if more than one byte is to be transferred. The initiator may negate
the ATN signal at any time except it shall not negate the ATN signal while the ACK signal is asserted during a
MESSAGE OUT phase. Normally, the initiator negates the ATN signal while the REQ signal is true and the ACK signal
is false during the last REQ/ACK handshake of the MESSAGE OUT phase.

6.2.2 Reset condition

The reset condition is used to immediately clear ail SCSI devices from the bus. This condition shall take precedence
over all other phases and conditions. Any SCSI device may create the reset condition by asserting the RST signal
for a minimum of a reset hold time.

All SCSI devices shall release all SCSI bus signals (except the RST signal) within a bus clear delay of the transition
of the RST signal to true. The BUS FREE phase always follows the reset condition.

The effect of the reset condition on 1/O processes that have not completed, SCSI device reservations, and SCSI
device operating modes is determined by whether the SCSI device has implemented the hard reset alternative or the
soft reset alternative (one of which shall be implemented) as defined in 6.2.2.1 and 6.2.2.2. The hard and soft reset
alternatives are mutually exclusive within a system. A facility for targets to report which reset alternative is
implemented is provided in the SfiRe bit of the INQUIRY data (see 8.2.5).

NOTE 30 Environmental conditions (e.g. static discharge) may generate brief glitches on the RST signal. It is
recommended that SCSI| devices not react to these glitches. The manner of rejecting glitches is vendor-specific. The bus
clear delay following a RST signal transition to true is measured from the original transition of the RST signal, not from the
time that the signal has been confirmed. This limits the time to confirm the RST signal to a maximum of a bus clear delay.
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6.2.2.1 Hard reset alternative

SCSI devices that implement the hard reset alternative, upon detection of the reset condition, shall:

a) clear ali I/O processes including queued |/O processes.

b) release all SCSI device reservations.

c) return any SCSI device operating modes to their appropriate initial conditions, similar to those conditions that
would be found after a normal power-on reset. MODE SELECT conditions shall be restored to their last saved
values if saved values have been established. MODE SELECT conditions for which no values have been saved
shall be returned to their default values.

d) unit attention condition shall be set (see 7.9).

It is recommended that following a reset to selection time after a hard reset condition ends, SCSI targets be able to
respond with appropriate status and sense data to the TEST UNIT READY, INQUIRY, and REQUEST SENSE
commands.

6.2.2.2 Soft reset alternative

SCSI devices that implement the soft reset alternative, upon detection of the reset condition, shalil:
a) Attempt to complete any /O processes which have not completed and that were fully identified
b) Preserve all SCSI device reservations
c) Preserve any SCSI device operating modes (MODE SELECT, PREVENT/ALLOW MEDIUM REMOVAL
commands, etc.)
d) Preserve allthe information required to continue normal dispatching of 1/O processes queued prior to the reset
condition.

The soft reset alternative allows an initiator to reset the SCSI bus with minimum disruption to the operation of other
initiators in a multiple initiator system. To ensure proper operation the following conditions shall be met.

a) An initiator shall not consider an |/O process to be fully identified until the IDENTIFY message (and queue tag
message, if any) is sent to the target and the target responds by changing to any other information transfer
phase and requests that at least one byte be transferred.

b) Atarget shall consider an I/O process to be fully identified when it successfully receives the IDENTIFY message
and any queue tag message and the initiator negates the ATN signal.

c) If an initiator selects a logical unit for which there already is an active I/O process with the same queue tag (if
any) for the same initiator, the target shall clear the original I/O process and perform the new I/O process.

d) Ifatarget reselects an initiator to continue an I/O process for which the initiator has no record, the initiator shall
abort that I/O process by sending the ABORT or ABORT TAG message, depending on whether the reselecting
I/O process is a tagged I/O process.

e) An initiator shall consider an 1/O process to be completed when it negates ACK for a successfully received
COMMAND COMPLETE message.

f) A target shall consider an |/O process to be completed when it detects the transition of ACK to false for the
COMMAND COMPLETE message with the ATN signal false.

g) An initiator shall not negate the ACK signal for the SAVE DATA POINTER message until it has actually saved
the data pointer for the 1/O process.

h) Atarget shall consider the data pointer to be saved when it detects the transition of the ACK signal to false for
the SAVE DATA POINTER message with the ATN signal false.

i) If the reset condition occurs between the time that the target asserts the REQ signal for the SAVE DATA
POINTER message and it detects the transition of the ACK signal to false, the target shall terminate the /O
process with CHECK CONDITION status. The target shall set the sense key to ABORTED COMMAND. This
is necessary because the target cannot determine whether the data pointer has actually been saved.

NOTE 31 If the ATN signal is true in conditions f) or h), the target would normally switch to MESSAGE OUT phase and
attempt to transfer a message byte. If the reset condition occurs before the target successfully receives the message byte,
it may assume that the initiator has not successfully received the COMMAND COMPLETE message or the SAVE DATA
POINTER message. Inthe case of COMMAND COMPLETE message, the target may reselect the initiator and attempt to
send the COMMAND COMPLETE message again. In the case of the SAVE DATA POINTER message, the target may
reselect the initiator and terminate the 1/O process as described in condition i).
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6.3 SCSI bus phase sequences
The order in which phases are used on the SCSI bus follows a prescribed sequence.

The reset condition can abort any phase and is always followed by the BUS FREE phase. Also any other phase can
be followed by the BUS FREE phase but many such instances are error conditions (see 6.1.1).

The additional allowable sequences shall be as shown in Figure 16. The normal progression is from the BUS FREE
phase to ARBITRATION, from ARBITRATION to SELECTION or RESELECTION, and from SELECTION or
RESELECTION to one or more of the information transfer phases (COMMAND, DATA, STATUS, or MESSAGE). The
final information transfer phase is normally the MESSAGE IN phase where a DISCONNECT, or COMMAND
COMPLETE message is transferred, followed by the BUS FREE phase.

Reset or 1
protocol
error ’

_: MESSAGE OQUT

SELECTION BRa COMMAND

vy 1 v

DATA IN or &
BUS FREE —J ARBITRATION DATA OUT

1 v v
RESELECTION STATUS

T v

MESSAGE IN

?

v |

Tt

Figure 16 - Phase sequences
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6.4 SCSI pointers

Consider the system shown in figure 17 in which an initiator and target communicate on the SCSI bus in order to
execute an /O process.

The SCSI architecture provides for a set of three pointers for each 1/O process, called the saved pointers. The set
of three pointers consist of one for the command, one for the data, and one for the status. When an /O process
becomes active, its three saved pointers are copied into the initiator’s set of three current pointers. There is only one
set of current pointers in each initiator. The current pointers point to the next command, data, or status byte to be
transferred between the initiator's memory and the target. The saved and current pointers reside in the initiator.

The saved command pointer always points to the start of the command descriptor block (see 7.2) for the 1/O process.
The saved status pointer always points to the start of the status area for the |/O process. The saved data pointer
points to the start of the data area until the target sends a SAVE DATA POINTER message (see 6.6.20) for the I/O
process,

Function | | Initiator Target Function
Origin SCSI Bus < SCSI Bus> SCSI Bus Execution

Control Control
Initiator Target

Figure 17 - Simplified SCSI system

In response to the SAVE DATA POINTER message, the initiator stores the value of the current data pointer into the
saved data pointer for that I/O process. The target may restore the current pointers to the saved pointer values for
the active I/O process by sending a RESTORE POINTERS message (see 6.6.19) to the initiator. The initiator then
copies the set of saved pointers into the set of current pointers. Whenever a target disconnects from the bus, only
the set of saved pointers are retained. The set of current pointers is restored from the set of saved pointers upon
reconnection of the 1/O process.

NOTE 32 Since the data pointer value may be modified by the target before the I/O process ends, it should not be used
to test for actual transfer length because it is not reliable.
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6.5 Message system description

The message system allows communication between an initiator and target for the purpose of interface management.
A message may be one, two, or multiple bytes in length. One or more messages may be sent during a single
MESSAGE phase, but a message may not be split between multiple MESSAGE phases. The initiator is required to
end the MESSAGE OUT phase (by negating ATN) when it sends certain messages identified in table 10.

One-byte, two-byte, and extended message formats are defined. The first byte of the message determines the format
as defined in table 9.

Table 9 - Message format

Value Message format
00h One-byte message (COMMAND COMPLETE)
0t1h Extended messages
02h - 1Fh One-byte messages
20h - 2Fh Two-byte messages
30h - 7Fh Reserved
80h - FFh One-byte message (IDENTIFY)

One-byte messages consist of a single byte transferred during a MESSAGE phase. The value of the byte determines
which message is to be performed as defined in table 10.
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Code Support [Message Name Direction
Negate ATN
Init|Targ before last ACK
06h 0] M |ABORT Out Yes
ODh 0] O |ABORT TAG see note 1) Out Yes
OCh 0] M |BUS DEVICE RESET Out Yes
OEh 0 0 CLEAR QUEUE see note 1) Out Yes
00h M M |COMMAND COMPLETE In —
04h 0 0 DISCONNECT In e
04h o] O |DISCONNECT Oout Yes
80h+ M 0 |IDENTIFY In —
80h+ M M | IDENTIFY Out No
23h o] 0O |IGNORE WIDE RESIDUE (two bytes) In N—
OFh 0] O |INITIATE RECOVERY In _—
OFh 0 O |INITIATE RECOVERY see note 2) Out Yes
05h M M |INITIATOR DETECTED ERROR Out Yes
0Ah 0] 0 |[LINKED COMMAND COMPLETE In —_
0Bh 0 0 |LINKED COMMAND COMPLETE (WITH FLAG)| In R
08h M M |MESSAGE PARITY ERROR Out Yes
07h M M |MESSAGE REJECT In Out Yes
*odek 0 O |MODIFY DATA POINTER In —_
08h M M |NO OPERATION Out Yes
Queue tag messages (two bytes)
21h 0 0 HEAD OF QUEUE TAG Out No
22h 0] 0 ORDERED QUEUE TAG Out No
20h 0 0 SIMPLE QUEUE TAG In Out No
10h 0 0 |RELEASE RECOVERY Out Yes
03h 0] O |RESTORE POINTERS In —_
02h o) 0 SAVE DATA POINTER In _
*kx 0 O |SYNCHRONOUS DATA TRANSFER REQUEST In Out Yes
11h 0 O |TERMINATE I/0 PROCESS Out Yes
ool 0 (o} WIDE DATA TRANSFER REQUEST In Out Yes
12h-1Fh Reserved
24h-2Fh Reserved for two-byte messages
30h-7Fh Reserved
Key: M = Mandatory support, 0 = Optional support.
In = Target to initiator, Out = Initiator to target.
Yes = Initiator shall negate ATN before last ACK of message.
No = Initiator may or may not negate ATN before last ACK of
message. (see attention condition, 6.2.1.)
= Not applicable
*** = Extended message (see tables 11 and 12)
80h+ = Codes 80h through FFh are used for IDENTIFY messages
(see table 13).
NOTES .
1 The ABORT TAG and CLEAR QUEUE messages are required if tagged queuing
is implemented.
2 Outbound INITIATE RECOVERY messages are only valid during the
asynchronous event notification protocol.

Two-byte messages consist of two consecutive bytes transferred during a MESSAGE phase. The value of the first
byte determines which message is to be performed as defined in table 10. The second byte is a parameter byte
which is used as defined in the message description (see 6.6).

A value of one in the first byte of a message indicates the beginning of a multiple-byte extended message. The
minimum number of bytes sent for an extended message is three. The extended message format and the extended
message codes are shown in tables 11 and 12, respectively.
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Table 11 - Extended message format

Bit 7 6 5 4 3 2 1 o]

Byte

o] Extended message (01h)

1 Extended message length (n)

2 Extended message code (y)

3

Extended message arguments —

n+1

The extended message length specifies the length in bytes of the extended message code plus the extended
message arguments to follow. Therefore, the total length of the message is equal to the extended message length
plus two. A value of zero for the extended message length indicates 256 bytes follow.

The extended message codes are listed in table 12. The extended message arguments are specified within the
extended message descriptions.

Table 12 - Extended message codes

Code (y) Description
02h Reserved (see note)
00h MODIFY DATA POINTER
01h SYNCHRONOUS DATA TRANSFER REQUEST
03h WIDE DATA TRANSFER REQUEST
04h - 7Fh Reserved
80h - FFh Vendor-specific
NOTE - Extended message code 02h was used for the EXTENDED IDENTIFY
message in SCSI-1.

The first message sent by the initiator after the SELECTION phase shall be an IDENTIFY, ABORT, or BUS DEVICE
RESET message. Ifa target receives any other message it shall go to BUS FREE phase (see unexpected disconnect,
6.1.1).

If the first message is an IDENTIFY message, then it may be immediately followed by other messages, such as the
first of a pair of SYNCHRONOUS DATA TRANSFER REQUEST messages. If tagged queuing is used the queue tag
message immediately follows the IDENTIFY message (see 6.6.7). The IDENTIFY message establishes a logical
connection between the initiator and the specified logical unit or target routine within the target known as an |_T_L
nexus or |_T_R nexus. Afterthe RESELECTION phase, the target's first message shall be IDENTIFY. This allows the
|_ T L nexus or |_T_R nexus to be reestablished. Only one logical unit or target routine shall be identified for any
connection. If a target receives a second IDENTIFY message with a different logical unit number or target routine
number during a connection, it shall go to BUS FREE phase (see unexpected disconnect, 6.1.1). The treatment of
other logical unit addressing errors is described in 7.5.

All initiators shall implement the mandatory messages tabulated in the Init column of table 10. All targets shall
implement the mandatory messages tabulated in the Targ column of table 10.

Wheneveran|_T_L nexus or|_T_R nexus is established by an initiator that is allowing disconnection, the initiator shall
ensure that the current pointers are equal to the saved pointers for that particular logical unit or target routine. An
implied restore pointers operation shall occur as a result of a reconnection.
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6.6 Messages
The SéSI messages are defined in this subclause.
6.6.1 ABORT

The ABORT message is sent from the initiator to the target to clear any 1/O process for the |_T_x nexus. The target
shall go to the BUS FREE phase following successful receipt of this message. The pending data, status, and [/O
processes for any other nexus shall not be cleared.

If only an |_T nexus has been established, the target shall go to the BUS FREE phase. No status or message shall
be sent for the current /O process and no other I/O process shall be affected.

NOTES

33 The ABORT message in the case of only an |_T nexus is useful to an initiator that cannot get an IDENTIFY message
through to the target due to parity errors and just needs to end the current connection. Any pending data, status, or
queued l/O processes for the |_T nexus is not affected.

34 It is not possible to abort an I_T nexus on a reconnection because of item f) in 6.2.1.

It is not an error to issue this message to an |_T_x nexus that does not have an active or queued I/O process.

Previously established conditions, including MODE SELECT parameters, reservations, and extended contingent
allegiance shall not be changed by the ABORT message.

NOTE 35 The BUS DEVICE RESET, CLEAR QUEUE, ABORT, and ABORT TAG messages provide a means to clear one
or more /O processes prior to normal termination. The BUS DEVICE RESET message clears all I/O processes for all
initiators on all logical units and all target routines of the target. The CLEAR QUEUE message clears all I/O processes for
all initiators on the specified logical unit or target routine of the target. The ABORT message clears all |/O processes for
the selecting initiator on the specified logical unit or target routine of the target. The ABORT TAG message clears the
current |/O process only.

6.6.2 ABORT TAG

The ABORT TAG message shall be implemented if tagged queuing is implemented and may be implemented if
untagged queuing is implemented. The target shall go to the BUS FREE phase following successful receipt of this
message. The target shall clear the current I/O process. If the target has already started execution of the 1/O
process, the execution shall be halted. The medium contents may have been modified before the execution was
halted. In either case, any pending status or data for the 1/O process shall be cleared and no status or ending
message shall be sent to the initiator. Pending status, data, and commands for other active or queued I/O processes
shall not be affected. Execution of other I/O processes queued for the |_T_x nexus shall not be aborted.

Previously established conditions, including MODE SELECT parameters, reservations, and extended contingent
allegiance shall not be changed by the ABORT TAG message.

On a reconnection, the ABORT TAG message aborts the current I/O process if it is fully identified. If the /O process
is not fully identified (i.e. an |_T_L nexus exists, but the target is reconnecting for an |_T_L_Q nexus), then the /O
process is not aborted and the target goes to the BUS FREE phase.

NOTE 36 A nexus is not fully identified on a reconnection if the ATN signal is asserted during or prior to the IDENTIFY
message and the target only has tagged /O processes for that initiator on that logical unit.
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6.6.3 BUS DEVICE RESET

The BUS DEVICE RESET message is sent from an initiator to direct a target to clear all |/O processes on that SCSI
device. This message forces a hard reset condition to the selected SCSI device. The target shall go to the BUS
FREE phase following successful receipt of this message. The target shall create a unit attention condition for all
initiators (see 7.9).

6.6.4 CLEAR QUEUE

The CLEAR QUEUE message shall be implemented if tagged queuing is implemented and may be implemented if
untagged queuing is implemented. The target shall go to the BUS FREE phase following successful receipt of this
message. The target shall perform an action equivalent to receiving a series of ABORT messages from each initiator.
All I/O processes, from all initiators, in the queue for the specified logical unit shall be cleared from the queue. All
active /O processes shall be terminated. The medium may have been altered by partially executed commands. All
pending status and data for that logical unit or target routine for all initiators shall be cleared. No status or message
shall be sent for any of the I/O processes. A unit attention condition shall be generated for all other initiators with
1/0 processes that either were active or were queued for that logical unit or target routine. When reporting the unit
attention condition the additional sense code shall be set to COMMANDS CLEARED BY ANOTHER INITIATOR.

Previohsly established conditions, including MODE SELECT parameters, reservations, and extended contingent
allegiance shall not be changed by the CLEAR QUEUE message.

6.6.5 COMMAND COMPLETE

The COMMAND COMPLETE message is sent from a target to an initiator to indicate that the execution of an 1/0
process has completed and that valid status has been sent to the initiator. After successfully sending this message,
the target shall go to the BUS FREE phase by releasing the BSY signal. The target shall consider the message
transmission to be successful when it detects the negation of ACK for the COMMAND COMPLETE message with the

ATN signal false.

NOTE 37 The I/O process may have completed successfully or unsuccessfully as indicated in the status.
6.6.6 DISCONNECT

The DISCONNECT message is sent from a target to inform an initiator that the present connection is going to be
broken (the target plans to disconnect by releasing the BSY signal), but that a later reconnect will be required in order
to complete the current I/O process. This message shall not cause the initiator to save the data pointer. After
successfully sending this message, the target shall go to the BUS FREE phase by releasing the BSY signal. The
target shall consider the message transmission to be successful when it detects the negation of the ACK signal for
the DISCONNECT message with the ATN signal false.

Targets that break data transfers into multiple connections shall end each successful connection (except possibly
the last) with a SAVE DATA POINTER - DISCONNECT message sequence.

This message may also be sent from an initiator to a target to instruct the target to disconnect from the SCSI bus.
if this option is supported, and after the DISCONNECT message is received, the target shall switch to MESSAGE IN
phase, send the DISCONNECT message to the initiator (possibly preceded by SAVE DATA POINTER message}, and
then disconnect by releasing BSY. After releasing the BSY signal, the target shall not patticipate in another
ARBITRATION phase for at least a disconnection delay or the time limit specified in the disconnect time limit mode
parameter (see 8.3.3.2) whichever is greater. [f this option is not supported or the target cannot disconnect at the
time when it receives the DISCONNECT message from the initiator, the target shall respond by sending a MESSAGE
REJECT message to the initiator.
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6.6.7 IDENTIFY

The IDENTIFY message (see table 13) is sent by either the initiator or the target to establish an |_T_L nexus or an
I_T_R nexus.

NOTE 38 Use of the IDENTIFY message to establish an|_T_R nexus allows connection to one of up to eight target routines
or functions in the target. These target routines are expected to be used for maintenance and diagnostic purposes.

Table 13 - IDENTIFY message format

Bit 7 6 5 4 3 2 1 0

Identify|DiscPriv| LUNTAR [Reserved|Reserved LUNTRN

The identify bit shall be set to one to specify that this is an IDENTIFY message.

A disconnect privilege (DiscPriv) bit of one specifies that the initiator has granted the target the privilege of
disconnecting. A DiscPriv bit of zero specifies that the target shall not disconnect. This bit is not defined and shall
be set to zero when an IDENTIFY message is sent by a target.

A logical unit target (LUNTAR) bit of zero specifies that the I/O process is directed to or from a logical unit. A
LUNTAR bit of one specifies that the /O process is directed to or from a target routine.

The logical unit number target routine number (LUNTRN) field specifies a logical unit number if the LUNTAR bit is
zero. The LUNTRN field specifies a target routine number if the LUNTAR bit is one. The response to an invalid value
in the LUNTRN field is described in 7.5.3. Only the INQUIRY and REQUEST SENSE commands are valid for target
routines. If a target receives any other command for a target routine, it shall return CHECK CONDITION status and
shall set the sense key to ILLEGAL REQUEST.

An IDENTIFY message is invalid if a reserved bit is set to one or if the LUNTAR bit is set to one and the target does
not implement target routines. A device may respond to an invalid IDENTIFY message by immediately sending a
MESSAGE REJECT message or by returning CHECK'CONDITION status. ifa CHECK CONDITION status is returned,
the sense key shall be set to ILLEGAL REQUEST and the additional sense code shall be set to INVALID BITS IN
IDENTIFY MESSAGE FIELD.

Only one logical unit number or target routine number shall be identified per I/O process. The initiator may send one
or more IDENTIFY messages during a connection. A second IDENTIFY message with a different value in either the
LUNTAR bit or LUNTRN field shall not be issued before a BUS FREE phase has occurred; if a target receives a
second IDENTIFY message with a different value in either of these fields, it shall go to BUS FREE phase (see
unexpected disconnect, 6.1.1). Thus an initiator may change the DiscPriv bit, but may not attempt to switch to
another 1/O process. (See the DTDC field of the disconnect-reconnect page (8.3.3.2) for additional controls over
disconnection.)

An implied RESTORE POINTERS message shall be performed by the initiator prior to the assertion of the ACK signal
on the next phase for an inbound IDENTIFY message sent during reconnection.

An implied RESTORE POINTERS message shall be performed by the initiator following successful identification of
the nexus during the MESSAGE IN phase of a reconnection and before the negation of the ACK signal for the
next transfer following the successful identification.

Identification is considered successful during an initial connection or an initiator reconnect when the target detects
no error during the transfer of the IDENTIFY message and an optional queue tag message in the MESSAGE OUT
phase immediately following the SELECTION phase. See 6.5 for the ordering of the IDENTIFY and queue tag
messages. See 6.1.9.2 for handling target detected errors during the MESSAGE OUT phase.
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Identification is considered successful during a target reconnect when the ATN signal is not asserted during the
transfer of either the IDENTIFY message or the SIMPLE QUEUE TAG message foran |_T_L_Q nexus in the MESSAGE
IN phase immediately following the RESELECTION phase. See clause 6.5 for the ordering of the IDENTIFY and
queue tag messages. See 6.2.1, item d), for handling target detected errors during the MESSAGE IN phase.
6.6.8 IGNORE WIDE RESIDUE

Table 14 - IGNORE WIDE RESIDUE message format

Bit 7 6 5 4 3 2 1 0
Byte
0 Message code (23h)
1 Ignore (01h, 02h, 03h)

The IGNORE WIDE RESIDUE message (see table 14) shall be sent from a target to indicate that the number of valid
bytes sent during the last REQ/ACK handshake and REQB/ACKB handshake of a DATA IN phase is less than the
negotiated transfer width. The ignore field indicates the humber of invalid data bytes transferred. This message shall
be sent immediately following that DATA IN phase and prior to any other messages. The ignore field is defined in
table 15,

NOTE 39 More than one IGNORE WIDE RESIDUE message may occur during an 1/O process.

Table 15 - Ignore field definition

Ignore Invalid data bits

32-bit transfers 16-bit transfers

00h Reserved Reserved
01h DB(31-24) DB(15-8)
02h DB(31-16) Reserved
03h DB(31-8) Reserved
04h - FFh Reserved Reserved

Even though a byte is invalid its corresponding parity bit shall be valid for the value transferred. For 16-bit transfers,
DB(31-16) are always invalid and the corresponding parity bits are also invalid.

6.6.9 INITIATE RECOVERY

Atarget that supports extended contingent allegiance shall inform the initiator it is entering this condition by sending
an INITIATE RECOVERY message immediately followinga CHECK CONDITION or COMMAND TERMINATED status.
The extended contingent allegiance condition remains in effect until terminated as described in 7.7.

If an asynchronous event occurs, the target may enter an extended contingent allegiance condition by becoming a
temporary initiator and sending the INITIATE RECOVERY message following the IDENTIFY message and any queue
tag message and before the COMMAND phase of the SEND command that is used to perform the asynchronous
event notification (see 7.5.5). The successful transmission of this message establishes the extended contingent
allegiance condition which remains in effect until terminated as described in 7.7.

NOTE 40 If the target notifies multiple initiators of the asynchronous event, it should include the INITIATE RECOVERY
message in only one of the notifications.

AMESSAGE REJECT response to an INITIATE RECOVERY message indicates that an extended contingent allegiance
condition shall not be established. The enabled or disabled state of an extended contingent allegiance (see 8.3.3.1)
is not changed by the rejection of an INITIATE RECOVERY message.
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6.6.10 INITIATOR DETECTED ERROR

The INITIATOR DETECTED ERROR message is sent from an initiator to inform a target that an error has occurred
that does not preclude the target from retrying the operation. The source of the error may either be related to
previous activities on the SCSI bus or may be internal to the initiator and unrelated to any previous SCSI bus activity.
Although present pointer integrity is not assured, a RESTORE POINTERS message or a disconnect followed by a
reconnect, shall cause the pointers to be restored to their defined prior state.

6.6.11 LINKED COMMAND COMPLETE

The LINKED COMMAND COMPLETE message is sent from a target to an initiator to indicate that the execution of
a linked command has completed and that status has been sent. The initiator shall then set the pointers to the initial
state for the next linked command.

6.6.12 LINKED COMMAND COMPLETE (WITH FLAG)

The LINKED COMMAND COMPLETE (WITH FLAG) message is sent from a target to an initiator to indicate that the
execution of a linked command (with the flag bit set to one) has completed and that status has been sent. The
initiator shall then set the pointers to the initial state of the next linked command. Typically this message would be
used to cause an interrupt in the initiator between two linked commands.

6.6.13 MESSAGE PARITY ERROR

The MESSAGE PARITY ERROR message is sent from the initiator to the target to indicate that it received a message
byte with a parity error (see 6.1.9.2).

In order to indicate its intentions of sending this message, the initiator shall assert the ATN signal prior to its release
of the ACK signal for the REQ/ACK handshake of the message byte that has the parity error. This provides an
interlock so that the target can determine which message byte has the parity error. If the target receives this message
under any other circumstance, it shall signal a catastrophic error condition by releasing the BSY signal without any
further information transfer attempt (see 6.1.1).

If after receiving the MESSAGE PARITY ERROR message the target returns to the MESSAGE IN phase before
switching to some other phase, the target shall resend the entire message that had the parity error.

6.6.14 MESSAGE REJECT

The MESSAGE REJECT message is sent from either the initiator or target to indicate that the last message or
message byte it received was inappropriate or has not been implemented.

In order to indicate its intentions of sending this message, the initiator shall assert the ATN signal prior to its release
of the ACK signal for the REQ/ACK handshake of the message byte that is to be rejected. If the target receives this
message under any other circumstance, it shall reject this message.

When a target sends this message, it shali change to MESSAGE IN phase and send this message prior to requesting
additional message bytes from the initiator. This provides an interlock so that the initiator can determine which
message byte is rejected.

After a target sends a MESSAGE REJECT message and if the ATN sighal is still asserted, then it shall return to the
MESSAGE OUT phase. The subsequent MESSAGE OUT phase shall begin with the first byte of a message.
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6.6.15 MODIFY DATA POINTER Message

Table 16 - MODIFY DATA POINTER

Bit 7 6 5 4 3 2 1 0
Byte
o] Extended message (01h)
1 Extended message length (05h)

MODIFY DATA POINTER (OCh)

(MSB)
Argument —_—
(LSB)

| W | N

The MODIFY DATA POINTER message {see table 16) is sent from the target to the initiator and requests that the
signed argument be added (two’s complement} to the value of the current data pointer.

6.6.16 NO OPERATION

The NO OPERATION message is sent from an initiator in response to a target’s request for a message when the
initiator does not currently have any other valid message to send.

For example, if the target does not respond to the attention condition until a later phase and at that time the original
message is no longer valid the initiator may send the NO OPERATION message when the target enters the MESSAGE
OUT phase.

6.6.17 Queue tag messages

Table 17 - Queue tag message format

Bit 7 6 5 4 3 2 1 0
Byte
0 Message code (20h, 21h, 22h)
1 Queue tag (00h - FFh)

Table 17 defines the format for the queue tag messages. If the target implements tagged queuing, all of the queue
tag messages are mandatory: HEAD OF QUEUE TAG, ORDERED QUEUE TAG, and SIMPLE QUEUE TAG. Tagged
queuing is only defined for logical units, not for target routines.

If a target does not implement tagged queuing and a queue tag message is received or if a queue tag message is
received for a target routine, it shall respond with a MESSAGE REJECT message and accept the /O process as if
it were untagged.

The queue tag messages are used to specify an identifier, called a queue tag, for the I/O process that establishes
the |_T_L_Q nexus. The queue tag field is an 8-bit unsigned integer assigned by the initiator during an initial
connection. The queue tag for every I/O process for each |_T_L nexus should be unique. If the target receives a
queue tag that is currently in use for the |_T_L nexus, then it shall respond as defined in 7.5.2. A queue tag becomes
available for reassignment when the I/O process ends. The numeric value of a queue tag has no effect on the order
of execution.

NOTE 41 For each logical unit on each target, each initiator has up to 256 queue tags to assign to |/O processes. Thus
a target with eight logical units could have up to 14 336 I/O processes concurrently in existence if there were seven
initiators on the bus.
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Whenever an initiator connects to a target, the appropriate queue tag message shall be sent immediately following
the IDENTIFY message and within the same MESSAGE OUT phase to establish the |_T_L_Q nexus for the /O
process. Onlyone! T _L_Q nexus may be established during a connection. If a queue tag message is not sent, then
only an |_T_x nexus is established for the I/O process (untagged command).

Whenever a target reconnects to an initiator to continue a tagged 1/O process, the SIMPLE QUEUE TAG message
shall be sent immediately following the IDENTIFY message and within the same MESSAGE IN phase to revive the
I_T_L_Q nexus for the I/O process. Only one |_T_L_Q nexus may be revived during a reconnection. If the SIMPLE
QUEUE TAG message is not sent, then only an I_T_x nexus is revived for the 1/O process (untagged command).

if a target attempts to reconnect using an invalid queue tag, then the initiator should respond with an ABORT TAG
message.

6.6.17.1 HEAD OF QUEUE TAG

The HEAD OF QUEUE TAG message specifies that the 1/O process be placed first in that logical unit’'s command
queue. An I/O process already being executed by the target shall not be preempted. A subsequent I/O process
received with a HEAD OF QUEUE TAG message shall be placed at the head of the command queue for execution
in last-in, first-out order.

6.6.17.2 ORDERED QUEUE TAG

The ORDERED QUEUE TAG message specifies that the 1/O process be placed in that logical unit's command queue
for execution in the order received. All queued I/O processes for the logical unit received prior to this 1/O process
shall be executed before this /O process is executed. All queued I/O processes received after this |/O process shall
be executed after this |/O process, except for i/O processes received with a HEAD OF QUEUE TAG message.

6.6.17.3 SIMPLE QUEUE TAG

The SIMPLE QUEUE TAG message specifies that the I/O process be placed in that logical unit's command queue.
The order of execution is described in 7.8.

6.6.18 RELEASE RECOVERY

The RELEASE RECOVERY message is sent from an initiator to a target to terminate an extended contingent
allegiance condition previously established by an INITIATE RECOVERY message. This message shall be sent
immediately following the IDENTIFY message in the same MESSAGE OUT phase. The extended contingent
allegiance condition ends upon successful receipt of the RELEASE RECOVERY message. The target shall go to the
BUS FREE phase following successful receipt of this message.

If a RELEASE RECOVERY message is received by a target that implements extended contingent allegiance when an
extended contingent allegiance condition does not exist, the message shall not be rejected and the target shall go
to the BUS FREE phase.

6.6.19 RESTORE POINTERS

The RESTORE POINTERS message is sent from a target to direct the initiator to copy the most recently saved
command, data, and status pointers for the |/O process to the corresponding current pointers. The command and
status pointers shall be restored to the beginning of the present command and status areas. The data pointer shall
be restored to the value at the beginning of the data area in the absence of a SAVE DATA POINTER message or to
the value at the point at which the last SAVE DATA POINTER message occurred for that nexus.
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6.6.20 SAVE DATA POINTER

The SAVE DATA POINTER message is sent from a target to direct the initiator to copy the current data pointer to the
saved data pointer for the current I/O process. (See 6.4 for a definition of pointers.)

6.6.21 SYNCHRONOUS DATA TRANSFER REQUEST

Table 18 - SYNCHRONOUS DATA TRANSFER REQUEST

Bit 7 6 5 4 3 2 1 0
Byte

0 Extended message (0O1h)

ey

Extended message length (03h)
SYNCHRONOUS DATA TRANSFER REQUEST code (01h)

Transfer period factor

|l OIN

REQ/ACK offset

A SYNCHRONOUS DATA TRANSFER REQUEST (SDTR) message (see table 18) exchange shall be initiated by an
SCSI device whenever a previously-arranged data transfer agreement may have become invalid. The agreement
becomes invalid after any condition which may leave the data transfer agreement in an indeterminate state such as:

a) after a hard reset condition;

b) after a BUS DEVICE RESET message and,;

c) after a power cycle.

In addition, an SCSI device may initiate an SDTR message exchange whenever it is appropriate to negotiate a new
data transfer agreement (either synchronous or asynchronous). SCSI devices that are capable of synchronous data
transfers shall not respond to an SDTR message with a MESSAGE REJECT message.

NOTES

42 Renegotiation at every selection is not recommended, since a significant performance impact is likely.

43 Due to historical problems with early host adapters that could not accept an SDTR message, some targets may not
initiate synchronous negotiation after a power cycle as required by this standard. Host adapters that support synchronous
mode may avoid the ensuing failure modes when the target is independently power cycled by initiating a synchronous
negotiation on each REQUEST SENSE and INQUIRY command.

The SDTR message exchange establishes the permissible transfer periods and the REQ/ACK offsets for all logical
units and target routines on the two devices. This agreement only applies to data phases.

The transfer period factor times four is the value of the transfer period. The transfer period is the minimum time
allowed between leading edges of successive REQ pulses and of successive ACK pulses to meet the device
requirements for successful reception of data.

The REQ/ACK offset is the maximum number of REQ pulses allowed to be outstanding before the leading edge of
its corresponding ACK pulse is received at the target. This value is chosen to prevent overflow conditions in the
device's reception buffer and offset counter. A REQ/ACK offset value of zero shall indicate asynchronous data
transfer mode; a value of FFh shall indicate unlimited REQ/ACK offset.

The originating device (the device that sends the first of the pair of SDTR messages) sets its values according to the
rules above to permit it to receive data successfully. If the responding device can also receive data successfully with
these values (or smaller transfer periods or larger REQ/ACK offsets or both), it returns the same values in its SDTR
message. |If it requires a larger transfer period, a smaller REQ/ACK offset, or both in order to receive data
successfully, it substitutes values in its SDTR message as required, returning unchanged any value not required to
be changed. Each device when transmitting data shall respect the limits set by the other's SDTR message, but it is
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permitted to transfer data with larger transfer periods, smaller REQ/ACK offsets, or both than specified in the other's
SDTR message. The successful completion of an exchange of SDTR messages implies an agreement as follows:

Responding device SDTR response Implied agreement

a) Non-zero REQ/ACK offset Each device transmits data with a transfer period equal to or greater than and
a REQ/ACK offset equal to or less than the values received in the other
device's SDTR message.

b) REQ/ACK offset equal to zero Asynchronous transfer
¢) MESSAGE REJECT message Asynchronous transfer

If the initiator recognizes that negotiation is required, it asserts the ATN signal and sends a SDTR message to begin
the negotiating process. After successfully completing the MESSAGE OUT phase, the target shall respond with the
proper SDTR message. If an abnormal condition prevents the target from returning an appropriate response, both
devices shall go to asynchronous data transfer mode for data transfers between the two devices. :

Following target response (1) above, the implied agreement for synchronous operation shall be considered to be:
negated by both the initiator and the target if the initiator asserts the ATN signal and the first message out is either:
MESSAGE PARITY ERROR or MESSAGE REJECT. In this case, both devices shall go to asynchronous data transfer:
mode for data transfers between the two devices. For the MESSAGE PARITY ERROR case, the implied agreement:
shall be reinstated if a retransmittal of the second of the pair of messages is successfully accomplished. After a
vendor-specific number of retry attempts (greater than zero), if the target receives a MESSAGE PARITY ERROR
message, it shall terminate the retry activity. This may be done either by changing to any other information transfer
phase and transferring at least one byte of information or by going to the BUS FREE phase (see 6.1.1). The initiator
shall accept such action as aborting the negotiation, and both devices shall go to asynchronous data transfer mode
for data transfers between the two devices.

If the target recognizes that negotiation is required, it sends an SDTR message to the initiator. Prior to releasing the
ACK signal on the last byte of the SDTR message from the target, the initiator shall assert the ATN signal and respond
with its SDTR message or with a MESSAGE REJECT message. [f an abnormal condition prevents the initiator from
returning an appropriate response, both devices shall go to asynchronous data transfer mode for data transfers
between the two devices.

Following an initiator's responding SDTR message, an implied agreement for synchronous operation shall not be
considered to exist until the target leaves the MESSAGE OUT phase, indicating that the target has accepted the
negotiation. After a vendor-specific number of retry attempts (greater than zero), if the target has not received the
initiator's responding SDTR message, it shall go to the BUS FREE phase without any further information transfer
attempt (see 6.1.1). This indicates that a catastrophic error condition has occurred. Both devices shall go to
asynchronous data transfer mode for data transfers between the two devices.

if, following an initiator’s responding SDTR message, the target shifts to MESSAGE IN phase and the first message
in is MESSAGE REJECT, the implied agreement shall be considered to be negated and both devices shall go to
asynchronous data transfer mode for data transfers between the two devices.

The implied synchronous agreement shall remain in effect untit a BUS DEVICE RESET message is received, until a
hard reset condition occurs, or until one of the two SCSI devices elects to modify the agreement. The default data
transfer mode is asynchronous data transfer mode. The default data transfer mode is entered at power on, after a
BUS DEVICE RESET message, or after a hard reset condition.
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6.6.22 TERMINATE I/O PROCESS

The TERMINATE I/O PROCESS message is sent from the initiator to the target to terminate the current I/O process
without corrupting the medium.

With the following exceptions, the target shall terminate the current I/O process and return COMMAND TERMINATED
status. The sense key shall be set to NO SENSE. The additional sense code and qualifier are set to I/0 PROCESS
TERMINATED.

If the associated I/O process involves a data phase, the target shall set the valid bit in the sense data to one and set

the information field as follows:
a) If the command descriptor block specifies an allocation length or parameter list length, the information field
shall be set to the difference (residue) between the number of bytes successfully transferred and the requested

length.
b) If the command descriptor block specifies a transfer length field, the information field shall be set as defined

in the REQUEST SENSE command (see 8.2.14).
If an error is detected for the associated 1/O process the target shall ignore the TERMINATE |/O PROCESS message.

if the operation requested for the associated 1/O process has been completed but status has not been returned, the
target shall ignore the TERMINATE /O PROCESS message.

if the target does not support this message or is unable to stop the current i/O process, it shall send a MESSAGE
REJECT message to the initiator and continue the 1/O process in a hormal manner.

The effect of a TERMINATE I/O PROCESS message on the command queue depends on the queue error recovery
option specified in the control mode page (see 8.3.3.1) and on whether or not a contingent allegiance condition is
generated.

NOTE 44 The TERMINATE IO PROCESS message provides a means for the initiator to request the target to reduce the
transfer length of the current command to the amount that has already been transferred. The initiator can use the sense
data to determine the actual number of bytes or blocks that have been transferred. This message is normally used by the
initiator to stop a lengthy read, write, or verify operation when a higher-priority command is available to be executed, It
is up to the initiator to complete the terminated command at a later time, if required.

6.6.23 WIDE DATA TRANSFER REQUEST

Table 19 - WIDE DATA TRANSFER MESSAGE

Bit 7 6 5 4 3 2 1 0
Byte
0 Extended message (01h)
1 Extended message length (02h)
2 WIDE DATA TRANSFER REQUEST code (03h)
3 Transfer width exponent

A WIDE DATA TRANSFER REQUEST (WDTR) message (see table 19) exchange shall be initiated by an SCSI device
whenever a previously-arranged transfer width agreement may have become invalid. The agreement becomes invalid
after any condition which may leave the data transfer agreement in an indeterminate state such as:

a) after a hard reset condition;

b) after a BUS DEVICE RESET message and,;

c) after a power cycle.
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in addition, an SCSI device may initiate a WDTR message exchange whenever it is appropriate to negotiate a new
transfer width agreement. SCSI devices that are capable of wide data transfers (greater than eight bits) shall not
respond to a WDTR message with a MESSAGE REJECT message.

NOTE 45 Renegotiation at every selection is not recommended, since a significant performance impact is likely.

The WDTR message exchange establishes an agreement between two SCSI devices on the width of the data path
to be used for DATA phase transfers between the two devices. This agreement applies to DATA IN and DATA OUT
phases only. All other information transfer phases shall use an eight-bit data path.

If an SCS! device implements both wide data transfer option and synchronous data transfer option, then it shall
negotiate the wide data transfer agreement prior to negotiating the synchronous data transfer agreement. If a
synchronous data transfer agreement is in effect, then an SCSI device that accepts a WDTR message shall reset the
synchronous agreement to asynchronous mode.

The transfer width is two to the transfer width exponent bytes wide. The transfer width that is established applies to
all logical units on both SCSI devices. Valid transfer widths are 8 hits (m = 00h), 16 bits (m = 01h), and 32 bits
{(m = 02h). Values of m greater than 02h are reserved.

The originating SCSI device (the SCSI device that sends the first of the pair of WDTR messages) sets its transfer width
value to the maximum data path width it elects to accommodate. If the responding SCSI device can also
accommodate this transfer width, it returns the same value in its WDTR message. If it requires a smaller transfer
width, it substitutes the smaller value in its WDTR message. The successful completion of an exchange of WDTR
messages implies an agreement as follows:

Responding device WDTR response |Implied agreement
a) Non-zero transfer width Each device transmits and receives data with a transfer width equal to the
responding SCSI| device's transfer width.

b) Transfer width equal to zero Eight-bit data transfer
c) MESSAGE REJECT message Eight-bit data transfer

If the initiator recognizes that negotiation is required, it asserts the ATN signal and sends a WDTR message to begin
the negotiating process. After successfully completing the MESSAGE OUT phase, the target shall respond with the
proper WDTR message. |f an abnormal condition prevents the target from returning an appropriate response, both
devices shall go to eight-bit data transfer mode for data transfers between the two devices.

Following target response 1) above, the implied agreement for wide data transfers shall be considered to be negated
by both the initiator and the target if the initiator asserts ATN and the first message out is either MESSAGE PARITY
ERROR or MESSAGE REJECT. In this case, both devices shall go to eight-bit data transfer mode for data transfers
between the two devices. For the MESSAGE PARITY ERROR case, the implied agreement shall be reinstated if a
retransmittal of the second of the pair of messages is successfully accomplished. After a vendor-specific number of
retry attempts (greater than zero), if the target receives a MESSAGE PARITY ERROR message, it shall terminate the
retry activity. This may be done either by changing to any other information transfer phase and transferring at least
one byte of information or by going to the BUS FREE phase (see 6.1.1). The initiator shall accept such action as
aborting the negotiation, and both devices shall go to eight-bit data transfer mode for data transfers between the two
devices.

If the target recognizes that negotiation is required, it sends a WDTR message to the initiator. Prior to releasing the
ACK signal on the last byte of the WDTR message from the target, the initiator shall assert the ATN signal and
respond with its WDTR message or with a MESSAGE REJECT message. If an abnormal condition prevents the
initiator from returning an appropriate response, both devices shall go to eight-bit data transfer mode for data
transfers between the two devices.
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Following an initiator's responding WDTR message, an implied agreement for wide data transfer operation shall not
be considered to exist until the target leaves the MESSAGE OUT phase, indicating that the target has accepted the
negotiation. After a vendor-specific number of retry attempts (greater than zero), if the target has not received the
initiator's responding WDTR message, it shall go to the BUS FREE phase without any further information transfer
attempt (see 6.1.1). This indicates that a catastrophic error condition has occurred. Both devices shall go to eight-bit
data transfer mode for data transfers between the two devices.

If, following an initiator's responding WDTR message, the target shifts to MESSAGE IN phase and the first message
in is MESSAGE REJECT, the implied agreement shall be considered to be negated and both devices shall go to
eight-bit data transfer mode for data transfers between the two devices.

The implied transfer width agreement shall remain in effect until a BUS DEVICE RESET message is received, until
a hard reset condition occurs, or until one of the two SCSI devices elects to modify the agreement. The default data
transfer width is eight-bit data transfer mode. The default data transfer mode is entered at power on, after a BUS
DEVICE RESET message, or after a hard reset condition.
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7 SCSI commands and status
This clause defines the SCS| command and status structures and gives several examples.

By keeping to a minimum the functions essential to communicate via this protocol, a wide range of peripheral devices
of varying capability can operate in the same environment. Because subsets of the full architecture may be
implemented, optional functions are noted.

7.1 Command implementation requirements

The first byte of all SCSI commands shall contain an operation code as defined in this standard. Targets shall
implement all commands with a mandatory operation code (see 7.1.2) both in clause 8 and in the appropriate clause
for their device type.

7.1.1 Reserved

Reserved bits, fields, bytes, and code values are set aside for future standardization. Their use and interpretation may
be specified by future extensions to this standard. A reserved bit, field, or byte shall be set to zero, or in accordance
with a future extension to this standard. A target that receives a reserved bit, field, or byte that is not zero or receives
a reserved code value shall terminate the command with CHECK CONDITION status and the sense key shall be set

to ILLEGAL REQUEST. It shall also be acceptable for a target to interpret a bit, field, byte, or code value in
accordance with a future extension to this standard.

7.1.2 Operation code types
The operation code types are defined in table 20.

Table 20 - Operation code type

Operation Description
code type
M Mandatory - Commands so designated shall be implemented in
order to meet the minimum requirement of this
standard.
0 Optional - Commands so designated, if implemented, shall be

implemented as defined in this standard.

Y Vendor-specific - Operation codes so designated are available
for vendor defined commands. See the vendor specifications
where compatibility is desired.

R Reserved - Operation codes so designated shall not be used.
They are reserved for future extensions to this
standard.
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7.2 Command descriptor block

A command is communicated by sending a command descriptor block to the target. For several commands, the
command descriptor block is accompanied by a list of parameters sent during the DATA OUT phase. See the
specific commands for detailed information.

The command descriptor block always has an operation code as its first byte and a control byte as its last byte.

For all commands, if there is an invalid parameter in the command descriptor block, then the target shall terminate
the command without altering the medium.

Table 21 - Typical command descriptor block for six-byte commands

Bit 7 6 5 4 3 2 1 0
Byte
0 Operation code
1 Logical unit number (MSB)
2 Logical block address (if required) ]
3 (LsB) |

Transfer length (if required)
4 Parameter list length (if required)
Allocation length (if required)

5 Control

Table 22 - Typical command descriptor block for ten-byte commands

Bit 7 6 5 4 3 2 1 0
Byte
0 Operation code
1 Logical unit number Reserved
2 (MsSB)
3
Logical block address (if required) —
4
5 (LSB)
6 Reserved
7 (MSB) Transfer length (if required)
Parameter list length (if required) —
8 Allocation length (if required) (LSB)
9 Control
68 Canon Exhibit 1105
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Table 23 - Typical command descriptor block for twelve-byte commands

Bit 7 6 5 4 3 2 1 0
Byte
0 Operation code
1 Logical unit number Reserved
2 (MSB)
3
Logical block address (if required) —
4
5 (LSB)
6 (MSB)
7 Transfer length (if required)
Parameter list length (if required) —
8 Allocation length (if required)
9 (LSB)
10 Reserved
11 Control

7.2.1 Operation code

The operation code (see table 24) of the command descriptor block has a group code field and a command code
field. The three-bit group code field provides for eight groups of command codes. The five-bit command code field
provides for thirty-two command codes in each group. Thus, a total of 256 possible operation codes exist. Operation
codes are defined in the subsequent subclauses.

The group code specifies one of the following groups:
a) Group O - six-byte commands (see table 21)
b) Group 1 - ten-byte commands (see table 22)
c) Group 2 - ten-byte commands (see table 22)
d) Group 3 - reserved
e) Group 4 - reserved
f) Group 5 - twelve-byte commands (see table 23)
g) Group 6 - vendor-specific
h) Group 7 - vendor-specific
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Table 24 - Operation code

Bit 7 6 5 4 3 2 1 0

Group code Command code

7.2.2 Logical unit number

The logical unit number is defined in the IDENTIFY message (6.6.7). The target shall ighore the logical unit number
specified within the command descriptor block if an IDENTIFY message was received. It is recommended that the
logical unit number in the command descriptor block be set to zero.

NOTICE: The logical unit nhumber field is included in the command descriptor block for compatibility with some
SCSI-1 devices. This field may be reclaimed in SCSI-3. New implementations should use the outbound IDENTIFY
message, which is mandatory in SCSI-2, to establish the |_T_L nexus.

7.2.3 Logical block address

The logical block address on logical units or within a partition on device volumes shall begin with block zero and be
contiguous up to the last logical block on that logical unit or within that partition.

A six-byte command descriptor block contains a 21-bit logical block address. The ten-byte and the twelve-byte
command descriptor blocks contain 32-bit logical block addresses. Logical block addresses in additional parameter
data have their length specified for each occurrence. See the specific command descriptions.

7.2.4 Transfer length

The transfer length field specifies the amount of data to be transferred, usually the number of blocks. For several
commands the transfer length indicates the requested number of bytes to be sent as defined in the command
description. For these commands the transfer length field may be identified by a different name. See the following
descriptions and the individual command descriptions for further information.

Commands that use one byte for the transfer length allow up to 256 blocks of data to be transferred by one
command. A transfer length value of 1 to 255 indicates the humber of blocks that shall be transferred. A value of
zero indicates 256 blocks.

In commands that use multiple bytes for the transfer length, a transfer length of zero indicates that no data transfer
shall take place. A value of one or greater indicates the number of blocks that shall be transferred.

Refer to the specific command description for further information.
7.2.5 Parameter list length

The parameter list length is used to specify the number of bytes sent during the DATA OUT phase. This field is
typically used in command descriptor blocks for parameters that are sent to a target (e.g. mode parameters,
diagnostic parameters, log parameters, etc.). A parameter length of zero indicates that no data shall be transferred.
This condition shall not be considered as an error.

7.2.6 Allocation length

The allocation length field specifies the maximum number of bytes that an initiator has allocated for returned data.
An allocation length of zero indicates that no data shall be transferred. This condition shall not be considered as an
error. The target shall terminate the DATA IN phase when allocation length bytes have been transferred or when all
available data have been transferred to the initiator, whichever is less. The allocation length is used to limit the
maximum amount of data (e.g. sense data, mode data, log data, diagnostic data, etc.) returned to an initiator.
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7.2.7 Control field
The control field is the last byte of every command descriptor block. The control field is defined in table 25.

Table 25 - Control field

Bit 7 6 5 4 3 2 1 0

Vendor-specific Reserved Flag Link

The flag bit specifies which message the target shall return to the initiator if the link bit is one and the command
completes without error. Implementation of the flag bit is optional.

The flag bit should be set to zero if the link bit is zero. If link bit is zero and the flag bit is one, the target shall return
CHECK CONDITION status. The sense key shall be set to ILLEGAL REQUEST.

If the flag bit is zero and the link bit is one, and if the command completes successfully, the target shall send the
LINKED COMMAND COMPLETE message. Ifthe flag bit is one and the link bit is one, and if the command completes
successfully, the target shall send the LINKED COMMAND COMPLETE (WITH FLAG) message.

NOTE 46 The flag bit is typically used to cause an interrupt in the initiator between linked commands.
The link bit is used to continue the I/O process across multiple commands. Implementation of the link bit is optional.

A link bit of one indicates that the initiator requests a continuation of the I/O process and that the target should enter
the command phase upon successful completion of the current command.

If the link bit is one, and if the command completes successfully, the target shall return INTERMEDIATE or
INTERMEDIATE-CONDITION MET status and shall then send one of the two messages defined by the flag bit.

If either of the link and flag bits are set to one, and the target does not implement linked commands, it shall return
CHECK CONDITION status. The sense key shall be set to ILLEGAL REQUEST.

7.3 Status

The status byte and status byte code are defined in tables 26 and 27. A status byte shall be sent from the target to
the initiator during the STATUS phase at the completion of each command unless the command is terminated by one
of the following events:

a) an ABORT message;

b). an ABORT TAG message;

c) a BUS DEVICE RESET message;

d). a CLEAR QUEUE message;

e): a hard reset condition;

f) “an unexpected disconnect (see 6.1.1).

The STATUS phase normally occurs at the end of a command but in some cases may occur prior to transferring the
command descriptor block.

Table 26 - Status byte

Bit 7 6 5 4 3 2 1 0
Reserved Status byte code Reserved
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Table 27 - Status byte code

Bits of status byte Status
7 6 | 5|4 (3|2 1 0
R R 0 0|0} 0)0|R GOOD
R | R 0 o|0 |0 1 R CHECK CONDITION
R R 0 0| O 1 0! R CONDITION MET
R R 0 0 1 0 0 R BUSY
R | R 0 1 0| 0|0]|R INTERMEDIATE
R R 0 1 0 1 0 R INTERMEDIATE-CONDITION MET
R R 0 1 1 0| 0| R RESERVATION CONFLICT
R | R 1 01040 1 R COMMAND TERMINATED
R R 1 0 1 0|0 {[R QUEUE FULL

All other codes Reserved

Key: R = Reserved bit

A definition of the status byte codes is given below.
7.3.1 GOOD: This status indicates that the target has successfully completed the command.
7.3.2 CHECK CONDITION: This status indicates that a contingent allegiance condition has occurred (see 7.6).

7.3.3 CONDITION MET: This status or INTERMEDIATE-CONDITION MET is returned whenever the requested
operation is satisfied (see the SEARCH DATA and PREFETCH commands).

7.3.4 BUSY: This status indicates that the target is busy. This status shall be returned whenever a target is unable
to accept a command from an otherwise acceptable initiator (i.e. no reservation conflicts). The recommended initiator
recovery action is to issue the command again at a later time.

7.3.5 INTERMEDIATE: This status or INTERMEDIATE-CONDITION MET shall be returned for every successfully
completed command in a series of linked commands (except the last command), unless the command is terminated
with CHECK CONDITION, RESERVATION CONFLICT, or COMMAND TERMINATED status. If INTERMEDIATE or
INTERMEDIATE-CONDITION MET status is not returned, the series of linked commands is terminated and the 1/O
process is ended.

7.3.<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>