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American Natlonal Standards Institute, Inc.

Abstract

The SCSI protocol is designed to provide an efficient peerto-peer /O bus with up to 16 devices,
inciuding one or more hosis. Data may be transferred asynchronously at rates that only depend
on device implementation and cable tength. Synchronous data transfers are supporied at rales up
to 10 mega-transfers per second. With the 32-bit wide data transter 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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Introduction

ANS! X3.131-1994 replaces ANS! X3.131-1986 Small Computer System interface.
The clauses contain material as described below.

Clause 1 describes the scope.

Ciause 2  [lists the normative references.

Clause 3  provides a glossary common to the whole document.

Clause 4  provides descriptions and conventions.

Clause 8  describes the physical characteristics.

Ciause 8  describes the logical characteristics of the interface.

Clause 7  describes the SCS! command and status structure.

Ciause 8  specifies those commands that have a consistent meaning for ali device types.

Clause 9  specifies commands for direct-access devices.

Clause 10 specifies commands for sequential-access devices.

Clause 11 specifies commands for printer devices.

Clause 12 specifies commands for processor devices.

Clause 13 specifies commands for write-once devices.

Clause 14 spegsifies commands for CD-ROM devices.

Clause 15 specifies commands for scanner devices.

Clause 16 specities commands for oplical memory devices.

Clause 17 specities commands for medium changer devices.

Clause 18 specifies commands for communications devices,

Annex A illustrates 8CSI signal sequence.

Annex B illustrates fast SCS1 skew time.

Annex C  describes other SCSI standardization activities.

Annex D contains SCS8I-2 additional sense codes and operation codes in numeric order.

Annex £ contains the list of SCSI-2 vendor identifications.

The SCSI protocol is designed to provide an efficient peer-to-peer /O bus with up to 18 devices,
including one or more hosts, Data may be transierred 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 o 40
megabytes per second are possible.

SCSI2 includes command sets for magnetic and optical disks, tapes, printers, processors, CD-
ROMs, scanners, medium changers, and communications devices.

In 1985, when the first SC31 standard was being finalized, several manufacturers wanted 1o
increase the mandatory requirements of SCS! and to define further features for direct-access
devices. Rather than delay the SCS! standard, an ad hoc group was {ormed to develop a working
paper that was eventually called the Common Command Set {(CCS). Many disk producis were
designed using this working paper.

xxii
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in parallet with the developmeni of the CCS working paper, work began on an enhanced SCSI
standard, which was named SCS1-2. SC8I-2 included the results of the CCS working paper and
extended them to all device types. i also added caching commands, performance enhancement
features, and other worthwhile functions, While 8C8i-2 has gone well beyond the original SC8i
standard (now referred to as SCS8I-1}, i relains a high degree of compatibility with SCSI1-1 devices.

SCS8I-2 has evolved significantly from SCSi-1 with the new document nearly three times larger.
Most of the changes are additions, but several obsolete options were removed:

a) Single initiator option;
by Non-arbitrating systems option;
¢) The SCSI-1 alternative 1 shielded connector;
g} Non-extended sense data option;
2} Reservation queuing option;
fy The read-only device command set.
There are several new low-leve! requirements:
a) Parity is now required;
b) initiators are required to provide terminator power,
¢} The arbitration delay was increased from 2.2 to 2.4 ps;
d} Message support is now required.
Several iow-level options were added:
a} Wide SCSI1 (up to 32 bits wide using a second cable);
b) Fast SCSI! (synchronous data transters of up o 10 mega-transfers per second};
¢) Commang gueuing {up to 256 commands per initiator per iogical unit);
d} High-density connector alternatives were added;
e) Asynchronous event notification;
f} Extiended confingent allegiance.
New command sels were added including:
a) CD-ROM (replaces read-only device);
b} Scanner device;
¢) Optical memory device (provides for write-once, read-only, and erasable media);
d} Medium changer device;
e} Communications device,
All command sets were enhanced:
a) Device models were added;
b} Extended sense was expanded;
¢} The INQUIRY data was expanded;
d) 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;
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f} The COPY command definition was expanded to include inexact block size handling and an
image copy option;

o) The direct-access device command set was enhanced 1o add cache management, several
new commands and o provide more initiator control over defect management;

h) The sequential-access device command sei 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 pius extending several command descriptor biocks 1o tweive byles to accommodate
larger transfer lengths.
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AMERICAN NATIONAL STANDARPD 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 intercannecting computers and peripheral devices. It
delines extensions to the Small Computer System Interface {(ISO 9318: 1989}, referred {0 herein
as SCSI-1. it also provides more complete standardization ¢of the previously defined command
sets. [t includes the necessary specification of the mechanical, electrical, and functional charac-
teristics of the interface 1o aliow interoperability of contorming 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 subjec! to revision, and pariies to agreements based on this American
Nationa! Standard are encouraged to investigale the possibility of applying the most recent edi-
tions of the standards and publications fisted 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 X3.170-1980)

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

IEC 908: 1987, Compact disc digital audio system 2

ISONEC 10148 1989, Information technology — Data interchange on read-only 120 mm optical
data disks (CD-ROM) 2

;}oAggilabls from the Electronic Industries Association, 2001 Pennsylvania Avenue, NW, Washington, DC
006.
?} 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 /O process: An /O process that is presently in execution (not queued),
3.1.2 byte: indicates an 8-bit construct.

3.1.3 command dascriptor block {CDB): The structure used to communicate commands from an initiator 1o a target.
3.1.4 command gueue: The queue used to store the queued 1/0 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
presetves sense data (see 7.6).

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

3.1.10 disconnect; The action that occurs when an SCS| device releases control of the SCSI bus, allowing it to go
1o the BUS FREE phase,

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

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

3.1.13 host adapter: A device which connects between a host systern and the S8CS8I bus. The device usually
performs the Jower layers of the SCS! protocol and normally operates in the inftiator role.  This function may be
integrated into the host system,

3.1.14 inHiai connection: An initiai 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 oceurs,

3,1.18 initiator: An SCS! device that requests an /O process to be performed by ancther SCSI device {a 1arget).
3.1.18 invalid: An illegal {reserved) or unsupponed fisld or code value.

3.1.17 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 transierred. An /O process begins with the establishment of a
nexus., An /O process normally ends with the BUS FREE phase following successful transfer of a COMMAND
COMPLETE or a RELEASE RECOVERY message. An /O process also ends with the BUS FREE phase following an
ABQRT, ABORT TAG, BUS DEVICE RESET, CLEAR QUEUE message, of a hard RESET condition, or an unexpected
disconnect ocours.
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3.1.18 1_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 Jogical unit. This relationship replaces
the prior LT nexus.

3.1.20 |_T_R nexus: A néxus which exists between an initiator, a target, and a target routine. This relationshit
replaces the prior |_T nexus.

3.1.21 1_T_x nexus: A nexus which is eitheran | T L or {_T_R nexus.

3.1.22 L_T_L_Q nexus: A nexus between an initiator, a target, a logical unit, and a queue tag following the successfu
receipt of one of the queue tag messages, This relationship replaces the prior I_T_L nexus.

3.1.23 |_T_x_y nexus: A nexus which is eitheran | 7 xor_T L Q.

3.1.24 logical biock: 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 fogical unit number: An encoded three-bit identifier for the logical unit.

3.1.27 mandatory: The referenced ifem 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 /O process. The relationship may be restricted to specify a single logical unit or target reutine by the

successiul transfer of an IDENTIFY message. The relationship may be further restricted by the successtul transfer
of a queus 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 ciaim 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 controlier} may be physically packaged
together. Often there is a one-to-one mapping between peripheral devices and logical units, but this is not required.
Examples of peripheral devices are: magnetic disks, prinfers, optical disks, and magnetic tapes.

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

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

3.1.35 reconnect: The act of reviving a nexus to continue an /O process. A target reconnects to an initiator by using
the RESELECTION and MESSAGE IN phases after winning arbitration. An initiator reconnects 1o 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 ocours.

3.1.37 reserved: ldentifies bils, fields, and code values that are set aside for future standardization,
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3.1.38 SCS| address: The hex representation of the unique address {0-18) assigned to an 8C8! 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 slgnal assertion: The act of driving a sighal to the true state.

3.1.42 signal negation: The act of driving a signal to the faise 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 t¢ 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 [/O process directed to a farget, 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 direck-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, eic.} 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 bi

LUN Logical unit number

MSB Most significant bit

SCS! Either SCS8i-1 or 8CSI-2

SCSh1  The Small Computer System Interface (SO 9316:1989)
8CSk2 The Small Computer System Interface - 2 (this standard)
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4 General

4.1 Overview

SCSI is a local /O bus that can be operated over a wide range of data rales, 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 1o generic system hardware or software. Provisian is made far the addition of special features anc
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 1o provide compatibility with those SCSI-1 devices that support bus parity anc
that meet conformance level 2 of SCSI-1. While some praviously 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, i i
intended that those operating systems providing support for both command sets be able {0 operate in environments
mixing SCSI-1 and SCSI1-2 devices. Properly conforming SCSI-1 devices, both initiators and targets, should respont
in an acceptable manner to reject SCSI-2 protocel extensions, All SCS1-2 protocol extensions are designed to be
permissive of such rejections and to allow the S8CSI-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 SCSL-2 devices. The commant
set definitions allow a sophisticated operating system to obtain all required initialization information from the attachec
SCSI-2 devices. The formalized sequence of requests identify the type of attached SCS!-2 device, the characteristics
of the device, and all the changeable parameters supporied 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 syster
information. Those parameters not required by the operating system for operation, initialization, or system tuning are
not exposed to the SCSI2 interface, but are managed hy the SCSI-2 device iisell.

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

The interface protocol includes provision for the connection of multiple initiators (SCSI devices capable of initiating
an operalion) and multiple targets {SCSI devices capable of responding 10 a request to perform an operation)
Distributed arbitration {i.e. bus-contention fogic) is built into the architecture of SC8I. A priotity system award:
interface control to the highest priority SCS! 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 fess than 10 s

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 anc
receiver configuration is defined for cable lengths of up to 6 m and is primarily intended for applications within &

cabinet.

Arbitration is defined to permit multiple initiators and to permit concurrent /O operations. All SCSI devices are
required to be capable of operating with the defined asynchronous transfer protocol. In addition, an optiona
synchronous transfer protocol is defined. A message protocol for control of the interface is also specified. In mos
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 al
mandatory commands defined for the appropriate device type and may implement other commands as well. 5CS
devices contain commands that facilitate the writing of self-configuring software drivers that can discover all necessan
attributes without prior knowledge of specific peripheral characteristics (such as storage capacity}. Many command
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also implement a very large logical block address space {232 blocks), although some commands implement a
somewhat smaller logical block address space (2°1 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 paramelers, 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 1o 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 efther 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 name 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 foilowed by lower-case h {xxh} are hexadecimal values,
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5 Physical characteristics

This clause contains the physical definition of SC8I-2. The connectors, cables, signals, terminators, and bus timin
values needed to implement the inferface are covered.

5.1 Physical description

SCS! devices are daisy-chained together using a commen 50-conductor A cable and, oplionally, a 68-conductor |
cable, Both ends of each cable are terminated. All signals are common between all S8CSI devices on the A cabis
In systems that employ the wide SC8! option, wide SCS! devices additionally connect to the B cable. Various widt
SCSI devices may be mixed,

NOTE 1 An alternate 18-bit single-cable solution and an alternate 32-bit sclution is being defined and the B cable definflion
will be removed in & future version of SCSL

Two driver/receiver alternatives are specified;
a} Single-ended drivers and receivers, which allowa maximum cable length of 6 m (primarily for connection withi
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 (0 and no greater than 140 Q. The characteristi
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 3. Cable pararneters other than characteristic impedance are crifical to systemn 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 prope
distribution of terminator power. A smaller conductor size may be used for signais other than terminator power.

NOTES

4 To minimize discortinuities and signal refiections, cables of different impedances should not be used in the same bus,
implemertations may require trade-offs in shielding effectiveness, cable iength, the number of Joads, transfer rates, and
cost to achieve satisfactory system operation,

8 To minimize discontinuities due to jocal impedance variation, a flat cable should be spaced at least 1,27 mm (0,080 in)
from other cables, any other conductor, or the cable iiself when the cable is folded,

& Regulatory agencies may require use of larger wire size.

5.2.1 Single~ended cabie

A 80-conductor flat cable or 25-signal twisted-pair cable shall be used for the A cable. A 68-conductor flat cable ¢
34-signal twisted-pair cable shall be used for the B cable if the wide SC5] option is implemented. The maximun
cumulative cable length shall be 6,0 m. twisted-pair cables are used, then twisted pairs in the cable shail be wire:
to physically opposing contacts in the connector.

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

NGTE 7 Shtb 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.

§.2.2 Differential cable

A 50-conductor flat cable or 25.signal twisted-pair cable shail 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 optien is implemented, The maximum
cumulative cable length shall be 25 m. I 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.

SCS1 bus termination shall be at each end of the cabie and may be internal to the SCS| devices that are at the ends
of the cable,

NOTE 8 The use of twisted pair cabie {sither twisted-fiat or discrete wire twisted pairs) is strongly recommended. Without
twisted pairs, even at slow data rates and very short distances, crosstalk between adjacent signals cayses sputicus puses
with differential signais.

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: 80 (1 to 132 Q

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

DC resistance: 0,280 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 SCSI 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 S50-conductor

connector consisting of two rows of 25 male contacts with adjacent contacts 1,27 mm (0,08 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 8CSi device connector for the A cable (see figure 3) shali be a 8¢
conductor connector consisting of two rows of 28 male pins with adjacent pins 2,54 mm (0,1 in} apart. A shroud an
header body should be used, The non-mating portion of the connector is shown for reference only.

The allernative 2 non-shielded low-density cable connector for the A cable (see figure 4} shall be a 50-conductc
connector consisting of two rows of 25 female contacts with adjacent contacts 2,54 mm (0,1 in) apart. i i
recommended that keyed connectors be used.

§.3.1.3 Norn-shielded connector - B cable

The non-shielded high-density SCSI device connector for the B cable (see figure 1) shall be a 68-conductor connectc
consisting of two rows of 34 female contacts with adjacent contacts 1,27 mm (0,05 in) apart. The non-mating portio
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-conductior connecic
consisting of twe rows of 34 male contacts with adjacent contacts 1,27 mm (0,05 in} apart. The non-mating poriio
of the connector is shown for reference only.
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SOCKET X

EEZUEUSLS,

- s AAA _ Hid
i B1 1 (4] P 1V S WEH

{FO CONTACT POINT)
3 i * __,p___
i T i B13
Dirmensions mn?o Position - -~ n?& Position -
BY (34,70
B2 [5.34]
B3 SEq 2,54 0.100
B4 0,050 0.050
BS 30,48 1,200 41,91
B6 KE3 KES
B? 0,039 R 1,00 R 0,039 R
B8 0,61£0,05 [0,02440,002 ] 0,61£0,05 {0,024+0,002
Bg 0,15 0,008 .15 0,006
B10 0,86+0,10 {0,034+ 0,004 | 0,8610,10 {0,034+ 0,004
Bt 0,15 0,006 0,15 0,006
B12 0,05 0,002 0,05 0,002
B13 500£0,13] 0,197£0,005, 5,00£0,13 0.197+ 0,005
B4 1,75 max, | 0,069 max. 1,75 maox. | 0,069 maox.
Sacket X 25 34
Socket Y 26 35
Socket Z 50 68
NOTE: Dimensions 88 and BfQare the opening in the dielectric.
The socket contacts (not shown) fit wthin the opening.

Figure 1 - 50/68-contact non-shieided high-density SCS1 device connector
(A cable/B cable)
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AlQ

vﬁ v"‘
e
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b sl
413 414547 1
......\ﬁ Al
e PIN 1
VETWE) ~_ /) PN X
2
[ (\1@" i 7] I !
— i — 1/ ] AZ
t y e o o o lon oer oo o
S N Y,
=y g
o7 PIN Z
= 45 - Gl
Dimensions mgo Position - m?nﬁ Position -
At (1822
A2 0,224]
A4S
A4 0,050
AS
A6
A7 1.04 R 0.041 R 1,04 RJ 6,041 R|
A8 0,40+ 0,010 {0,0156+£0,0004] 0,40£0,010 [0,01564 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
At 0,23 0,009 0,23 0,009
A2 0,05 0,002 0,05 0,002
A13 5155015 | 0,20320,006 { 5,15+0,15 | 0,203+ 0,006
A14 4,39 maox, 0,173 maox, 4,39 max. 0,173 max,
AlS 3,02 min, 0,119 min, 302 min, (1,119 min.
Pin X 25 3q
Pin Y 26 35
Pin 7 50 68
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Figure 2 - 50/68-contact non-shielded high-density cabie connector

{A cable/B cable)
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D10 o7
L O e C’) Note: Straight

through header

f _..I t,.._ D8 ? umsoe)é‘ofso be

D2
Fin 49\ Dé Pin 1
1 X L bs

i T
D4 ]—D | \ f\lat&*:-——A

Pin 50- | See Note 1 Shrouded Header
Pin 2= (Recommended)

Section X-X

Dimension Imim 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

D6 78,74 3,100 Reference Only

D7 13,94 0,549 Reference Only

D& 4,19+ 0,25 10,165+0,010

D39 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 - 5§0-coniact non-shielded low-deiasity SCSI device connector
{A cable)

41 of 468

13



ANSI X3,181-1994

14

Contact 507 C1

&&&&&&&&&&&&&&&&&&&&&&&&& .
l ttttttttttttttttttttttttt Back vView

Contact 1—/ —‘—! ’-ﬁ ¢4

— c3

Contacts for even
- See Note 1 M-/wires are not shown.

H } Side view
— l— ¢5

Cé6
Socket 1
‘ /- Socket 49~ { c7
flunsueBbaNasaRaaGERadnEG Front view
68 l iSocket 2 / !
Socket 50
Dimensions mm in Comments
Ct 2,54 0,100
c2 60,96 2,400
c8 2,54 0,100
C4 3,30 0,130
cs5 32,38 1,275
cé 68,07 2,680
c7 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 ond stroin relief ore optionol

Figure 4 -« 50-contact non-shielded low-density csble 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 m{} from the cable shield
at its termination point to the SCSI device enclosure,

In erder to support daisy-chain connections, SCSI devices that use shielded connectors should provide two shielded
device connectors on the device enciosure. These two connectors may be wired one-to-one with a stub to the 8CSI
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 connector 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.

£.3.2.1 Shielded connector aliernative 1 - A cable

The shielded high-density SCS! device connector for the A cable (see figure B) is a 50-conductor connector consisting
of two rows of 25 female contacts with adjacent contacts 1,27 mm {0,058 in) apart. The non-mating pottion 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 contacis 1,27 mm (0,05 in) apart. The non-mating portion of the
connector is shown for reference only.

5.3.2.2 Shielded conneclor 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 oftwo
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 SCS1 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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SOCKET X

e B6 ___ socker 1
MY ]
.
' 1
| ssn2

Bts

bt 55 ot

{10 CONTACT PUINT)

X
\ \ SOCKET Y
B7

Bi7

rﬁfﬁ'

— ]

B13

/

i

]

Bi4

A\ SEATING PLANE

Dimensions mn?o Position - mmsa Pogtion .
T 2L ,
B2
B3
B4
885
B
B7
B8 0.61£0,05 10,02420,002 ] 0,81£0,05 10,024 0,002
B9 6,18 0,006 6,15 0,006
Bto €,86+0,10 10,03420,004 | 0,86£0,10 {0,63410,004
B11 G,15 0,006 0,15 ¢,006
812z 0,08 0,002 0,05 0,002
b13 5,1040,05 §0,20140,002] 5,104£0,05 | 0,201:0,002
Bté $,00£0,13 | 0.19720,005] §,0020,13 | 0.19730,005
bnts 1,85 max. | 0,073 mox. | 1,85 max. | 0,073 max.
Bi1& 1,50£0,03 § 0.05920,001] 1,50%0,0% (| 0,059:0,001
L Bf? 42,2040.10 1166540004 | 53,7240,10 §2,115£0.004
Socket X 25 34
Socket Y 25 35
Sacket 7 50 68
NOTE -~ Dimensions B8 and B10 are the opening in the dielectric,
The socket contocts {not shown) fit within the opening.
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Figure 5 ~ 50/68-contact shielded high-density SCSi device connector
{A cable/B cable)
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Y

e 4 I !\ ﬁ
Ar13 /
¥ et
{ ( )
Atad  “ALE !
A&
49 @TIvEIw _]
ATTERTIVOIW ' i PIN X 43
1@:: nnnJH .
. — 4
st [} ] [ 3 3 ]
b1 1 !
— T~ =7
PIN Y / L PN Z
A7 Adm AT Z
A\ SEATING PLANE A8
Dimenstons m;;sfc Fosition s m,ﬁa Position i
Y, TE485] 1,372 1,899
s BB
A3 5,100 254 [ ©,160]
Ad G, 0501 {127 0,050
AS 30,48 EAKH
A6 o5 R 18] e
A7 104 1 Tél R [i04 R C.041 H
ﬁ C.40% 6,010} 0,0156%0,0004 | 0,40£0,010 o,oz}sgg;go,oom
0,23 4,008 0,23 :
ﬁ? o,goée&o,os 0'03‘3% g,om °‘%°§3°‘°3 o.og%:té g.om
A12 0,05 0,002 0,05 0,002
Arg ¢.gg¢o.to %t%?e.om :.g?m,m %.1196?0.094
Ard 4, may, R e, P FE, ) Y,
ATE 2,64 min, 0,104 min, 2.64 min, 0,104 min,
A6 0,25:0,13 | 0,010£0,005 ] 025:0,13 | 0,01040,005
Pin X i 'y
Pin Y 26 3s
Bin 7 50 &8

Figure 6 - 50/68~contac! shielded high-density cabie connector
{A cabie/B cable)
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Contoct 25

r— It I Bmmammmins 90 | &4
‘ L o JE {
4 s s : A q
£10) N
E7 —

Contact 50 —/

o\
. Contact 26

E8

gy

specified otherwise,

NOTE — Tolerances 1+ (0,127 mm
{0,005 in) non-cumulative, unless

gesomodale 4—40 or 63
screws,

reference only.

t} This dimension is selected to

2 threaded

2) These dimensions are shown for

IIRONTIRESY .’ S ———
e
Erz
Dirnensions mm in
Fob 56,39 min, 2,220 min,
E2 ) 2.62 min, | 0,103 min.
E3 3.99 min. | 0,157 min.
Ed 5.84 min. | 0,230 min. m
ES 74,85 2,947 /
EB 64,29 mox. 2,531 maox,
£72) 83.06 3270
E8 2) 15,24 0,600
Foy 12,04 max. | 0,474 mox,
E10 9,78 rmax. 0,385 muax.
El1 2,16 0,085 E1T oty [t
E12 15%42° 1594 2°

Figure 7 « 50-.contact shielded low-density SCSj device connector
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| | ;

i

F12
Lt F2 -
Fi
Contact
‘ Contoct 25 ‘

.  —
Fg F8 ~
- €Yy

wA\S | L)
Fed T ol | T w0

Contact 26
el
SUSSRUIES 7 7, SR | PO Fii
Dimmensions e in
Ft 56,26 max, 2,215 max.
Fz2 £4,29 min. 2,531 min,
3 l) 15,24 0,600
F4 ) 7.29 min. 3,287 min. f_I'U‘LILﬂ_I‘)Ij
F5 1,02 0,040
F& 409 mox. | 0,161 mox. LU
F7 1% 5,08 0,200
Fg ! 6,10 0,240
Fg 12,04 min. 0,474 min,
Frot) 68,45 2,695
Fit 15°12° 1894 2°
Fr2 1) 76,71 3,020
F13 2,16 0,085
NOTE — Tolerances £ 0,127 mm F13
(0,005 in) non--cumulative, uniess
specified otherwise,
t} These dimensions are shown for
reference only.

Figure 8 - 50-contact shielded low-densitly cable connector
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§.3.3 Connector contact assignments

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

to use and which set of contact assignments to use.

20

Fable 1 - Cross-reference fo connector contact assignments

Driverf Contact
receiver Connector|assignment | Contact
Connector type type Cable| fTigure table set
Non-shielded alternative 1{Single-ended{ A 1 &2 2 2
Non-shielded alternative 1{8ingle-ended B 1 & 2 3
Nen-shielded alternative 1{Differential; A 1 & 2 4 2
Non-shielded alternative 1|DRiffTerential 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 S8ingle-ended} A 54&8 2 2
Shielded alternative 1 Single-ended 8 5 & 8 a
Bhielded aliernative 1 Gifferential] A 5 &6 4 e
Bhielded alternative 1 Gifferential B 5 &6 5
Shielded alternative 2 Single-ended] A 7T &8 2 2
Shielded alternative 2 Differential] A 7 &8 4 2
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Table 2 - Single-ended contact assignments « A cable

Connactor 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{OY
GROUND 2 3 3 4 4 27 -DBf%)
GROUKD 3 5 5 8 8 28 -pB{2)
GROUND 4 7 7 8 8 29 ~DB{3)
GROUND 5 9 9 10 10 30 -DB{4)
GROUND 6 11 11 12 12 31 -DB?S}
GROUND 7 13 13 | 14 14 32 -DB{8}
GROUND 8 15 15 16 18 33 ~BB(7)
GROUND 9 17 17 | 18 i8 34 ~DB(P
GROUND 10 19 ig | 20 20 35 GROUN
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 38 RESERVED
GROUND 15 29 29 | 30 30 40 GROUND
GROUND 16 31 31 32 32 41 -ATHN
GROUND 17 33 33 | 34 34 42 GROUND
GROUND 18 35 35 | 36 38 43 -BSY
GROUND 18 37 37 | 38 38 44 ~ACK
GROUND 20 as 39 | 40 44 45 -RST
GROUND 214 44 41 42 42 46 -M5G
GROUND 22 43 43 | 44 44 47 -BEL
GROUKD 23 45 45 46 46 48 -GiD
GROUND 24 47 47 | 48 48 48 ~REQ
GROUND 25 48 48 | 50 50 50 -IfG
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 10 implement eguivalenti
contact assignments.

3 Two sets of contact assignments are shown. Refer to table 1 to
determine which set of contacts apglies tc each conanector.

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 Cabie Connector
Signal centact conductor contact Signal
name nipnber number aumber name
GROUND 1 1 2 35 GROUND
GROUND 2 3 4 36 -DB(8)
GROUND 3 5 8 a7 -DB(8)
GROUND 4 7 8 38 -08510}
GROUND 5 8 {10 38 ~DB{11)
GROUND 8 11 12 40 ~-DB{12)
GROUND 7 13 | 14 41 -DB{13})
GROUND 8 5 | 18 42 -DB{14)
GROUND g 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 13 29 | 30 49 -BB{17)
GROUND 18 31 ¢ 82 8¢ -DB(18)
TERMPWRB 17 33 | 84 51 TERMPWRB
TERMPWRB 18 35 | a8 52 TERMPWRB
GROUND 18 37 | 88 53 ~-BB{18}
GROUND 20 38 | 40 54 ~OB{20)}
GROUND 21 41 | 42 55 -DB{21)
GROUND 22 43 | 44 58 -DB{22)
GROUND 23 45 1 46 57 ~DRB{23)
GROUND 24 47 | 48 58 ~DB(P2}
GROUND 25 49 | 50 59 -bB (24}
GROUND 28 51 52 80 -DB{25)
GROUND 27 53 | 54 61 -bB{2€)
GROUND 28 55 i &6 62 -DB{27)
GROUND 29 57 ; 58 63 ~0B{28)
GROUND 30 56 | 60 64 ~DB{28)
GROUND 31 81 62 65 ~-BB{30}
GROUND 32 83 | 64 66 ~DB{31}
GROUND 33 65 | 66 87 -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 assignmenis.

NOTE 10 Analternate 16-bit single-cable solution and an alternate 32-bi solution is being defined and the B cable definition
will be removed in a future version of SCSL
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Connector Connector
contact numbar Cable |contact number

Signal cenductor Signal
name - Set 2 | Bet 1 number Set 1 Set 2 name
GHOUND 1 1 1 2 2 28 GROUND
+DB{8) 2 3 3 4 4 27 -DB{S)
+B{1) 3 L L3 6 8 28 -DB(1)
+DB{2) 4 7 7 8 8 29 -DB{2)
+OBE3) 5 9 g 10 10 30 -DB(3)
+DB{4) 6 11 1R 12 12 31 ~DB(4)
+DB{5) 7 13 13 14 14 32 -DB(5)
+DB{8) 8 15 18 16 16 33 ~-BB{6}
+DB{7} 9 17 17 | 18 18 34 ~DB{7}
+DB(P} 10 19 1% | 20 20 35 -PB{P}
DIFFSENS 1 21 21 22 22 36 GROUND
RESERVED 12 23 23 | 24 24 37 RESERVED
TERMPWR 13 25 25 1 26 26 38 TERMPWR
RESERVED 14 27 27 | 28 28 39 RESERVED
+ATN 15 29 28 | 30 30 40 -ATN
GROUND 16 31 34 32 3z 41 GROUND
+B3Y 17 33 33 | a4 34 42 -B8Y
+ACK 18 35 35 | 36 38 43 ~ACK
R8T 19 37 37 | 38 a8 44 ~RST
+ACK 1B 35 35 | 38 38 43 -ACK
+RAST 19 a7 37 | 38 38 44 -RST
+HMSG 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
+REG a3 45 45 | 48 46 48 -REQ
+3/0 24 47 47 | 48 48 49 ~1/0
GROUND 25 49 48 | 50 50 50 GROUND

NOTES

1 The conductor number refers to the c¢onducter poesition when
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,

2 Two sets of contact assignments are shown.
determine which set of contacts applies to each cohnector.

using

Other cable types may be used to implement equivalent
gontact assignhments.

3 See 5.4.4 for a definition of the RESERVED lines.

Refer to table 1 to
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Table 5 - Differential contact assignments - B cable

Connactor Cable Connector
Signal contact conductor contact Signal
name number number rnumber name
GROUND 1 1 2 35 GROUND
+DB(8) 2 3 4 36 -DB{8)
+IB (9} 3 5 6 a7 -0B{9)
+0B(10)} 4 7 8 a8 ~0B {10}
+DB{11) 5 9 | 10 g -bB{11)
+DB{12) 6 11 12 44 -DB{12)
+DB( 13} 7 13 | 14 41 ~DB(13;
+DB{ 14) 8 15 | 18 42 -ﬁB{i4;
+BB{15} g 17 | 18 43 ~-DB{15
+B(P1) HY 18 | 20 44 -DB{P1}
+ACKB | 2t | 22 45 -ACKB
GROUND i2 23 | 24 48 DIFFSENS
+REQR 18 25 | 28 47 -REGR
+PB{16) 14 27 | 28 43 -DB{16
+DBE17) i5 28 | 80 49 -DB{17
+DB(18 16 3% | 32 50 -0B8{18)
TERMPWRB 17 33 | 94 51 TERMPWRB
TEAMPWRE 18 35 | 46 52 TERMPWARB
+DB(19) 18 37 | 38 53 -DB{19)
+DB {20} 20 38 | 40 54 -DB{20)
+DB{21) 21 41 | 42 55 -DB(21}
+DB{22} 22 43 | 44 56 -bB{22}
+HB{238) 23 45 | 46 57 -DB{28)
+DB{P2 24 47 | 48 58 -DB{P2}
+DB{24§ 25 48 | 50 59 -DB{24)
+DB(25) 28 51 | 52 60 ~-DB{25)
+*DB{26) 27 53 | 54 81 -DB{26}
+DB{27} 28 55 | 58 62 -DB{27)
+DB {28} 29 57 | 58 63 ~DB(28)
+DB{28) 30 52 | €60 64 -BR{29)
+D8{30} 31 81 | 62 65 -DB(8C)
+DB{31) 32 83 | 64 68 -DB(31}
+DB{P3) 33 65 | 66 87 -DB{P3)
GROUND 84 67 | 68 &8 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
wil be removed in a future varsion of 8C8I,
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5.4 Electrical description

For the measuremenis in this subclause, SCS1 bus termination is assumed o 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 infernal 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 @ and 10}):

a) The termination of each signal shali consist of 220 Q {+5%) to the TERMPWR line and 330 Q (+5%)} to ground.
Using resistors with 4-1% tolerance improves noise margins.
b) The termination of each signal shaill meet these requirements:
1) The terminators shall each supply a characteristic impedance between 100 O and 132 Q.
2) The iermminators 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 5.4.8).
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 availabie 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 54.8}.
5} These conditions shall be met with any legal configuration of targets and initiators as long as at ieast one
device is supplying TERMPWR,

The first termination method above is the same as in 8CS8Lk1, The second termination method is recommended for
better signal quality,

8.4.1.1 Ouiput characteristios

All signals shall use open-collector or three-state drivers, Each signal driven by an 8CS8] device shall have the
following output characteristics when measured at the SCS! device's connectorn:

VC}L {tow-lavel output vollage} = 0,0 to 0,5 V d.c. at 48 mA sinking (signal assertion)
Vo (high-level output voltage) = 2,6 to 5,26 V d.c. (signal negation)
5.4.1.2 Input characteristics

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

Vi (low-level input voltage) = 0,0V d.c.t0 0,8V d.c {(signal true)
\) (high-level input voltage} = 2,0V d.c.t0 5,25V d.¢. (signal false)
ke (low-level input current) = Q4mAted0mAatV,=05Vde
i 0o . ’
!i {high-fevel input current) = 0,0 mAto 0,1 mA at V! =27Vde
inimurn input hysteresis = 0,2V de.
Maximum input capacitance = 25 pF (measured at the device connector closest 1o the stub, i any, within the device)

It is recommended that SCSI devices with power off also meet the above ’IL and /y,, 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 twe lines denoted 4+ SIGNAL and -SIGNAL. A signal is frue when +SIGNAL is more posttive thai
-SIGNAL, and a signal is false when -8IGNAL is more positive than +SIGNAL. All assigned signals of the Aand !
cables described in 8.8 shall be terminated at each end of the cable with & 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. Iif a single-ende:
device or terminator is inadvertently connected, this signal is grounded, disabling the differential drivers (see figur

12).

The characteristic impedance of differential terminators is 122 Q.

5.4.2.1 Qutpwt characteristles

Each signal driven by an SC8I device shall have the following output characteristics when measured at the SCT
tdevice's connector,

Vo {fow-level output voltage) = 1,7 V maximum at /., (low-level output current} = 55 mA.

Vor {high-level output voltage) = 2,7 V minimum at lTGH (high-level oufput current) = -55 mA,

Vop (differential output voltage} = 1,0 V minimum with common-mode voitage ranges from -7 Vd.c.to +12 Vd.c
VoL and Vo shall be as measured between the output terminal and the SCSI device's logic ground reference.
The output characteristics shall additionally conform {o FIA RS-485-1983,

5.4.2.2 Input characterislics

SCSI devices shall meet the following electrical characteristics on each signal {including both receivers and passiv:

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

The I! requirement shall be met with the input voltage varying between -7 V d.c. and +12 V d.c., with poweron ¢
oft, and with the hysteresis equaling 35 mV, minimum.

The input characteristics shall additionally conform to EIA R5-485-1988.

§.4.3 Terminator power

SC8! initiators shall supply terminator power to the TERMPWR contact{s} and, if it implements the wide SCS! optior
to the TERMPWRB contacts, This power shall be supplied through a diode or similar semiconductor that prevent:
backfiow of power to the 8C8 device. Targets and SCS8I devices that become temporary initiators {e.g. targets whic!
implement the COPY command or asynchronous event notification} are not required to supply terminator power., An
SCS! device may supply terminator power. Interface error rates are lower if the termination voitage is maintained 2
the extreme ends of the cable.

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

NOTE 12 Regulatory agencies may require limiting maximum {shert circuit) current to the terminator power lines.
Becommended current limiting is 1,5 A for TERMRWR and 2 A for TERMPWRB, For systems utifizing multiple initiators,
the initiators may be configured with option straps or current limiting devices. Maxdmum available current should not
exceed 5 A,
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808! devices shall sink no more than 1,0 mA from TERMPWR and no more than 1,0 mA from TERMPWREB except
to power an optional internal terminator,

Single-ended SCSI devices providing terminator power on cable A shall have the following characteristics:
= 4258V d.c to 525 Vde

V.
Term " . s
800 mA minimum source drive capability

Differential SCS! devices providing terminator power on cabie A shall have the following characteristics:

vTe = 4,0V d.c 105,25 Vdc,
m L . s
800 mA minimum source drive capability

Single-ended SCSI devices providing terminator power on cable B shall have the following characteristics:
= 458V d.c to 525 Vde

V.
Term ! . -
1500 mA minimum source drive capability

Differential SCSI devices providing terminator power on cable B shall have the following characteristics:
= 4,0V d.c to 5,25 Vde

Vrerm o . -
1000 mA minimum source drive capability

NOTE 13 It is recommended that the terminator power lines be decoupled at each terminator with atf least a 2.2 yF high-
frequency capacitor to improve signal qualiy.
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28

TERMINATOR POWER

~SIGNAL 2208
GROUND 530 2

Figure 9 - Alternative 1 termination for single-ended devices

» TERMPWR

S . -DB(0)
Ay ~DB(1}

AAA - “DB(4)

Low Srapout 4 ~DB(2)
voitage T
Vin reguigtor 500 A Vout X X At —0B(3)
> m YVY
ey B oy T
(See Note 1) 2 g1 I I . ~08(6)
= i L L ——a ~DB()
i Yod) ) N $———sn ~DB(P)
gR2 A —BSY
-_— A —ACK
~ S AN — RS
Component| Description VY W——— M:SG
R 1219, 1%, 0,25 W A —pm = SEL
R2 154 R, 1%, 0,25 W A —tm =C/D
R3-R20 110Q, 1% A i REQ
ct 10 uF Alum. 15 V or 'W -1 /0
4,7 uF Tant, 15 V
2 150 uF Alum, 10 V or
22 uF Tant, 10V
(ESR at 120 Hz < 4 )
s 0,1 uF Ceramic 25 V
NOTES

1  The voltage requlator shown is on adjustable
type with Vo = 1,25 V. Rfand R2 were
selected to provtde approximately 10 ma [ Quzescent-
The voltage regulater V gronoyt shall be 1,25 V
less at Jpax-

2 AHernate values thot provide lower
performance al somewho! lower cost use Vout
of 263 V. Rf= 1108, 1%, R2= 1248,

1%, R3-R20= 100K, 2%,

Figure 10 - Alternative 2 tarmination for single-ended devices
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TERMINATOR POWER

~SIGNAL 330 R
+SIGNAL 150 %
GROUND 330 &2

Figure 11 - Termination for differential devicea

+5 V. {(nominal}
Silicon BDiode

1 k@ (Typical)
I\ Driver Enabie
L7 (High)

DIFFSENS 7

Figure 12 - Differential driver protection circuit

5.4.4 RESERVED lines

The lines iabelled 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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5.8 SCSI bus

Communication on the SCSI bus is allowed between only two SCSI devices at any given time, There is a maximun
of eight 8CS1 devices. Each SCSI device has an SC81 ID bit assigned as shown in figure 13. Three sampie systen
configurations are shown in figure 14. There can be any combination of initiators and targets provided there is a
least one of each.

When two SCSI devices communicate on the SCSI bus, one acts as an initiator and the other acts as atarget. The
inftiator originates an operation and the target performs the operation, An SCSl device usually has a fixed role a:
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 physicall
housed within the peripheral device in which case the peripheral device is referred to as an embedded SCSI device

Certain SCSI1 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 ¢
COMMAND, DATA, STATUS, or other information on the DATA BUS, and in some cases it may arblirate for the 5CS
bus and reselect an inftiator 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 i
implemented, one or three bytes of information may be transferred with each handshake on the B cable. An optior
iz defined for synchronous data transfer,

DATA BUS
e

4 h

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

L SCSt 1D = O
SCSH D = 1
- SCSI D = 2
L SCSHLID = 3
.. SCSIID = 4
- SCSIID = &
L. SCSIID = 6
L SCST ID = 7

Figure 13 - SCSI D bits

30 58 of 468



ANSH X3.181-1994

Peripheral devices such as
magnetic—disks, printers, |
optical-disks, and magnetic—

4 tapes.

COMPUTER

g

5"\ SCS1 BUS ) contretr é é

SINGLE INITIATOR, SINGLE TARGET

COMPUTER

gg /\ SCS|I BUS ) Controlier é é

53

SINGLE INITIATOR, MULTIPLE TARGET

COMPUTER g%

SCSI _BUS A Controtier

T 97

=

COMPUTER

Controiles

cwwm’%g(‘w Conteon

5
5

Ml
N
5

ROSNO O NO NGO

MULTIPLE INITIATOR, MULTIPLE TARGE

Figure 14 - Sample SCSI configurations
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5.6 SCSI hus signals

There are a total of 18 signals on the A cable and 28 signals on the B cable. Atotal of 11 signals ate used for contro
and 36 are used for data {messages, commands, status and data), including pariy. These signals are described as

foliows:
a) BSY (BUSY). An OR-ied 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 SCS-1. It has been defined as OR-tied in BCSI-2 in anticipation
of needing another OR-tied signal for future standardization. This does not cause an operational probiem in mixing SC8I-1

and SCSH-2 devices.

¢} 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) /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 signal is aiso 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 fora
REQ information transfer handshake,

3] ACKB (ACKNOWLEDGE). A signal driven by an initiator on the B cable to indicate an acknawledgment for
a REQB information transfer handshake,

)i ATN (ATTENTION). A signal driven by an initiator 1o indicate the ATTENTION condition.
K} RST (RESET). An OR-tied signal that indicates the RESET condition.

3] DB(7-0.P) (DATA BUS). Eight data-bit signals, plus a parity-bit signal that form a DATABUS, 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). Tweniy-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{28-16}, and DB(81-24} 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 Slgnal 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 faise), 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.

5.8.2 OR-tied signais

The BSY, SEL, and RST signals shall be OR-tied only. In the ordinary operation of the bus, the BSY and RET signals
may be simultaneously driven true by several drivers, No signals other than BSY, BST, 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 probiem 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 asseried, 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.

33
61 of 468



ANSE X3.131-1884

Table 6 - Signal sources

Bus phase A cable signals B cable signals
c/b, DB{31-8}
I/0, DB(P1)
MSG, ACK, aB(7-0% bB{P2}
BSY SEL REG ATN DER{F) REGB | ACKB DB(P3)
#8U8 FREE None None None Noneg None None Nope None
ARBITRATION | All Win None Nene §Id None Nene Nehe
SELECTION I&T Init MNone Init Init None | None None
AESELECTION | I&T Targ | Targ | Init Targ None | None None
COMMAND Targ | None | Targ | Init Init None | None None
DATA IN Targ | Nene | 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 Nong | Nohe Nonhe
All: The signal shall be driven by all SCSI devices that are actively
arbitrating.

§ ID: A unique data bit (the SCSI ID) shall be driven by each SC81 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 bx 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 initiater.

None: The sigral shall be released; that is, net be driven b anz 8081
device. The bias circuitry of the bus terminaters pulls the signal
to the Talse state.

Win: The signal shall be driven by the one 8C8I 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 SCS8! device, shown in table 7, shalil be calculated
from signal conditions existing at that SC8! 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 folljowing paragraphs.
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Table 7 - SCSi bus ilming values

Timing description Timing value
Arbitration delay 2,4 us

Assertion periocd g0 ns

Bus clear delay 800 ns

Bus free delay BG0 ns

Bus set delay 1,8 us

Bus settls delay 408 ns

Cable skew delay 10 ns

Data release delay 400 ns

Deskew delay 45 ns
Digconnection delay 200 us

Hold Time 45 ns

Negation period 80 ns

Power-on to selection time 10 s recommended
Heset 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 peried 30 ns

Fast cable skew delay 5 ns

Fast deskew delay 20 ns

Fagt hold time 10 ns

Fast negation period 30 ns

5.7.1 Arbitration delay

The minimum time an SCSI device shall wailt from asserting BSY for arbitration until the DATA BUS can be examined
o 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 fransfers. REQB and ACKB
timings only apply to optional wide data transfers.

5.7.3 Bus clear delay

The maximum time for an SCS| 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 SGS! device during the ARBITRATION phase
¢} The transition of RST to true.

For the first condition above, the maximum time for an 8C81 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,

§.7.4 Bus free delay

The minimum time that an SCS8! device shall wait from its defection 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 SCS1 D bit on the DATABUS after it detects BUS FREE
phase (see 6.1.1) for the purpose of entering the ARBITRATION phase.

§.7.6 Bus settle delay

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

5.7.7 Cable skew delay

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

5.7.8 Data release deiny

The maximum time for an initiator 10 release the DATA BUS signals following the transition of the /O signal from faise
to true,

£.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 walt after releasing BSY before participating in an ARBITRATION phasé when
honouring a DISCONNECT message from the initiator.

5,7.11 Hold time

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

§.7.12 Negation period

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

§.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.

£.7.14 Resel 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.

36 64 of 468



ANSI X3.131-1094

5.7.15 Reset hold time

The minimum time for which RST is asserled. There is no maximum time,

5.7.16 Seiection abort titme

The maximunm 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 not the selection time-out period; see 6.1.3.1 and
6.1.4.2 for a complete description,

§.7.17 Selection time-out delay

The minimum time that an SCS! 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 aliowed between the leading edges of successive REQ pulses or of successive ACK pulses while
using synchronous data transfers. (See 6,1.5,2and 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 o 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 frangfer period is negotiated, those specific
times redefined in this section are used; those not redefined remain the same. The minimum synchronous data

transfer peried is 100 ns.
5.8.1 Fast assertion period

The minimum time that a target shall assert REQ {or REQR) while using fast synchronous data transfers. # is also
the minimum time that an initialor shall assert ACK {or ACKB) while using fast synchronous data transfers. REQB
and ACKB timings only apply 1o oplional wide data transfers.

§.8.2 Fast cable akew delay

The maximum difference in propagation time allowed between any two SCSI bus sighails measured between any two
SCS! devices while using fast synchronous data transfers,

£.8.8 Fast deskew delay

The minimum time required for deskew of certain signals while using fast synchronous data transfers.

5.8.4 Faat hold time

The minimum time added between the asseriion of REQG {or REQB) or ACK {or ACKB) and the changing of the data

iines 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 Faat 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 initiater shall negate ACK {or ACKB} while using fast synchronous data transfers. REQB anc
ACKB timings only apply to optional wide data transfers,
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6 Logical characteristics

6.1 SCS8] bus phases
The 8CSI architecture includes eight distinct phases:

a} BUS FREE phase

b} ARBITRATION phase

¢} SELECTION phase

d) RESELECTION phase

¢} COMMAND phase -

f} DATA phase I These phases are coflectively termed
g} STATUS phase || the information transfer phases.

h} MESSAGE phase I

The SCS! 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
cohnection,

SOS! devices shall detect the BUS FREE phase after the SEL and BSY signhals are both false for at least a buys setile
delay.

SCSI devices shall release all SCSI bus signals within a bus clear delay after the BSY and SEL signals become
continucusly false for a bus setile dejay. If an SCSI device requires more than a bus settie delay to detect the BUS
FREE phase then it shall release all SCS] 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 setlie 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
afier one of the foliowing cceurrences:

a) after a reset condiion 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);

@) 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} afler an ABORT TAG message is successfully received by a target;

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

If an initiator detects the release of the BSY signal by the farget 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 stale of
the ATN signal. The initiator shail manage this condition as an unsuccessful {/O process termination. The target
terminates the l/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.
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6.1.2 ARBITRATION phase

The ARBITRATION phase allows one SCSI| device to gain control of the SCS) bus so that it can iniiate or resume ar
1O process,

The procedure for an SCSI device to obfain control of the S8CSI bus is as follows:
a) The SCSI device shall first walt for the BUS FREE phase to occur. The BUS FREE phase is detected wheneves
both the BSY and SEL signals are simultaneously and continucusly false for a minimum of a bus setlie delay

NOTE 16 This bus settie delay is necessary because a fransmission iine phanomenon known as a wired-OR glitch may
cause the BSY signal to briefly appear faise, even though it is being driven true.

b} The SCSI device shall walt a minimurm 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,

¢) Following the bus free delay in step (b}, the SC8I device may arbitrate for the SCSI bus by asserting both the
BSY signal and #ts own SCSI D, however the SCSI device shall not arbitrate (i.e. assert the BSY signai and
fts SCSI ID} f more than a bus set delay has passed since the BUS FREE phase was last observed,

NOTE 17 There is no maxirum delay before asserting the BSY signal and the SCS! D following the bus free delay in step
{b) as long as the bus remains in the BUS FREE phase. However, 8CS| devices that delay longer than a bus setile delay
plus a bus set delay from the time when the B8Y and SEL signals first become false may fall to participate in arbitration
when competing with faster SCS! devices.

d) After walting 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 SCS1 1D bit is true on the DATA BUS (DB(7) is the highest), then
the SCS! device has lost the arbitration and the SCS! device may release is signals and retum to step {(a}.
If no higher priority SCSI1 1D 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 SCS! 1D bit within a bus ciear delay after the SEL signal becomes true, An SCSI device
hat loses arbitration may retum to step {a).

NOTES

18 Step d) above requires that any device compiete the arbifration phase to the point of SEL being asserted i it begins
the arhitration phase as stated in step ¢}, This preciudes the possibility of the bus being hung.

19 It is recommended that new impiementations wait for the SEL signal to become true before releasing the BSY signal
and SCS8! 1> bt when arbiration is iost,

e} The SCSI device that wins arbitration shall wait at least a bus clear delay plus a bus settie delay after agserting
the SEi signal before changing any signals.

NOTE 20 The 8CSi D bit is a single bit on the DATA BUS that corresponds to the 8CS! device’s unique SCSI address.
All other DATA BUS bits shall be released by the 8C8! device. Parity is not valid during the ARBITRATION phase, During
the ARBITRATION phase, DB{P} may be released or asserted, but shali not be actively driven faise.

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 negaled so that this phase can be
distinguished from the RESELECTION phase.

The SCS! device that won the arbitration has both the BSY and SEL signals asserted and has delayed at leasta bus
clear delay pius a bus settle delay before ending the ARBITRATION phase. The 8C8! device that won the arbitration
becomes an initiator by not asserting the /O signal.

The initiator shall sel the DATA BUS to a value that is the OR of its SCS! D bit and the target’s SCS1HD bit and # shall
agsert the ATN signal (indicating that a MESSAGE OUT phase is {o 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 ieast a bus settle delay. The selected target may examine the DATA BUS in order to determine
the SC8I1 ID of the selecting initiator. The selected target shall then assert the BSY signai within a selection abort time
of #s 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 twe SCSHID bits are on the
DATA BUS, the target shall not respond 1o selection,

NOTE 21 Although an SCSI-2 initiator may not use the single intiator option or the selection without asserting ATN option
of SCSH1, an SCS8:-2 target may elect to support these options for compatibility with SCSH1 initiators. When doing so the
BCSL-2 target responds as described in the SC8L standard,

No less than two deskew delays after the initiator detects the BEY 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 inltiator 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.
SC8I devices shall ensure that when responding fo 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 SCS! device has both the BSY and SEL signals asserted and
has delayed at least a bus clear delay plus a bus seftle delay. The winning SCSI device becomes a target by
asserting the /O signal. The winning SCSI device shall also set the DATA BUS 1o a value that is the logical OR of
its SCS1 1D bit and the initiator's SCSI D bit. The target shall wait at least two deskew delays and release the BSY
signal. The target shall then walt at least a bus setlle delay before looking for a response from the initiator,

The initiator shall determine that if is reselected when the SEL and /O signais and its SCS! 1D bit are frue and the
BSY signal is false for at least a bus settle delay. The reselected initiator may examine the DATA BLIS in order to
determine the SCS! D of the reselecting target. The reselected inftiator shall then assert the BSY signal within a
sefection abort time of s 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 {0 a RESELECTION phase if other than two SCSI D bits are on the DATA BUS,

After the target detecis 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 /0 signhal and the DATABUS. After the reselected
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initiator detects the SEL signal is faise, it shall release the BSY signal. The target shall continue asserting the B
signal until it relinguishes the SCSJ 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-irip propagation delay foliowing 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 @re
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 SCS! devices to inadvertartly detect the BUS FREE phase.

6.1.4.2 RESELECTION iime-~out procedure

Two optional RESELECTION time-out procedures are specified for clearing the SCS! bus during a RESELECTIO!
phase if the target waits a minimum of a selection fime-out delay and there has been no BSY signal response fror
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 I/Q signals and shall release ali DATA BUS signal:
if the target has not detected the BSY signal to be true after at least a selection abort time plus two deskes
delays, the target shall release the SEL and /O signals aliowing the SCSI bus to go to the BUS FREE phase
808\ devices that respond to the RESELECTION phase shall ensure that the reselection was still valid withi:
a selection abort time of their assertion of the BSY signal. Faillure to comply with this requirement could resu
in an improper reselection {two initiators connected to the same farget or the wrong initiator connected to .
farget}.

6.1.5 information tranafer phasen

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, /O, and MSG signals are used to distinguish between the different information transfer phases {see tabl
8). The target drives these three signals and therefore controls ali changes from one phase to ancther. The initiate
can request a MESSAGE QUT phase by asserting the ATN signal, while the target can cause the BUS FREE phas:
by releasing the MSG, C/D, 1/O, and BSY signals.

The information transfer phases use one or more REQ/ACK handshakes to control the information transfer. Eact
REQ/ACK handshake allows the transfer of one byte of information. During the information transfer phases the BS®
signal shall remain frue and the SEL signal shali remain faise. Additionally, during the information transfer phases
the target shall continuously envelope the REQ/ACK handshake({s) with the C/D, /0, and MSG signals in such :
manner that these control signals are valid for a bus setile delay before the assertion of the REQ signal of the firs
handshake and remain valid until after the negation of the ACK signal at the end of the handshake of the last transfe

of the phase.

NOTES

24 After the negation of the ACK signal of the fast transfer of the phase, the target may prepare for a new phase by
asserting or negating the C/D, /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 unti the REQ signal is asserted for the first byte of the new phase.

25 A phase is defined as ending when the C/D, 1O, or MBG signals change after the negation of the ACK signal. Thetime
between the end of a phase and the assertion of the REQ signat beginning a new phase is undefined. An initiator is
aliowed to anticipate a new phase based on the previous phase, the expected new phase, and eatly information provided
by changes in the C/D, /O, arkd MSG signals. However, the anticipated phase is not valid unti 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

M3GIC/DII O

1010 DATA OUT Initiator to target 3 Lata

0 g |1 DATA IN Injtiator from target ! phase
{10 COMMAND Initiator to target

g 11 1 STATUS Initiator from target

Tt 00 *

t 0 * .

1 1 g MESSAGE OUT Initiator to target y Message

1 1 1 MESSAGE IN fnitiater from target / phase
Key: O = False, 1 = True, * = Reserved for future standardization

6.1.5.1 Asynchronous informatlion transfer

The target shall control the direction of information transfer by means of the 1/O signal. When the /O signal is true,
information shall be transferred from the target to the initiator, When the /O signal is false, information shall be

fransferred from the initiator to the farget,

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 assent the REQ signal. The DB(7-0,F) signals shall
remain valid untii the ACK signal is true at the targel. The inltiator 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. Afterthe
REQ signal is false the initiator shall then negate the ACK signal. After the ACK signalis 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 faise {transfer o the target) the target shall request information by asserting the REQ signal, The
initiator shall drive the DB{7-0,P) signais to their desired vaiues, delay at least one deskew deiay pius 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 farget, the target shall read the DB(7-0,P), signals then negate the
REQ signal. When the REQ signal becomes faise at the initiator, the initiator may change or release the DB{7-0,F)
signals and shall negate the ACK signal. Afler the ACK signal is false the targst 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 puises received from the initiator, establishing a pacing mechanism. H the number of REQ pulses
exceeds the number of ACK puises by the REGQ/ACK offset, the target shall not assert the BREQ signal untl] after the
leading edge of the next ACK pulse is received. For successiul 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 agsertion period. The target shall then wait at least the
greater of a transfer period from the last transition of the REQ signal e 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 puise on the ACK signai for each REQ pulse received, The ACK signai 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 signa
to false before asserting the ACK signal,

1 the I/O signal is rue {transfer to the initiator), the target shall first drive the DB(7-0,P) signals o their desired values
wait at least one deskew delay plus ane cable skew delay, then assert the REQ signals. The DB(7-0,P) signals shal
be held vaiid for a minimum of one deskew delay plus one cable skew delay pius one hold time after the assertior
ofthe 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 ar
ACK puise,

It the }/O signal is false (transfer to the target}, the initiator shall transfer one byte for each REQ puise received. After
receiving the leading edge of a REQ pulse, the inftiator shall first drive the DB(7-0,P) signals to their desired values.
delay at ieast 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,F) 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 SCS-1 allowed some implementors to presume that the ieading edge of the first BEQ puise
bayond 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.

§.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 18- or 32-bits may be established, Targets and initiators that support 32-bit wide transfers
should also support 16-bit wide transfers. All SCS8I 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 Aand B cables {see figure
15).

NOTE 27 X8T10 is documenting an alternate 16-bit single-cable solution and an alternate 32-bit solution and expects fo
be abie o remove the D cable definltion in a future version of SCS8L

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-
8,71}, DB{23-16,P2), and DB(31-24,P3) signals, respectively, on the B cable. Subsequent groups of four data byles
are likewise transferred in paraliel across the A and B cables (see figure 18).
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When tronsferring bytes W, X, Y, eand Z acrass the three bus widths,
they are tronsferred as shown in this figure.

Hondshake 8-—bit 16—bit 32 —hit
number A cable B cable A cable — B caoble —— A cable
| W X W zZ Y X W
2 X Z Y 31....24 23.....16 15...... 8 T, 0
3 Y 15....8 7....0 Bit number
4 . Bit number
FA. 0
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 SCS! byte ordering

if the last data byle transferred dees not fall on the DB({15-8,P1) signals for a 16-hit 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 byles shall be valid for whatever data is placed on the bus.

To ensure proper data integrily, certain sequence requirements shaill be met between the REQ/ACK handshakes on
the A cable and the BEQB/ACKB handshakes on the B cable:

a)

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

b) The same information transfer mode (asynchronous or synchronous) shall be used for both the A cable and

<}

d)

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 8.1.5.2 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.

The target shall ensure that the number of REQ/ACK handshakes and the humber of REQB/ACKB handshakes
in a data phase are equal before it changes to ancther 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 ¥ is impossible to correctly terminate the data phase, the target may abnormally terminate
the ¥O process by an unexpected disconnect. if any viclations of these rules are detected by the initiator, the initiator may
atternpt to send an INITIATOR DETECTED ERROR message to the target. If the initiator is unable 1o terminate the YO
process normally, it may generate the reset condition.
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6.1.6 COMMAND phase
The COMMANLD 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 deta phase is @ term that encompasses both the DATAIN 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 farget shall assert the /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 QUT phase allows the target to request that data be sent from the initiator to the target.

The target shall negate the C/D, /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 inftiator.

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

6.1.8 Message phase
The message phase is a term that references either a MESSAGE IN, or a MESSAGE QUT phase. Multiple messages
may be sent during either phase, The first byte ransferred in either of these phases shall be either a single-byte

message or the first byte of a multiple-byte message. Multiple-byle 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, /O, and MSG signals during the REG/ACK handshake(s) of this phase.
6.1.9.2 MESSAGE QUT phase

The MESSAGE OUT phase allows the target 1o 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 /O signal during the REQ/ACK handshake(s} of this
phase. The target shall handshake byte(s) in this phase untll the ATN signal is negated, except when rejecting a
message.

if the target delects ohe or more parity etrror(s} on the message byte(s) received, it may indicate its desire to relry

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 alj of the previous message byte(s) inthe
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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 QUT phase or it exhausts its refry limit & 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 error 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.

H the target receives all of the message byte(s) successfully (i.e. no parity errors), & shall indicate that it does not wish
to retry by changing to any information transfer phase cther than the MESSAGE OUT phase and transfer at Jeast 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 Signa! 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 shall not change.

b} The C/D, /O, MSG, and DATA BUS signals may change. When switching the DATA BUS direction from out
{inttiator driving) to in {target driving), the target shall delay driving the DATA BUS by at [east a data release
delay pius a bus settle delay after asserting the /O signal and the initiator shali release the DATA BUS no later
than a data release delay after the transition of the 1/O 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 afier negating the I/0 signal,

¢} The ATN and RST signais may change as defined under the descriptions for the atiention condition {see 6.2.1)
and reset condition {see 6.2.2).

6.2 SCSI bus conditions

The SCS! 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 ssquence.

Furthermore, SCSI devices may not all be powered-on at the same time. This standard does not address power
sequencing issues. However, each SCS! 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, 8CSI targets shouid
be able to respond with appropriate status and sense data to the TEST UNIT READY, INQUIRY, and REQUEST
SENSE commands.

6.2.1 Altention condition

The attention condition allows an initiator to inform a farget 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 able 10. If the larget detects that the initiator failed to mee
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 byt
transferred in a bus phase for the attention condition to be honoured before fransition to a new bus phase. Agserting
the ATN signal later might not be honoured untll a later bus phase and then may nol result in the expected actior

A target shall respond with MESSAGE OUT phase as follows:

a) tfthe ATN signal becomes true during a COMMAND phase, the target shall enter MESSAGE QUT phase afte
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 QUT phase at the
target’'s earliest convenience (often, but not necessarlly on a logical block boundary}. The initiator sha.
continue REQ/ACK handshakes uniil it delects the phase change.

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

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

e) i the 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.

§ Ifthe ATN signal becomes true during a RESELECTION phase, the target shall enter MESSAGE QUT phast
after the target has sent its IDENTIFY message for that RESELECTION phase,

NOTE 29 The initiator shouid only assert the ATN signal during a RESELECTION phase fo transmit g BUS DEVICE RESET
or DISCONNECT message. Other yses may result in ambiguities concerning the nexus,

The initiator shall keep the ATN signal asserted if more than one byte is to be fransferred. 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 ¢
MESSAGE OUT phase. Normally, the initiator negates the ATN signal while the REQ signal is true and the ACK sigha
is false during the last REQ/ACK handshake of the MESSAGE OUT phase.

6.2.2 Heset condition

The reset condition is used to immediately clear all SCS| 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 signha
for a minimum of a reset hold time.

All SCSI devices shall release all SCS1 bus signals {except the RST signal) within a bus clear delay of the transitior
of the RST signal to true. The BUS FREE phase always foilows the reset condition.

The effect of the reset condition on /0 processes that have not completed, SCS8! device reservations, and 8C8
device operating modes is determined by whether the SCSI device has implemented the hard reset ailternative or the
soft reset altemative {one of which shall be implemented) as defined in 6.2.2.1 and 6.2.2.2. The hard and soft rese
alternatives are mulually exclusive within a system. A facility for targets to report which reset alternative i
implemented is provided in the SfiRe bit of the INQUIRY dala {see 8.2.5),

NOTE 30 Environmental conditions {e.g. siatic discharge) may generate brief glitches on the BST 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
fime that the signat 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

SC8I devices that implement the hard reset alternative, upon detection of the reset condition, shall:

a} clear alt I/O processes including queued /O processes,

bl release all SC8! device reservations, )

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

d) unit altention 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 Scft reset alternative

SCSi devices that implement the soft reset alternative, upon detection of the reset condition, shall:
a) Aftempt to complete any /0 processes which have not compieted and that were fully identified
b) Preserve all SCSI device reservations
¢} Preserve any SCSI device operating modes (MODE SELECT, PREVENT/ALLOW MEDIUM REMOVAL
commands, elc.)
d} Preserve alithe information required to continue normal dispatching of /0 processes queued prior to the reset
condition,

The soft reset alternative allows an initiator to reset the SCS! bus with minimum disruption to the operation of other
initiators in a multiple initialor 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 aiready is an active I/O process with the same queue tag (if
any) for the same initiator, the target shall clear the original 1/0 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 1/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 I/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 /O process,

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

i} If the reset condition occurs between the time that the target asseris the REQ signal for the SAVE DATA
POINTER message and it detects the transition of the ACK signai 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 §} or b}, the target would normally switch to MESSAGE OUT phase and
attempt to transfer a message byte. ifthe reset condition occurs before the target successfully receives the message byte,
it may assume that the inftiator 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 O process as described in condition ).
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6.3 SCSI bus phase sequences
The order in which phases are used on the SCS! bus follows a prescribed sequence.

The reset condition can abort any phase and is always foliowed by the BUS FREE phase. Alsoany 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 ARBITHATION 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 ‘
g;?tecoi
or »
3| MESSAGE OUT
SELECTION P COMMAND
y.vw f ¢
— DATA IN or
BUS FREE i ARBITRATION > DATA OUT

* v v

RESELECTION STATUS

T v

MESSAGE IN

]

ﬂTTF ,

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 SCS[ bus in order to
execute an /O process,

The SCSI architecture provides for a set of three pointers for each |/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 aclive, its three saved pointers are copied into the initiator's set of three current pointers. There is only one
sel of current pointers in each initiater. The current pointers peint 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 I/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 8.6,20} for the /O

process.

Function | | Initiotor % Torget Function
Origin SCSI Bus N SCSI Bus> SCSI Bus Execution
Control Control
Initiator Target

Figure 17 - Simplified SCSI system

In response o the SAVE DATA POINTER message, the initiator stores the value of the current data pointer into the
saved data pointer for that 1/0 process. The target may restore the current pointers to the saved pointer values for
the active |/Q 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 [/O process,

NOTE 32 Since the data pointer value may be modified by the target before the |/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 inftiator is required o
end the MESSAGE QUT phase {by negating ATN) when it sends certain messages identified in table 10,

One-byte, two-byle, 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
0OCh One-byte message {COMMAND COMPLETE)
Cih Extended messages
g2h - 1Fh One-byte messages
2Ch - 2Fh Twe-byte messages
3Ch - 7Fh Reserved
8Ch - FFh One-byte message (IDENTIFY)

Cne-byte messages consist of a single byte fransferred during a MESSAGE phase. The value ofthe byte determines

which message is to be performed as defined in table 10,
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Table 10 - Message codes

Code Support [Message Name Direction
Negate ATN
InitiTarg before last ACK
0oh o ¥ |ABORT Cut Yos
oDh O 0 ABORT TAG see note 1) out Yes
OCh 0 M {BUS DEVICE RESET out Yes
CEh G 0  ICLEAR QUEUE see note 1) Out Yes
O0h i M |COMMAND COMPLEYE In e
04h Q G DISCONNECT Iin e
C4h o C [DISCONNECY out Yes
80h+ M 0 |IDENTIFY In e
80+ M M | IBENTIFY out No
23h 0 0 [ IGNDRE WIDE RESIDUE (two bytes) Iin R
QFh G G {INITIATE RECOVERY In e
GFh 0 0 | INITIATE RECOVERY see note 2) out Yes
05h M M [ INITIATOR DETECTED ERROR out Yes
OAR 0 G [LINKED COMMAND COMPLETE In —n
0oBh Y 0 ILINKED COMMAND COMPLETE (WITH FLAGY| In e
09h W M MESSAGE PARITY ERROR out Yes
Q7h L ¥ |MESSAGE REJECT in  Qut Yes
*k % o O |MODIFY DATA POINTER In B
08h # % INO OPERATION gut Yes
Gueue tag messages {(two bytes)
21h 0 0 HEAD OF QUEUE TAG Cut No
22h o] o] ORDERED QUEUE TAG cut No
20h 0 0 SIMPLE QUEUL TAG In  Gut No
10h 0 0 |RELEASE RECQVERY Out Yes
G3h 0 O |RESTORE POINYTERS In e
02h 0 0 iSAVE DATA POINTER In e
ek k 0 0 |SYNCHRONOUS DAYTA TRANSFER REQUEST In  Out Yes
11h 0 0 [TERMINATE I/0 PROCESS out Yes
ok ok o O [WIDE DATA TRANSFER REQUEST In  Out Yes
12h-1Fh Reserved
24h-2¥Fh Reserved for two-byte messages
3Ch-7Fh Reserved
Key: L = Mandatory support, 0 = Optional support,
Iin = Target to initiator, OQui = Initiaior te target,
Yes = Initiatoer 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)
8Ch+ = 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
asynchroncus event notificatiocn protocol,

Two-byte messages consist of two consecutive bytes transferred during a MESSAGE phase. The value of the first
byte determines which message is 1o be performed as defined in table 10. The second byle 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 multipie-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 8 5 4 3 2 1 0

Byte

C Extended message (Cih)

1 Extended message length (n}

2 Extended message code (y)

3

Extended message arguments B —
n+i

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

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

Table 12 - Extended meossage codes

Code {y) Description
02h Aeserved (see note)
aCh MCDIFY DATA POINTER
G1h SYNCHRONOUS DATA TRANSFER REQUEST
G3h WIDE DATA TRANSFER REQUEST
Q4h - F7Fh Reserved
8Ch - FFh Vendor-specific
NOTE - Extended message code 02h was used for the EXTENDED IDENTIFY
message in SCSI-

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

if the first message is an IDENTIFY message, then it may be immediately followed by other messages, such as th
first of a pair of SYNCHRONOUS DATATRANSFER REQUEST messages. Htagged queuing is used the queue ia
message immediately follows the IDENTIFY message (see 6.6.7). The IDENTIFY message establishes a logic:
connection between the initiator and the specified logical unit or target routine within the target knownas an | T_
nexus or |_T_R nexus. After the RESELECTION phase, the target's first message shall be IDENTIFY, This allows th
I T L nexus or I_T_R nexus to be reestablished. Only one jogical unit or target routine shall be identified for an
connection. If a target receives a second IDENTIFY message with a different logical unit number or target routin
number during a connection, it shall go to BUS FREE phase (see unexpected disconnect, 6.1.1). The treatment ¢
other logical unit addressing etrors is described in 7.5,

All injtiators shall implement the mandatory messages tabuiated in the Init column of table 10. Al targets she
implement the mandatory messages tabulated in the Targ column of table 10,

Wheneveran] T | nexus or]_T_R nexus is established by an initiator that is allowing disconnection, the initiator she

ensure that the current pointers are equal to the saved pointers for that particular iogical unit or target routine. A
implied restore pointers operation shall occur as a result of a reconnection.
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6.6 Messages
The 5CSI messages are defined in this subclause,

6.6.1 ABORT

The ARORT message is sent from the inftiator to the target to clear any /O process forthe i 7_x nexus. The target
shall go to the BUS FREE phase following successful receipt of this message. The pending data, status, and VO
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 YO process and no other [/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

gueued YO processes for the | T nesus is not affected.
34 It is not possible {¢ abort an |_T nexus on a feconnection because of item §; in 6,21

it is not an error to issue this message 1o an |_T_x nexus that does not have an active or queued 1/0 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 /O processes for all
iritiators on all jogical units and ali target routines of the target, The CLEAR QUEUE message clears all /O processes for
alt initiators on the specified logical unit or target routine of the target. The ABORT message clears all /O processes for
the selecting inttiator on the specified logical unit or target routine of the target.  The ABORT TAG message clears the

current /O process oniy,

6.6.2 ABORT TAG

The ABORT TAG message shall be implemented if tagged queuing is implemented and may he implemented #f
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 [/O process, If the target has already started execution of the |/O
process, the execution shall be halted. The medium contents may have heen modified hefore the execution was
halted. In either case, any pending status or data for the /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 /O processes gueued for the |_T_x nexus shail 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 I/O process
is not fully identified (i.e. an 1_T_| nexus exists, but the target is reconnecting for an 1_T_L._Q nexus), then the I/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 # the ATN signal is asserted during or prior to the IDENTIFY
message and the target ony has tagged /O processas for that inttiator 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 I/O processes on that SCS!
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 al

inttiators {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 recelving a series of ABORT messages from each initiator.
All /O processes, from all initiators, in the queue for the specified logical unit shall be cleared from the queue. Al
active /O processes shall be terminated. The medium may have been altered by partially executed commands. Al
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 [/O processes. A unit attention condition shall be generated for all other initiators with
IO processes that either were active or were queued for that logical unit or target routine. When reporting the unit
attention condition the additional sense cade shall be set to COMMANDS CLEARED BY ANOTHER INITIATOR.

Previously 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 {o an initiator to indicate that the execution of an {/O
process has completed and that valid status has been sent to the inftiator, 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
transimission to be successful when it detects the negation of ACK for the COMMAND COMPLETE message with the

ATN signai false,

NOTE 97 The I/C process may have completed successfully or unsuccessflly as indicated in the status.

6.6.6 DISCONNECT

The DISCONNECT message is sent from a target to inform an initlator that the present connection is going fo be
broken (the target plans to disconnect by releasing the BSY signal}, but that a later reconnect will be required in order
o complete the current /O process, This message shall not cause the initiator to save the data pointer, After
successiully 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 {o instruct the target to disconnect from the SCS! 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 BEY. After releasing the B3Y signal, the target shall not participate in ancther
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. If this optlion is not supperted 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
RAEJECT message to the initiator,
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6.6.7 IDENTIFY

The IDENTIFY message {see fable 13) is sent by either the initiator or the target to establish an I T_L nexus or an
i_T_R nexus.

NOTE 38 Lise of the IDENTIFY message to establish an|_T_R nexus aliows connection 1o one of up 1o eight target routines
or functions in the targel. These target routines are expected to be used for maintenance and diagnostic purposes.

Table 13 - IDENTIFY message format

Bit 7 8 5 4 3 2 1 0

IdentifyiDiscPriv| LUNTAR |Reserved|Reserved LUNTRN

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

A disconnect privilege {DiscPriv) bit of one specifies that the inftiator 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 iogical 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 I/O process is directed to or from a target routine.

The logical unit number target routine number (LUNTRBN) 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 7.5.8. Only the INQUIRY and REQUEST SENSE commands are valid for target
routines, i a {arget receives any other command for a target routine, it shall return CHECK CONDITION status and
shall set the sense key io ILLEGAL REQUEST,

An IDENTIFY message is invalid if a reserved bit is set to one or if the LUNTAR bit Is sef to one and the target does
not implement target routines, A device may respend to an invalid IDENTIFY message by immediately sending a
MESSAGE REJECT message or by returning CHECK CONDITION status. Hfa 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 fieid shall not be issued before a BUS FREE phase has occurred; if a target receives a
second IDENTIFY message with a different value in elther of these fields, it shall go to BUS FREE phase (see
unexpecied disconnect, 6.1.1}. Thus an initialor may change the DiscPriv bit, but may nof aftempt fo switch fo
another /O process. (See the DTRC field of the disconnectreconnect 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 IBENTIFY message sent during reconnection.

An implied RESTORE POINTERS message shall be performed by the inftiator 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 fransfer following the successful identification.

Identification is considered successful during an initial connection or an initlator reconnect when the target detects
ne error during the transfer of the IDENTIFY message and an oplional queue tag message in the MESSAGE OQUT
phase imediately following the SELECTION phase. See 6.5 for the ordering of the [IDENTIFY and queue tag
messages. See 6.1.8.2 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 messageforan i T L _Qnexus in the MESSAGE

IN phase immediately following the RESELECTION phase. See clause 6.5 for the ordering of the IDENTIFY anc
queue tag messages, See 6.2.1, item d}, for handiing target detected errors during the MESSAGE IN phase.

8.6.8 IGNORE WIDE RESIDUE

Table 14 - IGNORE WIDE RESIDUE message format

Bit 7 6 5 4 3 2 1 0
Byte
o Message code {23h)
1 Ignere {01h, 02h, 03h}

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

NOTE 38 Mere than one IGNORE WIDE RESIDUE message may occur during an YO process.

Table 15 - Ignore field definition

Ignore Invalid data bits
32.bit transfers 16-bit transfers
o0k Heserved Reserved
Cih DB{31-24} DB{15-8)
02h BB (31-16) RAeserved
03h BB(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 aliegiance shall inform the initiator it is entering this condition by sending
an INITIATE RECOVERY message immediately foliowing a CHECK CONDITION or COMMAND TERMINATED status
The extended contingent allegiance condition remains in effect untit terminated as described in 7.7.

if an asynchronous event occurs, the target may enter an extended contingent allegiance condition by becoming ¢
temporary intiator and sending the INITIATE RECOVERY message following the IDENTIFY message and any queuc
fag message and before the COMMAND phase of the SEND command that is used to perform the asynchronous
avent notification (see 7.5.5), The successful transmission of this message establishes the extended contingen
aliegiance condition which remaing in effect untll terminated as described in 7.7,

NOTE 40 If the target notifies muitiple initiators of the asynchronous event, & shouid inchude 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 {see8,3.3.1
is not changed by the rejection of an INITIATE RECOVERY message.

58 86 of 468



ANSI X3.1831-1984

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 SCS! bus or may be internal to the initiator and unrelated to any previous SCSI bus activity,
Although present poinfer 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 {o indicate that the execution of
a linked command has compieted and that status has been sent. The inftiator shali 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 inftial state of the next linked command. Typically this message would be
usad fo 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 6.1.8.2).

In order o indicate its intentions of sending this message, the initiator shall assert the ATN signal prior to its release
of the ACK signai 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 byle it received was inappropriate or has not been implemented,

In order to indicate ils inlentions 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 shall change to MESSAGE IN phase and send this message prior {0 requesting
additional message byles from the initialor. 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 signal is still asserted, then it shall retum to the
MESSAGE QUT phase, The subsequent MESSAGE QUY phase shall begin with the first byle 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)

Extended message length (0&h)
MODIFY DATA POINTER (00h)

—_

{M8B}
Argument —
(168}

W

The MODIFY DATA POINTER message (see table 16) is sent from the target to the initiator and requests that the
signed argument be added {fwo's complement) 1o the value of the current data pointer.

6.6.16 NO OPERATION

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

For example, if the target does not respond to the altention condition untii a jater phase and at that time the origina
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 lag messages

Table 17 « Queue tag message format

Bit 7 8 8 4 3 2 1 0
8yte
i Message code {20h, 2Zih, 22h)
H Queue tag (0Oh - FFh)

Table 17 defines the format for the queue tag messages. [f the larget implements tagged queuing, all of the queus
{ag messages are mandatory; HEAD OF QUEUE TAG, ORDERED OQUEUE TAG, and SIMPLE OUEUE TAG, Taggsec

gueuing 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 I/O process as i
it were untagged.

The queue tag messages are used to specify an identifier, called a queue tag, for the 1/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 initia
cohnection. The queue tag for every /O process for each |_T_L nexus should be unique. ¥ the target receives ¢
queue tag that is currently in use forthei T_L nexus,thenit shall respond as defined in 7.5.2, A gqueue fag becomes
available for reassignment when the /O process ends. The numeric value of a gueue tag has no effect on the orde;
of execution,

NOTE 41 For each logical unit on each target, each initiator has up to 256 queue tags to assign to I/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 foliowing
the IDENTIFY message and within the same MESSAGE OUT phase to establish the | T L O nexus for the /O
process. Only onel_T_L_O nexus may be established during a connection. Ifa queue tag message is not sent, then
only an [_T_x nexus is established for the [/O process (untagged command).

Whenever a target reconnects te an initiator to continue a tagged /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 1/O process. Only one | _T_L_Q nexus may be revived during a reconnection, fthe SIMPLE
QUEUE TAG message is not sent, then only an i ”i“ X nexus is revived for the /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 [/O process be placed first in that logical unit's command
queus. An /O process already being executed by the target shall not be preempted. A subsequent [/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 QRDERED QUEUE TAG message specifies that the /O process be pilaced in that logical unit's command queue
for execution in the order received. All queued /O processes for the logical unit received prior to this 1/O process
shall be executed before this /O process is executed. All queued /O processes received after this /O process shall
be executed after this /O process, except for /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 /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 fo terminate an extended contingent
allegiance condition previously established by an INITIATE RECOVERY message. This message shall be sent
immediately foliowing the IDENTIFY message in the same MESSAGE OUT phase. The extended contingent
allegiance condition ends upon successiul receipt of the RELEASE RECOVERY message. The target shali 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
{0 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 I/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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6.8.20 SAVE DATA POINTER

The SAVE DATA POINTER message is sent from a target to direct the initiator to copy the current data peinter to the
saved dala 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 ¢
Byte

& Extended message {G1h)

ke

Extended message length {03h)
SYNCHRONOUS DATA TRANSFER REGUEST code {D1h)

Transfer period factor

REQ/ACK cffset_

B W

A SYNCHRONOUS DATA TRANSFER REQUEST (SDTR) message {see table 18) exchange shall be initiated by an
SCSI device whenever a praviously-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) afler 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 1o negotiate a new
data transter 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 couid 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 ali logical
units and target routines on the two devices, This agreement only applies io 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 puilses to meet the device
requirements for successful reception of data.

The REQ/ACK offset is the maximum number of REQ pulses allowed to be sutstanding 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
fransfer 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
rutes 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
massage. 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. Fach device when transmitting data shall respect the limits set by the other's SDTR message, but itis
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permitted 1o transfer data with jarger 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 10 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 shali 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 i 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 successhully 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 refry activity. This may be done either by changing 1o 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
shali 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 1o the initiator. Prier to reieasing 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

hatween 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 N 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 until a BUS DEVICE RESET message is received, untii a
hard reset condition occurs, or until one of the two SCSI devices elects to modiy the agreement. The default data
transfer mode is asynchronous data transfer mode. The default data transter mode is entered at power on, after a
BUS DEVICE RESET message, or afler a hard resel condition.
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6.6.22 TERMINATE 1/0 PROCESS

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

With the following exceptions, the target shall terminate the current /O process and return COMMAND TERMINATELD
status. The sense key shall be set to NO SENSE. The additional sense code and qualifier are set to if0 PROCESS
TERMINATED,

if the associated /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) i the command descriptor block specifies an allocation length or parameter list length, the information fleid
shall be set to the difference {residue} between the number of bytes successiully transferred and the requested
tength.

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.

it the operation requested for the associated i/0 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 1o stop the current /O process, it shall send a MESSAGE
REJECT message to the initiator and continue the I/O process in a normal manner.

The effect of a TERMINATE /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 /O PRCCESS message provides a means for the initiator 1o request the target to reduce the
transfer longth of the current command o the amount that has already been transferred. The initiator can use the sense
data to determine the actual number of bytes or biocks that have been transterred, This message is normally used by the
indiator to stop a lengthy read, write, or verify operation when a higher-priority cormand is available 1o be execuied, i
is up o the initiator to complete the terminated cormmand at a later time, ¥ required,

6.6.23 WIDE DATA TRANSFER REQUEST
Table 19 - WIDE DATA TRANSFER MESSAGE

8it 7 & =} 4 3 2 1 o
Byte
o 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) massage (see table 19) exchange shall be initiated by an SC8| 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;

o} after a power cycle.
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In addition, an SCS! device may initiate a WOTR 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.

NGCTE 45 Flenegotiation 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 SCSI 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 SCS8I device that accepts a WDTR message shall reset the
synchronous agreement 1o asynchronous mode.

The transfer width is two to the transfer width exponent byles wide. The transfer width that is estabiished applies to
all logical units on both SCSi devices, Valid fransfer widths are 8 bits {m = 0Ch}, 16 bits {m = 01h), and 32 bits
{m = 02h}. Values of m greater than 02h are reserved,

The originating SCSI device (the SCS! device that sends the first of the paiy 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) Nor-zero transfer width Fach device transmits and receives dafa with a transfer width equal o the
responding SCSI device's transfer width.

b} Transfer width equal to zero Eight-bit data transfer
¢} MESSAGE REJECT message Fight-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. If 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.

Foltowing target response 1) above, the implied agreement for wide data transfers shall be considered o 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 o eight-bit data transfer mode for data transiers
between the two devices. For the MESSAGE PARITY ERRCR case, the implied agreement shall be reinstated  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.

i 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
inftiator from returning an appropriate response, both devices shall go to eight-bit data fransfer 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 untl the target leaves the MESSAGE QUT phase, indicating that the target has accepied the
negotiation. After a vendor-specific number of relry attempts {greater than zero), if the target has not received the
initiaior's responding WD'TH messags, it shall go to the BUS FREE phase without any further information transfer
attempt (see 6.1.1), This indicates that a calastrophic error condition has occurred. Both devices shall go 10 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 {o be negaled and both devices shall go to
gighi-bit data transfer mode for data transfers batween the two devices,

The implied transfer width agreement shall remain in effect until a BUS DEVICE RESET message is received, uniil
a hard reset condition oceurs, 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 afler a hard reset condition.
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7 SCS| commands and status
This clause defines the SCSI 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 peripherai 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 cperation 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 shail be set to zero, or in accordance
with a future extension o this standard. Atarget that receives a reserved bit, field, or byte that is not zero of receives
a reserved code value shall terminate the command with CHECK CONDITION status and the sense key shall be set

to H1EGAL REQUEST. It shall also be acceptable for a targel to interpret a bit, field, byte, or code value in
accordance with a future exdension o this standard,

7.1.2 Operation code types

The operation code types are defined in table 20.

Tabie 20 - Operation code type

Operation Pescription
code Typse
[ 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.

v Vendor-specific - Operation codes so designated are available
for vender 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 {o the target. For several commands, the
command descriptor block is accompanied by a list of parameters sent during the DATA QUT phase. See the

specific commands for detailed information,

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

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

Table 21 « Typical command descriptor block for shxbyle commands

Bit 7 6 5 4 3 2 1 0
Byte
G Cperation code
1 lLogical unit number (M3B)
2 togical block address {if reguired)
3 (158}
Transfer length (if required)
4 Parameter list length (if required)
Alloevation length (if required)
5 Control
Table 22 -~ Typlcal command descriptor block for ten-byte commands
Bit 7 8 5 4 3 2 i 0
Byte
Q Operation code
1 Logical unit number Reserved
2 {MSB)
3
togical block address (if required)
4
5 {L8B)
8 Reserved
7 {M38) Transfer length {if required)
Parameter list length {(if reqguired)
8 Alivcation length {if reguired) {LSB)
g Control
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Table 23 -« Typlcal command deacriptor block for tweive-byte commands

Bit 7 8 5 4 3 2 1 0
Byte
g Operation code
1 Logical unit number Reserved
2 {MSB)
3
Logical block address (1if required) —
4
5 {LSB)
8 (M3B)
7 Transfer length (if reguired)
Parameter 1ist length {if required) o]
8 Allocation length {if reguired)
8 {LSB)
10 Reserved
11 Control

7.2.1 Operation code

The operation code {see fable 24} of the command descriptor block has a group code field and a command code
field. The three-hit 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 0 - six-byte commands (see table 21)
b} Group 1 - ten-byte commands {(see {able 22)
¢} Group 2 - fen-byte commands {see table 22}
g Group 8 - reserved
e} Group 4 - reserved
fi 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 5] 8 4 i 2 1 G

Group code Command code

7.2.2 Logical unhk number

The logical unit number is defined in the IDENTIFY message (6.6.7). The farget shall ignore the logical unit numbe
specified within the command descniptor block it an IDENTIFY message was received. [t is recommended that th,
logical unit number in the command descriptor block be set to Zero,

NOTICE: The logicai unit number fieid is Included in the command descriptor block for compatibility with some
5C8i-1 devices. This fisld may be reciaimed in $CS1-3, New implementations should use the outbound IDENTIFY
message, which is mandatory in $C$i-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 b
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-byt
command descriptor blocks contain 32-bi logical block addresses. Logical block addresses in additional paramete
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 severz
commands the transfer length indicates the requested number of bytes to be sent as defined in the commanc
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 iength allow up to 256 blocks of data to be transferred by one
command. A transfer length value of 1 to 255 indicates the number of blocks that shall be transferred. Avalue o
zere indicates 256 blocks.

In commands that use multipie bytes for the transfer length, a transfer length of zero indicates that no data transfe
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 Hst length

The parameter list length is used o specify the number of bytes sent during the DATA OUT phase. This fleld &
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 ar
error. The target shall terminate the DATA IN phase when allocation length bytes have been transferred or when a!
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 tabie 25.

Table 25 - Control fleld

Bit 7 6 3 4 3 2 1 G

Vendor-specific Reserved Flag Link

The flag bit specifies which message the target shall retumn 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 shali send the
LINKFD COMMAND COMPLETE message. If the flag bit is one and the fink 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 /O process across muttiple 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 retum
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 8.1.1}.

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

Table 26 - Status byte

Bit 7 6 5 4 3 2 1 Y

Reserved Status byte code Reserved
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Table 27 - Status byle code

Bits of status byte Status
1615141812 1 &
B R{OGJ Q00 0]R GO0D
R RIGCIOQ1TO0O O 1 R CHECK CONDITION
AR RID]IOYTO0 M G| R CONDITION MET
RIR | OGO 1 G| 0 R BUSY
R|]R O 1 910701 R INTERMEDIATE
RiR| O 1 e ]t 2 1R INTERMEDIATE-CONDITION MET
RIRBR |0 1 1 010 | R RESERVATION CONFLICTY
g8 B 1 ¢ . ¢ 01 R COMMAND TERMINATED
R IR 1 011 ¢ C|R QUEUE FULIL
Ail 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 compleled 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 requestec
operation s satisfied (see the SEARCH DATA and PREFETCH commands).

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

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

7.3.6 INTERMEDIATE-CONDITION MET: This status is the combination ofthe CONDITION MET and INTERMEDIATE
statuses,

7.3.7 RESERVATION CONFLICT: This status shall be returned whenever an initiator altempts 1o access a logica
unit or an extent within a logical unit that is reserved with a conflicting reservation type for another SC8! device (sec
the RESERVE and RESERVE UNIT commands). The recommencded initiator recovery action is to issue the commanc
again at a iater time.

7.3.8 COMMAND TERMINATED: This status shall be returned whenever the target terminates the current I/C
process after receiving a TERMINATE /O PROCESS message (see 6.6.22). This status also indicates that 2
contingent allegiance condition has occurred (see 7.6).

7.3.9 QUEUE FULL: This status shall be implemented if tagged queuing is implemented. This status is returnec

when a SIMPLE QUEUE TAG, ORDERED QUEUE TAG, or HEAD OF QUEUE TAG message is received and the
command queue is full. The /O process is not placed in the command queus,
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7.4 Command examples

The foliowing subclauses give examples of typical command processing in the SCSI environment,

7.4.1 Single command exampie

An J/O process containing one untagged READ command is used in this clause to fllustrate a simple /O process on
the SCS! bus. This example does not inciude error or exception conditions.

The initiator has one set of active pointers that includes a command pointer, a data pointer, and a status pointer.
In addition, the initiator has one set of saved pointers for each I/O process that it is able to concurrently manage.
The inftiator sets up the saved pointers to point to the appropriate bytes for the /O process and copies the saved
pointers to the active pointers. It then arbitrates for the SCSI bus, and upon winning arbitration, selects the target.
Once the target is selected, the target assumes control of the I/O process,

During the SELECTION phase, the initiator asserts the ATN signal to inform the target that the initiator wishes to send
a message, The target enters the MESSAGE OUT phase and transfers the IDENTIFY message from the initiator. This
message informs the target of which logical unit is to be used. At this point, an 1 T L nexus has been established
for the /O process. This nexus associates the inftiator's pointers with the /O process,

The target switches to the COMMAND phase and transfers the command descriptor block from the initiator. In this
case, the command descriptor block contains a READ command, The target interprets the command and switches
to the DATA IN phase, fransfers the data, switches to STATUS phase, sends GOOD status, switches to MESSAGE
IN phase, and transfers a COMMAND COMPLETE message. After successfully sending the COMMAND COMPLETE
message, the target goes o the BUS FREE phase by releasing the BSY signal and the i/O process ends.

7.4.2 Disconnect exampie

in the above single command example, the length of time necessary to obtain the data may require a time-consuming
physical positioning operation. In order to improve system throughput, the target may disconnect from the initiator,
thereby freeing the SCSI bus to allow other 1/O process o occur.

After the target has received the READ command (and has determined that there will be a delay), it disconnects from
the SCSI| bus by sending a DISCONNECT message and by going to the BUS FREE phase,

After the target retrieves the requested data from the peripheral device it arbitrates for the SCSI bus. Upon winning
arbitration, it reselects the initiator and sends an IDENTIFY message 1o the initiator via the MESSAGE IN phase. This
revives the | T L nexus so that the initiator can retrieve the correct set of pointers for the /O process. The initiator
restores the active pointers to their most recent saved values (which, in this case, are the initial values) and the target
continues (as in the single command example)} to finish the /O process,

i target wishes to disconnect after transferring part of the data (e.g. while crossing a cylinder boundary}, it may do
so by sending a SAVE DATA POINTER message and a DISCONNECT message to the iniliator and then
disconnecting. When reconnection is completed, the current data pointer is restored to ifs value immediately prior
to the SAVE DATA POINTER message.

On those occasions when an error or exception condition occurs and the target elects to repeat the information
transfer, the target may repeat the transfer by either issuing a RESTORE POINTERS message or by disconnecting
without issuing a SAVE DATA POINTER message, When reconnection is completed, the most recent saved pointer
values are restored.
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7.4.3 Linked command example

An /O process may contain multiple commands linked together. Upon completing a linked command successfull
the target automatically proceeds to the next linked command for the /O process. Allcommands in a series of finke
commands are addressed 1o the same nexus and are part of a single /O process.

The commands are not entirely independent. When using the relative address bit (see 8.1.11)}, the address of th
last logical block accessed by one of the commands is available to the next command. Thus one can search for
particular data pattern using a SEARCH DATA command and then read the logical block containing the data patter
with a READ command linked to the SEARCH DATA command. One can also read a logical block at a specifie
displacement from the block containing the data pattern.

A LINKED COMMAND COMPLETE or LINKED COMMAND COMPLETE (WITH FLAG) message is sent from the targe
to the initiator to indicate that a linked command completed. The initiator then updates the saved pointers for th
nexus so that subsequent transfers from the target reference the next command of the series. Command processin
of linked and single commands is similar except that relative addressing is permitted in linked commands.

For example, a successful completion of a SEARCH DATA EQUAL command causes the target to continue with th
linked READ command from the initiator, If the relative address bit in the BEAD command has been set to one, an
the address field of the READ command is set to zero, the target transfers the successfully searched block to th

initiator.
7.5 Command processing considerations and exception conditions

The following subclauses describe some exception conditions and errors associated with command processing an
the sequencing of commands.

7.5.1 Programmabie operating definition

Some applications require that the operating definition of a fogical unit be modified to meet the special requirement
of a particular initiator. The program-controlled modification of the operating definition is typically provided to alle
operating systems to change the operating definition of a more recently developed targets to one that is mor
compatible with the operating system. This ability requires that the system comply with the low-level hardwar
definitions of SCS8I-2,

The parameters that can be changed by modifying the operating definition of a logical unit include the vendc
identification, the device fype, the device model, the SCSI compliance level, the SCSI specification level, th
command set, and other parameters. The low-level hardware parameters inciuding signal timing and parity definitior
cannot be changed by modifying the operating definition. The present operating definition of a logical unit wit
respect to an initiator can be determined at any time by execution ofan INQUIRY command, In some vendor.specit
cases, it may also be necessary to perform other commands including MODE SENSE and READ CAPACITY.

Each logical unit begins with a particular operating definition, if the logical unit supports the CHANGE DEFINITIC
command, the present operating definition can be changed to any other opereting definition supported by the logic:
unit, The actual details of the operating definition of a logical unit are vendor-specific, If the operating definition .
changed to one that does not include the CHANGE DEFINITION command, the target should continue to accept th
CHANGE DEFINITION command.

f an error occurs during execution of a CHANGE DEFINITION command, the original operating definition remair
in effect after the command is executed. The new operating definition becomes active only after successiul executic
of the CHANGE DEFINITION command,

Since new operating definitions may preclude the execution of /O processes that are already in progress, the targ:

may disconnect to allow completion of any {/O processes that are in progress. Operating definition changes that mz
cause conflicts with the normal operation from other initiators shall be indicated to those initiators by generating
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unkt attention condition for each other initiator, The additional sense code shall be set {o CHANGED QPERATING
DEFINITION,

An initiator may request a list of the operating definitions that the target supporis and descriptive text for each
operating definition using the INQUIRY command.

7.5.2 Incorrect initiator connection

An incorrect initiator connection occurs on a reconnection i
a) an initiator atempts to reconnect to an /O process, and
b} a soft reset condition has not cccurred, and
¢) the initiator does not send an ABORT, ABORT TAG, BUS DEVICE RESET, CLEAR QUEUE, or TERMINATE I/O
PROCESS message during the same MESSAGE OUT phase as the IDENTIFY message.

An incorrect initiator connection alse occurs on an initial connection when an initiator:
a) attempts to establish an |_T_L_Q nexus when an | T_L nexus already exists from a previous connection, or
b} attempis to establish an ] T . nexus when an | ‘t‘ L (Q nexus already exists, unless there is a contingent
allegiance or extended contingent allegiance condition present for the logical unit.

A target that detects an incorrect initiator connection shall abort all IfO processaes for the initiator on the logicai unit
or target routing and shali return CHECK CONDITION status. The sense key shall be set to ABORTED COMMAND
and the additional sense code shall be set to OVERLAPPED COMMANDS ATTEMPTED.

i an initiator reconnects fo an O process and a soft reset condition has ccourred, the target shall meet the
requirements of 6.2,2.2,

NOTES
47 An incorrect initiator connection may be indicative of a serious error and, if not detected, could result in an 1/O process

operating with a wrong set of pointers. This is considered a catastrophic failure on the part of the initiator. Therefore,
vendor-specific error recovery procedures may be required to guarantee the data integrity on the medium. The target may
return additional sense data to aid in this error recovery procedure {e.g. sequential-access devices may return the residue
of blocks remaining to be written or read at the time the second command was received).

48 Some targets may not detect an incorrect ntiator connection until after the command descriptor block has been
received.

7.5.3 Selection of an invalid logical unit

The target's response to selection of a iogical unit that is not valid is described in the following paragraphs.

The logical unit may net be valid because:

a) the target does not support the logical unit {e.g. some targets support only one peripheral device}. In response
to an INQUIRY command, the target shall return the INQUIRY data with the peripheral qualifier set o the value
required in 8.2.5.1. In response to any other command except BEQUEST SENSE, the target shall terminate
the command with CHECK CONDITION status. In response to a REQUEST SENSE command, the target shall
return sense data. The sense key shall be set to LLEGAL REQUEST and the additional sense code shall be
set to LOGICAL UNIT NOT SUPPORTED.

b) the target supports the logical unit, but the peripheral device is not currently attached to the target. In
response fo an INQUIRY command, the target shall return the INQUIRY data with the peripheral qualifier set
to the value required in 8.2.5.1. In response to any other command except REQUEST SENSE, the target shall
terminate the command with CHECK CONDITION status. In response to a REQUEST SENSE command, the
target shall return sense data. The sense key shall be set to WLEGAL REQUEST and the additional sense code
shall be set to LOGICAL UNIT NOT SUPPORTED.

¢} the target supports the logical unit and the peripheral device is attached, but not operational. In response to
an INQUIRY command, the target shall return the INQUIRY data with the peripheral qualifier set to the value
required in 8.2.5.1. The target’s response o any command other than INQUIRY and REQUEST SENSE is
vendor-specific.
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d) the target supports the logical unit but is incapable of determining H the peripheral device is attached oris no
operational when it is not ready. inresponseto anINQUIRY command the target shall return the INQUIRY dat:
with the peripheral qualifier set to the value required in 8.2.5.1. In response to a REQUEST SENSE command
the target shall return the REQUEST SENSE data with a sense key of NO SENSE unless a contingen
allegiance exists. The target’s response to any other command is vendor-specific.

7.5.4 Parameier rounding

Certain parameters sent to a target with various commands contain a range of values. Targets may choose
implement only selected values from this range. When the target receives a value that i does not suppott, it eithe
rajects the command (CHECK CONDITION status with ILLEGAL REQUEST sense key) or it rounds the value receivec
to a supported value, The farget shall reject unsupported values unless rounding is permitted in the description ¢

the parameter.

Rounding of parameter values, when permitted, shall be performed as follows - A target that receives a paramete
value that is not an exact supporied value shall adjust the value fo one that it supporis and shall return CHEC!
CONDITION status with 2 sense key of RECOVERED ERRCOR. The additional sense code shall be set to ROUNDEL
PARAMETER. The initiator is responsible to issue an appropriate command to learn what value the target ha:

selected.

NOTE 48 Generally, the target should adiust maximum-value fields down 1o the next lower supported value than the one
specified by the initiator. Minimum-value fields should be rounded up to the next higher supported value than the one
specified by the initiator. in some cases, the type of rounding (up or down) is explicitly specified in the description of the
parameter.

7.5.5 Asynchronous event notification

impiementation of asynchronous event notification is optional. This protocol can be yused to inform processor device:
that an asynchronous event has occurred. A SEND command with an AEN bit of one is issued {0 a processor device
with a subsequent data phase that includes the REQUEST SENSE information. SC8] devives that respond fo ar
INQUIRY command as a processor device type with asynchronous event notification capability may be notified ¢
asynchronous events using this protocol. An SCSI device has to be capable of acting as an initiator in order
perform asynchronous event notification.

NOTE 50 Asynchronous event notification cannot be used with a device that acis as a temporary initiator (e.g. devices
executing COPY commands) since they are not identified as a processar device.

Parameters affecting the use of asynchronous event notification are contained in the controi mode page (see 8.3.3.1]

The four uses of asynchronous event notification are;
a) informing a processor of an error condition encountered afier command completion;
b} informing all processor devices that a newly initialized device is available;
¢} informing all processor devices of other unit attention conditions;
d} informing all processor devices of other asynchronous events.

An exampie of the first case above is a device that implemenis a write cache. If the target is unable to wrile cache
data to the medium, it may use an asynchronous event notification to inform the initiator of the failure. An extende«
contingent allegiance condition may also be established during the same |_T_L nexus used for the asynchronou:
avent notification {see 6.6.9),

An example of the third case above is a device that supports removable media. Asynchronous event notification ma:
be used to inform an initiator of a not-ready-to-ready transition (medium changed) or of an operator initiated even
{e.g. activating a write protect switch or activating a start or stop switch).

An example of the fourth case above is a sequential-access device performing a REWIND command with th
immediate bit set to one, Asynchronous event notification may be used to inform an initiator that the beginning ¢
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medium has been reached, Completion of a CD-ROM AUDIO PLAY command started in the immediate mode is
another example of this case.

Notification of an asynchronious event is performed using the SEND command with the AEN bit set to one. The
information identifying the condition being reported shall be returned during the DATA OUT phase of the SEND
command. See 12.2.2 for further information on the format of the data sent.

An error condition or unit attention condition shall be reported once per ocourrence of the event causing it. Thetarget
may choose 1o use an asynchronous event notification or to return CHECK CONDITION status on a subsequent
command, but not both. Notification of command-related error conditions shall be sent only to the processor that

initiated the /O process,

The asynchronous event notification protocol can be used {o nolify processor devices that a system resource has
become available. If a target chooses to use this method, the sense key in the sense data sent to the processor

davice shall be set to UNIT ATTENTION,

The asynchronous event notification protocol shall be sent only to SCSI devices that return processor device type
with an AENC bit of one in response to an INQUIRY command, The INQUIRY command should be issued to logical
unit zero of each SCSI device responding to selection. This procedure shall be conducted prior to the first
asynchronous event notification and shall be repeated whenever the device deems it appropriate or when an event
occurs that may invalidate the current information, (See 8,6.21, SYNCHRONOUS DATA TRANSFER REQUEST

message, for examples of these events.)

Fach SCSIi device that returns processor device type with an AENC bit of one shall be issued a TEST UNIT READY
command to determine that the SCSI device is ready to receive an asynchronous event notification. An 8C8l device
returning CHECK CONDITION status is issued a REQUEST SENSE command. This clears any pending unit attention
condition. An SCS! device that returns processor device type with an AENC bit of one and returns GOOD status
when issued a TEST UNIT READY command shall accept a SEND command with an AEN bit of one,

NOTE 81 An SCS8I device which can use asynchronous event notification at initiafization time shouid provide means to
defeat these notifications. This can be done with a switch or jumper wire. Devices that implement saved parameters may
alternatively save the asynchronous event notification permissions either on a per SCSI device basis or as a system-wide
option. In any case, a device conducts a survey with INQUIRY commands to be sure that the devices on the SCSI bus
are appropriate destinations for SEND commands with an AEN bit of one. (The devices on the bus or the SCSI ID
assignments may have changed.)

7.5.6 Unexpected reselection

An unexpected reselection occurs i an SCSI device attempts to reconnect to an 1/O process for which a nexus does
not exist. An SCSI device should respond fo an unexpected reselection by sending an ABORY message.
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7.6 Contingent allegiance condition

The contingent allegiance condition shall exist following the retum of CHECK CONDITION or COMMAND
TERMINATED status. The contingent allegiance condition shall be preserved for the [_T_x nexus until £ is cleared.
The contingent allegiance condition shall be cleared upan the generation of a hard reset condition, or by an ABORT
message, a BUS DEVICE RESET message, or any subsequent command for the |_T_x nexus. While the contingent
allegiance condition exists the target shall preserve the sense data for the initiator.

While the contingent allegiance condition exists, if the target is unable to maintain separate sense data, the target
shall respond to any other requests for access to the logical unit or target routine from ancther initiator with a BUSY
status, Execution of ali tagged /O processes forthe | T_L nexus for which the contingent allegiance condition exists
shall be suspended until the contingent allegiance condition is cleared.

7.7 Extended contingent allegiance condition

Implementation of extended contingent allegianceis optional, The extended contingent allegiance condition extends
the contingent allegiance condition foran |_T_x nexus. This condition is generated by the target sending an INITIATE
RECOVERY message to the initiator following CHECK CONDITION or COMMAND TERMINATED status and prior to
the COMMAND COMPLETE message. This condition shall be preserved until it is cleared by a BUS DEVICE RESET
message, a RELEASE RECOVERY message, or a hard reset condition.

While the extended contingent allegiance condition exists, the target shall respond to any other request for access
{o the logical unit from another initiator with BUSY status. Execution of all |/0 processes for the logical unit for which
the extended contingent allegiance condition exists shall be suspended until the RELEASE RECOVERY message is
received by the target.

NOTES

52 B is not required to generate an extended contingent aliegiance condition for every CHECK CONDITION or COMMAND
TERMINATED status that occurs. Simple errars not requiring an extended recavery may be dealt with by using the
contingent allegiance protocol.

83 During the existence of the extended contingent allegiance condition, appropriate error recovery sequlences may be
executed. Such commands can correct data, modify or delete queued commands, perform LOG SENSE commands and
obtain diagnostic information. Extended contingent allegiance is recommended for error conditions that may require
execution of multiple-step error-recovery protocols without interference from other initiators.

An extended contingent allegiance condition may also be genherated using an asynchronous event notification
protocol. When the event is detected, the bus device that detected the event assumes the initiator role and transmits
a SEND command with an AEN bit of one to the appropriate device(s) (see 12.2.2).

if the device wishes io generate an extended contingent allegiance condition during an asynchronous event
notification, it shali send an INITIATE RECOVERY message following the IDENTIFY message (and followingany queue
tag message) and prior to the COMMAND phase of the SEND command. An extended contingent allegiance
condition can be generated for only one | T L nexus at a time. The extended contingent aliegiance condiiion is
cleared when a BELEASE RECOVERY message is received from the device o which the INITIATE RECOVERY
message was senl. The generation of a hard reset condition, or receipt of a BUS DEVICE RESET message, shall
also clear the extended contingent allegiance condition.

During an extended contingent aliegiance, only untagged /O processes from the SCSI device to which the INITIATE
RECOVERY message was sent shall be executed by the target for the logical unit. If the initiator sends a queue tag
message, the target shall respond with QUEUE FULL status. After the extended contingent allegiance condition is
cleared, any commands remaining in the command gueue shall be executed.
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7.8 Queued 1/O processes

The implementation of queuing for /O processes is optional. Oueuing of /O processes allows a target to accept
multiple O processes.

There are two methods for implementation of queuing, tagged and untagged. Tagged queuing allows a target to
accept multiple 1/O processes from each initiator for each logical unit. Untagged queuing aliows a target to accept
one /O process from each initiator for each logical unit or target routine. Untagged queuing may be supported by
SC8I-1 or SC8L2 devices, Tagged queuing is new in 8C8I-2,

Atarget may support both tagged and untagged queuing. An initiater may not mix the use oftagged and untagged
queuing for /O processes to a logical unit, except during a contingent allegiance or extended contingent allegiance
condition when only untagged initial connections are allowed. An initiator that elects to use lagged queuing does
not preclude another initiator on the same SCS! bus from using untagged queuing,

7.8.1 Untagged queuing

Untagged queuing allows a target to accept a command from an initiator for a logical unit or target routine while /O
processes from other initiators are being executed. Only one command for each | T x nexus shall be accepted at

a time,

An /O process may be initiated any time the BUS FREE phase exists, even if an /O process from a different initiator
is active. If the disconnect privilege is not granted in the IDENTIFY message of the current /O process, the target
may either suspend all other /O processes or it may return BUSY status to the current I/C process.

The I_T_x nexus sufficiently specifies the relationship so that the target can reconnect to the initiator to restore the
pointers for /O process as long as only one /O process per | T_x nexus is issued. It is the responsibility of the
initiator to assure that only one such /O process is issued at any time (see 7.6.2),

7.8.2 Tagged aueuing

Tagged queuing allows a target to accept multiple /O processes from the same or different initiators until the logical
unit's command queue is full. if an /O process is received and the command queue is full, the target shall terminate

the /O process with QUEUE FULL status,

The command queue is setup by the target for each supported logical unit. Initiators may add or delete /O
processes to the queue. When adding an /O process, the initiator may specify fixed order of execution, allow the
target to define the order of execution, or specify that the /O process is to be executed next,

if the disconnect privilege is not granted in the IDENTIFY message for a tagged 1/O process, the target shali retum
BUSY status,

The queue tag messages {see 6.6,17} allow the initiator to establish a unique | T_L Q nexus to identify each /0
process, The |_T_L Q nexus allows the target to reconnect to a specific /O process, and allows the initiator o
restore the set of pointers for that I/O process. An initiator may have several /O processes ongoing to the same or
different logical units as long as each has a unique nexus.

i only SIMPLE QUEUE TAG messages are used, the target may execute the commands in any order that is deemed
desirable within the constraints of the queue management algorithm specified in the contrel mode page (see 8.3.3.1),

if ORDERED QUEUE TAG messages are used, the target shall execute the commands in the order received with
respect fo other commands received with ORDERED QUEUE TAG messages. All commands received with a SIMPLE
QUEUE TAG message priot to a command received with an QRDERED QUEUE TAG message, regardiess of initiator,
shall be executed before that command with the QRDERED QUEUE TAG message. All commands received with a
SIMPLE QUEUE TAG message after a command received with an ORDERED QUEUE TAG message, regardless of
initiator, shail be executed after that command with the ORDERED QUEUE TAG message.
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A command received with a HEAD OF QUEUE TAG message is placed first in the queue, to be executed next. /
command received with a HEAD OF QUEUE TAG message shall be executed prior to any queued /O process
Consecutive commands received with HEAD OF QUEUE TAG messages are executed in a lastin-first-out order,

An 1/O process received without a queue tag message, while there are any tagged I/O commands in the commanc
queue from the same initiator, is an incorrect initiator connection (see 7.5.2}, unless there is a contingent allegiance
or extended contingent allegiance condition,

A seties of Hinked commands constifute a single O precess, These commands are assigned the queue tag
established in the initial connection. A command received with a HEAD OF QUEUE TAG message shall not suspenc
a series of linked commands for which the target has begun execution. '

The RESERVE and RELEASE commands should be sent with an ORDERED QUEUE TAG message. Use ofthe MEAL
OF QUFUE TAG message with these commands could result in reservation conflicts with previously issuec
commands,

NOTE 34 initiators should not issue another O processes foliowing a reservation request until that request is honoured
by the target. This prevents possible sequencing errors or file systern corruption.

There are two methods of dealing with the command queue following a contingent allegiance condition. The methoc
used is specified in the control mode page by the queue etror management bit (see 8.83.8.1).

The first method allows the execution of tagged /O processes to resume when the contingent allegiance or extendec
contingent allegiance condition is cleared., The target returns BUSY status to other initiators while the contingen’
allegiance or extended contingent allegiance condition exists. During this time, all tagged /O processes are
suspended. All YO processes used for recovery operations shall be untagged. The queue may be modified by
removing all or selected /O processes from the queue as part of the recovery procedure.

if commands are combined by the queuing algorithm such thal the exceplion condition affects more than one
cemmand, then a contingent allegiance condition shall be generated for all affected commands.

The second method aborts all /O processes when the contingent aliegiance or extended contingent allegiance
condition is cleared. A unit altention condition shall be generated for all otherinitiators and the additional sense code
shall be set to COMMANDS CLEARED BY ANOTHER INITIATOR.

A device that does not support tagged 1/Q processes {e.g, not implemented, disabied by the Dque bit in the control
mode page, or switched {o an operating definition that does not include tagged |/O processes) it shall respond 1c
any queue tag message with a MESSAGE REJECT message. The target shall continue the /O process as if it were
an untagged /O process.

Tagged gueuing may also be temporarily disabled during certain initialization periods or to control internal resource
utilization. During these periods the target may retum QUEUE FULL status or it may respond to any gqueue tag
message with a MESSAGE REJECT message.

Several messages may be used to clear part or al of the command queue. Please refer to the ABORT, ABORT TAG,
BUS DEVICE RESET, and CLEAR QUEUE messages in clause 6 for details,

7.8.3 Example of queued 1/O process

Thiz example of queuing /O processes illustrates the execution of a number of commands. After each command,
the state of the queue kept in the target is shown to indicate the function actually performed by the queuing.
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7.8.3.1 Typical sequences for tagged queuing

An /O process using tagged queuing uses the following sequences for normal execution. The initiator first arbitrates
for the SCSI bus, and afier successtully obtaining the SCSI bus, selects the appropriate SCS| device. The ATN signal
is asserted during the SELECTION phase to indicate that a MESSAGE OUT phase is requested by the initiator. The
first message byte transferred is an IDENTIFY message. The ATN signal continues to be asserted duwing the
MESSAGE QUT phase to indicate that the initiator has another message. The second message byte transierred is
the first byte of the appropriate quete tag message, in this case a SIMPLE QUEUE TAG message. The third and last
message byte is transmitted containing the second byle of the queue tag message, the queue tag. As it is
transferred, the ATN signal is negated to indicate that no more message bytes are available. The target then transfers
the command descriptor biock. Assuming the command requires disconnection, the target transmits a DISCONNECT
message 1o the initiator and then enters the BUS FREE phase. The target places the command, identified by the
I_T L Q nexus, at the appropriate place in the command queue,

When the target removes J/O processes from the queue for execution, a physical latency period may cccur. Atthe
end of this period, when the target is prepared to transfer the appropriate data, the target begins an ARBITRATION
phase and, upon winning, enters a RESELECTION phase. After a successful reselection, the target sends the
IDENTIFY message followed by a SIMPLE QUEUE TAG message with the queue tag value originally sent by the
initiator. The initiator uses the I_T_L_Q nexus to identify the correct set of pointers and control blocks associated with
the /O process and to establish the necessary conditions for data transfer. The target begins data transfer. When
the data transfer is successiully completed, the target returns GOOD status and terminates the /O process with a

COMMAND COMPLETE message.

7.8.3.2 Examgle of tagged queuing

An example of the execution of five queued 10 processes Is described to demonstrate how tagged queuing operates,
All tagged 1/O processes are from one initiator to a single logical unit of a single target. The five I/O processes are
defined in table 28. The target is a direct-access device. At the time the I/O processes are first being executed, it
is assumed that the actuator is in position to access logical block 10 000,

Table 28 - Commands In order received by target

Command Queue tag Queue Tag l.ogical Transfer Status
message vaiue block length
address
READ SIMPLE C1h 10 080 1 00 Queued
AEAD SIMPLE 0z2h 100 i Queusd
HEAD ORDERED 03h 1 006 1 000 Queued
READ SIMPLE 04h 10 000 1 Queued
READ SIMPLE 05h 2 000 1 000 Queued

The optimum order would require that those biocks close to the actuator position be the first blocks accessed,
followed by those increasingly far from the actuator position. However, the command with queue tag 03h is an
ordered 1/O process, so that all simple /O processes transferred previously must be executed before, while all simple
O processes transferred after the ordered /O process must be executed after the ordered {/O process,

if a target supports an optimizing algorithm the actual order in which the 1/O processes are executed could be as
shown in table 29,
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Table 29 - Commands in order of execution

Command Queue tag Gueus tag Logical transfer Status
message value biotk length
address
READ SIMPLE Gih 10 000 1 0060 Queued
READ SIMPLE 02h 100 1 Queded
READ ORDERED 08h 1 G000 1 060 Queued
READ SIMPLE 05h 2 000 1 000 Gueued
READ SIMPLE 04h 19 Q00 1 Queued

O processes with queue tag values 01h and 02h are executed in the order received since the actuator is already
in position to execute /O process 01h. /O process 02h must be executed before i/O process 04h or 05h because
the ordered 1/O process 03h was transmitted after /O processes 01h and 02h but before /O processes 04h and 05h.
/O process 03h is then executed after /O process 02h. The I/O processes 04h and 05h are executed after the
ordered /O process 03h. /O process 05h is executed before /O process 04h because the actuator is in position
to access block 2 000 after executing I/O process 03h. 1/O process 04h is executed last.

As an example of the operation of the MEAD OF QUEUE TAG I/0 process, consider that a new 1/0 process, identified
by a HEAD OF QUEUE TAG message with a queue tag of 08h, is transmitted to the target while the ordered /O
process 03h is being executed. The I/O process 03h continues execution, but the new MEAD OF QUEUE TAG /O
process is placed in the queue for execution before all subsequent /O processes. In this case, the queue for
execution after the ordered 1/O process 03h was executed would appear as shown in table 30.

Table 30 -~ Modified by HEAD OF QUEUE TAG message

Command Queue tag Queue tag Logical Transfer Status
message value block length
address
READ ORDERED C3h 1 000 1 000 £xecuting
READ HEAD OF QUEUE 8h o 8 Queued
READ SIMPLE G5h 2 900 1 000 Queued
READ SIMPLE Q4h 10 000 E Queued

To obtain maximum performance gains using lagged queuing requires careful implementation of the queuing
algorithms in the targel. In addition, initiators should allow a maximum number of simple /O processes to be
executed with a minimum number of ordered 1/O processes. RESERVE and RELEASE commands, SET LIMITS
commands, and appropriale software locking conventions should be used to guarantee the proper relationship
between the commands executed and the data stered on the peripheral devices, These conventions are not defined

by this standard,
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7.9 Unit attenlion condition

The target shall generate a unit attention condition for each initiator on each valid logical unit whenever the target has
been reset by a BUS DEVICE RESET message, a hard reset condition, or by a power-on reset. The target shall also
generate a unit attention condition on the affected logical unit(s) for each initiator whenever one of the following
events oCCurs:

a} A removabie medium may have been changed;

b} The mode parameters in effect for this initiator have been changed by another initiator;

¢} The version or level of microcode has been changed;

d} Tagged commands queued for this initiator were cleared by another initiator;

e} INQUIRY data has been changed;

f} The mode parameters in effect for the initiator have been restored from non-volatile memory;

g) A change in the condition of a synchronized spindie;

h} Any other event cccurs that requires the altention of the iniiator,

NOTES
86 Targets may quete unit attention conditions on logical unils, After the first unit attention condition is cleared, anocther

unit atiention condition may exist {e.g. a power on condition followed by a microcode change condition).
57 See 7.5.8 for requiremnents concerning selection of an invalid logical unit.

The unit attention condition shall persist on the logical unit for each initiator until that initiator clears the condition as
described in the following paragraphs.

I an INQUIRY command is received from an initiator to a logical unit with a pending unit attention condition (before
the target generates the contingent allegiance condition}, the target shall perform the INQUIRY command and shall
not ciear the unit attention condition. If the INQUIRY command is received after the target has generated the
contingent allegiance condition for a pending unit attention condition, then the unit attention condition on the logical
urit shall be cleared, and the target shall perform the INQUIRY command,

If any other command is received after the target has generated the contingent allegiance condition for a pending
unit attention condition, the unit attention condition on the logical unit shall be cleared, and if no other unit attention
condition is pending the target shall perform the command. If another unit attention condition is pending, the target
shail not perform the command and shall generate another contingent allegiance condition,

fa REQUEST SENSE command is received from an initiator with a pending unit attention condition {before the farget
generates the contingent altegiance condition), then the target shall either:
a) report any pending sense data and preserve the unit attention condition on the logical unit, or,
b) report the unit attention condition, may discard any pending sense data, and clear the unit attention condition
on the logical unit for that initiator.

If the target has already generated the contingent allegiance condition for the unit attention condition, the target shall
perform the second action listed above.

if an initiator issues a command other than INQUIRY or REQUEST SENSE while a unit attention condition exists for
that initiator {prior to generating the contingent allegiance condition for the unit attenion condition}, the farget shail
not perform the command and shall report CHECK CONDITION status unless a higher priority status as defined by
the target is also pending {e.g. BUSY or RESERVATION CONFLICT).

H, after generating the contingent allegiance condition for & pending unit attention condition, the next command
received from that initlator on the logical unit is not REQUEST SENSE, then that command shall be performed and
the unit altention condition shall be cleared for that initiator on the logical unit and the sense data is jost (see 7.6).

if a target becomes a temporary initiator to issue a SEND command with an AEN bit of one, which informs the initiater
temporary target} of the unit attention condition, and the SEND command completes with GOOD status, then the
target shall clear the unit aftention condition for that initiator on the logical unit {(see 7.5.5}.
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8 All device types

8.1 Model for all device types

This model describes some of the general characteristics expected of most SCS1 devices. Itis notintended to define
any requirements nor is it intended to alter any requirements defined elsewhere in this standard. Clause 7 also
contains mode! information pertaining to all device types.

8.1.1 SCSI addresses

There are two levels of addresses within the SCSI architecture: the SCS8! device address and the jogical unit number
or target routine number.

8.1.1.1 8CSI device address

SCS! devices occupy {i.e. respond to) one address on the SCSi bus. Generally, the SCS! device provides a means
{e.g. switches, jumpers) 1o select one of the eight available addresses (0 through 7). This address s used during
bus arbitration and selection or reselection of SCSI devices. Each device on the SCSI bus is assigned a unigue

address,

Normally, the SCSI device address is set when the system is configured and it remains static thereafter. Some
systems and devices provide vendor-specific means {o alter this address at other times.

8.1.1.2 Logical units

Each target has one or more logical units, beginning with logical unit zerc. There is a maximum of eight logical units.
These logical units are usually mapped directly to peripheral devices, but they may be a portion of a peripheral device
or may comprise multiple peripheral devices.

An initiator can detenmine whether a target implements a logical unit by issuing an INQUIRY command and examining
the returned peripheral qualifier and peripheral device type.

The concept of a logical unit is not defined for an initiator. (An SCSI device may implement both the initiator role and
the target role. In this case logical unit(s) are defined only for the target role.)

$.1.1.3 Target routines

An optional feature of the SCSI architecture permits each target to have one or more target routines, beginning with
target routine number zero. There is a maximum of eight target routines. These target routines are processes that
execute directly on the target and are not associated with a particular logical unit or peripheral device. Target
routines are addressed using the LUNTAR bit of the IDENTIFY message (see 6.6.7),

Target routines are principally intended to retum information about the target and the only valid commands are
INQUIRY and REQUEST SENSE,

8.1.2 Commands implemented by all SCS| devices
This standard defines four commands that all SC8L2 targets implement - INQUIRY, REQUEST SENSE, SEND

DIAGNOSTIC, and TEST UNIT READY. These commands are used to configure the system, to test targets, and to
return important information concerning errors and exception conditions.
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8.1.2.1 Using the INQUIRY command

The INQUIRY command may be used by a system to determine the configuration of the SCSIi bus. Target devices
respond with information that includes their type and standard level and may include the vendor’s identification, model
number and other useful information. It is recommended that SCSI targets be capable of returning this information
{or whatever part of it that is available} upon completing power-on intialization. An SCSi device may take ionger o
get certain portions of this information, especially if it retrieves the information from the medium.

8.1.2.2 Using the REQUEST SENSE command

Whenever a contingent allegiance condition {see 7.6) is established, the initiator that received the error shouid issue
a REQUEST SENSE command to receive the sense data describing what caused the contingent allegiance condition.
i the initiator issues some other command, the sense data is lost.

8.1.2.3 Using the SEND DIAGNOSTIC command

The SEND DIAGNOSTIC command provides 2 means to requiest the target to perform a self test. While the test is
target specific, the means of requesting the test is standardized and the respanse is simply GOOD status if all is well
or CHECK CONDITION status i the test fails.

The SEND DIAGNOSTIC command also provides other powerful features when used in conjunction with the RECEIVE
DIAGNOSTIC RESULTS command, but this capability is opticnal.

8.1.2.4 Using the TEST UNIT READY command
The TEST UNIT READY command is useful in that it alfows an initiator to poll a logical unit until it is ready without
the need to allocate space for returned data. It is especially useful to check cartridge status of logical units with

removable media. Targets are expected to respond promptly to indicate the current status of the device (i.e. a target
should avoid lengthy disconnections in an attempt to respond with GOOD status).

8.2 Commands for all device types
The operation codes for commands that apply to all device types are listed in table 31.

‘fable 31 « Commands for all device types

Command name Operation Type Subtlause
code
CHANGE DEFINITION 40h & 8.2.1
COMPARE 38h o 8.2.2
CoPY 18h Q 8.2.3
COPY AND VERIFY 3An ¢ 8.2.4
INQUIRY 12h i 8.2.5
L0G SELECT 4Ch 0 8.2.8
L.0G SENSE 4Dh 0 8.2.7
MODE SELECT(6} 15h Z 8.2.8
MODE SELECT(10) £5h Z 8.2.9
MODRE SENSE(6 1Ah Z 8.2.10
MODE SENSE (10} 54h Z 8.2.11%
READ BUFFER 3Ch 0 g.2.12
RECEIVE DIAGNOSTIC RESULTS tCh 0 8.2.18
REQUEST SENSE 23h B 8.2.14
SEND DIAGNOSTIC 1Dh # 8.2.15
TEST UNIT READY 00h # 8.2.18
WRITE BUFFER 38h o &.2.17
Key: M = Command implementation is mandatory.
0 = Command implementation is optional.
Z = Command implementation is device type specific.
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8.2.1 CHANGE DEFINITION command

The CHANGE DEFINITION command {see table 32} modifies the operating definition of the selected logical unit o
target with respect to commands from the selecting initiator or for all initiators.

Table 32 - CHANGE DEFINITION command

Bit 7 6 5 4 3 2 t ¥
Byte
% Operation code {40h)

1 Logical unit number Reserved

Reserved Save

Reserved Definition parameter

Reserved

Reserved

Reserved

Reserved

Parameter data length

Wi ~N|;mi @R

Centrol

A save control bit (Save} of zero indicates that the target shall not save the operating definition. A Save bit of on:
indicates that the target shall save the operating definition to non-volatile memoty.

The definition parameter field is defined in table 33,

Table 33 - Definition parameter field

Value Meaning of definition parameter
00h Use current operating definition
O1h SCSI-1 operating definition
02h CCS operating definition
03h SCSI-2 operating definition

04 - BFh Reserved
40 - 7Fh Vendor-specific

NOTE 57 The current operating definition parameter values establish operating definitions compatible with the appropriate
SCSI specification. Vendor-specific values are available for those applications where more complex operation definition
changes are reguired. Defintions supported by a device are returned in the implemented operating definition page (see
8.3.4.3).

The parameter data length field specifies the length in byles of the parameter datia that shall be transferred from th
initiator to the target. A paramsier data length of zero indicates that no dala shall be transferred. This condition sha

not be considered as an error, Parameter data lengths greater than zero indicate the number of bytes of paramete
data that shall be transferred,

The parameter data is vendor-specific.
NOTE §8 The parameter data may be used to specify a password to validate an operating definifion change.

The CHANGE DEFINITION command causes one of the operating definition modifications listed below:
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a} Change the operating definition of a logicai unit relative to the initiator that issued the command. in this case,
the target is capable of maintaining an unique operating definition for each logical unit relative to each initiator
in the system.

b} Change the operating definition of the target relative to the initiator that issued the command. In this case, the
target is capable of maintaining & unique operating definition, for each initiator in the system, that applies to
all logical units of the target.

¢) The operating definition of a logical unit relative to all initiators in the system. In this case, the target is capable
of maintaining an unique operating definition for each logical unit refative to all initiaters in the system,

d) The operating definition of the target reiative to all initiators in the system. In this case, the target is capabie
of maintaining only ocne operating definition.

NOTES
59 This standard does not provide a direct means to determine which of the above four methods has been impiemented

by the target. An indirect means of determining which method is implemented exists in that the target is required to inform
affected initiators of operating definition changes via the unit attention condition.
60 The final two modifications listed above may result in incompatibilities if other initiators are operated below the SCSI-2

levei,

The operating definition is modified after successful completion of the command, A target shall consider the
command successfully completed when it detects the assertion of the ACK signal for the COMMAND COMPLETE
message. The initiator should verify the new operating definition by issuing an INQUIRY command requesting the
implemented operating definition page {see 8.3.4.1).

it is permissible for an SCSI-2 device that has fis definition changed to an SCSI-1 device to accept a CHANGE
DEFINITION command.

NCTE 61 The method of changing the operating definition is implementation dependent. Some implementations may
require that the target's operating mode be reinitialized as if a power-up or hard-reset had occurred. Other implementations
may modify only those operating definitions that sre affected by the CHANGE DEFINITION command.

If the CHANGE DEFINITION command is not executed successfully for any reason, the operating definition shall
remain the same as it was before the CHANGE DEFINITION command was attempted. it is impossible to return
to the previous operating definition, a unit attention condition shall be generated by the target,

NOTE 62 The present operating definition of the target may always be interrogated through the INQUIRY command. When

an SCSI-2 target has its operating definition changed to CCS or SCSI-1, certain changes are needed to promote

compatibility with preexisting SCSI-1 initiators. The recommended changes are as follows:

a) Thetarget shouid not initiate selections to other SCS! devices to determine f any initiators support AEN, The target shouid
assume that none are capable of receiving AEN and not issue an AEN.

b} The target should not generate extended contingent allegiance conditions by issuing an INITIATE RECOVERY message.

¢) If a BEQUEST SENSE command with an aliccation length of zero is received, the target should return four bytes of sense
data.

d) If an INQUIRY command is received, the returned data should have appropriate values in the ANS|-approved version field
and the response data format field. The features supported bits should be zero.

e) A change in the operating definition may change the vendor identifier, the device type, the device model, the SCS!
implementation level, the command set, mode pages, and any other operating characteristics.

After a power-on condition or a hard RESET condition, the target shall set its initial operating definition to the last
saved value, if saving is implemented, or its default value, if saving is not implemented.
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8.2.2 COMPARE command

The COMPARE command (see table 34) provides the means to compare data from one logical unit with another ¢
the same logical unit in a manner similar to the COPY command.

Tabie 34 - COMPARE command

Bit 7 & 5 4 3 2 1 0
Byte

9] Operation code (3%h)

1 Logical unit number fReserved Pad
2 Reserved

3 (458}

4 Parameter list length

5 (LSB)
& Reserved

7 Heserved

8 Heserved

8 control

This command functions in the same manner as the COPY command, excepi that the data from the source is
compared on a byte-by-byte basis with the data from the destination. The parameter list transferred to the target is
the same as for the COPY command. This parameter list contains the information to identify the logical units involvec
in the comparison and the length of the comparison. (See 8.2.3 for additional information about the COPY
command.}

i the comparison is unsuccessful, the command shall be terminated with CHECK CONDITION status and the sense

key shall be set to MISCOMPARE. The remaining fields in the sense data shall be set as documented in the COPFY
comimand,
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8.2.3 COPY command

The COPY command (see table 35) provides a means {o copy data from one logical unit io another or the same
logical unit. The logical unit that receives and performs the COPY command is called the copy manager. The copy
manager is responsible for copying data from a logical unit (source device} 1o a logical unit {(destination device).
These logical units may reside on different SCSI devices or the same SCSI device {in fact ali three may be the same
logical unit). Some SCSI devices that implement this command may not suppert copies o or from another SCS!
device, or may not support third party copies {i.e. both the source and the destination logical units reside on other
SCSI devices),

Tabie 35 - COPY command

8it 7 & 5 4 3 2 1 0
fyte

0 Operation code (18h)

1 Logical unit number Reserved Pad

2 {MSB}

3 Parameter List length o
4 {Lég?w
5 Control

The Pad bit {8.2.3.7) is used in conjunction with the Cat bit (8.2.8,7) in the segment descriptors to define what action
should be taken when a segment of the copy does not fit exactly into an integer number of destination blocks.

The parameter list length field specifies the length in bytes of the parameters that shall be sent during the DATAQUT
phase of the command. A parameter list length of zero indicates that no data shall be transferred. This condition shall
not be considered as an error.

The COPY parameter list {(see table 36} begins with a four-byie header that contains the COPY function code and
priority. Following the header is one or more segment descriptors,

Table 36 - COPY parameter list

Bit 7 8 5] 4 3 2 1 t
Byte

o COPY function code Priority

1 Vendor-specific

2 Heserved

3 fReserved

Segment descriptor{s}

0 Sagment descriptor 0
rn {Bee specific table for length,)
3} Segment descriptor X
n {8ee specific table for length.)}
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The COPY function code field defines a specific format for the segment descriptors. The COPY function codes ar
defined in tabie 37. A iarget need not support all function codes for its device type.

Tabie 37 - COPY function codes

Peripheral device type COPY Segmerrt
function|descriptor

Source Dastination code table Comments
Block devices Stream devices 8 38

éDevice types G,4,5,7} éﬁevice types 1,2,3,9)

tream devices leck devices 1 38 {Note 3)
(Device types 1,3,9) éﬁevice types 0,4,5,7}

Block devices lock devices 2 38 {Note 3}
(Device types 0,4,5,7) (Device types 0,4,5,7)
Stream devices Stream devices 3 40

{Device t{pes 1,3,9} {Device t{pes 1,2,3,9
Seguential-access Sequential-access 4 41 Image
(Cevice type 1) {Device type 1) sopy
NOTES

1 COPY function codes 05h - OFh are reserved.

2 COPY function codes 10h - 1Fh are vendor-specific.

3 When using the COMPARE command the destination block device may be a
CD-ROM device or an optlcal-memory device that uses read-only media.

4 See B.2.5.%1 for peripheral device type definitions,

The priority field of the COPY parameter list establishes the relative priority of this COPY command to othe
commands being executed by the same target. All other commands are assumed {0 have a priority of 1. Priority (
is the highest priority, with increasing values indicating lower priorities,

The segment descriptor formats are determined by the COPY function code, The segment descriptor format usec
for block devices {i.e. write-once, CD-ROM, optical-memory, and direct-access devices) shall be the same. The
segment descriptor format used for stream devices (i.e. printer, processor, communications, and sequential-acces:
devices)

shall be the same. Thus a copy operaticn from a write-once device o a printer device uses the same segmen
descriptor format as a copy operation from a direct-access device {0 a sequential-access device {see fable 37}, The
segment descriptor formats are described in 8,2,.3,8 through 8,2.3.6, A maximum of 256 segment descriptors an
permitted. The segment descriptors are identified by ascending numbers beginning with zero.

8.2.3.1 Errors detected by the managing SCSI device

Two classes of exception conditions may occur during execution of a COFY command, The first class consists ©
those exception conditions detected by the SCS8! device that received the COPY command and is managing th¢
execution of the command. These conditions include parily errors while transferring the COPY command and statue
byie, invalid parameters in the COPY command, invalid segment descriptors, and inability of the SCS! device
controlling the COPY functions to continue operating, |n the event of such an exception condition, the SCSI devie
managing the COPY shall;

a) terminate the COPY command with CHECK CONDITION status.

b} set the valid bit in the sense data to one. The segment number shall contain the number of the segmen
descriptor being processed at the time the exception condition is detected. The sense key shall contain the
senhse kKey code describing the exception condition {i.e. not COPY ABORTED). The information field sha
contain the difference between the number of blocks field in the segment descriptor being processed at the
time of the failure and the number of blocks successiully copied. This number is the residue of unprocessec
blocks remaining for the segment descriptor,
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8.2.3.2 Errors detected by a target

The second class of errors consists of exception conditions detected by the SCS8I device transferring data at the
request ofthe SCS! device managing the transfer. The SCS! device managing the COPY command detects exception
conditions by receiving CHECK CONDITION status from one of the SCSi devices it is managing, tthen shall recover
the sense data associated with the exception condition,

The SCSi device managing the COPY command may also be the source or destination SCSI device (or both). i shall
distinguish between a failure of the management of the COPY and a failure of the dala transfer being requested. it

shall then create the appropriate sense data internally.

After recovering the sense data associated with the detected error, the SCSI device managing the COPY command
shall:

a) terminate the GOPY command with CHECK CONDITION status,

b) set the valid bit in the sense data to one. The segment number shall contain the number of the segment
descriptor being processed at the time the exception condition is detected. The sense key shall be set to
COPY ABORTED. The information field shall contain the difference between the number of blocks field in the
segment descriptor being processed at the time of the failure and the number of blocks successfully copied.
This number is the residue of unprocessed blocks remaining for the segment descriptor.

The first byte of the command-specific informaticn field shall specify the starting byte number, relative o the first byte
of sense data, of an area that contains {unchanged) the source logical unit's status byte and sense data. A zero
value indicates that no status byte or sense data is being returned for the source logical unit.

The second byle of the command-specific information field shall specify the starting byle number, relative to the first

byte of sense data, of an area that contains {unchanged) the destination logical unit's status byte and sense data.
A zero value indicates that no status byte or sense data is being returned for the destination logical unit.

B.2.3.3 COPY function code 00h and 01h

The format for the segment descriptors for COPY transfers between block and stream devices is specified in table
38. This format is required for COPY function codes 00h or 01h. The segment descriptor may be repeated up to
256 times within the parameter list length specified in the command descriptor block.

Table 38 - Segment descriptor for COPY function codes 00h and 01h

Bit 7 8 5 4 3 2 H $]
Byte
0 Source address Reserved Cat Source LUN
1 Destination address Reserved Destination LUN
2 {MSB)
Stream device block length —
3 {L88)
4 {MSB)
8lock device number of blocks ]
7 {1.88)
8 {M5B)
Block device logical block address fr—
11 (L8}

The source address and source LUN fields specify the SCSI bus 1D and logical unit »f the device to copy the data
from for this segment of the COPY command. The destination address and destination LUN fields specify the SCS
bus 1D and logical unit to copy the data to for this segment of the COPY command, Some SCS] devices may not
support third-party COPY in which the copying SCSI device is not the source or destination device, Some SCSI
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devices only support COPY within the SCSI device and not to other SCSI devices. If an unsupported COPY operatior
is requested, the command shall be terminated with CHECK CONDITION status and the sense key shall be set &
ILLEGAL REQUEST with an additional sense code of INVALID FIELD IN PARAMETER LIST {see 8.2,3.1),

A catenate (Cat) bit {optional} of one indicates that the COPY manager shall catenate the iast source block of ¢
segment with the first source block of the next segment if the last source block does not end exactly at theend ¢
the destination block., The definition of a Cat bit of zero depends on the setling of the Pad bit in the commanc

descriptor block {see 8.2.3.7}.

The stream device block-length fieid specifies the block length to be used on the stream device logical unit durinc
this segment of the COPY command. If the SCSI device managing the COPY knows this block length is no
supported, the command shall be terminated with CHECK CONDITION status and the sense key shall be set &
ILLEGAL REQUEST with an additional sense code of INVALID FIELD IN PARAMETER LIST. if the block length
found fo be invaliid while executing a read or write operation o the stream device, the command shall be terminatec
with CHECK CONDITION status and the sense key shall be set to COPY ABORTED (see 8.2.3.2).

The biock device number of blocks field specifies the number of blocks in the current segment to be copied. A valuc
of zero indicates that no blocks shall be transferred in this segment.

The block device logical block address field specifies the starting logical bicck address on the logicai unit for thi
segment.

8.2.3.4 COPY function code 02h
The foermat for the segment descriptors for COPY transfers among block devices is speciiied in table 39. This forma
is required for COPY function code 02h. The segment descriptor may be repeated up ta 256 times within the

parameter list length specified in the command descriptor block.

Table 39 - Segment descriptor for COPY function code 02h

Bit 7 6 5 4 3 4 1 0
Byte
G Source address (3101 Cat Source LUN
1 Destination address Reserved Destination LUN
2 Reserved
3 Reserved
4 {MSB)
T E— Number of blocks
7 {LSB)
& {MSB)
e Source logical block address
11 {L.SB)
12 (M58}
T Destination logical block address
15 {L.88)

See 8.2.3.3 for definitions of the source address, the source LUN, the destination address, the destination LUN, and
Cat fields.,

A destination count (DC) bit of zero indicates that the number of blocks field 1efers to the source logical unit. ADC
bit of one indicates that the number of blocks field refers to the destination logical unit.
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The number of blocks field specifies the number of blocks to be transferred to or from {depending on the DC bit) the
block device during this segment. A value of zero indicates that no blocks shall be transferred.

The source logical block address field specifies the starling logical block address on the source block device.
The destination logical block address field specifies the starting logical block address on the destination block device.
8.2.3.5 COPY {function code 03h

The format for the segment descriptors for COPY transfers among stream devices is specified by table 40. This
format is required for COPY function code 03h. The segment descriptor may be repeated up to 256 times within the

parameter list ength specified in the command descriptor block.

Table 40 - Segment descriptor for COPY function code 03h

Bit 7 B 5 4 3 2 4 ¢
Byte
G Source address B Cat Source LUN
1 Destination address Reserved Destination LUN
2 Reserved
3 Reserved
4 {M8B)
Scurce block length ——
5 {L.5B)
8 {MSB)
Destination bleck length B —
7 {L.5B)
8 {M8B)}
e Number of blocks p—
1 {188}

See 8.2.3.3 for definitions of the source address, the source LUN, the destination address, the destination LUN, and
Cat fields,

A destination count {(DC) bit of zero indicates that the number of biocks field refers to the source logical unit. ADC
bit of one indicates that the number of blocks field refers {o the destination logical unit,

The source block length field specifies the block-length of the source device for this segment of the COPY. A zero
in this field indicates variable block-length. For non-zere values, this field shall match the logical unit’s actual block-

length.

if biock-tength mismatches are detected prior to the beginning of the read operation by the SCSi device managing
the COPY, the command shall be terminated with CHECK CONDITION status. The sense key shall be set to ILLEGAL
REQUEST and the additional sense code shall be set to INVALID FIELD IN PARAMETER LIST (see 8.2.3.1).

H the mismatches are detected during the read operation by the COPY manager, the command shall be ierminated
with CHECK CONDITION status, The sense key shall be set to COPY ABORTED (see 8.2.3.2). and the additional
sense cade shail be set to INVALID FIELD IN PARAMETER LIST.

The destination block-tength field specifies the block length to be used on the destination logical unit during the
COPY. Destination block length mismatches are handled in an analogous manner as souwrce block length
mismatches.
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The number of blocks field specifies the number of blocks to be transferred to or from {depending on the DC bit) the
device during this segment. A value of zero indicates that no blocks shall be transferred.

8.2.3.6 COPY function code 04h

The format for the segment descriptors for image COPY transfers between sequential-access devices is specified ir
table 41. This format Is required for COPY function code 04h. The segment descriptor may be repeated up to 25¢
times within the parameter list length specified in the command descriptor block.

Tabie 41 ~ Segment descriptor for COPY function code 04h

8it 7 8 5 4 3 2 1 0
Byte

Q Source address Reserved Source LUN

1 Degtination address Reserved Destination LUN

2 Count

3
T — Reserved

7

8 F] ]
o — ——— Vendor-specific p—

11

Sce 8.2.53.3 for definitions of the source address, the source LUN, the destination address, the destination LUN, anc
Cat fields.

The image mode COPY command copies an exact image of the source device medium to the destination device
medium, beginning at their current positions. The copy function terminates when the source device:
a) encounters an end-glpartition as defined by the source device;
b} encounters an end-of-dala as defined by the source device {i.e. BLANK CHECK sense key);
¢} has copied the number of consecutive flemarks specified in the count field from the source device to the
destination device;
d} has copied the number of consecutive setmarks specified in the count fleld from the source device 1o the
destination device, if the RSmk bit in the device configuration page (see 10.3.3.1}) is one,

A count field of zero indicates that the COPY command shall not terminate due to any number of consecutive
flemarks or setmarks, Other error or exception conditions {e.g. early-warning end-of-partition on the destinatior
device} may cause the COPY command to terminate prior o completion, In such cases, itis not possible to calculate
a residue, so the information field in the sense data shall be set to zero,

8.2.3.7 Copies with unequai block lengths
When copying data between two devices with unequal block lengths, i is possibie for the last source block to no
completely fill the last destination block for cne or more segments in the COPY command. Two optional bits are

defined to assist in controlling the copy manager's actions in this circumstance, The Pad bit {in the commanc
descriptor block) and the Cat bit {in each applicable segment descriptor) are defined in iable 42,

94 122 of 468



ANS! X3,131-1984

Table 42 - Pad and Cat bit definition

pad | Cat | COPY manager’s action

o] O On inexact segments, it is device specific whether the COPY
manager rejects the COPY command with CHECK CONDITION status and
ILLEGAL RFGUEST sense key, the COPY manager writes or accepis
short blocks (variable-block mode on sequential-access devices),
or the COPY manager adds pad characters {00h} to the destination
block or strips pad characters from the source block,

1 o on inexact segments, the COPY manager shall add pad characters
(00h) to the destination block to completely fill the block, or
it shall strip pad characters from the source block, always
stopping at the end of a complete block.

X 1 The COPY manager shall always write or read complete blocks. On
inexact segments, the remainder of the block contains data from
the next segment, This code is not valid in the last segment of
the COPY command,

NOTE 63 Use of pad characters is intended to assist in managing COPY commands between devices of different block
The initiator whe issued the COPY command is responsible for
management of these pad areas (i.e. remembering where they are). One possible method is to write the COPY parameter
list information to the destination medium prior to issuing the COPY command for backup and to read this information prior

fengths where partial-block residues may occur.

{o issuing the COPY command for restore.

8.2.4 COPY AND VERIFY command

The COPY AND VERIFY command (see table 43) performs the same function as the COPY command, except that
a verification of the data written to the destination logical unit is performed after the data is written. The parameter

list transferred to the target is the same as for the COPY command. This parameter list contains the information to
identiy the logical units involved in the copy and the length of the copy. See 8.2.3 for additional information about

the COPY command.

Table 43 - COPY AND VERIFY command

Bit 7 8 5 4 3 2 H G
Byte
0 Operaticn code {3Ah}
1 Logical unit number Reserved BytChk Pad
P Reserved
3 {MSB}
4 Parameter list length o
5 { z.s;
6 Regserved
7 Reserved
8 Reserved
8 Control

A byte check (ByiChk) bit of zero causes a medium verification to be performed with no data comparison. A ByiChk
bit of one causes a byte-by-byte comparison of data written on the destination medium and the data transferred from
the source medium. If the comparison is unsuccessful for any reason, the copy manager shall return CHECK
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CONDITION status with the sense key set to MISCOMPARE. The remaining fields in the sense data shail be set as
documented in the COPY command,

8.2.5 INQUIRY command
The INQUIRY command {see table 44) requests that information regarding parameters of the target and its attached
peripheral device(s) be sent to the initiator. An option allows the initiator {o request additional information about the

target or iogical unit {see 8.2.5.2}.

Table 44 - INQUIRY command

Bit 7 6 5 4 3 2 1 0
Byte
0 Operation code (12h)
1 Legical unit number faserved EVPD
2 Page code
3 Reserved
4 Allocation length
5 Control

An enable vital product data (EVPD) bit of one specifies that the target shall return the optional vital product data
specified by the page code field. [f the farget does not support vital product data and this bit is set to one, the target
shall return CHECK CONDITION status with the sense key sel to ILLEGAL REQUEST and an additional sense code
of INVALID FIELD IN CDB.

An EVPD bit of zero specifies that the target shall return the standard INQUIRY data. If the page code field is not
zero, the target shall return CHECK CONDITION status with the sense key set to ILLEGAL REQUEST and an
additionai sense code of INVALID FIELD iN CDB.

The page code field specifies which page of vital product data information the target shall return {see 8.3.4).

The INQUIRY command shall return CHECK CONDITION status only when the target cannot retumn the requested
INQUIRY data.

NOTE 84 The INQUIRY data should be retumed even though the peripherat device may not be ready for other commands,

if an INQUIRY command is received from an initlator with a pending unit attention condition {i.e, before the target
reporis CHECK CONDITION status}, the target shall perform the INQUIRY command and shall not clear the unit
attention condition (see 7.9},

NQTES

65 The INQUIRY command is typically used by the initiator after a reset o7 power-up congdition 10 determine the device
types for system configuration. To mindmize delays after a reset or power-up condition, the standard INQUIRY data shouid
be avaliable without incurring any media access delays, if the target does store some of the INQUIRY data on the device,
it may return zeros or ASCH spaces (200} in those fields until the data is available from the device.

66 The INQUIRY data may change as the target executes #s indtialization sequence or in response to a CHANGE
DEFINITION command. For exarnple, the target may cortain a minimurn comrand set in its non-volatiie memory and may
ipad its fnal firmware Fom the device when ¥ becomes ready. After # has loaded the frmware, it may support more
options and therefore return different supportted options Information in the INQUIRY data.
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8.2.5.1 Standard INQUIRY data

The standard INQUIRY data {see table 48) confains 36 required bytes, followed by a variable number of vendor-
specific parameters. Bytes 56 through 85, if returned, are reserved for future standardization.

Table 45 - Standard INQUIRY data format

Bit 7 6 5 4 3 2 i 0

Byte
o Peripheral qualifier Peripheral device Type
1 Aams Device-type modifier
2 IS0 version ECMA version ANSI-approved version
3 AENG TralOP Reserved HAesponse data format
4 Additional length (n-4)

5 Reserved

& Reserved

7 RelAdr | WBus32 WBusi6 Syno Linked (Reserved! CmdQue SftRe
8 {MSB}

SN B Vendor ideptification —
15 {L.88)
18 (MSB)

I Product identification ——
31 (LSB)
32 {Ms8)

IR Product revision level .
35 (LSB)
36

— — Vendor-specific J—
55
55

= — Heserved —
85

Vendor-specific parameters
96

- — —— Vendor-specific e

n

The peripheral qualifier and peripheral device-type fields identify the device currently connected to the iegical unit,
if the target is not capable of supporting a device on this logical unit, this field shall be set to 7Fh (peripheral qualifier
set to 011b and peripheral device type set to 1Fh). The peripheral qualifier is defined in table 46 and the peripheral
dovice type is defined in table 47,
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Table 46 - Perigherai quallfier

Gualifier! Description

000b The specified peripheral device type is currently connscted to
this Jogiecal unit. If the targel cannot determine whether or
not a physical device is currently connected, it shall alse use
this peripheral qualifier when returning the INQUIRY data.

This peripheral gqualifisr does not mean that the device is ready
for access by the initiator.

G0th The target is caﬁable of supporting the specified peripheral
davice type on this logical unit; however, the physical device
is not currently connected to this logical unit,

010b feserved

011b The target is not capable of supporting a ghysical device on
this logical unit. For this peripheral qualifier the peripheral

device type shall be set to 1Fh 1o provide compatibility with
previocus versions of SC8I. All other Eeripheral device type
values are reserved for this peripheral qualifiler,

1XXb Vandor-specific

Table 47 - Peripheral device type

Code Description

O0h Direct-access device {e.g. magnetic disk}

O1h Sequential-access device (e.Q. magnetic tape)

G2h Printer device

03k Processor device

04h Write-once device {e.g. some optical disks)

08h CD-ROM device

06h Scanner device

CTh Optical memory device (e.g. some optical disks)

08h Medium changer device (e.g. jukeboxes)

08h Communications device
CAh - OBh Defined by ASC I¥8 (Graphic arts pre-press devices)
CCh - tEh Reserved

1Fh Urnknown or no device type

A removabie medium {(RMB) bit of zero indicates that the medium Is not removable. A RMBE bit of one indicates that
the medium is removable.

The device-type modifier field was defined in 8CS8I-1 to permit vendor-specific qualification codes of the device type.
This field is retained for compatibility with SCSI.1, Targets that do not support this field should return a value of zero.

The usage of non-zero code values in the IS0 version and ECMA version fields are defined by the International
Organization for Standardization and the European Computer Manufacturers Association, respectively. A zero code
value in these fields shall indicate that the target does not claim compliance to the ISO version of 8CSI (1SO 8316)
or the ECMA version of SCS! (ECMA-111). It is possible to claim compliance to more than one of these SCSI
standards.

The ANSl-approved version field indicates the implemented version of this standard and is defined in table 48,
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Tabie 48 « ANSl-approved version

Code Description
Ch The device might or might not comply to an ANSI-approved
standard,
1h The device complies to ANSI X3.131-1¢86 (8C8I-1}.
2h The device compliies to this version of 8C8I, This code is
reserved to designate this standard upon approval by ANSI.
3h - 7h Reserved

The asynchronous event notification capability (AENC) bit indicates that the device supports the asynchronous event
notification capability as defined in 7.56.5.

a) Processor devicetype definition: An AENC bit of one indicates that the processor device is capable of
accepting asynchronous event notffications. An AENC bit ot zero indicates that the processor device does not
support asynchronous event notifications.

by All other device-types: This bit is reserved.

A terminate I/O process (TrmlOP) bit of one indicates that the device supports the TERMINATE I/O PROCESS
message as defined in 6.6.22. A value of zero indicates that the device does not support the TERMINATE 1/O

PROCESS message.

A response data format value of zero indicates the INQUIRY data format is as specified in SCSI-1. A response data
format value of one indicates compatibility with some products that were designed prior to the development of this
standard (i.e. CCS). A response data format value of two indicates that the data shali be in the format specified in
this standard. Response data format values greater than two are reserved.

The additional length field shall specify the length in bytes of the parameters. If the allocation length of the command
descriptor block is too small to transfer all of the parameters, the additional length shall not be adjusted to reflect the

truncation.

A relative addressing (RelAdr) bit of one indicates that the device supports the relative addressing mode for this
logical unit. Ifthis bit is set to one, the linked command (Linked) bit shall also be set to one; since relative addressing
can only be used with linked commands. A RelAdr bit of zerc indicates the device does nol support relative

addressing for this logical unit,

A wide bus 32 (Whus32) bit of one indicates that the device supports 32-bit wide data transters. A value of zero
indicates that the device does not support 32-bit wide data transfers.

A wide bus 16 (Whus18) bit of one indicates that the device supports 18-bit wide data transfers. A vaiue of Zero
indicates that the device does not support 16-bit wide data tfransfers,

NOTE 67 i the vaiues of both the Whust6 and Whus32 bits are zero, the device only supports 8-bit wide data transfers,

A synchronous fransfer (Sync) bit of ane indicates that the device supports synchronous data transfer. A value of
zero indicates the device does not support synchronous data transfer,

A linked command {Linked) bit of one indicates that the device supports linked commands for this logical unit. A
value of zero indicales the device does not support linked commands for this logical unit.

A command queuing {CmdQue) bit of one indicates that the device supports tagged command queuing for this
logical unit. A value of zero indicates the device does not support tagged command queuing for this logical unit.

A soft reset (SftRe) bit of zero indicates that the device responds to the RESET condition with the hard RESET
alternative (see 6.2.2.1). A SftRe bit of one indicates that the device respands ta the RESET condition with the soft
RESET alternative (see 6.2.2.2).
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ASCH data fields shall contain only graphic codes (i.e, code values 20h through 7Eh}, |eft-aligned fieids shall place
any unused bytes at the end of the field (highest offset} and the unused bytes shall be filled with space characters
{20h). Right-aligned fields shall place any unused bytes at the start of the field (lowest offset) and the unused bytes
shall be filled with space characters {20h).

The vendor identification field contains eight byltes of ASCH data identifying the vendor of the product, The data shall
be left aligned within this field.

NOTE 68 i is intended that this field provide a unigue vendor identification of the manufacturer of the 8C8! device, inhthe
absence of a formal registration procedure, X3T10 maintains a list of vendor identification codes in use. Vendors are
requested to voluntarily submit their identification codes to X3T10 to prevent duplication of codes (see annex E).

The product identification field contains sixteen bytes of ASCIl data as defined by the vendor, The data shall be left-
aligned within this field.

The product revision jevel field contains four bytes of ASClH data as defined by the vendor. The data shail be feft-
aligned within this field.

8.2.5.2 Vital product data

Implementation of vital product data is optional. The information retumed consists of configuration data (e.g. vendor
identification, product identification, model, serial number}, manufacturing data (e.g. plant and date of manufacture},
field repiaceable unit data and other vendor- or device-speciiic data.

The initiator requests the vital product data information by sefting the EVPD bit to one and spectlying the page code
of the desired vital product data (see 8.3.4}. if the target does not implement the requested page it shall return
CHECK CQNDITION status. The a sense key shall be set to ILLEGAL REQUEST and the additional sense code shall
be set to INVALID FIELD IN CDB.

NOTES

68 The target should have the abilty to execute the INQUIRY command even when a device error ocours that prohibits
narmal commanid execution. |n such a case, CHECK CONDITION status shouid be retutned for commands other than
INGUIRY or REQUEST SENSE. The sense data returned may contain the fieid replaceable unit code. The vital product
data should be obtained for the failing device using the INQUIRY command.

70 This standard defines a format that allows device-independent initiator software to display the vital product data returned
by the INQUIRY command. For example, the initiator may display the data associated for the field replaceable unit returned
in the sense data. The contents of the data may be vendor-speciic; therefore, & may not be usable without detailed
information about the davice.

71 This standard does not define the location or method of storing the vital product data.  The refrieval of the data may
require completion of initialization operations within the device that may induce delays before the data is available 1o the
inttiator. Time-critical requirernents are an implementation consideration and are not addressed in this standard,
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8.2.6 LOG SELECT command

The LOG SELECT command (see table 49) provides a means for the initiator to manage statistical information
maintained by the device about the device or its logical units, Targets that implement the LOG SELECT command
shall also implement the LOG SENSE command. Structures in the form of log parameters within log pages are
defined as a way to manage the log data. The LOG SELECT command provides for sending zero or more log pages
during a DATA OUT phase. This standard defines the format of the log pages, bul does not define the exact
conditions and events that are fogged.

Table 49 - LOG SELECT cammand

Bit 7 8 5 4 8 2 1 0
Byte
o Operation code (4Ch)

Logical unit number Reserved BCR sp

"y

PC Reserved

Reserved

Reserved

Reserved

Reserved

(M3B)

Parameter list length —
(1.8B)

Wi~ i ;]| &S] WM

Control

A parameter code reset {(PCR) bit of one and a parameter list length of zero shall cause all implemented parameters
to be set fo the target-defined default values {e.g. zero), Ifthe PCR bl is one and the parameter list length is greater
than zero, the command is terminated with CHECK CONDITION status. The sense key shall be set to ILLEGAL
RFQUEST and the additicnal sense code shali be set to INVALID FIELD IN CDB. A PCR bit of zero specifies that the
jog parameters shall not be reset.

A save parameters {SP) bit of one indicates that after performing the specified LOG SELECT operation the target shall
save to non-volatile memory ail parameters identified as savable by the DS bit in the log page (see 8.3.2). A SP bit
of zero specifies that parameters shall not be saved.

Saving of log parameters is optional and indicated for each log parameter by the DS bit in the page. Log parameters
may be saved at vendor-specific times subject to the TSD bit (see 8.3.2) in the log parameter. If the target does not
implement saved parameters for any log parameter and the SP bit is set to one, the command shall be terminated
with CHECK CONDITION status. The sense key shall be setf to ILLEGAL REQUEST, and the additional sense code
set to INVALID FIELD IN CDB.

it is not an error to set the SP bit o one and 1o set the DS bit of 2 log parameter to one. in this case, the parameter
value for that log parameter is not saved,

The page control {(PC} field defines the type of parameter values to be selected. The page control field is defined
in table 50,
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Table 50 - Page control field

Type L0G SELECT parameter values LOG SENSE parameter values
(£4] ] Current threshold values Threshold values
Oib Current cumulative values Cumulative values
10b Default threshold values Default threshold values
11b Default cumulative values Default cumulative values

The current cumulative values may be updated by the target or by the initiator using the LOG SELECT command to
reflect the cumulative number of events experienced by the target. Fields in the parameter control byte (8.3.2) of each
log parameter control the updating and saving of the current cumulative parameters.

The target shall set the current threshold parameters to the default threshold values in response to a L.OG SELECT
command with the PC field sel {o 10b and the parameter list length field set 10 zero,

The target shall set ali cumulative parameters to their default values in response to a LOG SELECT command with
the PC field set to 11b and the parameter list length field set to zero.

The current threshold value can only be modified by the initiator via the L.OG SELECT command, [f the initiator
attempts to change curreni threshold vaiues that are not available or not implemented for that log parameter, then
the farget shall terminate the LOG SELECT command with CHECK CONDITION status, the sense key setto HLLEGAL
REQUEST, and the additional sense code set to INVALID FIELD IN PARAMETER LIST. The saving of current
threshold parameters and the criteria for the current threshold being met are controlled by bits in the parameter
control byle (8.3.2).

NOTE 72 Pages or log parameters that are not available may become available at some later time (e.g. after the device
has become ready).

The parameter list length field specifies the length in bytes of the parameter list that shall be transferred from the
initiator to the target during the DATA OUT phase. A parameter list length of zero indicates that no pages shall be
fransferred. This condition shall not be considered an error. If the inflialor sends page codes or parameter codes
within the parameter list that are reserved or not implemented by the target, the target shall terminate the LOG
SELECT command with CHECK CONDITION status, The sense key shall be setf to ILLEGA]L REQUEST and the
additional sense code set to INVALID FEELD IN PARAMETER LIST.

i a parameter list iength results in the truncation of any log parameter, the target shali terminate the command with
CHECK CONDITION status. The sense Key shall be set to LLEGAL REQUEST and the additional sense code set
to INVALID FIELD IN CDB.

The initiator should send pages in ascending order by page code value if multiple pages are sent during a DATAQUT
phase. If multiple log parameters within a page are sent during the DATA OUT phase, they should be sent in
ascending order by parameter code value. The target shall return CHECK CONDITION status if the initiator sends
pages out of order or parameter codes out of order. The sense key shall be set to ILLEGAL REQUEST and the
additional sense code set to INVALID FIELD IN PARAMETER LIST.

NOTE 73 Initiators should issue LOG SENSE commands prior to issuing LOG SELECT commands to determine supported
pages and page lengths.

The target may provide independent sets of log parameters for each logical unit or for each combination of logical
units and initiators. If the target does not support independent sets of log parameters and any log parameters are
changed that affect other initiators, then the target shali generate a unit attention condition for all initiators except the
one that issued the 1L0G SELECT command {see 7.8). This unit attention condltion is returned with an additional
sense code of LOG PARAMETERS CHANGED.
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if the initiator sends a log parameter that is not supported by the target, the target shall terminate the command with
CHFCK CONDITION status, set the sense key to ILLEGAL REQUEST, and set the additional sense code to INVALID

FIELD IN PARAMETER LIST.

8.2.7 LOG SENSE command

The LOG SENSE command (see iabie 51} provides a means for the initiator to retrieve statistical information
maintained by the device about the device or its logical units. 1t is a complementary command to the LOG SELECT
comimand,

TFabie 51 - LOG SENSE command

Bit 7 5 5 4 3 2 1 0
Byte
0 Operation code (4Dh)
4 Logical unit number Reserved PPC P
2 PC Page code
3 Reserved
4 Reserved
5 (M58}
Parameter pointer  —
6 {1958}
7 {MSBY
Allocation length e
8 {1.88)
g Contrel

The parameter pointer contrel (PPC) bit controls the type of parameters requested from the larget;

a)} APPC bit of one indicates that the target shall retum a log page with parameter code values that have changed
since the last LOG SELECT or LOG SENSE command. The target shall return only those parameter codes
foliowing the parameter pointer field.

b} A PPC pi of zero indicates that the log parameter requested from the target shall begin with the parameter
code specified in the parameter pointer field and retum the number of bytes specified by the aliocation length
field in ascending order of parameter codes from the specified log page, A PPC bit of zero and a parameter
pointer field of zero shall cause all avallable log parameters for the specified log page to be returned fo the
initiator subject to the specified allocation length.

Saving parameters is an optional function of the LOG SENSE command, {fthe target does not impiement saving log
parameters and if the save parameters {SP) bitis one, then the target shall return CHECK CONDITION status, set the
sense key to ILLEGAL REQUEST, and set the additional sense code to INVALID FIELD IN CDB.

An SP bit of zero indicates the target shall perform the specified LOG SENSE command and shall not save any log
parameters. If saving log parameters is implemented, an SP bit of one indicates that the target shall perform the
specified LOG SENSE command and shall save all log parameters identified as savable by the DS bit {8.3.2) to a non-
volalile, vendor-specific location.

The page control (PC) field defines the type of parameter values to be selected (see 8.2.6 for the definition of the
page control field). The parameter values returned by a LOG SENSE command are determined as follows:
a} The specified parameter values at the last update (in response to a LOG SELECT or LOG SENSE command
or done automatically by the target for cumulative values).
b} The saved values, if an update has not occurred since the last power-on, hard RESET condition, or BUS
DEVICE RESET message and saved parameters are implemented.
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¢} The default values, if an update has not occurred since the last power-on, hard RESET condition, or BUS
DFVICE RESET message and saved values are not available or not implemented.

The page code field identifies which page of data is being requested (see 8.3.2). Ifthe page code is reserved or not
implemented, the target shall terminate the command with CHECK CONDITION status, The sense key shall be set
to ILLEGAL REQUEST with the additional sense code set to INVALID FIELD IN CDB.

The parameter pointer field allows the initiator to request parameter data beginning from a specific parameter code
to the maximum aifocation length or the maximum parameter code supported by the target, whichever is less, ifthe
value of the parameter pointer field is farger than the largest available parameter code that can be retumed by the
target on the specified page, the target shall terminate the command with CHECK CONDITION status. The sense
key shall be set to ILLEGAL REQUEST and the additional sense code shall be set to INVALID FIELD IN CDB,

Log parameters within the specified jog page shall be ransferred in ascending order according to parameter code.

8.2.8 MODE SELECT{6) command

The MODE SELECT(6) command {see table 52) provides a means for the initiator {o specify medium, logical unit, or
peripheral device parameters to the target. Targets that implement the MODE SELECT command shall also
implement the MODE SENSE command. Initiators should issue MODE SENSE prior to each MODE SELECT to
determine supported pages, page lengths, and other parameters.

Table 52 - MODE SELECT(6) command

Bit 7 6 5 4 3 2 1 0
Byte

¥ Operation code {1i5h}

"y

Logical unit number PF Reserved 5P

Reserved

Reserved

Parameter list length

] | Mo

Control

if a target supports saved pages, it may save only one copy of the page for each logical unit and have it apply to all
initiators, or it may save separate copies for each initiator for each logical unit, If separate copies are saved, the
target shall maintain separate current values for each 1 _T_L nexus. Pages that are common {o all initiators are not
reguired 1o have multiple copies,

if an initiator sends a MODE SELECT command that changes any parameters applying to other initiators, the target
shall generate a unit attention condition for all initiators except the one that issued the MODE SELECT command {see
7.8}, The target shall set the additional sense code to MODE PARAMETERS CHANGED.

The target may provide for independent sets of parameters for each atlached lopical unit or for each combination of
logical unit and initiator. I independent sets of parameters are implemented, and a third parly reservation is
requested, the target transfers the set of parameters in effect for the initiator of the RESERVE command 1o the
parameters used for commands from the third party device {see 8.2.12.3 and 10.2.10.1).

A page format (PF) bit of zero indicates that the MODE SELECT parameters are as specified in SCSI-1, (i.e. all
parameters after the block descriptors are vendor-specific). A PF bit of one indicates that the MODE SELECT
parameters following the header and block descriptor(s) are structured as pages of related parameters and are as
specified in this standard.
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A save pages (SP) bit of zero indicates the target shall perform the specified MODE SELECT operation, and shali not
save any pages. An SP bit of one indicates that the target shall perform the specified MODE SELECT operation, and
shall save 1o a non-volatile vendor-specific location alf the savable pages including any sent during the DATA OUT
phase, The SP bit is optional, even when mode pages are supported by the target. Pages that are saved are
identified by the parameter savabie bit that is returned in the page header by the MODE SENSE command (see
8,8.3). If the PS bit is set in the MODE SENSE data then the page shall be savable by issuing a MODE SELECT
command with the 8P bit set. [f the target does not implement saved pages and the 8P bit is set fo one, the
command shall be terminated with CHECK CONDITION status. The sense key shall be set to ILLEGAL REQUEST,
and the additional sense code set to INVALID FIELD IN CDB.

The parameter fist length field specifies the length in bytes of the mode parameter list that shail be transferred from
the initiator 1o the target during the DATA OUT phase. A parameter list length of zero indicates that no data shali be
fransferred. This condition shall not be considered as an error,

The target shall terminate the command with CHECK CONDITION status if the parameter list length results in the
truncation of any mode parameter header, mode parameter block descriptor{s}, or mode page. The sense key shall
be set to ILLEGAL REQUEST, and the additional sense code shall be set to PARAMETER LIST LENGTH ERROR,

The mode parameter list for the MODE SELECT and MODE SENSE commands is defined in 8.3.8. Parts of each
mode parameter fist are uniquely defined for each device-lype.

The target shall terminate the MODE SELECT command with CHECK CONDITION status, set the sense key to
HLEGAL REQUEST, set the additional sense code to INVALID FIELD IN PARAMETER LIST, and shall not change
any mode parameters for the following conditions:
a) i the initialor sets any field that is reported as not changeable by the target 1o a value other than Es current
vaiue.
b) If the initiator sets any field in the mode parameter header or block descriptor(s) to an unsupported vaiue.
o} if an initiator sends a mode page with a page length not equal to the page length returned by the MODE
SENSE command for that page.
¢} ifthe initiater sends a unsupported value for a mode parameter and rounding is not implemented for that mode

parameter.
e} If the inftiator sets any reserved field in the mode parameter list to a nen-zero value,

If the initiator sends a value for a mode parameter that is outside the range supported by the target and rounding
is implemented for that mode parameter, the target may either:
a) round the parameter to an acceptable value and terminate the command as described in 7.5.4;
b) terminate the command with CHECK CONDITION status, the sense key set to ILLEGAL REQUEST, and set the
additional sense code to INVALID FIELD IN PARAMETER LIST.

A target may alter any mode parameter in any mode page (even those reported as non-changeable) as a result of
changes to other mode parameters,

The target validates the non-changeable mode parameters against the current values that existed for those mode
parameters prior to the MODE SELECT command.

NOTE 74 If the current values calculated by the target affect the initiator's operation, the initiator should issue a MODE
SENSE command after each MODE SELECT command.
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8.2.9 MODE SELECT(10) command

The MODE SELECT{10) command {(see table 53) provides a means for the initiator 1o specify medium, logical unit
or peripheral device parameters {o the target. See the MODE SELECT(6) command (8.2.8) for a description of the
fields in this command. Initiators should issue MODE SENSE prior to each MODE SELECT to determine supportec
mode pages, mode page lengths, and other parameters.

Table 53 « MODE SELECT(10) command

Bit 7 8 5 4 3 2 1 e
Byte

#] Operation code (55h)

—h

lLegical unit number PE Reserved sp

Reserved

Reserved

Reserved

Reserved

Reserved

(MSB)

Parameter list length R
{Ls8)

DI ® |~ bhiWinh

Control

Targets that implement the MODE SELECT(10) command shall also implement the MODE SENSE(10) command.
8.2.10 MODE SENSE(6) command

The MODE SENSE(6) command {see table 54) provides a means for a target to report parameters o the injtiator
it is a complementary command to the MODE SELECT({6) command.

Table 54 - MODE SENSE(6) command

Bit 7 8 5 4 3 2 1 0
Byte
0 Operation code {1Ah}
i Logical unit number Reserved GBG Reservad
pd PC Page code
3 Resarved
4 Aljccation length
5 Control

A disable block descriptors (DBD) bit of zero indicates that the target may return zero or more block descriptors in
the retumed MODE SENSE data {see 8.3.3), at the target's diseretion. A DBD bit of one specifies that the target shal
not return any block descriptors in the returned MODE SENSE deta.

The page control (PC) field defines the type of mode parameter values to be returned in the mode pages. The page
control field is defined in table 55.
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Takle 55 - Page conirol fieid

Code Type of parameter Subclavse
G0b Current values B,2.10.1
Oib Changeable values 8,2.10.2
10b Cefault values 8,2.10.3
1th Saved values 8.2.10.4

NOTE 75 The page control field only affects the mode parameters within the mode pages, however the PS bit, page code
and page length fields should return current values since they have no meaning when used with other types. The mode
parameter header and mode parameter block descriptor should return current values,

The page code specifies which mode page(s) to return. Mode page code usage is defined in table 56.

Tabie 56 - Mode page code usage for all devices

Puage code Description Subclause
00h Vendor-speoific {does not require page formatl}

0th - 1Fh See specific device-iypes

20h - 3Eh Vendcr‘-s;{ecific (page Format required)
3Fh Return all mode pages

An initiator may request any one or all of the supported mode pages from a farget. if an initiator issues a MODE
SENSE command with a page code value not impiemented by the target, the target shall return CHECK CONDITION
status and shall set the sense key to LLEGAL REQUEST and the additional sense code to INVALID FIELD IN CDB,

A page code of 3Fh indicates that all mode pages implemented by the farget shall be returned to the initiatar, fthe
mode parameter list exceeds 256 bytes for a MODE SENSE(6) command or 65 536 bytes for a MODE SENSE(10)
command, the target shall return CHECK CONDITION status and the sense key shall be set to ILLEGAL REQUEST
and the additional sense code set to INVALID FIELD IN CDB.

Mode page O0h, if implemented, shall be returned after ali other mode pages.

NOTES
76 Mode pages should be refurned in ascending page code order except for mode page 00h,
77 If the PCfigld and the page code field are both set to zero the target shouild return a mode parameter header and block

descriptor {¥ applicable). This provides for compatibility with existing SCSI-1 initiators.

The mode parameter list for all device types for MODE SELECT and MODE SENSE is defined in 8.3.8. Paris of the
mode parameter list are specifically defined for each device type. See subclause three of each peripheral device type
for further information.

8.2.10.1 Current values

A PC field value of Oh requests that the target return the current values of the mode parameters. The current values

returned are:
a) the current values of the mode parameters established by last successful MODE SELECT command,

b) the saved values of the mode parameters if a MODE SELECT command has not successfully completed since
the last power-on, hard RESET condition, or BUS DEVICE RESET message;
¢) the default vajues of the mode parameters, if saved values, are not available or not supported.
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8.2.1¢.2 Changaabie vajuaa

A PC field value of 1h requests that the target retum a mask denoting those mode parameters thal are changeable
In the mask, the fields of the mode parameters that are changeable shall be set to all one bits and the fields of the
mode parameters that are non-changeabile {i.e. defined by the target) shall be sel 1o all zere bits.

NOTES

78 An attempt to change a non-changeable mode parameter (via MODE SELECT) resuits in an error condition {see 8.2.8}.
72 The inftiator should issue a MODE SENSE command with the PC field set to 1h and the page code field set 1o 3Fh to
determine which mode pages are supported, which mode parameters within the mode pages are changeable, and the
supported length of each mode page prior 1o issuing any MODE SELECT commands.

8.2.10.3 Default values

A PC field value of 2h requests that the target return the default values of the mode parameters. Parameters not
supported by the target shall be set to zero. Default values are accessible even if the device is not ready.

8.2.10.4 Saved values

A PC figld value of 3h requests that the target retum the saved values of the mode parameters. Implementation ot
saved page parameters is optional. Mode parameters not supported by the target shall be set to zero. if saved
values are not implemented, the command shall be terminated with CHECK CONDITION status, the sense key sel
o ILLEGAL REQUEST and the additional sense code set to SAVING PARAMETERS NOT SUPPOGRTED.

NOTE 88 The method of saving parameters is vendor-gpecific. The parameters are preserved in such a manner that they
are retained when the farget is powered down. Al savable pages can be considered saved when a MODE SELECT
command issued with the SP bit set to one has returned a GOOD status or after the successful compietion of a FORMAT
UNIT command,

£.2,10.5 Initial rosponses

After a power-up condition or hard reset condition, the target shall respond in the foliowing manner:

a) If default values are requested, report the defauit values,

b) If saved values are requested, report valid restored mode parameters, or restore the mode parameters and
report them. If the saved values of the mode parameters are not able to be accessed from the non-volatile
vendor-specific location, terminate the command with CHECK CONDITION status and set the sense key sel
to NOT READY. if saved parameters are not implemented respond as defined in 8.2.10.4.

c} if current vaiues are requested and the current vaiues of the mode parameters have not been sent by the
initiator {via a MODE SELECT command), the target may return either the default or saved vaiues, as defined
above. If current values have been sent, the current values shall be reported.
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8.2.11 MODE SENSE(10} command

The MODE SENSE(10) command (see table §7) provides a means for a target fo report parameters to the initiator,
It is a complementary command to the MODE SELECT(10) command, If the MODE SELECT(10) command is
implemented the MODE SENSE(10) command shall be implemented. See the MODE SENSE(8) command for a

description of the fields in this command.

Table 57 - MODE SENSE({10) command

Bit 7 8 5 4 3 2 1 0
Byte

C Operation code {BAh}

1 Logical unit number Heserved! DBD Heserved

2 PG Page ¢ode

3 Reserved

4 Reserved

5 Reserved

8 Heserved

7 {MSB)

Allocation length —

8 {1L8B)
9 Control

8.2.12 READ BUFFER command

The RFAD BUFFER command (see table 58} is used in conjunction with the WRITE BUFFER command as a
diagnostic function for testing target memory and the SCSI bus integrity. This command shall not alter the medium.

Fabie 58 - READ BUFFER command

Bit 7 6 5 4 3 2 1 o

Byte

G Cperation code {3Ch)

1 t.ogical unit number Reserved ¥ode

2 Buffer ib

3 (MSB)

4 Buffer offset

8 (LSB}

8 {MSB)

7 Allocation length

8 (LSB}

g Control

The function ofthis command and the meaning of fields within the command descriptor block depend on the contents
of the mode field. The mode field is defined in table 59,
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Table 59 - READ BUFFER mode fieid

Mode Description Type

G00h Combined header and data Optional

Q01b Vendor-gspecific Vendor-specific
210b Data Optional

011b Descriptor Optional

100b Reserved Reserved

101k Raserved Reserved

110b Reserved Reserved

111k Regarved RAeserved

NOTE 81 Modes 0000 and 001b are included for compatibility with products that were designed prior to the gen-
eration of this standard. Some products that were designed prior 10 the generation of this standard restrict the
available length 10 65 535 bytes.

8.2.12.1 Combined header and data mode (000b)

in this mode, a four-byte header followed by dala byies is returned to the inftiator during the DATA IN phase. The
buffer 1D and the buffer offsef fields are reserved.

The four-byte READ BUFFER header (see table 60) is followed by data bytes from the farget's data buffer,
Tabie 60 - READ BUFFER header

Bit 7 8 5 4 3 2 1 0
Byte
0 Reserved
1 {MSB} )
— — p— Buffer capacity —_
3 {L&B}

The buffer capacity field specifies the tolal number of data byies available in the target’s data buifer, This number
is not reduced 1o reflect the allocation length; nor is & reduced to reflect the actual number of bytes writien using
the WRITE BUFFER command, Following the READ BUFFER header, the target shall ransfer data from its data
buffer. The target terminates the DATA IN phase when alfocation length bytes of header plus data have been
transferred or when all available header and buffer data have been transferred to the initiator, whichever is less.

8.2.12.2 Vendor-spscific mode (001b)

In this mode, the meanings of the buffer ID, buffer offset, and allocation length fields are not specified by this
standard.

8.2.12.3 Data mode (010b)

In this mode, the DATA IN phase containg buffer data. The buffer ID field identifies a specific buffer within the larget
from which data shall be transferred. The vendor assigns buifer 1D codes to buifers within the target. Buffer 1D zero
shall be supported. If more than one buffer is supported, additional buffer 1D codes shall be assigned contiguously,
beginning with one. Buffer 1D code assignments for the READ BUFFER command shall be the same as forthe WRITE
BUFFER command. If an unsupported buffer ID code is selected, the target shall return CHECK CONDITION status,
shali set the sense key to ILLEGAL REQUEST, and set the additional sense code to [LLEGAL FIELD iIN CDB. The
target terminates the DATA IN phase when allocation length bytes have been transferred or when all the available
data from the buffer has been transferred to the initiator, whichever amount is less.

The buffer offset field contains the byte offset within the specified buffer from which data shall be transferred from.
The initiator should conform to the offset boundary requirements returned in the READ BUFFER descriptor (see
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8.2.12.4). If the target is unable to accept the specified buffer offset, it shall returmn CHECK CONDITION status, shall
set the sense key to ILLEGAL REQUEST, and set the additional sense code to ILLEGAL RELD IN CDB.

8.2.12.4 Descriptor mode {011b)

in this mode, a maximum of four bytes of READ BUFFER descriptor information is returned. The target shall retum
the descriptor information for the buffor specified by the buffer 1D {see the description of the buffer ID in 8.2.12.3).
i there is no buffer associated with the gpecified buffer ID, the target shall return all zeros in the READ BUFFER
descriptor. The buffer offset field is reserved in this mode. The allocation length should be set to four or greater,
The target shall transfer the lesser of the allocation length or four bytes of READ BUFFER descriptor, The READ
BUFFER descriptor is defined as shown in table 61.

Table 61 -~ READ BUFFER descriptor

git 7 8 5 4 3 2 1 0
Byte
0 Gffset boundary
1 {MSB)
s e e Buffer capacity S
3 : {1.88}

The offset boundary field returns the boundary alignment within the selected buffer for subsequent WRITE BUFFER
and AEAD BUFFER commands. The value contained in the offset boundary field shall be interpreted as a power of

wo,

The value contained in the buffer offset field of subsequent WRITE BUFFER and READ BUFFER commands should
be a multiple of 20782t POUNdaNY 4¢ shown in table 62.

Table 62 - Buffer offset boundary

Offset
boundary! 2**0ffsel boundary Buffer offsets

0 2**D = 1 Byte boundaries

1 2%*¢ = 2 Even-byte boundaries

2 2**2 = 4 Four-hbyte boundaries

3 2%*3 = 8 Eight-byte boundarjes

4 2**4 = 18 18-byte boundaries

FFh Not applicable 0 is the only supported buffer offset.

The buffer capacily field shall relumn the size of the selected buffer in bytes.

NOTE 82 in a muiti-tasking system, a buffer may be altered between the WRITE BUFFER and READ BUFFER commands
by another tagk. Buffer testing applications may wish to ensure that only & single task is active, Use of reservations (1o
all logical units on the device} of linked commands may aiso be helpful in avoiding buffer alteration between these two

commands,
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8.2.13 RECEIVE DIAGNOSTIC RESULTS command

The RECFIVE DIAGNOSTIC RESULTS command (see table 63) requests analysis data be sent to the initiator afie
completion of a SEND DIAGNOSTIC command (see 8,2.15). [f the target supports the optional page format, the page
code field sent in the previous SEND DIAGNOSTIC command specifies the format of the returmed data.

Table 63 - RECEIVE DIAGNOSTIC RESULTS command

Bit 7 8 5 4 3 2 1 0
Byte

0 Cperation code {iCh)

1 Logical unit number Reserved

2 Reserved

3 (MSB)

Allocation lengih R

4 (L.8B)
41 Conmtrol

NOTES
82 To ensure that the diagnostic command information is not destroyed by a command sent from anather infliator, either
the SEND DIAGNOSTIC command should either be linked to the RECEIVE DIAGNOSTIC RESULYS command of the logical

unit should be reserved.
84 Although diagnostic software is generally device-specific, this command and the SEND DIAGNOSTIC command provide

a means to isolate the operating system software from the device-specific diagnostic software. Hence, the operating system
can remain device-independent. This alse allows diagnostic sofflware to be transferred more easily to other operating
systems.

See 8.3.1 for RECEIVE DIAGNOSTIC RESULTS page format definitions.
8.2.14 REQUEST SENSE command
The REQUEST SENSE command {see table 64} requests that the target transfer sense dala to the initiator.

Table 64 - REQUEST SENSE command

Bit 7 6 5 4 3 2 1 0
Byte
0 COperation code (03h)
1 .ogical unit number Agserved
2 Reserved
3 Reserved
4 Allocation length
5 Control

The sense data:
a) shall be available if a contingent allegiance condition exists for the |_T_x nexus;

b) shall be availabie if other information (e.g. medium position) is available in any field;
¢} may be available H an unexpected disconnect occurred,
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If the target has no other sense data available to return, it shall return a sense key of NO SENSE and an additional
sense code of NO ADDITIONAL SENSE INFORMATION.

The sense data shall be preserved by the target fo the initiator until retrieved by a REQUEST SENSE command or
untii the receipt of any other }/O process for the same |_T_x nexus. Sense data shall be cleared upon receipt of any
subsequent 1/O process (inciuding REQUEST SENSE) to the same 1_T_x nexus.

NOTE 85 Some target implementations do not update sense data except on commands that return CHECK CONDITION
or COMMAND TERMINATED status. Thus when poliing for a logical unit to become ready, the initiator should issue TEST
UNIT READY commands until GOOD status is returned. If desired, the initiator may issue REQUEST SENSE commands
after the TEST UNIT READY commands that return CHECK CONDITION or COMMAND TERMINATED status to obtain the

sense data.

The target shall return CHECK CONDITION status for a REQUEST SENSE command only to report exception
conditions specific to the command fiself. For example;

a) A non-zero reserved bit is detected in the command descriptor block;

b} An unrecovered parity error is detected on the data bus;

¢} A itarget matfunction prevents return of the sense data,

if a recovered error occurs during the execution of the REQUEST SENSE command, the target shall return the sense
data with GOOD status. if a target returns CHECK CONDITION status for a REQUEST SENSE command, the sense

data may be invalid,
NOTE 86 The sense data appropriate {o the selection of an invalid logical unit is defined in 7.5.3.

Targets shall be capable of returning eighteen bytes of data in response to a REQUEST SENSE command. If the
allocation length is eighteen or greater, and a target returns less than eighteen bytes of data, the initiator should
assume that the bytes not transferred would have been zeros had the target returned those bytes. Initiators can
determine how much sense data has been returned by examining the allocation length parameter in the command
descriptor block and the additional sense length in the sense data. Targets shall not adjust the additional sense
length to reflect truncation if the allocation length is less than the sense data available.

‘The sense data format for error codes 70h (current errors) and 71h (deferred errors) are defined in table 65, Error
code values of 72h to 7Eh are reserved. Error code 7Fh is for a vendor-specific sense data format. Targets shall
implement error code 70h; implementation of error code 71h is optional. Error code values of 00h to 6Fh are not
defined by this standard and their use is not recommended.
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Tabie 85 ~ Error codes 70h and 71h sense data format

Bit 7 6 5 4 3 2 1 o

Byte
¢ Valid Error code {70h or 7ih)

1 Segment number
2 Filemark: EOM Ii: Reserved Sense Key
3 {MS8)

IR Information N
6 {L.8B)
7 Additional sense length (n-7)

8 {MSB}

e — Command-specific information —
11 {1.88)
12 Additicnal sense code
13 Additional sense code qualifier
14 Field replaceable unit code
15 8KV

e — Sense-key specific e
17
18

SR S Additional sense bytes —
1

A valid bit of zero indicates that the information field is not as defined in this standard. A valid bit of one indicates
the information field containg valid information as defined in this standard. Targets shall implement the valid bit,

The segment number field containg the number of the current segment descriptor if the REQUEST SENSE command
is in response to a COPY, COMPARE, or COPY AND VERIFY command. Up to 256 segments are supported,
beginning with segment zero.

The filemark bit is mandalory for seguential-access devices, and this bit is reserved for all other device types. A
filemark bit of one indicates that the current command has read a filemark or setmark, The additional sense code
field may be used io indicate whether a filerark or setmark was read, Reporting of setmarks is optional and
indicated by the Rsmk bit for seguential-access devices in the configuration parameters page {see 10.3.3.1).

The end-of-medium (EOM) bit is mandatory for sequential-access and printer devices, and this bit is reserved for all
other device fypes. An EOM bit of one indicates that an end-ofmedium condition {end-of-pariition, beginning-of-
partition, out-of-paper, etc,) exists, For sequential-access devices, this bit indicates that the unit is at or past the early-
warning i the direction was forward, or that the command could not be completed because beginning-of-partition
was encountered if the direction was reverse.

An incorrect length indicator {LI} bit of one usually indicates that the requested logical block length did not match
the logical block length of the data on the medium.

The sense key, additional sense code and additional sense cade qualifier provide a hierarchy of information. The
intention of the hierarchy is to provide a top-down approach for an initiator to determine information relating to the
error and exception conditions. The sense key provides generic categories in which error and exception conditions
can be reporied. initiators would typically use sense keys for high level error recovery procedures, Additional sense
codes provide further detail describing the sense key, Additional sense code qualifiers add further detail to the
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additional sense code. The additional sense code and additional sense code qualifier can be used by inftiators where
sophisticated error recovery procedures require detailed information describing the error and exception conditions.

The sense key field is mandatory and indicates generic information describing an error or exception condition. The
sense keys are defined in 8.2.14.3.

The contents of the information field is device-fype or command specific and is defined within the appropriate clause
for the device type or command of interest. Targets shall implement the information field. Unless specified otherwise,
this field contains:

a) the unsigned logical block address associated with the sense key, for direct-access devices {device type 0},
write-once devices {device type 4}, CD-ROM devices (device type 5), and optical memory devices {device type
7h

b) the difference (residue) of the requested length minus the actual length in either bytes or blocks, as determined
by the command, for sequential-access devices {device type 1), printer devices {(device type 2), processor
devices {device type 3) and some direct access device commands, except as defined for d} below. {Negative
values are indicated by two's complement notation.)

¢) the difference (residue)} of the requested number of blocks minus the actual number of blocks copied or
compared for the curreni segment deseriptor of a COPY, COMPARE, or COPY AND VERIFY command.

d) For sequential-access devices operating in buffered modes 1h or 2h that detect an unrecoverable write error
when unwritten data blocks, filemarks, or setmarks remain in the buffer, the vaiue of the information field for
all commands shall be:

1} the total number of data blocks, filemarks, and setmarks in the buffer if the device is in fixed block mode
{block length field of the MODE SENSE block descriptor is non-zero and the fixed bit of the WRITE
command is one),

2} the number of bytes in the buffer, including flemarks and setmarks, i the device is in variable mode {the
fixed bit of the WRITE command is zero),

The additional sense length field indicates the number of additional sense bytes to follow. If the allocation length of
the command descriptor block is too small to transfer all of the additional sense bytes, the additional sense length
is not adjusted to reflect the truncation.

The command-specific information field contains information that depends on the command that was executed.
Further meaning for this field is defined within the command description. The command-specific information field is
mandatory if the target supports any of the following commands: COPY, COMPARE, COPY AND VERIFY, SEARCH
DATA, and REASSIGN BLOCKS.

The additional sense code (ASC) field indicates further information related to the error or exception condition reported
in the sense key field. Targets shall support the additional sense code field. Support of the additional sense codes
not explicitly required by this standard is optional, A list of additional sense codes Is in 8.2.14.3, if the target does
not have further information related to the error or exception condition, the additional sense code is set to NO
ADDITIONAL SENSE INFORMATION.

The additional sense code qualifier (ASCQ) indicates detailed information related to the additional sense code. The
additional sense code qualifier is optional, If the error or exception condition is reportable by the device, the vaiue
refurned shall be as specified in 8.2.14.3. f the target does not have detailed information related to the error or
exception condition, the additional sense code guaiifier is set to zero,

Non-zero values in the field replaceable unit code field are used to define a device-specific mechanism or unit that
has falled, A value of zero in this field shall indicate that no specific mechanism or unit has been identified o have
falled or that the data is not available. The field replaceable unit code field is optional. The format of this information
is not specified by this standard. Additional information about the field replaceable unit may be available in the ASCH
information page {see 8.3.4.2), if supporied by the fargel,

The sense-key specific bytes are described in 8.2,14.1, below.
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The additional sense byles field may contain command specific data, peripheral device specific data, or vendor-
specific data that further defines the nature of the CHECK CONDITION status,

8.2.14,1 Sense-key specific

The sense-key specific fisld as defined by this standard when the value of the sense-key specific valid (SKS8V) bit is
one. The sense-key specific valid bit and sense-key specific field are optional. The definition of this fleld ic
determined by the value of the sense key field. This field is reserved for sense keys not described below. An SKSV
value of zero indicates that this field is not as defined by this standard.

If the sense key field is set to ILLEGAL REQUEST and the SKSV bit is set to one, the sense-key specific field shal
be as defined as shown in table 66. The field pointer field indicates which illegal parameters in the command
descriptor block or the data parameters are in error.

Table 66 - Field pointer byles

Bit 7 7] 5 4 3 2 1 G
Byte
5 SKsY G/D Reserved|Reserved] BPV git pointer
16 (#5B)
Field pointer —
17 (1.8B)

A command data {C/D) bit of one indicates that the ilegal parameter is in the command descriptor block. A C/D bit
of zero indicates that the illegal parameter is in the data parameters sent by the initiator during the DATA OUT phase.

A bit pointer valid (BPV) bit of zero indicates that the value in the bit pointer field is not valid. A BPV bit of one
indicates that the bit pointer field specifies which bit of the byte designated by the field pointer field is in error. When
a multiple-bit field is in error, the bit pointer field shall point to the most-significant (left-most) bit of the field.

The field pointer field indicates which byte of the command descriptor block or of the parameter data was in error,
Bytes are numbered starting from zero, as shown in the tables describing the commands and parameters, When
a multiple-byte field is in error, the pointer shall point to the most- significant (Jeft-most) byte of the field.

NOTE 87 Byies identified as being in error are not necessarily the place that has to be changed to correct the problem.

if the sense key is RECOVERED ERROR, HARDWARE ERROR or MEDIUM ERROR and if the SKSV bit is one, the
sense-key specific field shall be as shown in table 67,

Table 67 - Actual retry count bytes

8it 7 6 8 4 3 2 1 0
Byte
i5 SKSV Raserved
18 (MSB)
Actual reiry count o]
17 {158}

The actual retry count field returns implementation-specific information on the actual number of retries of the recovery
algorithm used in attempting to recover an error or exception condition,

NOTE 88 This field should relate to the retry count fields within the error recovery page of the MODE SELECT command,
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if the sense key is NOT READY and the SKSV bit is one, the sense-key specific field shall be as shown in table 88.
These fields only apply to the FORMAT UNIT command with the Immed bit set to one.

Table 68 - Format progress indication byles

Bit 7 [ 5 4 3 2 1 Y
Byte
tE) SKSVY Reserved
16 {M38B}
Progress indication —
17 (LSB)

The progress indication field is a percent compiete indication in which the returned value is the numerator that has
65 536 (10000h) as its denominator. The progress indication shall based upon the total format operation including
any certification or initialization operations.

NOTE 88 It is intended that the progress indication be time related. However, since format time varies with the number
of defects encountered, etc., It is reasonable for the target 1o assign values fo various steps within the process, The
granuiarity of these steps shouid be smali enough to provide reasonabie assurances to the initiator that progress is being
made.

8.2.14.2 Deferred errors

Error code 70h indicates that the CHECK CONDITION or COMMAND TERMINATED status returned is the result of
an error or exception condition on the I/O process that returned the CHECK CONDITION or COMMAND TERMINATED
status or an unexpected disconnect. This includes errors generated during execution of the command by the actual
execution process. lt also includes errors not related to any command that are first observed during execution of a
command. Examples of this latter type of error include disk servo-mechanism, offtrack errors, and power-up test
errors,

Error code 7th (deferred error) indicates that the CHECK CONDITION status returned is the result of an error or
exception condition that occurred during execution of a previous command for which GOOD status has already been
returned. Such commands are associated with use of the immediate bit, with some forms of caching, and with
multipie command buffering. Targets that implement these features are required to implement deferred error

reporting.

The deferred error indication may be sent at a time selected by the target through the asynchronous event notification
process {see 7.5.5) if AEN is supporied by both the initiator and target,

i AEN is not supported, the deferred error may be indicated by returning CHECK CONDITION status to the
appropriate initiator as described below. The subsequent execution of a REQUEST SENSE command shall return
the deferred error sense information.

if an I/O process terminates with CHECK CONDITION status and the subsequent sense dafa returns a deferred error
that [/O process shall not have been executed. After the target detects a deferred error condition on a logical unit,
it shail return a deferred error according to the rules described below;

a) If a deferred error can be recovered with no external system intervention, a deferred error indication shall not
be posted unless required by the error handling parameters of the MODE SELECT command. The occurrence
of the error may be logged if statistical or error logging is supported.

b} i a deferred error can be associated with a causing inltiator and with a particular function or a particular subset
of data, and the efror is either unrecovered or required to be reporied by the mode parameters, a deferred
error indication shall be returned to the causing initiator. i an initiator other than the causing initiator attempts
access to the particular function or subset of data associated with the deferred error, a BUSY status shall be
returned to that initiator in response to the command attempting the access.
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NOTE 80 Not ali devices may be sufficiently sophisticated to identify the function or data that falled. Those that cannot
shouid freat the error in the following manner.

c)

it a deferred error cannot be associated with a causing initiator or with a particular subset of data, a deferrec
error indication shail be returned on behalf of the falling logical unit to each initiator. if muttipie deferred errors
have accumulated for some initiators, only the last error shall be returned.

d} H a deferred error cannot be associated with a particular logical unit, it shall be returned to the appropriate

e)

initiator for all logical units supported by the target.
if a current command has not yet started executing, and a deferred error occurs, the command shall be

terminated with CHECK CONDITION status and deferred error information posted in the sense data. By
convention, the current command is considered to have started execution if the target has changed phase fron
the COMMAND phase to the next normal phase of the command sequence. i a deferred errar occurs while
a current command is executing and the current command has been affected by the error, the command shal
be terminated by CHECK CONDITION status and current error information shall be returned in the sense data
In this case, if the current error information does not adequately define the deferred error condition, a deferrec
error may be returned after the current error information has been recovered. If a deferred error oceurs while
a current command is executing and the current command completes successfully, the target may choose i¢
refurn the deferred emror irformation after the completion of the current command,

NOTE 91 Deferred errors may indicate that an operation was unsuccesshul fong after the command performing the data
transfer returned GOOD status.  If data that cannot be replicated or recovered from other sources is being stored using
buffered write operations, synchronization commands should be performed before the critical data is destroyed in the host
initiator. This is necessary to be sure that recovery actions can be taken if deferred errors do occur in the storing of the
data. If AEN is not implemented, the synchronizing process should provide the necessary commands to allow returning
CHECK CONDITION status and subsequent returning of deferred error sense information after all buffered operations are

guaranteed to be complete.
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8.2.14.3 Sense key and sense code definitions

The sense keys are defined in tables 69 and 70.

Table 69 - Sense key (Oh-7h} descriptions

Sense
key

Description

Gh

NO SENSE. Indicates that there is no specific sense Key
information to be reported for the designated logiecal unit. This
would be the case for a successful command or a command that
received CHECK CONDITION or COMMAND TERMINATED status because one
of the filemark, EOM, or ILI bits is set to one.

1h

AECOVERED ERROR., Indicates that the last command completed
successfully with some recovery action performed by the target,
Details may be determinable by examining the additional sense
bytes and the information field. When multiple recovered errors
ococur during ong command, the choice of which error to report
(first, last, most severe, etc.)} is device specifis,

2h

NOT READY. Indicates that the logical unit addressed cannot be
accessed. Operator intervention may be required to correct this
condition.

3h

MEDIUM ERROR. Indicates that the command terminated with a non-
recovered error condition that was probably caused by a flaw in
the medium or an error in the recorded data. This sense key may
also be returned if the target is unable to distinguish between a
flaw in the medium and a specific hardware failure {sense key 4hj.

4h

HARDWARE ERROR. Indicates that the target detected a non-
recoverable hardware failure (for exampie, controller failure,
device failure, parity error, etc.) while performing the command
or during a self test.

5h

ITL{LEGAL REQUEST. Indicates that there was an illegal parameter in
the sommand descriptor block or in the additional parameters
supplied as data for some commands (FORMAT UNIY, SEARCH DATA,
etc.}. If the target detects an invalid parameter in the command
descriptor block, then it shall terminate the command without
altering the medium. If the target detects an invalid parameter
in the additional parameters supplied as data, then the target may
have already altered the medium. This sense key may also indicate
that an invalid IDENTIFY message was recelived (6.6.7}.

6h

UNIT ATTENTION., Indicates that the removable medium may have been
changed or the target has been reset. See 7.9 for more detailed
information about the unit attention condition,

Th

DATA PROTECT. Indicates that a comsand that reads or writes the
medium was attempted on & block that is protected from this
operation. The resad or write operation is not performed,

147 of 468

119



ANSI X3.131-1994

120

Table 70 - Sense key (Bh-Fh) descriptions

Sense
key

Bescription

8h

BLANK CHECK, Indicates that a write-once device or a sequential-
access device encountered blank medium or format-defined end-of-
data indication while reading or s write-once device encountered a
non-blank medium while writing.

8h

VENDOR-SPECIFIC. This sense key is available for reporting vendor
specific conditions.

Ah

COPY ABORTED. Indicates a COPY, COMPARE, or COPY AND VERIFY
command was aborted due to an error condition on the source
device, the destination device, or both, (See 8.2.3.2 for
additicnal information about this sense key.)

Bh

ABORTED COMMAND. Indicates that the target aborted the command.
The initiator may be able to recover by trying the command again.

Ch

EQUAL. Indicates a SEARCH DATA command has satisfied an equal
comparison,

bh

VOLUME OVERFLOW. iIndicates that a buffered peripheral device has
reached the end-of-partition and data may remain in the buffer

that has not been written to the medium. A RECOVER BUFFFRED DATA

go??and{s) may be issued to read the unwritten data from the
uffer.

Eh

MISCOMPARE. Indicates that the source data did not matoh the data
read Trom the medium,

Fh

RESERVED.
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The additional sense codes and additional sense code qualifiers are defined in table 71,

Teble 71 - ASC and ASCQ assignments

ANS! X3.131-1594

13h
12h
00h
Qoh
GOoh
00h
00h
14h
3Ch
3Ch
52h
3Fh
11h
30h
4Ah
2Ch
2Fh
2Bh
41h
4Bh
1ih
16h
19h
19h
19h
18h
1Ch
32h
40h
83h
QCh
14h
OCh
51h
QAh
t1h
08h
3Bh
3Bh
QCh
14h
0Sh
31h
58h

ASC ASCG

00h
00h
11h
12h
14h
13h
O4h
04h
g2h
G1h
G0h
02h
06h
03h
GOh
GOk
0Ch
00h
00h
GOh
G7h
00h
00h
03h
02h
O1h
QCh
g1h
NNb
00h
GSh
G3h
G2h
GOh
GOh
g2h
G2h
07h
06h
Gih
02h
02h
01h
00h

B - DIRECT

ACCESS DEVICE

.T - SEQUENTIAL ACCESS DEVICE
. L - PRINTER DEVICE
P - PROCESSOR DEVICE

W o- WH
. R -R

I¥E ONCE READ MULTIPLE DEVICE
EAD ONLY (CD-ROM) DEVICE

§ - SCANNER BEVICE

0 -
M
o
DTLPWRSOMC
D W O
D W O

TWND

T 3

¥
DT WR O
PT WiR ©
T
DTLPWRSOMC
WR O
DT

DTLPWRSOMC
DTLPWRSCMC
DTLPWRSOMC
DTLPWRSO C

D
DTLPWRSOMC

D

B W O
D?L?WQSO%C
T s

T

T 8

T G
DT{.PWRESOMC
a7 W 80

OPTICAL MEMORY DEVICE
- MEDIA CHANGER DEVICE
~ COMMUNTICATION DEVICE

DESCRIPTION

ADDRESS MARK NOT FOUND FOR DATA FIELD

ADDRESS MARK NOT FOUND FOR ID FIELD

AUDIO PLAY QPERATION IN PROGRESS

AUDIG PLAY QPERATION PAUSED

AUDIC PLAY OPERATION STOPPED DUE TO ERRCR
AUDIO PLAY OPERATION SUCCESSFULLY COMPLETED
BEGINNING-OF - PARTITION/MEDIUM DETECTED

BLOCK SEQUENCE ERROR

CANNOT READ MEDIUM - INCOMPATIBLE FORMAY
CANNOT READ MEDIUM - UNKNOWN FORMAT

CARTRIDGE FAULT

CHANGED OPERATING DEFINITION

CIRC UNRECOVERED ERROR

CLEANING CARTRIDGE INSTALLED

COMMAND PHASE ERROR

COMMAND SEQUENCE ERROR

COMMANDS CLEARED BY ANOTHER INITIATOR

COPY CANNOT EXECUTE SINCE HOST CANNOT DISCONNECT
DATA PATH FAILURE (SHOULD USE 40 NN)
DATA PHASE ERRCR

DATA RESYNCHRONIZATION ERROR
DATA SYNCHRONIZATION MARK ERROR
DEFECT LIST ERROR

DEFECT LIST ERROR IN GROWN LIST
DEFECT LIST ERROR IN PRIMARY LIST
DEFECT LIST NCT AVAILABLE

DEFECT LIST NOT FOUAD

DEFECT LIST UPBATE FAILURE
DIAGNOSTIC FAILURE ON COMPONENT NN
END OF USER AREA ENCOUNTERED ON THI
END-COF -DATA DETECTED

END-OF -DATA NOT FOUND

END-OF -PARTITION/MEDIUM DETECTED
ERASE FAILURE

ERRCR LOG QVERFLOW

FRROR TOC :LONG TO COHRECT
EXCESSIVE WRITE LRRORS

FAILED TC SENSE BOTTOM-OF-FORM
FAILED 7O SENSE TOP-OF-FORM
FILEMARK DETECYED

FILEMAAK OR SETMARK NOT FOUND
FOCUS SERVO FAILURE

FORMAT COMMAND FAILED

GENERATION DOES NOT EXIST

8OH-FFH)
TRACK
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Table 7%

122

{continued)

ASC ASCQ
1Ch  02h
0Ch 06h
iCh Coh
22h 0Oh
84h  0Oh
28h  01h
30h  OOh
11h  OBh
48k 00k
8Fh  03h
44h 00h
3Dh 0Oh
2Ch 02h
20h 00h
21h 01h
24h  00h
48h  Q0h
48h  00h
1th 05h
60h OCh
58h  02h
&8h  OCh
5Bh 03h
2ah  02h
21k GOh
08h  QOh
c8h  02h
08h  O1hk
05k GOh
4Ch 0OOh
3Eh OOh
04h 01h
04h 00h
04h 04h
04h 02h
04h 03h
25h 00h
15h 0Oth
&3h OCh
3Bh  ODh
31h 0OOh
3Ah 00h
53h 02h
3Bh OEh
43h  0QO0h
3Fh 0th
108 OCh
11h  OAh
2Ah  O1h
C7h  OCh
1ih  O3h
0Ch  OCh
OCh  15h
32h  GOh
t1h  09Ah
C1h  OOh
Ggh OOh

DTLPWRSOMC

G 0
DYLPWRSOMC
5 w ¢

3]
R

4
DT WR OM
T
DTLPWRSOMC
DTLPWREOMC
DTLPWRSOMC
DTLPWRSOMC

S
DTLPWRSOMC
M

DTLPWRSQMC
DTLPWRSOMG
DYLPWASOMC
WR O
8
DTLPWRSOM
BTLPWRSOM
BTLPWRSOM
DTL WRSOMC
DT WR OM
OTL. WRSOMC
DTL WRSOMC
BTL WHSOMC
BTL.PWRSCMC
DTL PWRSOMC
DTLPWRSOMC
DTLPWRSOMC
DTLPWRSOMC
DTL 0
DTLPWRSOMC
DTLPWRSOMC
DTLPWRSOMC
DTL WRSOM
BTt WRSOM
H

bT W O
DTL WRSOM
DT WR OM

M
DTLPWREOMC
DTLPWREOMC
D W 0
T 0
BTL WRSOMC
DYL WRSOM
DY W 80
CTLPWRSOMC

a
L W G
T
O W ©
D WR OM

GESCRIPTION

GROWN DEFECT LIST NQT FOUND

I/0 PROCESS TERMINATED

ID CRC OR ECC ERROR

ILLEGAL FUNCTION {SHOULD UBE 20 00, 24 00, OR 26 00)
ILLEGAL MODE FOR THIS TRACK

IMPORT OR EXPORT ELEMENT ACCESSEDR
INCOMPATIBLE MEDIUM INSTALLED

INCOMPLETE BLOCK READ

INITIATOR DETECTED ERROB MESSAGE RECEIVED
INQUIRY DATA HAS CHANGED

INTERNAL TARGET FAILURE

INVALID BITS IN IDENTIFY MESSAGE

INVALID COMBINATION OF WINDOWS SPECIFIED
INVALID COMMAND OPERATION CODE

INVALID ELEMENT ADDRESS

INVALID FIELD IN CDB

INVALID FIELD TN PARAMETER LIST

INVALID MESSAGE ERROR

L-£EC UNCORRECTABLE ERROR

LAMP FAILURE

LOG COUNTER AT MAXIMUM

LOG EXCEPTION

LLOG LIST CODES EXHAUSTED

LOG PARAMETERS CHANGED

LOGICAL BLOCK ADDRESS OUT GF RANGE

LOGICAL UNIT COMMUNICATION FAILURE

LOGICAL UNIY COMMUNICATION PARITY ERROR
LOGICAL UNIY COMMUNICATION TIME.OUT
LOGICAL. UNIT DOES NOT RESPOND TO SELECTION
LOGICAL UNIT FAILED SELF-CONFIGURATION
LOGICAL UNIT HAS NOT SELF-CONFIGURED YET
LOGICAL UNIT IS IN PROCESS OF BECOMING READY
LOGICAL UNIT NOT READY, CAUSE NOT REPORTABLE
LOGICAL UNIT NOT READY, FORMAT IN PROGRESS
LOGICAL UNIT NOT READY, INITIALIZING COMMAND REQUIRED
LOGICAL UNIT NOT READY, MANUAL INTERVENTION REQUIRED
LOGICAL UNIT NOT SUPPORTED

MECHANICAL POSITIONING ERROR

MEDIA LOAD DR EJECT FALILED

MEDIUM DESTINATION ELEMENT FULL

MEDIUM FORMAT CORRUPTED

MEDIUM NOT PRESENT

MEDIUM REMOVAL PREVENTED

MEDIUM SOURCE ELEMENT EMPTY

MESSAGE ERROR

MICROCODE HAS BEEN CHANGED

MISCOMPARE DURING VERIFY CPERATICON
RISCORRECTED ERROR

MODE PARAMETERS CHANGED

MULTIPLE PERIPHERAL DEVICES SELECYED
MULTIPLE READ ERRORS

NO ADDITIONAL SENSE INFORMATION

NG CURRENT AUDRIC STATUS TC RETUAN

NG DEFECYT SPARE LOCATION AVAILABLE

NO GAP FOUND

NO INDEX/SECYOR SIGNAL

NC REFERENCE POSITION FOUND
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ASC ABCQ
G2h  0Ch
03h O1h
28h  0Oh
5Ah  Oth
SAh  COh
5Ah  03h
SAh  02h
6th 02h
4Eh  00h
2Bh  COh
3Bh 05h
1Ah 00Oh
26h 01h
26h 02h
2Ah  OOh
03h  O0h
50h 02h
38n  OCh
38h  OBh
i8h 0O2h
28h 0OCh
42h  0Oh
1Ch 0Oth
40k 0Oh
15h 00h
38Bh  0Ah
8Bh 08h
11ih  O1h
t4h  O1h
t4h  00h
18h 02h
18h 0Sh
18h 06h
17h 05h
18h  O3h
18h Dih
18h  OCh
18h  04h
17h  03h
17h  00h
17h  02h
17h  0O1h
17h 04h
17h 06h
17h 07h
17h 08h
1Eh  QOh
38h  08h
3gnh  00h
37h  0Ch
5Ch 00h
39h 00h
62h 00h
47h 0OOh
54h 00h
45h  OCh

DTLPWREOMC
b WR OM

T
DTLPWRSOMC
oT WR OM
RTL.PWRSCM
BT W ©
DT w ©

5
DTL.PWRSOMC
T

L
DTLPWRSOMC
DTLPWRSOMC
DTLPWRSOMC
DTL WRSOMC
DL W 80

T

B

B
DY WR 0
DYLPWRSONMC
D
3] 0

D
DTL. WRSOM

L
DTL WRSOMC
D 0
DTL WRSOMC
S
DTLPWRSOMC

p
CTLPWRSOMC

DESCRIPTION

NG SEEK COMPLETE

NG WATTE CURRENT

NOT READY TO READY TRANSITION, MEDIUM MAY HAVE CHANGED
CPERATCR MEDRIUM REMOVAL REQUEST

CPERATOR REQUEST OR STATE CHANGE INPUT (UNSPECIFIED)
QPERATOR SELECTED WRITE PERMIT

OPERATOR SELECTED WRITE PROTECY

OUT OF FOCUS

OVERLAPPED COMMANDS ATTEMPYED

GVERAWAITE ERROA ON UPDATE IN PLACE

PAPER JAM

PARAMETER LIST LENGTH ERROR

PARAMETER NOT SUPPORTED

PARAMETER VALUE INVALID

PAHAMETERS CHANGEDR

PERIPHERAL DEVICE WRITE FAULY

POSITION ERROR RELATED TO TIMING

POBITION PAST BEGINNING OF MEDIUM

POSITION PAST END OF MEDIUM

POSITIONING ERROR DETECTER BY READ OF MEDIUM
POWER OnN, RESEY, OR BUS DEVICE RESET CQCCURRED
POWER-ON OR SELF-TESY FAILURE {SHOULD USE 40 N}
PRIMARY DEFECT LIST NOT FOUND

HAM FATLURE %SHOULD USE 40 NN)

RANDOM POSITIONING ERROR

READ PAST BEGINNING OF MEDIUM

READ PAST END OF MEDIUM

READ RETRIES EXHAUSTEDR

RECORD NOT FOUND

RECORDED ENTITY NOT FQUND

RECOVERED DATA - DATA AUTO-REALLOCATED

RECOVERED DATA - RECOMMEND REASSIGNMENT
RECOVERED DATA - RECOMMEND REWRITE

RECOVERED DATA USING PREVIOUS SECTOR ID
RECOVERED DATA WIYH CIRC

RECOVERED DATA WITH ERROR CORRECTION & RETRIES APPLIED
RECOVERED DATA WITH ERROR CORRECTION APPLIED
RECOVERED DATA WITH L-EC

RECOVERED DATA WITH NEGATIVE HEAD OFFSET
RECOVERED DATA WITH NO ERROR CORRECTION APPLIED
RECOVERED DATA WITH POSITIVE HEAD OFFSET
RECOVERED DATA WITH RETRIES

RECOVERED DATA WITH RETRIES AND/OR CIRC APPLIED
RECOVERED DATA WITHOUT ECC - DATA AUTO-REALLOCATED
RECOVERED DATA WITHOUT ECC - RECOMMEND REASSIGNMENT
RECOVERED DATA WITHOUT ECC - RECOMMEND REWRITE
RECOVERED ID WITH ECC CORRECTION

REPOSITION ERROR

RIBBON, INK, OR TONER FAILURE

ROUNDED PARAMETER

RPL STATUS CHANGE

SAVING PARAMETERS NOT SUPPORTED

SCAN HEAD POSITIONING ERROR

SCSI PARITY ERROR

SCSI TO HOST SYSTEM INTERFACE FAI|URE

SELECY OR RESELECT FAILURE
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Tabie 71

124

(concluded)

ASC ASCG
3Bh  0Oh
och 03h
3Bh O4h
08h  08h
5Ch 02h
sCh O1h
18h  OCh
85h  0OO0h
33k OCh
3Bh  (3h
3Bh Oth
02h
00h
0th
03h
Cih
O0h
Q1h
Q1h
OCh
O1h
00h
04h
0Bh
0Ch
00h
00h
20h
O0h
O1h
QCh
0z2h
01h
27h 0Oh

80h  XXh
THROUGH
FFh XX

XXh 80h
THROUGH
XXk  FFh

DT PWHRSOMC

Tl
T
L
WR O
4] G

¥ Q

DTLPWRSOMC
P

¥

k.
T

T
DTI.PWRSOMC
PTLPWARSOM
DTLPWRSOMC
5
DT WR O
Wwh 0
8
A
T
DT WRSO
D W O
D W O
D W O
DTLPWRSOMC

—~4

DESCRIPTION

SEQUENTIAL POSITIONING ERROR

SETMARK DETECTED

SLEW EATLURE

SPINDLE SERVC FAILURE

SPINDLES NOT SYNCHRONIZED

SPINDLES SYNCHRONIZED

SYNCHRONOUS DATA TRANGFER ERROR

SYSTEM RESOURGCE FATLUHE

TAPE LENGYH ERROR

TAPE OR ELECTRONIC VERTICAL FORMS UNIT NOT HEADY
TAPE POSITION ERROR AT BEGINNING-OF-MEDIUM

TAPE POSITION ERROR AT END-OF-MEDIUM

TARGET OPERATING CONDITIONS HAVE CHANGED
THRESHMGLD CONDITION MEY

THRESHOLD PARAMETERS NOT SUPPORYED

TCO MANY WINDOWS SPECIFIED

TRACK FOLLOWING ERAOH

TRACKING SERVO FAILURE

UNABLE TO ACQUIRE VIDEC

UNABLE TC RECOVER TABLE-OF-CONTENYS

UNLCAD TAPE FAILURE

UNRECOVERED READ ERROR

UNRECOVERED READ ERROR - AUTO REALLOCATE FAILED
UNRECOVERED READ ERROR - RECOMMEND REASSIGNMENT
UNRECOVERED READ ERROR - RECOMMEND REWRITE THE DATA
UNSUCCESSFUL SOFT RESET

UPDATED BLOCK READ

VIDEC ACQUISITION ERROR

WHITE APPEND ERROR

WRITE APPEND POSITION ERROCR

WRITE ERROR

WRITE ERROR - AUTO REALLOCATION FAILED

WRITE ERROR RECOVERED WITH AUTO REALLOCATION
WRITE PROTECTED

Vendor-specific,

Vendor-specific QUALIFICATION OF STANDARD ASC.
All CODES NOT SHOWN ARE RESERVED.

NOTE - Annex D contains the ASC and ASCQ assignments in numeric order.
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8.2.15 SEND DIAGNOSTIC command

The SEND DIAGNOSTIC command (see table 72) requests the target to perform diagnostic operations on itseli, on
the logical unit, or on both. The only mandatory implementation of this command is the self-lest feature with the
parameter list length of zero. Except when the seif-test bit is one, this command is usualiy followed by a RECEIVE
DIAGNOSTIC RESULTS command.

Table 72 - SEND DIAGNOSTIC command

Bit 7 8 5 4 3 2 1 0

Byte
[+ Operation cede {18h)
1 Logical unit number PF Reserved|SelfTest| DevOfL | UnitOfL
2 Reserved
3 {MSB) _

Parameter list length —
4 {L.5B)
5 Control

A page format (PF) bit of one specifies that the SEND DIAGNOSTIC parameters conform to the page structure as
specified in this standard, The implementation of the PF bit is optional. See 8.3.1 for the definilion of diagnostic
pages. A PF bit of zero indicates that the SEND DIAGNOSTIC parameters are as specified in SCSI-1 {i.e. all
parameters are vendor-specific).

A self-test {SelfTest) bit of one directs the target to complsie its default seli-test. H the self-test successfully passes,
the command shail be terminated with GOOD status; otherwise, the command shall be terminated with CHECK
CONDITION status and the sense key shall be set to HARDWARE ERROR.

A self-test bit of zero requests that the target perform the diagnostic operation specified in the parameter list. The
diagnostic operation might or might not require a target to return data that contains diagnostic results. [f the retum
of data is not required, the return of GOOD status indicates successiul completion of the diagnostic operation. ifthe
return of data is required, the target shall either;
a) perform the requested diaghostic operation, prepare the daia to be returned and indicate completion by
returning GOOD status. The initiator issues a RECEIVE DIAGNOSTIC RESULTS command to recover the data;
b} accept the parameter list, and if no errors are detected in the parameter list, return GOOD status. The
requested diagnostic operation and the preparation of the data o be retumned are performed upon receipt of
a RECEIVE DIAGNOSTIC RESULTS command,

NOTE 92 To insure that the diagnostic cormmand information is not destroyed by 4 command sent from another indtiator,
either the SEND DIAGNOSTIC command shouid be linked to the RECEIVE DIAGNOSTIC RESULTS comimand or the logical
unit shouid be reserved,

The device off-line (DevOfiL) and unit off-line {(UnitOfL) bits are generally set by operating system software, while the
parameter list is prepared by diagnostic application software. These bits grant permission to perform vendor-specific
diagnostic operations on the target that may be visible to attached initiators. Thus, by preventing operations that are
not enabled by these bits, the target assists the operating system in protecting its resources.

A UnitOf. bit of one grants permission to the target to perform diagnostic operations that may affect the user
accessible medium on the logical unit, e.g. write operations 10 the user accessible medium, or repositioning of the
medium on sequential access devices. The implementation of the UnitOfL bit is optional. A UnitOfL bit of zero
prohibits any diagnostic operations that may be detected by subsequent /O processes.
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A DevOfl bit of one grants permission to the target to perform diagnostic operations that may affect ali the logical
units on a target, e.g. alteration of reservations, log parameters, or sense data. The impiementation of the DevOil
bit is optional, A DevOfL bit of zero prohibits diagnostic operations that may be detected by subsequent /O

processes.

The parameter list length field specifies the length in bytes of the parameter list that shall be transferred from the
inftiator to the target. A parameter list length of zero indicates that no data shall be transferred. This condition shall
not be considered an error, I the specified parameter list length results in the truncation of one or more pages {PFF
bit set to one) the target shall return CHECK CONDITION status with a sense key of ILLEGAL REQUEST and an
additional sense code of INVALID FIELD IN CDB.

See note 83 under the RECEIVE DIAGNOSTIC RESULTS command in 8.2.13.

6.2.16 TEST UNIT READY command

The TEST UNIT READY command {see table 73) provides a means o check ¥ the logical unit is ready. This is not
a request for a self-test. if the logical unit would accept an appropriate medium-access command without returning
CHECK CONDITION status, this command shall reburn a GOOD status. Hf the logical unit cannot become operational
or is in a state such that an initiator action {e.g. START UNIT command] is required to make the unit ready, the target
shail return CHECK CONDITION status with a sense key of NOT READY.

Table 73 - TEST UNIT READY command

Bit 7 6 5 4 k) 2 ¥ )
Byte

8] Operation code {00h)

1 togical unit number Reserved

2 Reserved

3 Reserved

4 Reserved

8 Control

Table 74 defines the preferred responses to the TEST UNIT READY command. Migher-priofity responses {e.g. BUSY
or RESERVATION CONFLICT) are also permitted.
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Table 74 - Preferred TEST UNIT READY responses

Status Sense Key ASC and ASCG
GO0D NO SENSE NO ADDITIONAL SENSE INFORMATION or
cther valid additional sense code.
CHECK CONDITICN TLLEGAL REGUEST | LOGICAL UNIT NGT SUPPORTED
CHECK CONDITION | NOYT READY LOGICAL UNIT DOES NOT RESPOND
TO SELECTION
CHECK CONDITION | NOY READY MEDIUM NOT PRESENT
CHFCK CONDITICN | NOT READY LOGICAL UNIT NOT READY,
CAUSE NOT REPORTABILE
CHECK CONDITICGN | NOT READY LOGICAL UNIT IS IN PROCESS
OF BECCOMING READY
CHECK CONDITION | NOT READY LOGICAL UNIT NOT READY,
INITIALIZING COMMAND REQUIRED
CHECK CONDITION | NOT READY LOGICAL UNIT NOT READY,
MANUAL TNTERVENTION REQUIRED
CHECK CONDITION | NOYT READY LOGICAL UNIT NOT READY,
FORMAT IN PROGRESS

8.2.17 WRITE BUFFER comumnand

The WRITE BUFFER command {see table 75) is used in conjunction with the READ BUFFER command as a
diagnostic for testing target memory and the SCS! bus integrity, Additional modes are provided for downlcading
microcode and for downicading and saving microcode.

Tabie 75 ~- WRITE BUFFER command

Bit 7 6 5 4 3 2 1 0
Byte
G Operation code (38h)
1 L.ogical unit number Reserved Mode
2 Buffer ID
3 (MSB)
4 Buffer offset
5 {l.8B}
8 {MSB)
7 Parameter list length
8 {1.5B)
9 Control

This command shall not alter any medium of the target when the data mode o the combined header and data mods
is specified.
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The function of this command and the meaning of fields within the command descriptor block depend on the contents
of the mode field. The mode fleld is defined in table 76.

Table 76 - WRITE BUFFER mode field

Mode Description Implementation
reguirements
000L Write combined header and data Optional
001b Vendor-specific Vendor-specific
¢1Gb Write data Optional
oilb Reserved Reserved
108b Download microcode Cptional
101b Bownlead microcode and save Cpticonal
1100 Reserved Reserved
111b Reserved Reserved

NOTE 92 Modes 000b and 001b are included for compatibility with CCS products that were designed prior to the
generation of this standard. These products restrict the maximum transfer length to 65 535 bytes.

8.2,17.1 Combined header and data mode (000b)

in this mode, data to be transferred is preceded by a four-byte header. The four-byte header consists of all reserved
bvies. The buffer ID and the buffer offset fields shall be zero, The parameter list length field specifies the maximum
number of bytes that shall be transferred during the DATA OUT phase. This number includes four bytes of header,
so the data length to be stored in the target's buffer is parameter list length minus four. The initiator should attempt
to ensure that the parameter list length is not greater than four plus the buffer capacity (see 8.2.12.1) that is returned
in the header of the READ BUFFER command {mode 000b}. If the parameter list length exceeds the buffer capacity
target shall return CHECK CONDITION status and shall set the sense key to ILLEGAL REQUEST.

8.2.17.2 Vendor-specliflc mode (001b)

In this mode, the meaning of the buffer 1D, buffer offset, and parameter list length fields are not specified by this
standard,

8.2.17.3 Data mode (010b)

in this mode, the DATA QUT phase contains buffer data, The buifer {D field identifies a specific buffer within the
target. The vendor assigns buffer 1D codes to buffers within the target. Buffer 1D zero shall be supported. If more
than one buffer is supporied, additional buffer ID codes shall be assigned contiguously, beginning with one. ifan
unsupported buffer 1D code is selected, the target shali return CHECK CONDITION status and shall set the sense key
to ILLEGAL REQUEST with an additional sense code of INVALID FIELD IN CDB,

Data are written to the target buffer starting at the iccation specified by the buffer offset. The initiator should conform
to the offset boundary requirements returmned in the READ BUFFER descriptor. If the target is unable to accept the
specified buffer offset, it shall returm CHECK CONDITION status and it shall set the sense key to ILLEGAL REQUEST
with an additional sense code of INVALID FIELD IN CDB.

The parameter list lengih specifies the maxdimum number of byles that shall be transferred during the DATA OUT
phase to be stored in the specified buffer beginning at the buffer offset. The initiator should attempt to ensure that
the parameter list length plus the buffer offset does not exceed the capacity of the specified buffer, (The capacity
of the buffer can be determined by the buffer capacily field in the READ BUFFER descripior.} If the buffer offset and
parameter list length fields specily a transfer that would exceed the buffer capacily, the target shall returmn CHECK
CONDITION status and shall set the sense key to ILLEGAL REQUEST with an addifional sense code of INVALID
FICLD IN CDB.
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8.2.17.4 Download microcode mode (100b)

in this mode, vendor-specific microcode or control information shall be transferred te the control memory space of
the target, After a power-cycle or resel, the device operation shall revert to a vendor-specific condition. The
meanings of the buffer 1D, buffer offset, and parameter list length fields are not specified by this standard and are not
required to be zero-filled. When the microcode download has completed successfully the target shall generate a unit
attention condition for all initiators except the one that issued the WRITE BUFFER command (see 7.8). The additional
sense code shall be set to MICROCODE HAS BEEN CHANGED.

8.2.17.5 Download microcode and save mode (101b)

In this mode, vendor-specific microcode or control information shall be transferred to the target and, if the WRITE
BUFFER command is completed successfully, also shall be saved in a non-volatile memory space (semiconductor,
disk, or other). The downloaded code shall then be effective after each power-cycle and reset until it is supplanted
in another download microcode and save operation. The meanings of the buffer ID, buffer offset, and parameter list
length fields are not specified by this standard and are not required to be zero-filled. When the download microcode
" and save command has compieted successfully the target shall generate a unit attention condition (see 7.9) for all
initiators except the one that issued the WRITE BUFFER command. When reporting the unit attention condition, the
target shall set the additional sense code to MICROCODE HAS BEEN CHANGED.

8.3 Parameters for all device types

8.3.1 Diagnostic parameters

This subclause describes the diagnostic page structure and the diagnostic pages that are applicable to all SCS!
devices. Pages specific to each device type are described in the third subclause of each device-type clause (i.e. 9.3,

10.3, etc.).
A SEND DIAGNOSTIC command with a PF bit of one specifies that the SEND DIAGNOSTIC parameter list consists

of zero or more diagnostic pages and that the data returned by the subsequent RECEIVE DIAGNOSTIC RESULTS
command shall use the diagnostic page format (see table 77) described in this International Standard.

Table 77 - Diagnostic page format

Bit 7 6 5 4 3 2 1 ]
8yte

0 Page code

1 Reserved

2 (M8B}

Page length {n-3)

3 (LSB)

4
- Biagnostilic parameters

n

Each diagnostic page defines a function or operation that the target shall perform. The page contains a page header
followed by the analysis data that is formatted according to the page code specified in the previous SEND
HAGNOSTIC command.

Targets that implement diagnostic pages are only required to accept a single diagnostic page per command.
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The page code field identifies which diagnostic page is being sent or returned. The page codes are defined in table
78.

Tabie 78 - Diaghostic page codes

Page code Description Subclause
Gon Supported diagnostics pages 8.3.1.1

oth - 3Fh Reserved #for all device type pages)

40h - 7Fh See specific device type for definition

80h - FF¥h Vendor-specific pages

The page length field specifies the length in bytes of the diagnostic parameters that follow this field. If the initiator
sends a page length that results in the truncation of any parameter, the target shall terminate the command with
CHECK CONDITION status. The sense key shall be set to [LLEGAL REQUEST with the additional sense code set
to INVALID FIELD IN PARAMETER LIST.

The diagnostic parameters are defined for each page code. The diagnostic parameters within a page may be defined
differently in a SEND DIAGNOSTIC command than in a RECEIVE DIAGNOSTIC RESULTS command.

8.3.1.1 Supported diagnostic pages

The supported diagnostics page {see table 78) returns the list of diagnostic pages implemented by the target. This
page shall be implemented if the target implements the page format option of the SEND DIAGNOSTIC and RECEIVE
DIAGNOSTIC RESULTS commands,

Table 79 ~ Supported diagnostic pages

8it 7 6 5 4 3 2 1 o
Byte

c Page code {0Oh}

1 Reserved

2 U

Page length (n-3} B

3 {LS8)

4
S———— Supported page list

n

The definition of this page for the SEND DIAGNOSTIC command includes only the first four bytes, Ifthe page length
field is not zero, the target shall terminate the SEND DIAGNOSTIC command with CHECK CONDITION status. The
sense key shall be set to ILLEGAL REQUEST with an additional sense code of INVALID FIELD IN PARAMETER LIST.
This page instructs the target to make available the list of all supported diagnostic pages to be returned by a
subsequent RECEIVE DIAGNOSTIC RESULTS command.

The definition of this page for the RECEIVE DIAGNOSTIC RESULTS command includes the list of diagnostic pages
supported by the target.

The page length field specifies the length in bytes of the following supported page st

The supported page list field shall contain a list of all diagnostic page codes implemented by the target in ascending
order beginning with page code 00h.
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8.3.2 Log parameters

This subclause describes the Jog page structure and the log pages that are applicable to all SCSI! devices. Pages
specific to each device type are described in the third subclause of each devicetype clause (i.e. 9.3.2,10.3.2, elc.}.
The LOG SELECT command supports the ability to send zero or more log pages. The LOG SENSE command returns
a single log page specified in the page code field of the command descriptor block (see 8.2.7).

Each log page begins with a four-byte page header followed by zero or more variable-length log parameters defined
for that page. The log page format is defined in table 80.

Table 80 - Log page format

#it 7 8 Lt 4 3 2 1 o

8yte

o Reserved Page code

1 Reserved

2 {Ms8)

Page length (n-3} e
3 (L8B)
Log parameters{s}

4 Log parameter {First)
afie iy S {Length x} J—
x+3

M- ydt fLog parameter {iast}
i {Length y) —_—

The page code field identifies which log page is being transterred.

The page length field specifies the length in bytes of the following log parameters. Ifthe initiator sends a page length
that results in the truncation of any parameter, the target shall terminate the command with CHECK CONDITION
status. The sense key shall be set to ILLEGAL REQUEST with the additional sense code set to INVALID FIELD IN
PARAMETER LIST.

Most log pages contain one or more special data structures called log parameters (see table 81). Log parameters
may be data counters that record a count of a particular event (or events) or log parameters may be list parameters
{strings} which contain a description of a particular event.
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Table 81 - Log parameter

Bit 7 (3] 5 4 3 b 1 it
Byte
0 {MsB}
Parameter code o
t ’ (LSB)
ou (3] TSD ETS TMC Heserved H

Parameter length {n-8)

] Wl m

I S Parameter valiue —

e

Each log parameter begins with a four-byte parameter header followed by one or more bytes of parameter value data
The parameter code field identifies the log parameter is being transferred for that log page.

The DU, DS, T8D, ETC, TMC, and LF fields are cullectively referred {o as the parameter control byte. These fields
are described below,

For cumuiative log parameter values {indicated by the PC field of the LOG SELECT and LOG SENSE command
descriplor block}, the disable update (DU bit is defined as follows:
a) A zero vaiue indicates that the target shall update the log parameter value to reflect all events that should be
noted by that parameter.
b} A one value indicates that the target shall not update the log parameter value except in response to a LOG
SELECT command that specifies a new value for the parameler.

NOTE 84 When updating cumuiative iog parameter values, a farget may use volatile memory 1o hold these vaiues until a
LOG BELECT or LOG SENSE command is received with an SP bit of one {or a target-defined event ocours). Thus the
updated cumulative log parameter values may be lost ¥ a power cycle ocours,

The DU bit is not defined for threshold values {indicated by the PC field of the LOG SENSE command descriptor
block) nor for list parameters (indicated by the LP bit), The target shall ignore the value of any DU bits in a LOG
SELECT command.

A disable save (DS) bit of zero indicates that the target supports saving for that log parameter. The target shall save
the current cumulative or the current threshold parameter value (depending on the value in the PC field of the
command descriptor block) in response to a LOG SELECT or LOG SENSE command with an SP bit of one. A DS
bit of one indicates that the target does not support saving that log parameter in response to a LOG SELECT or LOG
SENSE command with an SP bit of one.

A target save disable (TSD) bit of zero indicates that the target provides a target-defined method for saving log
parameters, This implicit saving operation shall be done frequently enough to insure that the cumulative parameter
values retain statistical significance {i.e. across power cycles), A TSD bit of one indicates that efther the target does
not provide a target-defined method for saving log parameters or the target-defined method has been disabled by
the initiator.

An enable threshold comparison (ETC) bit of one indicates that a comparison to the threshold value is performed
whenever the cumulative value is updated. An ETC bit of zero indicates that a comparison is not petformed. The
value of the ETC bit is the same for cumulative and threshold parameters.

The threshold met criteria (TMC) field {see table 82) defines the basis for comparison of the cumulative and threshold
values. The TMC field is vaild only if the ETC bit is one. The value of the TMC field is the same for cumulative and
threshold parameters,
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Table 82 - Threshold me? criteria

Code Basis for comparison

00b Every update of the cumulative value

01b Cumulative value equal threshold value
10b Cumulative value not equal threshold value
i1b Cumulative value greater than threshold value

If the ETC bit is one and the result of the comparison is frue, a unit attention condition shall be generated for all
initiators. When reporting the unit attention condition, the target shall set the sense key to UNIT ATTENTION and set
the additional sense code to THRESHOLD CONDITION MET.

The list parameter {LP) bit indicates the format of the log parameter. If an initiator attempts to set the value of the
LP bit to a value other than the one returned for the same parameter in the LOG SENSE command, the target shall
terminate the command with CHECK CONDITION status, The sense key shall be set to ILLEGAL REQUEST with the
additional sense code set to INVALID FIELD IN PARAMETER LIST,

An LP bit of zero indicates that the parameter is a data counter. Data counters are associated with one of more
events; the data counter is updated whenever one of these events occurs by incrementing of the counter value. If
each data counter has associated with it a target-defined maximum value, Upon reaching this maximum value, the
data counter shall not be incremented (i.e. it does not wrap). When a data counter reaches its maximum value, the
target shall set the associated DU bit to one. |f the data counter is at or reaches its maximum value during the
execution of a command, the target shall complete the command. If the command completes correctly (except for
the data counter being at its maximum vaiue} and if the BLEC bit of the control mode page (8.3.8.1) is set to one;
then the target shall terminate the command with CHECK CONDITION status and set the sense key to RECOVERED
FRROR with the additional sense code set to LOG COUNTER AT MAXIMUM.

An LP bit of one indicates that the parameter is a list parameter. List parameters are not counters and thus the ETC
and TMC fields shall be set to zero. A list parameter is a string of ASCII graphic codes (i.e. code values 20h through
7Eh).

If more than one list parameter is defined in a single log page, the following rules apply to assigning parameter
codes:

a) The parameter updated last shall have a higher parameter code than the previous parameter, exceptas defined
in rule b).

b) When the maximum parameter code value supported by the target is reached, the target shall assign the
lowest parameter code value to the next log parameter {i.e. wrap-around parameter codes). If the associated
command completes correctly {except for the parameter code being at its maximum value) and if the RLEC
bit of the control mode page {8.3.3.1) is set to one; then the target shall terminate the command with CHECK
CONDITION staius and set the sense key 1o RECOVERED ERROR with the additional sense cade set to LOG
LIST CODES EXHAUSTED.

NOTE 98 List parameters can be used to store the locations of defective blocks in the following manner. When a defective
block is identified, a list parameter is updated to reflect the iocation and cause of the defect, When the next defect is
encourtered, the list parameter with the next higher parametet code is updated o record this defect. The size of the page
can be made target specific to accommodate memory limitations. |t is recommended that one or more data counter
parameters be defined for the page to keep track of the number of valid list parameters and the parameter code of the
parameter with the oldest recorded defect. This technique can be adapted to record other types of information.

The parameter length field specifies the length in bytes of the following parameter value, If the initiator sends a
parameter length value that results in the truncation of the parameter value, the target shall terminate the command
with CHECK CONDITION status. The sense key shall be set to ILLEGAL REQUEST with the additional sense code
set to INVALID FIELD IN PARAMETER LIST.
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I the inttiator sends a log parameter value that is outside the range supported by the target, and rounding is
implemented for that parameter, the target may either.
a) round to an acceptable value and terminate the command as described in 7.5.4; or
b) terminate the command with CHECK CONDITION status and set the sense key to ILLEGAL REQUEST with the
additional sense code set to INVALID FIELD IN PARAMETER LIST.

When any counter in a log page reaches its maximum value, incrementing of ali counters in that log page shall cease
until reinitialized by the initiator via a LOG SELECT command. ifthe RLEC bit of the control mode page is one, ther
the target shall report the exception condition,

The page code assignments for the log pages are listed in table 83.

Table 83 - Log page codes

Page code Description Subclause
oih Buffer over-runfunder-run page 8,3.2,1
03h Error countter page (read} page 8.3.2.2
04h Error counter page {read reverse) page 8.3.2.2
o5h Error counter page {verify) page B,3.2.2
02h Error counter page {write} page 8.3.2.2
o7h Last n error events page 8.3.2,3
g6h Non-medium error page 8.3.2.4
G0h Supported log pages 8.3.2.5

08k - 2Fh Reserved
3Fh Regerved

30h - BEh Vendor-specific pages

8.3.2.1 Buffer over-runfunder-run page

The buffer aver-run/under-run page (page code 01h) defines 24 data counters that may be used {0 record the numbe:
of buffer over-runs of under-runs for the logical unit. A target that implements this page may implement one or more
of the defined data counters,

A buffer over-run or under-run can occur when an initiator does not transmit data to or from the target's buffer fass
enough to keep up with reading or wiiting the media. This can be caused by a slow transfer rate across the SCS!
bus or by a high SCSI bus utilization that prevents reconnection by the targst, A buffer over-run condition can ccow
during a read operation when a buffer full condition prevenis continued transfer of data from the media 1o the buifer
A buffer under-run condition can oceour during a write pperation when a buffer emply condition prevents continued
transfer of data to the media from the buffer. Most devices incur a delay at this point while the media is repositioned

Table 84 defines the parameter code field for the buffer over-runfunder-run counters.

Table 84 - Parametar code fleld for buffer over-run/undaer-run cotinters

Bit 7 6 5 4 a -4 1 0
Byte

0 Reserved

1 Count basis Cause Type

The parameter code field for buffer oversun/under-run counters is a 16-bit value comprised of eight reserved bits.
a three-bit count basis fleld {see table 85}, a four-bi cause fleld {see tabile 86}, and a one-bit type field. These are
concatenated to determine the value of the parameter code for that log parameter. For example, a counter fot
parameter code value of 0023h specifies a count basis of 001b; a cause of 0001b; and a type of 1b; this counter is
incremented once per command that experiences an over-run due to the SCSI bus being busy.
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Table 85 - Count basis definition

Count basis Description

Dotk Undefined

o1k Par command

Ci0b Per failed reconnect
011b Per unit of time

140 - t11b Reserved

The count basis field defines the criteria for incrementing the counter. The following criteria are defined:

NOTE 96 The per unit of time count basis is device type specific. Direct-access devices typically use a latency period (i.e.
one revolution of the medium) as the unit of time.

The cause field indicates the reason that the over-run or under-run occurred. The following causes are defined in
fable B6.

Fable 88 - Cause field definition

Cause Pesgription

Oon Undefined

th SCsi bus busy

2h Transter rate too slow
3h - Fh Reserved

The type field indicates whether the counter records under-runs of over-runs, Avalue of zero specifies a buffer under-
run condition and a value of one specifies a buffer over-run condition.

The counters contain the total nurmber of times buffer over-run or under-run conditions have oceurred since the last
time the counier was cleared. The counter shall be incremented for each occurrence of an under-run or over-run
condition and can be incremented more than once for multiple occurrences during the execution of 2 single

command.

8.3.2.2 Error counter pages

This clause defines the optional error counter pages for write errors (page code 02h), read errors (page code 03h),
read reverse errors (page code 04h) and verify errors (page code 05h). The log page format is defined near the
beginning of 8.3.2. A page can retum one or more log parameters this record events defined by the parameter

codes.

Table 87 defines the parameter codes for the error counter pages. Support of each log parameter is optional.

Table 87 - Parameter codea for error counter pages

Parameter code Description
(00Ch Errors corrected without substantial delay
0001h Errors corrected with possible delays
0¢02h Total (e.g. rewrites or rereads)
0003h Total srrors corrected
0004h Total times correctlion algerithm processed
0005h Total bytes processed
£0008h Tetal uncorrected errors

0007h - 7FFFh Reserved

800Ch - FFFFh Vendor-specific
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NOTE 97 The exact definition of the error counters is not part of this standard. These counters should niot be used to
compare products because the products may define errors differently.

8.3.2.3 Last n» error events page

Log page (07h) provides for a number of error-event records using the list parameter format of the log page. The
number of these error-event records supported, n, is device-specific. Each error-event record contains device-specific
diagnostic information for a single error encountered by the device. The parameter code associated with error-event
record indicates the relative time at which the error occurred. A higher parameter code indicates that the error event

oceurred jater in time.

The content of the parameter value field of each log parameter is an ASCII character string which may describe the
error event. The exact contents of the character string is not defined by this standard.

When the last supported parameter code is used by an error-event record, the recording on this page of all
subsequent error information shall cease until one or more of the list parameters with the highest parameter codes
have been reinitialized. Ifthe RLEC bit of the control mode page {8.3.3.1} is set to one, the target shall return CHECK
CONDITION status with the sense key set to RECOVERED ERROR and the additional sense code set to LOG LIST
CODES EXHAUSTED. Alternatively, the target may report this condition via asynehronous event notification (see

7.5.5).

8.3.2.4 Non-medium error page

This page (page cade 08h) provides for summing the accurrences of recoverable error events other than write, read,
or verify faliures. No discrimination among the varlous types of events is provided by parameter code (see table 88).
Vendor-specific diserimination may be provided through the vendor-specific parameter codes,

Table 88 « Nonwmedium error event parameter codes

Parameter code Pescripticn

0000H Non-medium error count
Q0Q1h - 7FFFh Reserved
8G0Ch - FFFFh Vendor-specitic error counts

8.3.2.5 Supported log pages

The suppotted log page {see table 88} refurns the list of log pages implemented by the farget. Targets that
implament the LOG SENSE command shall implement this log page,

Table 89 - Supporied log pages

Bit 7 B8 5 4 3 2 1 3]
Byte

¢ Reserved Page code {{0h}

1 Reserved

2 {MSB)

Page length {n-3} ]

3 {LSB}
4
R Supported page list —
n
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This page is not defined for the LOG SELECT command. This log page returns the list of supported log pages for
the specified logical unit,

The page length field specifies the length in bytes of the following supported page list,

The supported page list field shall contain a list of all log page codes implemented by the target in ascending order
beginning with page code O0h.

8.3.3 Mode parameters

This subciause describes the block descriptors and the pages used with MODE SELECT and MODE SENSE
commands that are applicable to all SC8! devices. Pages specific to each device type are described in the third
subclause of each device-type clause (i.e. 8.3, 10.3, eic.).

The mode parameter list shown in table 90 contains a header, followed by zero or more block descriptors, followed
by zefo or more variable-length pages. Parameter lists are defined for each device type.

Table 90 - Mode parameter list

Bit 7 6 5 4 3 P4 1 o
Byte
0 - n Mode parameter header
0 -n Block descripter(s}
0-n Page(s)

The six-byte command descriptor biock parameter header is defined in table 81.

Table 91 « Mode parameter header(t)

Bit 7 6 5 4 3 2 1 o
Byte
0 Mcde data length
1 Medium type
2 Device-specific parameter
3 Block descriptor length

The ten-byte command descriptor block parameter header is defined in table 92,
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Table 92 + Mode parameter hoader(10}

Bit 7 6 L 4 3 2 1 G
Byte
0 {MS8)
Mode data length ]
t {188}
2 Medium type
3 Device-specific parameter
4 Reserved
§ Resarved
6 {¥5B)
Biock desceriptor length R —
7 {1.58)

When using the MODE SENSE command, the mode data length field specifies the length in bytes of the foliowing
data that is availabie to be transferred. The mode data length does not inciude itself. When using the MODE

SELECT command, this field is reserved,

NOTE 98 Targets that support more than 256 bytes of block descriptors and pages may need to implement ten-byte mode
commands. The mode data length field in the six-byte command descriptor block headet limits the returned data to 256

pytes.

Medium types are unique for each device type. Refer to the mode parameters clause of the specific device type fot
definition of these values. Some device types reserve this field.

The device specific parameter is unique for each device type. Refer to the mode parameters clause of the specific
device type for definition of this field. Some device types reserve all or part of this field,

The block descriptor fength specifies the length in bytes of ail the block descriptors. It is equal to the number o
block descriptors times eight, and does not include pages or vendor-specific parameters, if any, that may follow the
last biock descriptor. A block descriptor length of zere indicates that no bleck deseripiors are included in the mode
parameter list. This condition shall not be considered an error.

The mode parameter block descripior is shown in table 93,

Table 93 - Mode parameter block descriptor

Bygét 7 & § 4 3 2 % o
g Bensity code
1 (MSR)
2 Number of blocks O
3 {Ls;
4 Reserved
5 (MSB)
& Block length T
7 (L3B) |
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Block descriptors specify some of the medium characteristics for all or part of a logical unit.  Support for block
descriptors is optional. Each biock descriptor contains a density code field, a number of blocks field, and a block
length field, Block descriptor values are always current (i.e. saving is not supported}. A unit attention condition {see
7.9) shall be generated when any block descriptor values are changed.

The density code field is unique for each device type. Refer to the mode parameters clause of the specific device fype
for definition of this field. Some device fypes reserve all or part of this field.

The number of biocks field specifies the number of logical blocks on the medium to which the density code and block
length fields apply. A value of zero indicates that ail of the remaining logical biocks of the legical unit shall have the

medium characteristics specified.

NOTE 98 There may be implicit association between parameters defined in the pages and block descriptors, For direct-
access devices, the block length affects the optimum vaiues (the values that achieve best performance) for the sectors per
track, bytes per physical sector, track skew factor, and cylinder skew factor fields in the format parameters page, in this
case, the farget may change parameters not explicitly sent with the MODE SELECT command. A subsequent MODE

SENSE command wouid refiect these changes.

The number of remaining fogical blocks may be unknown for some device types.

The block jength specifies the length in bytes of each logical block described by the block descriptor. For sequential-
access devices, a block length of zero indicates that the logical block size written to the medium is specified by the
transfer length field in the command descriptor block {see 10.2.4 and 10.2.14)

The mode page format is defined in table 94,

Tabie 94 « Mode page format

Bit 7 & 5 4 3 2 1 0
Byte
0 Ps Aeserved Page code
$ Page length {n-1}}
2
Yode parameters JR—
n

Each mode page contains a page code, a page length, and a set of mode parameters. The page codes are defined
in this subclause and in the mode parameler subclauses of the specific device type.

When using the MCDE SENSE command, a parameters savable (PS) bit of one indicates that the mode page can
be saved by the target in a4 non-volatile, vendor-specific location. A PS bit of zero indicates that the supported
parameters cannot be saved, When using the MODE SELECT command, the PS bit is reserved,

The page code field identifies the format and parameters defined for that mode page. Some page codes are defined
as applying to all device types and other page codes are defined for the specific device type.

When using the MODE SENSE command, if page code 00h {(vendor-specific page) is implemented, the target shall
return that page last in response to a request to return all pages {page code 3Fh). When using the MODE SELECT
command, this page should be sent last.

The page length field specifies the length in bytes of the mode parameters that follow. if the initiator does not set
this value 1o the value that is returned for the page by the MODE SENSE command, the target shall terminate the
_command with CHECK CONDITION status. The sense key shall be set to I[LEGAL REQUEST with the additional
sense code set to INVALID FIELD IN PARAMETER LIST. The target is permitted 10 implement a mode page that is
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less than the full page length defined in this standard, provided ne field is truncated and the page length fiek
correctly specifies the actual length implemented.

The mode parameters for each page are defined in the following subclauses, or in the mode parameters subclaus:

for the specific device type, Mode parameters not implemented by the target shall be set to zero,

Table 95 defines the mode pages that are applicable to all device types that include the MODE SELECT and MOD!

SENSE commands.

8.3.3.1 Control mode page

The control mode page (see iable 96) provides controls over several SCSI-2 features that are applicable to all devic
types such as tagged queuing, extended contingent allegiance, asynchronous event notification, and error logging

A report log exception condition {RLEC) bit of one specifies that the target shall report log exception conditions a

Table 95 - Mode page codes

Page code Bescription Subclause
0Ah control mede page B.3.3.1
G2h Disconnect-reconnect page 8.3.8.2
Q8h Peripheral device page 8.3.3.3
Oih {See specific device type)}

g3k - O8h {See specific device type)

0Bh - 1Fh (See specific device type)

0%h Vendor-specific {does not require page format)

20h - 3Eh Vendor-specific {page format required)

3Fh Return all pages

{valid only for the MODE SENSE command)

Table 86 - Control mode page

git 7 ] 5 4 3 2 0
Byte
PS Reserved Page code {{Ah}
Page length (08h}
2 Reserved RLEC
3 Queue algorithm modifier Regserved QErr Baye
4 EECA Reserved RAENP UAAENP | EAENP
5 Reserved
& {MSE)
Ready AEN holdeff periocd e
7 {LSB)

described in 8.3.2. A RLEC bit of zero specifies that the target shall not report log exception conditions,

The gueue algorithm modifier field {see table 87) specifies restrictions on the aigorithm used for reordering command

that are tagged with the SIMPLE QUEUE TAG message.
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Table 97 - Queue algorithin modifier

Value Definition

4] Restricted reordering

ih Unrestricted reordering allowed
2h « 7h Reserved
gh - Fh Vendor-specific

Avaiue of zero in this field specifies that the target shall order the actual execution sequence of the commands with
a SIMPLE QUEUE tag such that data integrity is maintained for that inftiator, This means that, if the transmission of
new commands is halted at any time, the final value of all data observable on the medium shall have exactly the same
value as it would have if the commands had been executed in the same received sequence without tagged queuing.
The restricted reordering value shall be the default value,

A value of one in this field specifies that the target may reorder the actual execution sequence of the commands with
a SIMPLE QUEUE tag in any manner, Any data integrity exposures related to command sequence order are explicitly
handled by the initiator through the selection of appropriate commands and gueue tag messages.

A queue error management {QEr) bit of zero specifies that remaining suspended I/O process shall resume after the
contingent allegiance condition or extended contingent allegiance condition {see 7.8).

A QErr bit of one specifies all remaining suspended I/O processes shall be aborted after the contingent allegiance
condition or extended contingert allegiance condition {see 7.8). A unit atiention condition (see 7.9} shall be
generated for each initiator that had a suspended 1/O process aborted except for the initiator that had the contingent
altegiance condition or extended contingent allegiance condition. The target shall set the additional sense code fo
TAGGED COMMANDS CLEARED BY ANOTHER INITIATOR.

A disable gueuing {DQue) bit of zere specifies that tagged gueuing shall be enabled if the target supports tagged
queuing. A DQue bit of one specifies that tagged queuing shall be disabled. Any queued commands for that1_T_x
nexus shall be aborted, Any subsequent queue tag message received shall be rejected with a MESSAGE REJECT
message and the /O process shall be executed as an untagged command (see 7.8.1).

An enable extended contingent allegiance (EECA} bit of one specifies that extended contingent allegiance is enabled
{see 7.7). An EECA bit of zero specifies that extended contingent allegiance is disabled.

The RAENP, UAAENP, and EAENP bits enable specific events to be reported via the asynchronous event notification
protocol. When all three bits are zero, the target shall not create asynchronous event notifications.

A ready AEN permission (RAENP) bit of one specifies thal the target may issue an asynchronous event notification
upon completing its initialization sequence instead of generating a unit attention condition. A RAENP bit of zero
specifies that the target shall not issue an asynchronous event notification upon completing its initialization sequence.

NOTE 100 i the target's defauit value for the RAENP bl is one and it does not implement saved parameters or include a
hardware switch, then & may not be possible to disable the initialization sequence asynchronous evert notification.

A unit attention AEN permission {UAAENP) bit of one specifies that the target may issue an asynchronous event
notification instead of creating a unit attention condition upon detecting an event that would cause a unit attention
condition {other than upon completing an initialization sequence). A UAAENP bit of zero specifies that the target shall
not issue an asynchronous event notification instead of creating a unit attention condition.

An error AEN permission (EAENP) bit of one specifies that the target may issue an asynchronous event notification
upon deiecting a deferred error condition instead of waiting to report the deferred error on the next command. An
EAENP bit of zero specifies that the target shall not report deferred error conditions via an asynchronous gvent
notification,
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The ready AEN holdoff period field specifies the minimum time in milliseconds after the target starts its initialization
sequence that it shall delay before attempting to issue an asynchronous event notification, This value may be
rounded up as defined in 7.5.4,

8.3.3.2 Disconnect-reconnect page

The disconnect-reconnect page {see table 98} provides the initiator the means to fune the performance of the SCS1
bus.

Tebie 98 » Disconnect-reconnect page

git T 5] 5 4 3 2 1 G
Byte
4] PS Reserved Page code {D2h)
1 Page length (OEh}
2 Buffer full ratio
3 Buffer empty ratio
4 {MSB} o )
Bus jnactivity limit —_—
5 {L8B)
& (¥8B) )
Disconnect time limit —
7 {L88)
8 {M58} ]
Connect time limit —riend
] {1.S8}
10 {MSB}
Maximum burst size p—
ER {1.88)
12 Reserved LTGE
13 Reserved
14 Reserved
15 Reserved

The buffer full ratio field indicates to the target, on read operations, how full the buffer shouid be prior to attempting
a reselection. Targets that do not implement the requested ratic should round down to the nearest implemented ratio
as defined in 7.5.4.

The buffer empty ratio field indicates to the target, on write operations, how empty the buffer should be prior to
attempting a reselection, Targets that do not implement the requested ratio should round down to the nearest
implemented ratic as defined in 7.5.4.

The buffer full and buffer emply ratios are numerators of a fractional muitiplier that has 256 as its denominator. A
value of zero indicates that the target determines when to initiate reselection consistent with the disconnect time limit
parameter. These parameters are advisory to the target.

NOTE 101 As an example, consider a target with ten 512-byte buffers and a specified buffer full ratic of 83Fh. The formula
is! INTEGER((ratio/256) *number of buffers). Thus INTEGER((3Fh/256)*10) = 2. The target should attempt to reselect the
initiator on read operations whenever two or more buffers are full.
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The bus inactivity limit field indicates the maximum time in 100 s increments that the target is permitted to asseri
the BSY signal without a REQ/ACK handshake. If the bus inactivity limit is exceeded the target shall attempt to
disconnect if the initiator has granted the disconnect privilege (see 6.6.7) and it is not restricted by DTDC. This vaiue
may be rounded as defined in 7.5.4. A value of zero indicates that there is no bus inactivity limit.

The disconnect time fimit field indicates the minimum time in 100 gs increments that the target shall walt after
releasing the SCSi bus before attempting reselection. This value may be rounded as defined in 7.5.4. A value of

zero indicates that there is no disconnect fime limit,

The connect time limit field indicates the maximum time in 100 s increments that the target is allowed to use the
SC81 bus before disconnecting, if the initiator has granted the disconnect privilege (see 6.6.7) and it is not restricted
by DTDC. This value may be rounded as defined in 7.5.4. A value of zero indicates that there is no connect time

limit,
The maximum burst size field indicates the maximum amount of data that the target shall transfer during a data phase
before disconnecting if the initiator has granted the disconnect privilege. This value is expressed in increments of

512 bytes {(e.g. a value of one means 512 bytes, two means 1024 bytes, etc.). A value of zero indicates there is no
Emit on the amount of data transferred per connection.

The data transfer disconnect control (DTDC) field (see table 99) defines further restrictions on when a disconnect is
permitied.

Table 99 - Data transfer disconnect control

o Description
0ob Data transfer disconnect contrel is not used. Disconnect is
controlled by the other fields in this page.
01b A target shall not attempt to disconnect once the data transfer of

a command has started until all data the command is to transfer has
been transferred. The connect time limit and bus inactivity iimit

are lgnored during the data transfer,

10b Reserved

11b A target shall not attempt to disconnect once the data transfer of

a command has started, until the command is complete. The connect

time limit and bus inagctivity limit are ighoered once data transfer

has started,

¥DTDC is non-zero and the maximum burst size is non-zero, the target shall return CHECK CONDITION status, The
sense key shall be set to LLEGAL REQUEST and the additional sense code set to HLLEGAL FIELD IN PARAMETER

LIST,
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8.3.3.3 Peripheral device page

The peripheral device page (see table 100) is used to pass vendor-specific information between an initiator and ¢
peripheral interface below the target (i.e. between the target and the peripheral device). This standard does no:

define the format of this data, except to provide a standard header.

Table 100 - Peripheral device page

git 7 8 5 4 3 2 1 G
Byte

o Ps Reserved Page code (08h}

—

Page length {n-1)

2 (MSB}
Interface identifier P—
3 {188}
4 Reserved
5 Reserved
8 Reserved
7 Reserved
)
Vendor-specific B
f
interface identifier codes are defined in the table 101,
Tabie 101 - Interface ldentifier codes
ANSI /IS0
Code value Interface Reference standard

G000h Small computer system interface X3.181-1984

Q0Cth Storage module interface X3.51M~ 1987

0002h Enhanced small device interface X3.170A-1991

0003h Inteiligent peripheral interface-2 231{8-2-1980

00C4h Intelligent peripheral interface-8 8318-3-1980

9318-4-1892

0008h - 7FFFh Aeserved
8000h - FFFFh Vendor-specific

8.3.4 Vital product data parameters

This clause describes the optional vital product data page structure and the vital product data pages (see table 102)
that are applicable to all SCSI devices. These pages are optionally returned by the INQUIRY command {8.2.5) and
coniain vendor-specific product information about a target or logical unit. The vital product data may include vendor
identification, product identification, unit serial numbers, device operating definitions, manufacturing data, field
replaceable unit information, and other vendor-specific information. This standard defines the structure of the vital
product data, but not the contents,

144
172 of 468



ANSL X3.131.1204

Table 102 - Vitai product dats page codes

Page code Description Subclause
82h ASCIT implemented operating definitich page 8.3.4.1

Cth - 7Fh ASCII information page 8.3.4.2
81h Implemented cperating definition page 8.3.4.3
Q0h Supported vital product data pages 8.3.4.4
80h Unit serial number page 8.3.4.5

83h - BFh Reserved

Cth - FFh vendor-specific

8.3.4.1 ASCI! implemented operating definition page

The ASCI implemented operation definition page (see table 108} containg operating definition description data for
all operating definitions implemented by the target. The contents of this data is not defined by this standard.

Tabie 103 - ASCI implemented operating definition

Bit 7 8 8 4 3 2 1 o
Byte
o Peripheral qualifier Peripheral device type
1 Page code (82h}
2 Reserved
3 Page length {n-3}
4 ASCII operating definition description length {m-4)
5
SN M — ASCII operating definition descripltion data e
m
m
e Vendor-specific description data —
n

The peripheral qualifier field and the peripheral device type fleld are as defined in 8.2.5.1,

The page length fieid specifies the length of the following page data. if the allocation length is less than the length
of the data to be returned, the page length shall not be adjusted to reflect the truncation,

The ASCI! operating definition description length field specifies the iength in bytes of the ASCI| operating definition
description data that follows. If the allocation length is less than the length of data to be returned, the ASCIl operating
definition description iength shall not be adjusted to reflect the truncation. A value of zero in this field indicates that
no ASCl operating definition description data is available,

The ASCII operating definition description data field contains the ASCII operating definition description data for the
target or logical unit, The data in this field shall be formatied in lines (or character sirings). Each line shall contain
oniy graphic codes (i.e. code values 20h through 7Eh} and shall be terminated with a NULL {00h) character,
8.3.4.2 ASCH information page

The ASCIH information page {see table 104) returns information for the field replaceable unit code returned in the
REQUEST SENSE data (see 8.2.14}.
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Table 104 « ASCII informatlon paga

Bit 7 & 5 4 3 2 t &
Byte
o Peripheral qualifier Peripheral device type
9 Page code {(Cth - 7Fh}
2 Aeserved
3 Page length (n-3}
4 ASCII length {m-4}
5
e e —f ASCIYI information =
m
m+1
TR — Vendor-specific information e
n

The peripheral qualifier field and the periphera device type field are defined in 8.2.5.1,

The page code field contains the same value as in the page code field of the INQUIRY command descriptor block
(see 8.2.5) and is associated with the field replaceable unit code retumed by the REQUEST SENSE command,

NOTE 102 The fisld replaceable unit field in the sense data provides for 255 possible codes, while the page code field
provides for only 127 possible codes, Thus it is not possible to return ASCH information pages for the upper code vaiues,

The page length field specifies the length of the following page data. If the aliocatian length of the command
descriptor block is too small to transfer all of the page, the page length shall not be adjusted to reflect the truncation.

The ASCH length field specifies the length in bytes of the ASCH information that follows. Ifthe allocation length is less
than the length of the data to be returned, the ASCII length shall not be adjusted to reflect the truncation. A value
of zero in this field indicates that no ASCH information is avallable for the specified page code.

The ASCH information field contains ASCH information conceming the field replaceable unit identified by the page
code. The data in this field shall be formatted in one or more lines (or character strings). Each line shall contain only
graphic codes {i.e, code vajues 20h through 7Eh} and shall be terminated with a NULL {00h) character.

The contents of the vendor-specific information field is not defined in this standard,

8.3.4.3 implemented operating definition page

The implemented operating definition page (see table 108) defines the current operating definition, the default
cperating definition, and the operating definitions implemented by the target. These operating definition values are
specified in the CHANGE DEFINITION command {see 8.2.1).
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8it 7 8 5 4 3 2 % 0
Byte

C Peripheral gualifier Peripheral device type

1 Page code (B8ih)

2 Resarved

3 Page length {n-3}

4 Reserved turrent operating definition

5 Savimp Detault operating definition

8 Savimp o

4 Supported operating definition list B ——

I Savimp

The peripheral qualifier fleld and the peripheral device type field are defined in 8.2.5.1.

The page length field specifies the length of the following operating definitions. If the allocation length of the
command descriptor block is too small to transfer all of the page, the page length shall not be adjusted to reflect the

truncation.

For each operating definition, there is an associated save implemented (Savimp) bit. A Savimp bit of zero indicates
that the corresponding operating definition parameter cannot be saved. A Savimp bit of one indicates that the
corresponding operating definition parameter can be saved.

All returned operating definitions use the codes defined in table 33, The current operating definition field returns the
value of the present operating definition. i no operating definition is saved, the default operating definition field
returns the value of the operating definition the target uses when power is applied. The supported operating definition
list returns one or more operating definitions implemented by the target.
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8.3.4.4 Supported vital product data pages
The supparted vital product data pages are shown in table 106.

Table 106 - Supported vital product data pages

Bit 7 6 5 4 3 2 1 ¥
Byte
8] Peripheral gualifier Peripheral device type
1 Page code {0Ch}
2 Reserved
3 Page length {n-3}
4
Supported page list —
n

The peripheral qualifier field and the peripheral device fype field are defined in 8.2.5.1.

The page code field shall be set to the value of the page code field in the INQUIRY command descripior block (see
8.2.5).

The page length field specifies the length of the supporied page list. If the allocation iength is too small to transfer
alt of the page, the page length shall not be adjusted fo reflect the truncation.

The supporied page list field shall contain a iist of all vital praduct data page codes implemented for the target or
logical unit in ascending order beginning with page code 00h.
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8.3.4.5 Unit serial number page
This page (see table 107) provides a product serial nurmber for the target or logical unit,

Tabie 107 - Unit seriai number page

git 7 & 8 4 3 2 1 0
Byte

0 Peripheral gualifier Peripheral device type

Page code (BCh)

—

Reserved

Page length {n-3}

E- R (V]

e e Product serial number E—

|

The peripheral qualifier field and the peripheral device type field are defined in 8.2.5.1.

The page length fisld specifies the length of the product serial number. H the allocation length is oo smali to transfer
all of the page, the page length shall not be adjusted to reflect the truncation.

The product serial number field contains ASCII data that is vendor-specific. The least significant ASCIl character of
the serial number shall appear as the last byte of a successful data transfer. If the product serial number is not
available, the target shall return ASCH spaces (20h) in this field.
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g Direct-access devices

9.1 Direct-access device modei

Direct-access devices store blocks of data for later retrieval, Each block of data is stored at a unique logical bloct
address. An initiator issues WRITE commands to store the blocks of data {write operations) and READ command:
to retrieve the blocks of data {read operations). Other commands issued by the initiator may also cause write anc
read operations to occur, A write operation causes a block of daia to be written on the medium. A read operatior
calises a block of data to be read from the medium. A verify operation confirms that a block of data can be reac
without error from the medium.

Blocks of data are stored by a process that causes locaiized changes or transitions within the medium. The change:s
made to the medium to store the blocks of data may be velatiie {i.e. not retained through a power cycle) or non
volatiie (retained through a power cycle}. The medium may be divided in parts that are used for data hiocks, part:
that are reserved for defect management, and parts that are reserved for use by the controlier for the managemen
of the device.

8.1.1 Removabile medium

The medium may be removable {e.g. used in a floppy disk drive) or non-removable {e.g. used in a hard disk drive)
Removable medium is contained within a cartridge {or jacket} to prevent damage to the recording surfaces. The
combination of medium and cartridge is often called a volume.

Avolume has an attribute of being mounted or de-mounted on a sultable transport mechanism, A volume is mountec
when the direct-access device is capable of performing write or read operations to the medium, A mounted volume
may not be accessible by an initiator if it is reserved by another initiator, A volume is de-mounted at any other time
{e.q. during loading, unicading, or storage).

An initiator may check whether a volume is mounted by issuing a TEST UNIT READY command. A volume thal is
loaded may need a START STOP UNIT command issued to become accessible for write or read operations.

The PREVENT ALLOW MEDIUM REMOVAL command allows an inftiator to restrict the demounting of the volume
This is useful in maintaining system integrity. i the direct-access device implements cache memory, it must ensure
that all logical blocks of the medium contain the most recent data prior o permitting demounting of the volume. |
the injtiator issues a START STOP UNIT command to sject the carlridge, and the direct-access device is praventec
from demounting by the PREVENT ALLOW MEDIUM REMOVAL command, the START STOP unit command is
rejected by the direct-access device,

8.1.2 Logical blocks

Blocks of data are stored on the medium along with additional information that the controller uses to manage the
storage and retrieval. The format of the additional information is unique and is hidden from the initiator during nomma
read or write operations, This additional information is often used to identify the physical location of the blocks o
data and the address of the logical biock, and {o provide protection against the loss of the user data.

The address of the first logical block is zero, The address of the last logical block is {n-1], where [n] is the numbe:
of logical blocks available on the medium, A READ CAPACITY command may be issued to determine the value ¢
in-1]. if a command is issued that requests access to a logical block not within the capacity of the medium, the
command is terminated with CHECK CONDITION.

The number of bytes of data contained in a logical block is known as the block length. Each logical block has &
biock length associated with . The block tength may be different for each logical block on the medium,. However.
in & typical device only one block length is used at a time. The block descriptor in the MODE SENSE data describes
the block lengths that are used on the medium. A MODE SELECT command can be used to set up extents. Ar
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axtent is a specified number of logical blocks that have the specified block length. The FORMAT UNIT command
is typically required to change the block length of devices that support variable block lengths and make the extents

that were setup active,

The iocation of a logical block on the medium does not have a reiationship to the location of any other logical biock.
However, in a typical device the logical blocks are located in an ascending order. The time to access the logical
block at address [x] and then the logical block at address [x+1] need not be less than time to access [x] and then
[x+100]. The READ CAPACITY with a PMI bit of one is useful in determining where longer access times oceur,

9.1.3 Ready siate

A direct-access device is ready when medium access commands can be executed. A device using removable media
is usually not ready until a voiume is mounted. Such a device, with a volume not mounted, normally returns CHECK
CONDITION status and seis the sense key to NOT READY,

Some direct-access devices may be switched from being ready fo being not ready by using the START S8TOP UNIT
command. An iniliator may need to issue a START UNIT command o bring a device ready.

9.1.4 Initialization

Many direct-access devices require initialization prior to write or read operations. This initialization is usually
performed by a FORMAT UNIT command. Parameters related to the geometry and performance characteristics can
be set with the MODE SELECT command prior to the format operation. Some devices are initialized by means not
specified in this standard. The time at which this occurs is specific to the implementation of the direct-access device.

Devices using a non-volatiie medium typically save the parameters and only need {o be initialized once. However,
some mode parameters may need to be initialized after each power-on and reset. A catastrophic failure of the direct-
access device may require the FORMAT UNIT command to be reissued.

Devices that use a volatile medium may need {o be initialized at each power-on prior to the execution of read or write
operations. Mode parameters may also need initialization.

9.1.5 Medium defecis

Any medium has the potential for defects that can cause user data to be iost. Therefore, each logical block may
contain information that allows the detection of changes to the user data caused by defects in the medium or other
phenomena, and may also allow the data to be reconstructed following the detection of such a change. Some
devices provide the initiator control through use of the mode parameters. Some devices allowthe initiator to examine
and modiy the additional information by using the READ LONG and WRITE LONG commands. Some media having
a very low probability of defects may not require these structures.

Defects may aiso be detected and managed during execution of the FORMAT UNIT command, The FORMAT UNIT
command defines four sources of defect information, These defects may be reassigned or avoided during the
initiafization process so that they do not appear in a logical biock.

Defects may also be avoided after initialization. The initiator issues a REASSIGN BL.OCKS command to request that
the specified logical biock address be reassignhed to a different part of the medium. This operation can be repeated
if a new defect appears at a later time. The total number of defects that may be handied in this manner can be
spetified in the mode parameters.

Defect management an direct-access devices is usually vendor-gpeacific. Devices not using a removabie medium
iypically optimize the defect management for capacily or performance or both. Devices that use a removable medium
fypically do not support defect management {e.g. some floppy disk drives) or use defect management that is based
on the ability to interchange the medium,

151
179 of 468



ANSI X8,131-1804
9.1.6 Data cache

Some direct-access devices implement cache memory. A cache memoty is usually an area of temporary storage
in the direct-access device with a fast access time that is used to enhance performance. H exists separately from the
hlocks of data stored and is normally not directly accessibie by the initiator, Use of cache memory for write or read
operations typically reduces the access time to a logical block and can increase the overall data throughput,

During read operations, the direct-access device uses the cache memory to store blocks of data that the initiator may
request at some future time. The algorithm used to manage the cache memory is not part of this standard. However,
parameters are provided to advise the direct-access device about future requests, or to restrict the use of cache

memory for a particular request.

During write operations, the direct-access device uses the cache memory 10 store data that is written to the medium
at a later time. This is calied a write-back caching aigorithm. Thus the command may complete prior to blocks of
data being written to the medium. As a result of using a write-back caching algorithm there is a period of time when
the data may be lost if a power or a hardware failure occurs. There is also the possibility of an error occurring during
the write operation. If an error occurred during the write, it may be reported as a deferred error on a later command.
However, the inltiator can reguest write-through caching to prevent these circumstances from arising.

When the cache memory fills up with blocks of data thatare being kepl for possible future access, new blocks of data
that are 1o be kept must replace those currently in cache memory. The disable page out (DPO) bit is used to control
replacement of logical blocks in the cache. For write operations, seiting this bit {o one advises the direct-access
device to not replace existing biocks in the cache memory with the write data. For read operations, setting this bit
{o one causes blocks of data that are being read 1o not replace existing ones in the cache memory.

Sormetimes the initiator may wish to have the blocks of data read from the medium instead of from the cache memory.
The force unit access (FUA} bit is used io indicate that the direct-access device shall access the physical medium,
For a write operation, setting FUA to one causes the direct-access device fo complete the data write to the physical
medium before completing the command. For a read operation, selting FUA to one causes the logical blocks to be
refrieved from the physical medium.

When the DPO and FUA bits are both set to one, write and read operations bypass the cache memory.

When a VERIFY command is executed, a forced unit access is implied, since the blocks of data stored on the medium
are being verified, Furthermore, a SYNCHRONIZE CACHE operation {see below) is also implied to write unwritten
blocks of data still in the cache memory. These blocks of data must be stored on the medium before the verily
operation can begin. The DPO bit is provided since the VERIFY command may cause the replacement of blocks in
the cache, The above also applies to the WRITE AND VERIFY command.

Commands may be implemented by the direct-access device that allow the initiator 1o conirol other behaviour of the
cache memaory:

— LOCK UNLOCK CACHE controls whether cerain logical blocks will be held in the data cache for fture use.
Locking a logical block prevents its replacement by a fulure access. Uniocking a logical block exposes it to
possible replacement by a future access {see 8.2.2),

— PRE-FETCH causes a set of logical blocks requested by the initiator to be read into the data cache for possible
future access. The blocks fetched are subject to later replacement uniess they are locked (see 9.2.3).

— SYNCHRONIZE CACHE forces any pending write data in the reguested set of iogical blocks to be stored in the
physical medium. This command can be used to ensure that the data was written and any errors reported (see
9.2.18).

- The MODE SELECT command defines a page for the control of cache behavior and handles certain basic
elements of cache replacement aigorithms {see 9.3.3.1).
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9.1.7 Resarvations

The access enabled or access disabled condition determines when an initiator may store or retrieve user data on all
or part of the medium. Access may be restricted for read operations, write operations, or both. This attribute may
be controlled by an external mechanism or by the RESERVE and RELEASE commands (see 8.2.12 and 9.2.11).

The RESERVE and RELEASE commands define how different types of restricted access may be achieved, and to
whom the access is restricted. This subclause describes the interaction of the initiator that requested the reservation,

and the other initiators.

An initiator uses reservations to gain a level of exclusivity in access to all or parnt of the medium for itself or another
initiator. [t is expected that the reservation will be retained until reieased. The direct-access device must ensure that
the initiator with the reservation is able to access the reserved media within the operating parameters established by

that initiaior.

The following paragraphs explain, on a command by command basis, the appropriate targel response when a
reservation exists. Unless otherwise noted, the appropriate response to an initiator thal issues a command to a direct-
access device that is reserved to another initiator is RESERVATION CONFLICT status.

The CHANGE DEFINITION command is dealt with as follows. |f any initiator has an extent reservation on a direct-
access device, no other initiator may affect the operating definition of that initiator by use of this command. if the
direct-access device allows different operaling definitions for each initiator, then there is no conflict; otherwise, a

reservation conflict ocecurs,

The COMPARE, COPY, and COPY AND VERIFY commands are evaluated for reservation conflict as if they were
normal write and read operations even when a direct-access device is reguested o copy t0 or from Rself. For
example, if a COPY is issued to logical unit 0 that requests the direct-access device to copy from logical unit 0 o
logical unit 1, access to logical unit 1 must aiso be evaluated for conflict.

The FORMAT UNIT, PREVENT ALLOW MEDIUM REMOVAL fwith a prevent bit of one}, REZERO UNIT, and START
STOP UNIT commands return a RESERVATION CONFLICT status if any other inltiator has an extent reservation on
a direct-access device,

The INQUIRY and REQUEST SENSE commands are not affected by any kind of reservation.

The LOG SELECT, LOG SENSE, MODE SENSE, TEST UNIT READY, READ CAPACITY {PMi set to zerc), READ
BUFFER, WRITE BUFFER, and READ DEFECT DATA commands are not affected by extent reservations,

The SEEK, LOCK UNLOCK CACHE, PRE-FETCH, and SYNCHRONIZE CACHE commands are evaluated for
reservation conflict as if they were normal write or read operations.

The MODE SELECT command is deait with as follows. If an initiator has an extent reservation on a direct-access
device, and another initiator attempis one of these commands, a reservation conflict occurs i the command affects
the manner in which access of the extent by the first initiator is performed. I the command does not affect access
o the extent, or parameters are saved for each initiator, then a conflict does not oceur.

The SEND DIAGNOSTIC, RECEIVE DIAGNOSTIC RESULTS commands confiict with an exdent reservation only if they
affect access to the exdent (as with MODE SELECT).

The REASSIGN BELOCKS command may not reassign a block that is in an exent reserved to another initiator,

The SET LIMITS command generales a reservation conflict if the logical blocks specified are within an extent reserved
o ancther initiator.

ALL other commands are that request read or write operations are evaluated for reservation confiict as described in
the RESERVE command.
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When a system is integrated with more than one initiator, there must be agreement between the initiators as to how
media is reserved and refeased duting operations, otherwise, an initiator may be locked out of access to a farget in
the middie of an operation. For example, initiator ‘A’ has a write aperation in progress to a direct-access device which
has data stored in cache memoty. Then, initiator 'B' issues a RESERVE command to the direct-access device. As
a resulf, inttiator A’ is locked out of issuing a SYNCHRONIZE CACHE cammand ta ensure the integrity of the data
To prevent this from happening, infliator "A’ should issue a RESERVE prior to the write command,

9.1.8 Seek and rezero

The SEEK command provides a way for the initiator to position the device in preparation for access to a particular
logical block at some later time. Since this positioning action is implicit in other commands, the SEEK command may
not be useful with some direct-access devices.

The REZERO UNIT command is provided to bring the direct-access device to a known condition. This standard does
not specify the condition. The REZERO UNIT command is used in some devices to position the actuator at cylinder
zero, Some devices return GOOD status without attempting any action.

9.1.9 Notched drives

A notched (also called partitioned or zoned) drive has areas of the medium in which the drive geometry changes.
in the simplest case, the entire medium consists of a single notch. Multiple notches are often used to increase
capacity of the drive. The notch page is used to indicate the notch for assignment of values to the parameters in the
format device page. By sequencing the notch page through each notch, the format device parameters of each notch
are set. This is usually done prior to initialization by the FORMAT UNIT command.

8,1.10 Rotational position locking

Rotational position jocking is an optional feature implemented in some direct-access devices 1o allow the
synchronization of spindies between a number of devices, The rotational position ofiset feature allows devices to
synchronize spindles at offsels from index. This may be useful in improving performance in systems that implement
arrays of devices,

9.1.11 Relative addressing

Relative addressing is a technique useful in accessing structured data in a uniform manner, Relative addressing is
only allowed when commands are linked. An example of relative addressing and linking for SEARCH DATA
commands appropriate {o direct-access devices is given in 7.4.3,

The SET LIMITS command is provided 1o define the limits of a linked chain of relative addressing commands, This
gives an additional protection against exceeding a particular set of blocks. The SET LIMITS command has no effect
on any other initiator,

9.1.12 Error reporting

it any of the following conditions occur during the execution of a command, the target shall return CHECK
CONDITION status. The appropriate sense key and additional sense code should be set. The following list illustrates
some error conditions and the applicable sense keys. The list does not provide an exhaustive enumeration of afl
conditions that may cause the CHECK CONDITION status.

Condition Sense key

invalid logical block address LLEGAL REQUEST
Unsupported option requested ILLEGAL REQUEST
Target reset or medium change since last command from this initiator UNIT ATTENTION
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Seif diagnostic failed HARDWARE ERROR

Urnrecovered read error MEDIUM ERROR or
HMARDWARE ERROR

Recovered read error RECOVERED ERROR

Overrun or other error that might be resolved by repeating the command ABORTED COMMAND

Attempt to write on write protected medium DATA PROTECT

in the case of an invalid logical block address, the sense data information field shall be set to the logical block
address of the first invalid address.

in the case of an attempt o read a blank or previously unwritten block, the information field shall be set to the logical
block address of the first blank block encountered. The data read up 1o that block shall be transferred {optical

memory and write-once devices only).

In the case of an atterpt 1o write a previously written block when blank checking is enabled, the information field shall
be set to the logical block address of the first non-blank block encountered {optical memory and write-once devices

only).
9.1.13 Examples

The following examples show some typical variations of the direct-access device. Other variations are possible,

9.1.13.1 Rotating media

The typical application of a direct-access device is a disk drive. The medium is a disk coated with a material in which
flux changes may be induced. The disk drive allows direct and random access to the medium. This is done with
an actuator that positions the read-write head, and a rotating disk. Data is stored and retrieved through the interaction
of the read-write head and the disk.

The disk is typically divided into cylinders. Each cylinder is typically divided into tracks. Each track is typically
divided into sectors. A cylinder is a set of tracks that can be accessed without movement of the actuator. A track
is a recording path over which the read-write head travels during one rotation of the disk. A sectoris a part of a track
that contains the stored data blocks.

A iogical biock is stored in one or more sectors, or a sector may store more than one logical block. A secloris
typically made up of a header, data and a trailer. The header contains a preamble used to synchronize read circuits
to the data, an address field to identify the sector, flags to use for defect management, and a checksum that validates
the header. The data contains the block of data. The trailer contains checksum or error correction information. The
checksum or the error correction information allows the correction of data for medium defects.

A disk drive is ready when the disks are rofating at the correct speed and the read-write circuitry is powered and
ready to access the disks. Some disks, particularly removable disks, require the user {o issue load or start commands
1o bring the disk drive to the ready state,

A disk drive will typically have to be formatted prior to the initial access, Exceptions to this are drives that are
formatted at the factory and some optical drives with pre-formatted media {see 138.1). A disk drive format will typically
create the headers for each sector and initialize the data field. The MODE SELECT command is often used at format
time to establish the geometry {number of heads and tracks, sectars per track, elc.) and defect manargement scheme.
Disk drives are usually non-volatile.
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The defect management scheme of a disk drive is often shielded from the user, though some aspects can be
evaluated and controlled by the initiator. The direct-access device will usually reserve some sectors and tracks for
recording defect lists and for reassigning defective blocks. The READ LONG and WRITE LONG commands wil
typically access the user data and checksum portions of the data field so that defects may be induced by the initiator
to test the defect detection logic of the direct-access device,

Notches find their most typical use in a rotating disk drive. On a disk, the inner tracks are physically shorter than the
outer tracks. As a result, if each track is made o store the same number of data bits, the data is packed more
densely on the inner tracks than the outer tracks. By using notches, the outer tracks may be made to contain 2
different number of sectors than the inner tracks, while balancing the data density. This results in increased capacity

9.1.13.2 Sequential media

Some tape devices are implemented as a direct access device so that they can be used in disk oriented operating
system environments. These devices are sometimes referred to as random access tape or floppy tape. These
devices might be thought of as a disk drive with one or more long tracks. Access time to a logical block is usually
tonger than for a disk drive, since the tape must be fast forwarded or rewound to the block, As a result, the SEEK
command will often be more useful for a tape than for a disk. The only way an initiator may determine if a direct-
access device is a tape is by using the medium type code returned by the MODE SENSE command.

£.1.13.3 Memory media

Memory media includes devices that are traditionally used for primary storage within computer systems, such as solic
state static or dynamic random access memories (SRAM or DRAM), or magnetic core of bubble memaory. These
devices are typically non-mechanical, and therefore the entire physical medium may be accessed in virtually the same
access time. The data is typically accessed as a bit or byte and this also speeds access time. Memory devices
typically store iess data than disks or tapes, and are usually volatile when not pratected by battery backup.
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9.2 Commands for direct-access devices.
The commands for direct-access devices shall be as shown in table 108.

Table 108 - Commanda for direct-accesa devices

Command name Cperation Type | Subclause
code
CHANGE DEFINITION 4Ch o 8.,2.1
COMPARE 39h 0 8.2.2
COPY 18h 0 8.2.3
COPY AND VERIFY 3AN 0 8.2.4
FORMAT UNIT G4h M 9.2.1
INQUIRY 12h M 8.2.8
LOCK UNLOCK CACHE 36h 0 9.2.2
LOG SELECT 4€h 0 8.2.6
LOG SENSE 4Dh 0 8.2.7
MODE SELECT(6) 15h 0 8.2.8
HMODE SELEC?{ZG) 55h ¢ 8.2.9
MODE SENSE(6} 1Anh 0 8.2.10
MGDE SENSE(10) 5Ah 0 8.2.11%
PRE - FETCH 34h 0 9.2.38
PREVENT ALLOW MEDIUM REMOVAL 1Eh 0 9.2.4
READ 6& 08h ] 9.2.5
HEADE? ) 28h M 9.2.6
READ BUFFER 3Ch ¢ 8.2.12
READ CAPACITY 25h M 9.2.7
READ DEFECT DATA 37h o 9.2.8
READ LONG 3Eh o 9.2.9
BEASSIGN BLOCKS 07h G 9.2.10
RECEIVE DIAGNOSTIC RESULTS 1Ch 8] 8.2.18
RELEASE 17h L 9.2.11
REGUESYT SENSE 03h L 8,2,14
RESERVE 18h L g.2.12
AEZERD UNIT {1h 0 9.2.13
SEARCH DATA EQUAL 3th o 9.2.14.1
SEARCH DATA HIGH 30h o 9.2.14.2
SEARCH DATA LOW 32h 0 9.2.14.3
SEEK(6} 0Bh 0 9,2.15
SEEK(10) 28h 0 9.2.15
SEND DIAGNOSTIC tDh L 8.2.15
SET LIMITS 33h 0 8.2.186
START STOP UNIT 1Bh 0 8.2.17
SYNCHRONIZE CACHE 35h 0 $.2.18
TEST UNIT READY 00h M B.2.18
VERIFY 2Fh 0 9.2.18
WRITE({6) AR G 9.2.20
WRITE(1C) 280 o g9.2.21
WRITE AND VERIFY 2Eh &) g.2.22
WRIYTE BUFFER 3Bh G 8.2.17
WRITE LONG 3Fh 0 9.2.23
WRITE SAME 41h 0 9.2.24
Key: # = Command implementation is mandatory.
0 = Command implementation is optional.

The following operation codes are vendor-specific: 02h, 05h, 06h, 08h, 0Ch, 0Dh, 0Eh, OFh, 10h, 11h, 138h, 14h, 19h,
20h, 21h, 22k, 28h, 24h, 26k, 27h, 28h, 2Ch, 2Dh and Coh through EFh. All remaining operation codes for direct-
access devices are reserved for fulure standardization,
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8.2.1 FORMAT UNIT command

The FORMAT UNIT command (see table 108) formats the medium into initiator addressable logical blocks per the
initiator defined options. In addition, the medium may be certified and control structures may be created for the
management of the medium and defects. There is no guarantee that the medium has or has not been altered.

Table 108 « FORMAT UNIT command

Bit 7 8 5 4 3 2 1 G
Byte

0 Operation code {04h}

1 togical unit number EmtData; Ompist Defect list format

2 Vendor-specific

3 (MSB)

Interlieave e

4 (1.3B)
& Control

The simplest mandatory form of the FORMAT UNIT command (with no format data) accomplishes medium formatiing
with little initiator conirol over defect management. The target implementation determines the degree of defect
management thal is o be performed. Two additional mandatory forms of this command increase the initiator's control
over defect management. Several optional forms of this command further increase the initiator's control over defect
management, by aliowing the initiator to specily which defect list(s) are to be used, to specify defect locations (in
several formats), to enable target certification, and to specify what to do in the event that defect lists are not
accessible.

The FORMAT UNIT command shall be rejected with RESERVATION CONFLICT status if the logical unit is reserved,
or any extent reservation, from any initiator, is active in the specified Jogical uni.,

During the format operation, the target shall respond to commands as follows;
a) In response to all commands except REQUEST SENSE and INQUIRY, the target shall return CHECK
CONDITION status unless a reservation conflict exists, in which case RESERVATION CONFLICT status shall
be refurned.

b} In response to the INQUIRY command, the target shall respond as commanded,

¢} Inresponse o the REQUEST SENSE command, unless an error has occurred, the target shall retum a sense
ey of NOT READY and an additional sense code of LOGICAL UNIT NOT READY FEORMAT IN PROGRESS, with
the sense-key specific bytes set for progress indication (as described in 8.2.14.1). Refer fo 8.2.14.2for a
description of deferred error handiing that may ocour during the format operation,

NOTE 103 Itis recommended that MODE SELECT parameters {(if any} be set prior to issuing the FORMAT UNIT command.

During the execution of the FORMAT UNIT command, the target may perform a medium defect management
algorithm {which can be conirolled by the initiator, using optional forms of this command). Four sources of defect
location information (hereafter called defects) are defined as follows:

a} Primary defect list {(Plist). This is the list of defects, usualily supplied by the otiginal manufacturer of the device
or medium, that are considered permanent defects, The Plist is located outside of the initiator-accessibie logical
block space. The Plist is accessible by the target (to reference while formatting), but it is not normally accessible
by the initiator except through the READ DEFECT DATA command. Once created, the original Plist shall not be
subject to change.
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b) Target certification Hist (Clist). This list includes defects detected by the target during an optional certification
process executed during the FORMAT UNIT command. This list shall be added to the Giist,

¢) Data defect list (Dlist). This fist of defect descriptors may be supplied to the target by the initiator in the DATA
OUT phase of the FORMAT UNIT command. This list shall be added to the Glist. The defect list length in the
defect list header may be zero, in which case there is no Diist.

d) Grown defect list (Glist). The Glist includes all defects sent by the initiator or detected by the target. The Giist
doas not include the Plist, f the Cmplst bit is zero, the Glist shall include Dlists provided to the target during the
previous and the current FORMAT UNIT commands. The Glist shall also include:

a) defects detected by the format operation during medium certification;
b} defects previously identified with a REASSIGN BLOCKS command,;
¢} defects previously detected by the target and automatically reallocated,

A format data (FmtData) bit of one indicates that the FORMAT UNIT parameter list (see table 110) shall be transferred
during the DATA OUT phase. The DATA OUT phase consists of a defect list header (see table 111), followed by an
initialization pattern descriptor, followed by zero or more defect descriptors. Each defect descriptor identifies a
location on the medium that the target shall map out of the user-accessible area.

Table 110 - FORMAT UNIT parameter list

Bit 7 6 8 4 3 2 1 G
Byte

Defect list header

Initialization pattern descriptoer (if any)

Defect descriptor{s} (if any)

G Cefect descriptor 0
{See specific table for length.)} —_—

0 Defect descriptor x
(See specific table for length.) ]

The defect list header (see table 111) provides several optional format control bits, Targets that implement these bits
give the iniliator additional control over the use ofthe four defect sources, and the formatting operation. If the inkiator
attempts to select any function not implemented by the target, the target shall terminate the command with CHECK
CONDITION status, The sense key shall be set to LLEGAL REQUEST and the additional sense code shall be set
to INVALID FIELD IN PABAMETER LIST,

Table 111 -~ Defect list header

Bif 7 8 L 4 3 2 H c
Byte
o] fReserved
1 FOV DPRY DCAT STPF iP ogp Immed VS
2 {MS8)
Defect list length
3 {1.58}
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A FmtData bit of zero indicates that a DATA OUT phase shall not occur. The source of defect information is nc
speciied,

A complete list (CmpLst) bit of one indicates that the defect list sent by the initiator is a complete list of defects. An
existing defect list except the Plist shall be ignored by the target. As a resuit, a new Glist is constructed that contain:
the Dlist {if it is sent by the initiator), and the Clist {if certification is enabled). The target may add any defects |
detects during the format operation fo this Dlist,

A Cropl.st bit of zero indicates that the defect list sent by the initiator is an addition to the existing list of defects. A:
a result a new Glist is constructed that contains the existing Glist, the Dlist (if it is sent by the initiator), and the Clis
(if certification is enabled). The target may add any defects i detects during the format operation to this Dlist.
Tabie 112 defines the implementation requirements for the FORMAT UNIT command.

Table 112 - FORMAT UNIT defect descriptor format and requirements

Befect | DeTect
list list
FatData Caplst| format | length | Type Comments
it o coob N/A M Vender-specific
BLOCK FORMAT
1 0 000b Zero 4 See notes {1) and {3}
1 1 000b Zero M See notes {1) and (4}
¥ & co0L >0 G See notes {2) and (3}
't H 040b >0 0 See notes {(2) and {4}
BYTES FROM INDEX FORMAT
1 G 1008 Zero 0 See notes {1) and (3}
1 4 100b Zero o] See notes (1} and {4)
1 0 100b >0 G Ses notes (2} and {3)
1 1 1040b >0 0 See notes (2) and (4)
PHYSICAL SECTOR FORMAT
1 0 101b Zero o See notes {1) and (3)
1 1 101b Zero o See notes {1) and (4)
1 0 1610 >0 0 See notes {2) and (3)
1 1 101k >0 o See notes {2) and (4}
VENDOR-SPECIFIC FORMAT
1 g 110b
1 1 116h
All remaining codes are reserved.
Key: ¥ = Command implementation is mandatory,
0 = Gommand implementation is optional.
NOTES
1 No Dliist is transferred to the target during the DATA OUT phase.
2 A Dlist is transferred to the target during the DATA QUT phase,
Add the Dlist defects to the new Glist.
3 Use the existing Glist as a defect source. Add existing Glist
defects to the new Glist.
4 Discard the existing Glist. Do not add existing Glist defects to
the new Glist.
5 All the options described in this table cause & new Glist to be
cgeatsd during execution of the FORMAT UNIT command as described in
the text,

The defect list format field specifies which defect descriptor is used if the FmitData bit is one {see table 112).
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The interieave field specifies the interleave that is used when performing the format operation. This aliows the logical
blocks to be related in a way that facilitates matching the transfer rate between the initiator and the peripheral. An
interleave of zero specifies that the target use its default interleave. An interleave of one specifies that consecutive
logical blocks be piaced in contiguous ascending order. All other values are vendor-specific.

A format options valid (FOV) bit of zero indicates that the target shall use its default settings for the DPRY, DCRT,
STPE, IP and DSP bits {see below). The initiator shall set these bits 1o zero, i any of these bits are not zero, the
target shall terminate the command with CHECK CONDITION status, The sense key shali be set to HLLEGAL
REQUEST and the additional sense code shall be set to INVALID FIELD IN PARAMETER LIST.

A EOV bit of one indicates that the target shall examine the setting of the DPRY, DCRT, STPF, IP and DSP bits. When
the FOV bit is one, the DPRY, DCRT, S8TPF, IP and DSP bits are defined as foliows.

A disable primary {DPRY) bit of zerc indicates that the target shall not use portions of the medium identified as
defective in the primary defect Plist for initiator addressable logical blocks. If the target cannot locate the Plist or it
cannet determine whether a Plist exists, it shali perform the action specified by the STPF bit. A DPRY bit of one
indicates that the target shali not use the Pilist to identify defective areas of the medium. The Plist is not deleted.

A disable certification {DCRT) bit of zero indicates that the target shall perform a vendor-speciiic medium certification
operation to generate a Clist. A DCRT bit of one indicates that the target shall not perform any vendor-specific
medium certification process or format verification operation while executing the FORMAT UNIT command.

The stop format (STPF) bit controls the behaviour of the target when one of the following events occurs:
a) The target has been requested to use the primary defect list (DPRY is set to zero), or the grown defect list
(CmplLst is set to zero) and the target cannot locate the list nor determine whether the list exists.
b) The target has been requested to use the primary defect list (DPRY is set to zero) or the grown defect list
(CmpLst is set to zero), and the target encounters an error while accessing the defect list.

A STPF bit of zero indicates that, if one or both of the above conditions occurs, the target shall continue to execute
the FORMAT UNIT command. The target shalf return CHECK CONDITION status at the completion of the FORMAT
UNIT command. The sense key shall be set o RECOVERED ERROR and the additional sense code shalt be set to
either DEFECT LIST NOT FOUND i the first condition occurred, or DEFECT LIST ERROR if the second condition
occurred.

A STPFE bit of one indicates that, if one or both of the above conditions occurs, the target shall terminate the FORMAT
UNIT command with CHECK CONDITION status, The sense key shall be set to MEDIUM ERROR and the additional
sense code shall be set to either DEFECT LIST NOT FOUND if the first condition occurred, or DEFECTY LIST ERROR
if the second condition occurred,

NOTE 104 The use of the FrntData bit, the CmpLst bit, and the defect header aliow the intiator to control the source of the
defect lists used by the FORMAT UNIT command, Sefting the defect list length to zero aliows the initiator to control the use
of Plist and Clist without having to specify a Dlist.

An initialization paitern (P} bit of one indicates that an initialization pattern descriptor {see 8.2.1.2) is included in the
FORMAT UNIT parameter list immediately following the defect list header. An [P bit of zero indicates that an
initialization pattern descriptor is not included and that the target shall use its default initialization pattern.

A disable saving parameters (DSP} bit of one specifies that the target shall not save the MODE SELECT savable
parameters 1o non-volatile memory during the format operation. A DSP bit of zero specifies that the target shall save
allthe MODE SELECT savabie parameters for all initiators to non-volatile memory during the format operation. Pages
that are not reported as savable are not affected by the DSP bit (i.e. if pages 03h & 04h are not returned with the PS
bit set they may be saved even if DSP is cleared).
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An immediate {immed) bit of zero indicates that status shall be returned after the format operation has completed.
An Immed bit value of one indicates that the target shall return status as soon as the command descriptor block has
been validated, and the entire defect list has been transferred.

The bit designated VS is vendor-specific.

The defect list length field in the defect list header specifies the total length in bytes of the defect descriptors that
follow and does not include the initialization pattern descriptor or initialization pattern, if any. The length of the defect
descriptors varies with the format of the defect list. The three formats for the defect descriptor(s) field in the defect
lists are shown in 8.2.1.1.

8.2.4.1 Detect list formats

Thie clause describes the defect list formats used in the FORMAT UNIT, READ DEFECT DATA and translate page of
the SEND DIAGNOSTIC and RECEIVE DIAGNOSTIC RESULTS commands.

NOTE 105 The selected reporting format accounts for variabies that impact the information in the returned data. For
example, the specific jocation of a defect, while constant in angular and radial location on the device, may change in
reported iocation a format operation with different geometry parameters is performed. Itis the responsibiiity of the initiator
to use a defect list format appropriate for the intended operation with the current or future geometry parameters, If the
target is able to detect that the selected defect list format would provide inconsistent results, the target may returm CHECK
CONDITION status.

Each block format defect descriptor (see table 113) specifies a four-byte defective block address that contains the
defect,

Tabie 113 -~ Defect descriptor - Biock format

Bit 7 8 & 4 3 2 1 G

o (5B}
S S befective block address ——
3 (LSB)

The defect list length is equal to four times the number of defect descriptors,

The defect descriptors should be in ascending order. More than one physical or logical block may be affected by
each defect descriptor. Atarget may return CHECK CONDITION if the defect descriptors are not in ascending order.

Each byte from index defect descriptor (see table 114) specifies the location of a defect that Is no more than eight
bytes iong.

Table 114 - Defect descriptor - Bytes from index format

Bit 7 8 5 4 3 2 l 0

Byte
0 {MSB)

—_— Cylinder number of defect  —
2 (LS8}
3 Head number of defect
4 { M5B}

e befect bytes from index et
7 {1.88)
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The defect list length is equal to eight times the number of defect descriptors.

Each descriptor is comprised of the cylinder number of defect, the head number of defect, and the defect bytes from
index to the defect. The defect descriptors shall be in ascending order. The cylinder number of defect is the most
significant part of the address and the defect bytes from index is the least significant part of the address. Morethan
one physical or logical block may be affected by each defect, [f the defect bytes from index has a value of
FFEEFFFFh, this indicates that the entire track shall be considered defective.

Each physical sector defect descriptor (see table 115) specifies the location of a defect that is the length of a sector.

Table 115 - Dafect dascriptor - Physical sector format

Bit 7 & 5 4 3 2 1 G

Byte
g (M58}

i Cylinder number of defect —
2 (LEB)
3 Moad number of defect
4 {MSB}

e Defective sector number —
7 {L5B)

The defect list length is equal to eight imes the number of defect descriptors.

Each descriptor is comprised of a cylinder number of defect, the head number of defect, and the defective sector
number, The defect descriptors shall be in ascending order. The cylinder number of defect is the most significant
part of the address and the defective sector number is the least significant part of the address, More than one block
may be affected by each defect descriptor. A defective sector number of FFFFFFFFh indicates that the entire track

shall be considered defective.
8.2.1.2 Initlalization pattern option

The initialization pattern option specifies that the logical blocks contain the specified initialization pattern. The
initialization patiern descriptor (see table 116} is sent to the target as part of the FORMAT UNIT parameter list.

Fable 116 - inBiaiization patlern descriptor

Bit 7 6 5 4 3 2 1 0
Byte

G IP modifier Reserved

-

Pattern type

(M3B)

Initialization pattern length —
(L8B})

B V- I \V]

Initialization pattern o

=

NOTE 108 The iniialization pattern option is not intended for media analysis or certification. This option may only initialize
the initiator accessible area of the media to the specified pattern ahd may not write 1o any initiator inaccessible areas of
the disk,
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The |P modifier field spec

ifies the type and location of & header that modifies the initialization pattern (zee table 117)

Table 117 - Inltiaflzation patiern modifier

IP modifier

Description

00b
o1k

10k

b

No header. The target shall not modify the initialization

attern.
?ha target shall overwrite the initialization pattern to
write the logical block address in the Tirst Tour byltes of
the logical block. The legical block address shall be
written with the most significant byte first.
The target shall overwrite the initialization pattern to
write the logical block address in the first four bytes of

The lowest numbered logical block or part thereof that
address shall be written with the most significant byte

first.
Resaerved.

The initialization pattern type field (see table 118} indicates the fype of paliern the target shall use to initialize each
logical block within the intiator accessible portion of the medium. All bytes within a fogical biock shail be written with
The initialization pattern is modified by the P modifier field as described in table 117,

the initialization patiern,

Table 118 - Initialization pattern type

Initialization  Description
pattern type
00h Use deTault pattern. (note 1}
21h Repeat the initialirzation pattern as
reguired to fiil the logical block. {note 2)
02k - 7Fh Reserved
80h - FFh Vendor-specific
Notes
1y IT the initialization pattern length is not zero the target
shall terminate the command with CHECX CONDITION status. The
sense key shall be set to ILLEGAL REQUEST and the additional
sense code to INVALID FIELD IN PARAMETER LIST.
2) If the initialization pattern length is zero the target
shall terminate the command with CHECK CONDITION status. The
sense key shall be set to ILLEGAL REQUEST and the additional

sense code To INVALID FIELD IN PARAMETER LISY.

The initialization pattern length field indicates the number of bytes contained in the initialization pattern. If the length
exceeds the current logical block size the target shall terminate the command with CHECK CONDITION status. The
o ILLEGAL REQUEST and the additional sense code shall be set to INVALID FIELD IN

sense key shall be set {

PARAMETER LIST. The paftern is modified by the [P modifier field.
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8.2.2 LOCK UNLOCK CACHE ¢ommand

The LOCK UNLOCK CACHE sommand (see table 118) requests that the {arget disaflow or allow logical blooks within
the specified range to be removed from the cache memory by the larget’s cache replacement algorithm. Locked
logical biocks may be written to the medium when modified, but a copy of the modified logical block shall remain

in the cache memory.

Table 119 «- LOCK UNLOCK CACHE command

Bit 7 8 5 4 3 2 1 &
Byte
c Operation code {36h)
1 Logical unit number Reserved Lock RelAdr
2 {MSB)
3
togical block address —
4
5 {1.58)
& Reserved
7 (M8B}
Number of blocks —
8 {1.8B)
) Control

A lock bit of one indicates that any logical block in the specified range that is currently present in the cache memory
shall be locked into cache memory. Only logical blocks that are already present in the cache memory are actually
locked. A iock bit of zere indicates that all logical blocks in the specified range that are currently locked into the
cache memory shall be uniocked, but not necessarily removed.

A relalive address {(RelAdr) bit of one indicates that the logical block address field is a two's complement
displacement. This negative or positive displacement shall be added to the logical block address last accessed on
the logical unit to form the logical block address for this command. This feature is only available when linking
commands. The feature requires that a previous command in the linked group have accessed a block of data on
the logical unit.

A RelAdr bit of zero indicates that the logical block address fieid specifies the first logical block of the range of logical
blocks to be operated on by this command.

The number of blocks speciies the total number of contiguous logical blocks within the range. A number of blocks
field of zero indicates that all remaining logical blocks on the logical unit shall be within the range,

Muttiple locks may be in effect from more than one initiator, Locks from different initiators may overlap, An uniock
of an overlapped area does not release the lock of another initiator.
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8$.2.3 PRE-FETCH command

The PRE-FETCH command {see table 120) requests that the target transfer the specified logical blocks o the cachs
memory. No data shall be transferred o the indtiator.

Table 120 - PRE-FETCH command

Bit 7 8 L3 4 3 2 1 g

Byte
4 Operation code (34h}
1 Logical unit number Reserved Immed RelAdr
2 (MSB)
3

Logical bloeck address e
4
5 {LSB}
6 Reserved
7 {MSB}

Transfer length
8 {188}
g

Control

An immediate {immed) bit of one indicales that status shall be refurned as soon as the command descriptor block
has been validated. An immed bit of zero indicates that status shall be returned after the operation is complete,

See 9.2.2 for a definition of the RelAdr bit and the logical block address field.

The transfer length field specifies the number of contiguous logical blocks of data that shall be transferred {o the
target’s cache memory. A transfer length of zero indicates that the contiguous logical blocks up to and including the
iast logical block of the logical unit shall be transferred {o the target's cache memory. Any other value indicates the
number of logical blocks that shall be transferred. The target may elect to not transfer logical blocks that already are
contained in the cache memory,

lf the Immed bit is zero and the specified logical blocks were successiully transferred o the cache memory, the targe!
shall return CONDITION MET status, If the link bit (see 7.2.7) is one, the target shall return INTERMEDIATE.
CONDITION MET status,

if immed is one, and the unjocked cache memaory has sufficient capacity to accept all of the specified logical blpeks,
the target shall return CONDITION MET status. lfthe link bit {see 7.2.7) is one, the target shall return INTERMEDIATE-
CONDITION MET status,

if immed is one, and the unlocked cache memory does not have sufficient capacity to accept all of the specified
logical blocks, the target shall return GOOD status. The target shall transfer to cache memory as many logical blocks
as will fit, f the link bit {(see 7.2.7) is one, the target shall return INTERMEDIATE status,
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9.2.4 PREVENT ALLOW MEDIUM REMOVAL command

The PREVENT ALLOW MEDIUM REMOVAL command (see table 121) requests that the target enable or disable the
removal of the medium in the logical unit. This mechanism is independent of device reservations and the target shall
not allow medium removal if any initiator currently has mediurm removal prevented,

Table 121 « PREVENT ALLOW MEDIUM REMOVAL command

Bit 7 8 5 4 3 2 1 )
Byte
G Operation code {1Eh)
1 togical unit number Reserved
2 Reserved
3 Reserved
4 Reserved Prevent
5 Control

The prevention of medium removal shall begin when any initiator issues a PREVENT ALLOW MEDIUM REMOVAL
command with a prevent bit of one (medium removal prevented). The prevention of medium removal for the logical

unit shall terminate:
a) after allinitiators that have medium removal prevented issue PREVENT ALLOW MEDIUM REMOVAL commands

with a prevent bit of zero, and the target has successfully performed a synchronize cache operation;
b) upon the receipt of a BUS DEVICE RESET message from any initiator; or
¢} upon a hard RESET condition.

While a prevention of medium removal condition is in effect the target shall inhibit mechanisms that normaily allow
removal of the medium by an operator,
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9.2.5 BEAD(B) command

The READ(6) command {see table 122} requests that the target transfer data to the inftiator. The most recent data
vaiue written in the addressed logical block shail be returned.

Table 122 - READ(S) command

Bit 7 [ L5 4 3 2 1 1]
Byte

G Operation code (08h}

1 togical unit number (MS8)

2 Legical blotk address T
3 (LSB) |
4 TransTer length

5 Control

The cache control bits {see 9,2.8) are not provided for this command. Targets with cache memory may have values
for the cache control bits that affect the READ(6) command; however, no default value is defined by this standard.
if explickt control is required, the READ{10} command should be used.

The logical block address field specifies the logical block at which the read operation shall begin.

The transfer length field specifies the number of contiguous logical blocks of data {o be transferred. A transfer length
of zero indicates that 256 Jogical blocks shall be transferred. Any other value indicates the number of logical blocks
that shail be transferred,

g.2.6 READ(10) command

The BEAD{10) command {see table 123} requests that the target transfer data to the initiator. The most recent data
value written in the addressed logical biock shall be returned,

Table 123 -~ READ{10} command

Bit 7 6 5 4 3 2 % 8]
Byte

o CGperation code {28h)

1 Logical unit number Dro FUA Reserved Re lAdr
2 {MSB)

3

P Logical block address e
5 {158)
6 Reserved

7 {MSB)

Transtfer length

8 {LsB}
2] Contrel

6
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A disable page out (DPO) bit of one indicates that the target shall assign the logical blocks accessed by this
command the lowest priority for being fetched into or retained by the cache. A DPO bit of one overrides any retention
priority specified in the cache page (see 9.3.3.1). A DPO bit of zero indicates the priority shall be determined by the
retention priority fields in the cache page. All other aspects of the algorithm implementing the cache memory
replacement strategy are not defined by this standard.

NOTE 107 The DPO bit is used fo controf replacemaert of logical blocks in the cache memory when the host has information
on the future usage of the logical blocks, If the DPO bit is set to one, the host knows the fogical biocks accessed by the
command are not likely to be accessed again in the near fulure and should not be put in the cache memory nor retained
by the cache memery. If the DPQ bit is zero, the host expects that logical blocks accessed by this command are likely
10 be asceessed again in the near future,

A force unit access (FUA) bit of one indicates that the target shall access the media in performing the command prior
to returning GOOD status. Read commands shall access the specified logical blocks from the media (i.e. the data
is not directly retrieved from the cache). In the case where the cache contains a more recent version of a logical
block than the media, the logical block shall first be written to the media. Write commands shall not return GOOD
status untit the logical blocks have actually been written on the media (i.e. the data is not wrile cached).

An FUA bit of zero indicates that the target may satisfy the command by accessing the cache memory. For read
operations, any logical blocks that are contained in the cache memory may be transferred to the initiator directly from
the cache memory. For write operations, logical blocks may be transferred directly to the cache memory. GOOD
status may be returned to the initiator prior to writing the logical blocks to the medium. Any error that occurs after
the GOOD status is returned is a deferred error, and information regarding the error is not reported until a subsequent

command.
See 9.2.2 for a definition of the RelAdr bit and the Jogical block address field.

The transfer iength field specifies the number of contiguous iogical blocks of data that shall be transferred. Atransfer
length of zero indicates that no logical blocks shall be transterred. This condition shall not be considered an error.
Any cther value indicates the number of logical blocks that shall be transferred.

9.2.7 READ CAPACITY command

The READ CAPACITY command (see iable 124) provides a means for the initiator to request information regarding
the capacity of the legical unit.

Table 124 -~ READ CAPACITY command

8it 7 6 5 4 3 2 1 o
Byte

o Cperation code {25h)

1 togical unit number Beserved RelAdr
2 {MSR}

- o—
p Logical block address

5 (L8B) |
& Aeserved

7 Reserved

8 Reserved PMI

g Control
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See 9.2.2 for a definition of the RelAdr bit and the logical block address field.

The logical block address shall be zero if the PMI bit is zero, I the PMI bit is zero and the logical block address |
not zero, the target shall return a CHECK CONDITION status, the sense key shall be set to ILLEGAL REQUEST an

the additional sense code set to ILLEGAL FIELD IN CDB.

A partial mediurn indicator (PMI) bit of zero indicates that the returned logical block address and the biock length i

bytes are those of the last logical block on the logical unit.

A PMI bit of one indicates that the refumed logical biock address and block length in bytes are those of the logic:
block address after which a substantial delay in data transfer will be encountered, This returnad logical block addres
shall be greater than or equal to the logical block address specified by the RelAdr and logical block address field

in the command descriptor block.

NOTE 108 This function is intended to assist storage management software in determining whether there is sufficient space
on the current track, evlinder, efc., 1o cordain a frequently accessed data struciure, such as a file directory or file index,

without incurting at access delay.

The READ CAPACITY data {see table 125) shall be sent during the DATAIN phase of the command,

Table 125 - READ CAPACITY data

Bit 7 & 5 4 3 it

Byte
o {MSB)

o — Returned logical block address S
3 (LSB)
4 (488}

it s Block length In bytes —
7 {158}
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9.2.8 READ DEFECT DATA command

The READ DEFECT DATA command (see table 126) requests that the target transfer the medium defect data to the
initiator.
Table 126 - READ DEFECT DATA command

git 7 & 5 4 3 2 1 o
Byte
i Cperation code (37h}

—_

togical unit number Reserved

Reserved Plist Glist Befact list format

Reservad

Reserved

Heserved

Reserved

(MSB)
Allocation length

(LSB)

DI~ @R WM

Control

if the target is unabie to access any medium defect data, it shall terminate the command with CHECK CONDITION
status. The sense key shall be set to either MEDIUM ERROR, # a medium error occurred, or NO SENSE, # the list
does not exist; and the additional sense code shall be set to DEFECT LIST NOT FOUND,

NOTE 109 Some fargets may hot be able to return medium defect data unté after a FORMAT UNIT command has been
completed succeassfully,

A primary defect list (Plist) bit of one request that the target return the primary list of defects. A Plist bit of zero
requests that the target not return the primary list of defects.

A grown defect list (Glist) bit of one request that the target return the grown defect list. A Glist bit of zero requests
that the target not return the grown defect list.

A Plist bit of one and a Glist bit of one requests that the target return the primary and the grown defect lists, The
order in which the lists are returned is vendor-specific. Whether the lists are merged or not is vendor-specific,

A Plist bit of zero and a Glist bit of zero requests that the target return only the defect list header.

The defect list format field is used by the initlator to indicate the preferred format for the defect list. This field is
intended for those targets capabie of relurning more than one format, as defined in the FORMAT UNIT command (see
9.2.1.2, defect list format), A target unable to return the requested format shall return the defect list in its default
format {see the defect list format field in the defect list header below}.

if the requested defect iist format and the returned defect list format are not the same, the target shall transfer the
defect data and then terminate the command with CHECK CONDITION status. The sense key shall be set to
RECOVERED ERROR and the additional sense code shall be set to DEFECT LIST NOT FOUND.

The READ DEFECT DATA defect list {see table 127) contains a four-byte header, followed by zero or more defect
descriptors.
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Tabie 127 - READ DEFECT DATA defect list

Bit 7 & 5 4 3 2 1 0
Byte
0 Reserved
1 Reserved Plist Glist Defect 1ist format
2 {MSB)
Defect list length
3 (LSB)
Defect descriptor(s}) {if any}
0 Defect desoriptor {
(See specific table Tor length.) |
f
0 Defect descriptor x
{See speacific table for length.} e
n

A Plist bit of one indicates that the data returned contains the primary defect list. A Plist bit of zero indicates that the
data returned does not contain the primary defect list,

A Glist bit of one indicates that the data returmned contains the grown defect jist. A Giist bit of zero indicates that the
data returned does not contain the grown defect list,

The defect list format field indicates the format of the defect descriptors returned by the target. This field is definec
in the FORMAT UNIT command (see 8.2.1.2).

NOTE 110 The use of the block format is not recommended. There is no universal model that sensibly defines the meaning
of the logical block address of a defect. In the usual case, a defect that has been reassigned no longer has a logical block
address.

Defect descriptors returned in the block format are vendor-specific. Defect descriptors returned in the physical secto!
format may or may not include defects in areas not accessible to the initiator. Defect descriptors returned in bytes-
from-index format shall comprise a complete list of defects, A complete list of defects may include defects in areas
not within the capacity returned in the READ CAPACITY command.

The defect list length field specifies the length in bytes of the defect descriptors that follow. The defect list length ic
equal to four or eight times the number of defect descriptors, depending on the format of the returned descriptors
(see 8.2.1.1).

Hthe allocation length is insufficient to transfer all of the defect descriptors, the defect list length shall not be adjusted
o reflect the truncation. The target shall not create CHECK CONDITION status. The initiator is responsible for
comparing the defect list length and the allocation length to ensure that a partial list was not received.

NOTE 111 The inftialor may determine the length of the defect list by sending the READ DEFECT DATA command with an
aliccation length of four. The target wilt return the defect list header that cortains the length of the defect fist.

The defect descriptors may or may not be sent in ascending order. The initiator may determine the exact number
of defects by dividing the defect list length by the length of a single defect descriptor for the returned format.
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9.2.9 READ LONG command

The READ LONG command {see table 128) requests that the target transfer daia to the initiator. The data passed
during the READ LONG command is vendor-specific, but shail include the data bytes and the ECC bytes recorded
on the medium. The most recent data writken in the addressed logical biock shall be returned.

Table 128 - READ LONG command

Bit 7 8 5 4 3 2 1 0
Byte
0 Operation code {3Eh) _
1 togical unit number Heserved CORRCY | RelAdr
2 {MSB}
3
Logical block address ——
4
5 (L5B)
6 Reserved
7 {MSB)
Byte transfer length
8 {L.8B)
9 Control '

NCTE 112 Any other bytes that can be corrected by ECC should be included (e.q. data synchronization mark within the
area covered by ECC). It is not important for the ECC bytes to be at the end of the data bytes, however, they should be
in the same order as they are on the media.

A corrected (CORRCT) bit of zero causes a logical block to be read without any correction made by the target. A
CORRCT bit of one causes the data to be corrected by ECC before being transferred to the initiator.

See 9.2.2 for a definition of the ReilAdr bit and the logicai block address field.

The byte transfer jength fieid should specify exactly the number of bytes of data that are available for transfer. fa
non-zero byte transfer length does not exactly match the avaiflable data length, the target shall terminate the
command with CHECK CONDITION status, the sense key shall be set to LLEGAL REOUEST and an additional sense
code set to INVALID FIELD IN CDB, The valid and L bits shall be set to one and the information field shall be set

o the difference {residue) of the requested length minus the actual lengthin bytes, Negative vaiues shall be indicated
by two's complement notation.

A byte transfer length of zero indicates that no bytes shall be transferred and shall not be considered an error.
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9.2.10 REASSIGN BLOCKS command

The REASSIGN BLOCKS command {see table 129} requests the target to reassign the defective logical biocks to
another area on the medium set aside for this purpose. The target should also record the location of the defective
logical blocks to the grown defect list if such a list is supported. More than one physical or logical block may be
refocated by each defect descriptor sent by the initiator. This command does not alter the contents or location of
the Plist {see 9.2.1, FORMAT UNIT command).

Table 129 - REASSIGN BLOCKS command

git 7 8 5 4 3 2 1 O
Byte
g Operation code (07h)
% togical unit number Reserved
2 Reserved
3 Reserved
4 Reserved
5 Control

The initiator transfors a defect list that contains the logical biock addresses to be reassigned. The target shall
reassign the physical medium used for each logical block address in the list. The data contained in the logical blocks
specified in the defect list may be altered, but the data in all other logical blocks on the medium shall be preserved,

NOTE 113 The effect of specifying a logical block fo be reassigned that previcusly has been reassigned is to reassign the

block again, Over the life of the medium, & fogical block can be assigned to multiple physical addresses urntil no more
spare locations remain on the medium,

The REASSIGN BLOCKS defect list {see table 180} contains a four-byte header followed by one or more defect
descriptors. The length of each defect descriptor is four bytes,

Table 130 - REASSIGN BLOCKS defect iist

Bit 7 & 5 4 3 2 1 G

Byte
o Heserved
1 Reserved
2 (MSB)

Befect list length —
3 (LSB)
Defect descriptor{s)
0 {MSB)

— e e Defact iogical bloek address R
3 {L88)
0 (M8}

i Defect logical block address —
3 {1.58)
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The defect list length field specifies the total length in bytes of the defect descriptors that follow. The defect listlength
is equal to four times the number of defect descriptors and does not include the defect list header length.

The defect descriptor specifies a four-byte defect logical block address that contains the defect. The defect
descriptors shall be in ascending order,

If the logical unit has insufficient capacity to reassign all of the logical blocks specified in the defect descriptors, the
command shall terminate with CHECK CONDITION status, the sense key shall be set to HARDWARE ERROR and
the additional sense code set to NO DEFECT SPARE LOCATION AVAILABLE.

If the logical unit is unable to successfully complete a REASSIGN BLOCKS command, the command shall terminate
with CHECK CONDITION status with the appropriate sense information. The logical block address of the first defect
descriptor not reassigned shall be returned in the command-specific information field of the sense data. finformation
about the first defect descriptor not reassigned is not available, or if all the defects have been reassigned, this field

shall be set to FFEFFFFFY.

Ifthe REASSIGN BLOCKS command failed due to an unexpected unrecoverable read error that would cause the loss
of data in a block not specified in the defect list, the logical block address of the unrecoverable block shall be
returned in the information field of the sense data and the valid bit shall be set to one.

NOTE 114 If the REASSIGN BLOCKS command returns CHECK CONDITION status and the sense data command-specific
information field contains a valid logical block address, the initiator should remove all defect descriptors from the defect
fist prior to the one returned in the command-specific information field, If the sense key is MEDIUM ERRCR and the valid
bit is one (the information field contains the valid block address} the initiator shouid insert that new defective logical biock
address into the defect list and reissue the REASSIGN BLOCKS command with the new defect list. Otherwise, the initiator
should perform any corrective action indicated by the sense data and then reissue the REABSIGN BLOCKS command with
the new defect list.

9.2.11 RELEASE command

The RELEASE command (see table 131) is used to release a previously reserved logical unit, or, if the extent release
option is implemented, 1o release previously reserved extents within a logical unit.

Table 131 « RELEASE command

By‘%ét 7 8 8 4 3 2 1 0

o Operation code (17h)

1 l.ogical unit number 3rdPty Third party device ID Extent
2 Reservation identification

3 Reserved

4 Reserved

5 Control

The RESERVE and RELEASE commands provide the basic mechanism for contention resolution in multiple-initiator
systems, A reservation may only be released by the initiator that made it. It is not an error for an initiator to attempt
to release a reservation that is not currently valid, or is held by another initiator, In this case, the target shall return
GOO0D status without altering any other reservation,

NOTE 115 The reservation queuing option in X3.131-1886 has been removed from SC81-2.
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9.2.11.1 Loglecal unit release

Implementation of logical unit release is mandatory. If the extent bit is zero, this command shail cause the target to
terminate all non-third-party logical unit and extent reservations that are active from the initiator to the specified logica:
unit. The reservation 1D field in the command descriptor block is ignored by the target,

9.2.11.2 Extent release

implementation of extent release is optional. ifthe extent bit s one and the extent release option is not implemented,
then the RELEASE command shall be terminated with CHECK CONDITION status and the sense key shall be set to
ILLEGAL REQUEST. This option shall be implemented if the extent reservation option {see 9.2.12.2) is implemented.

If the extent bit is one and the extent release option is implemented, this command shall cause any reservation from
the requesting initiator with a matching reservation identification to be terminated. Other reservations from the
requesting initiator shall remain in effect,

8.2.11.3 Third-party releasa

implementation of third-party release is mandatory. Third-parly release allows an initiator to release a logical unit or
extents within a logical unit that were previously reserved using third-party teservation (see 9.2.12.3), Third-party
release shall be implemented and is intended for use in multiple-initiator systems that use the COPY command.

if the third-party {3rdPty) bit is zero, then a third-party release is not requested. ifthe 3rdPly bitis one then the target
shall release the specified logical unit or extents, but only if the reservation was made using a third-party reservation
by the initiator that is requesting the release for the same SCS| device as specified in the third-party device 1D field.

If the 3rdPty bit is one the target shall not modify the mode parameters for commands received from the third-party
device even i the target implements the transfer of mode parameters with a third-party RESERVE command.

NOTE 116 if & target implements independent sicrage of mode parameters for each initiator, a third-party RESERVE
command copies the current mode parameters for the initiator that sent the RESERVE command to the current mode
parameters for the initiator specified as the third-party device (usually a copy master device). A unit attention condition
notifies the third-party of the changed mode parameters due to the reservation. A successful third-party RELEASE
command does not return the third-party devices' current mode parameters back to their previous values. The third-party
device can issue MODE SENSE and MODE SELECT commands to query and modify the moede parameters,
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9.2.12 RESERVE command

The RESERVE command {see table 132) is used to reserve a logical unit or, if the exient reservation option is
implemeanted, extents within a logical unit,

Table 132 - RESERVE command

Bit 7 8 5 4 3 2 1 o
Byte

0 Operation code {16h)

1 Logical unit number SrdPty | Third party device ID Extent

Reservation identification

(MSB)
Extent list length S
{L5B)

| & | R

Control

The RESERVE and RELEASE commands provide the basic mechanism for contention resclution in multiple-initiator
systems. The third-party reservation alfows logical units or extents to be reserved for another specified SCSI device.

NOTE 117 The reservalion gueuing option i X8.131-1886 has been removed from SCEI-2.

9.2.12.1 Logical unit reservation

implementation of jogical unit reservation is mandatory. if the extent bit is zeto, this command shall request that the
entire iogical unit be reserved for the exclusive use of the initiator until the reservation is superseded by another valid
RESERVE command from the initiator that made the reservation or until released by a RELEASE command from the
same initiator that made the reservation, by a BUS DEVICE RESET message from any initiator, by a hard RESET
condition, or by a power on cycle. A logical unit reservation shall not be granted ¥ the logical unit or any extent is
reserved by another initiator, 1t shall be permissible for an initiator to reserve a logical unit that is currently reserved
by that initlator, If the extent bit is zero, the reservation identification and the extent list fength shall be ignored.

if the logical unit, or any extent within the logical unit is reserved for ancther initiator, the target shall retum
RESERVATION CONFLICT status.

i, after honouring the reservation, any other initiator attempts to perform any command on the reserved logical unit
other than an INQUIRY, REQUEST SENSE, PREVENT ALLOW MEDIUM REMOVAL (with a prevent bit of zerp), ora
RELEASE command the command shall be rejected with RESERVATION CONFLICT status.

9.2.12.2 Exient reservation

Implementation of extent reservation is optional. The reservation identification field provides a means for an initiator
{o identily each extent reservation. This allows an initiator in & multiple tasking environment, to have muitipie
raservations outsianding. The reservation identification is used in the RELEASE command to specify which
reservation is to be released. ltis also used in superseding RESERVE commands to specify which reservationis to
be superseded.

it the exient reservation option Is implemented, then the extent release option (see 9.2.11.2) shall also be
implemented, These options permit multipie extents within the logical unit to be reserved, each with a separate
reservation type.

ifthe extent bit is one, and the extent reservation option is implemented, then the target shall process the reservation
reauest as follows:
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a)

The extent fist shall be checked for the number of extents in the reservation request. If the extent list length
is zero, no current reservations shall be changed, no new reservations shall be created, and this condition shall
not be treated as an error. [f the extent list contains more extents than are supported on the logical unit, the
command shall be terminated with CHECK CONDITION status and the sense key shali be set to ILLEGAL
REQUEST. If the extent list contains more extents than are currently available on the logical unit, then the
target shall return a RESERVATION CONFLICT status.

b) The extent list shall be checked for valid extent logical block addresses. If any logical block address is invalid

for this logical unit, the command shall be terminated with CHECK CONDITION status and the sense key shall
be set to ILLEGAL REQUEST. The extent list shall be checked for invalid extent overlaps (as defined by
resetvation type) with other extent descriptors in the extent list and if invalid overlaps are found, the command
shall be terminated with CHECK CONDITION status and the sense key shall be set to ILLEGAL REQUEST.

ffthe requested reservation does not conflict with an existing reservation, the extents specified shall be reserved
until superseded by another valid RESERVE command from the initialor that made the reservation or until
refeased by a RELEASE command from the same initiator, by a BUS DEVICE RESET message from any
initiator, or by a hard RESET condition, If either of the last two conditions occur, the next command from each
inftiator shall be terminated with CHECK CONDITION status and the sense key shall be set to UNIT

ATTENTION,

d) I the reservation request conflicts with an existing reservation, then the target shall return a RESERVATION

CONELICT status.,

If the extent bit is one, and the extent reservation option is not implemented, then the RESERVE command shall be
rejected with CHECK CONDITION status and the sense key shall be set to ILLEGAL REQUEST.

The size of the extent list shall be defined by the extent list length field. The extent list shall consist of zero or more
descriptors as shown in table 133, Each extent descriptor defines an extent beginning at the specified logical block
address for the specified number of blocks. If the number of blocks is zero, the extent shall begin at the specified
logical block address and continue through the last logical block address on the logical unit.

Table 133 - Data format of extent descriptors

Bit 7 8 5 4 3 2 1 G

Byte
0 Reserved RelAdr ! Reservation type
1 {MSB}

TR N Mumber of blocks e
3 (LSB)
4 {MSB}

e Logical block sddress ]
7 {LSB}

The reservation type field shall define the type of reservation in effect for the exdent. The {ypes of reservation are
defined in table 134,

Table 134 - Reservation types

Reservation Type Description
00k Read shared
Cib Write exclusive
10b Read exclusive
11b Exclusive access

a) Be_ad exciusive. While this reservation is aclive, no other initiator shall be permitted read operations to the
indicated extent. This reservation shall not inhibit write operations from any initiator or conflict with a write
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exclusive reservation: however, read exclusive, exclusive access, and read shared reservations that overlap this
extent shall conflict with this reservation,

b) Write exclusive. While this reservation is active, no other initiator shall be permitted write operations to the
indicated extent. This reservation shall not inhibit read operations from any initiator or confiict with a read
exciusive reservation from any initiator, This reservation shall conflict with write exclusive, exclusive access, and
read shared reservations that overlap this extent.

c) Exclusive access. While this reservation is active, no other initiator shall be permitted any access to the indicated
extent. All reservation types that overlap this extent shall conflict with this reservation.

d} Read shared. While this reservation is active, no write operations shall be permitted by any initiator to the
indicated extent, This reservation shall not inhibit read operations from any initiator or confiict with a read shared
reservation. Bead exclusive, write exclusive, and exclusive access reservations that overiap with this extent shall
conflict with this reservation.

i the relative address bit is one, the logical block address in the extent descriptor shall be treated as a two's
complement displacement. This displacement shall be added to the logical block address Jast accessed on the
logical unit to form the logical block address for this extent. This feature is only available when linking commands
and requires that a previous command in the linked group has accessed a logical block on the logical unit; if not,
the RESERVE command shall be terminated with CHECK CONDITION status and the sense key shall be set o

ILLEGAL REQUEST.

If an initiator attempts a command to a logical block that has been reserved and that access is prohibited by the
reservation, the command shall not be performed and the command shall be terminated with a RESERVATION
CONFLICT status. if a reservation conflict preciudes any part of the command, none of the command shall be
performed. COPY commands shall be terminated with CHECK CONDITION status and the sense key shall be set
to DATA PROTECT if any part of the copy operation is prohibited by an active reservation. [f any extent in a logical
unit is reserved in any way, by any initiator, a FORMAT UNIT command shall be rejected with a RESERVATION

CONFELICT status.
9.2.12.3 Third-party reservation

implementation of third-party reservation is mandatory. The third-party reservation for the RESERVE command allows
an initiator to reserve a logical unit or extents within a logical unit for another SCSI device. This is intended for use
in multiple-initiator systems that use the COPY command. Third-party reservation is required.

if the third-party (8rdPty) bit is zero, then a third-party reservation is not requested. [f the 3rcdPty bit is one then the
target shali reserve the specified logical unit or extents for the SCS! device specified in the third-party device ID field.
The target shall preserve the reservation until it is superseded by another valid RESERVE command from the initiator
that made the reservation or untit it is released by the same initiator, by a BUS DEVICE reset message from any
initiator, or a hard reset condition. The target shall ignore any attempt to release the reservation made by any other
initiator,

if independent sets of parameters are implemented, a third party reservation shali cause the target to transfer the set
of parameters in effect for the initiator of the RESERVE command to the parameters used for commands from the
third party device. Any subsequent command issued by the third-parly device is executed according to the mode
parameters in effect for the initiator that sent the RESERVE command.

NOTE 118 This transfer of the mode parameters is applicable to target devices which store mode information independently
for different initiators. This mechanism allows an initiator to set the mode parameters of a target for the use of a copy
master {Le. the third-party device). The third-parly copy master may subsequently issue a MODE SELECT command t©
madify the maode parameters.
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8.2.12.4 Sugerseding reservations

implementation of superseding reservations is mandatory, Aninitiator that holds a current reservation {unit or extent)
may modify that reservation by issuing another RESERVE command (unit or extent) to the same logical unit. The
superseding RESERVE command shalirelease the previous reservation state (unit or extent) when the new reservation
request is granted. f the superseding reservation is for an extent reservation and the current reservation is aiso an
extent reservation, the current extent reservation identification value is used for the superseding reservation, The
current reservation shall not be modified if the superseding reservation request cannot be granted. Ifthe superseding
reservation cannot be granted because of conflicts with a previous reservation (other than the reservation being
superseded), then the target shalf return RESERVATION CONFLICT status.

NOTE 118 Superseding reservations allow the 8CS! device I to be changed on a reservation using the third-party
reservation option. This capability is necessary for certain situations when using COMPARE, COPY, and COPY AND
VERIFY commands.

9.2.13 REZERO UNIT command

The REZERO UNIT command (see table 135) requests that the target set the logical unit to a specific state, See
vendor specificaiions for details.

Tabie 135 - REZERO UNIT command

Bit 7 6 5 4 3 2 1 o
Byte

g Operation code {(01h)

1 lL.ogical unit number Reserved

2 Reserved

3 Reserved

4 Reserved

5 Control
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9.2.14 SEARCH DATA commands

The SFARCH DATA commands (see tabie 136) search one or more logical blocks for equality or inequality to a data
pattern. The concept of records within a logical block is used 1o allow multiple records within a logical block 1o be

searched.

Table 136 - SEARCH DATA commands

Bit 7 6 5 4 3 2 1 0

Byte
c Operation code {31h 30h 32h}
1 toglecal unit number invery Reserved Spndat | RelAdr
2 (MSB)
3

l.ogical block address —
4
5 {LSB)
6 Reserved
7 (MSB) '

Number of blocks to search e —
8 (L8B)
8 Controil

The invert bit determines whether the search condition is to be inverted, See 9.2.14.1 through 9.2.14.3 for a
description of the search conditions for the individual SEARCH DATA commands,

A spanned data {SpnDat) bit of zero indicates that each record shall be wholly contained within a single block. Any
space at the end of a block that is smaller than the record length is ignored by the SEARCH DATA commands, A
SpnDat bit of one indicates that records span block boundaries {i.e. record may start in one block and end in the
next or a subseqguent block.

The number of biocks 1o search field specifies the maximum number of contiguous legical blocks to be searched.
A value of zero indicates that no logica! biocks shall be searched, This condition shall not be considered an error.
Any other value indicates the maximum number of logical blocks that shall be searched.

A link bit (see 7.2.7) of zero indicates a non-linked command and if the search is satisfied, the command shall be
terminated with a CONDITION MET status. A REQUEST SENSE command can then be issued to determine the
logical block address and record offset of the matching record. If the search is not satisfied and no error occurs, the
command shall be terminated with GOOD siatus,

A link bit {see 7.2.7) of one indicates a command is linked to the SEARCH DATA command and if the search is
satisfied, INTERMEDIATE-CONDITION MET siatus is returned and the next command is executed, if the RelAdr bit
in the next command is one, the logical block address of the next command is used as a displacement from the
logical block address at which the search was satisfied. If a linked search is not satisfied, the command is terminated
with CHECK CONDITION status. A REQUEST SENSE command may then be issued.

A REQUEST SENSE command following a satisfied SEARCH DATA command shall:
a) return a sense key of EQUAL # the search was satisfied by an exact match, If the search was satisfied by an
inequality then a sense key of NQ SENSE shall be returned.
b} return the valid bit set to one.
¢} retum the logical block address of the logical block containing the first matching record in the information field,
d) return the record offset of the matching record in the command-specific information field.
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A REQUEST SENSE command following a SEARCH DATA command that is not satisfied shall:
a} return a sense key of NO SENSE, if no etrors occtred during the command execution.

b} return the valid bit set to zero,

The SEARCH DATA parameter list (see table 137) contains a fourteen-byte header, followed by one or more searct
argument descriptors.

tTable 137 - SEARCH DATA parameler list

Bit 7 6 5 4 3 2 1 0

Byte
s} {MSB)

T S Logical record length o
3 {Ls8}
4 {M8B}

IR S First record offset e
7 {LSB)
8 {MSB)

SR S Number of records —
11 (LSB)
12 (MSB)

Bearch argument length =]
18 {L5B)
Search argument descriptor{s)
0 {MSB)

S N Displacement e
3 {188}
4 (MSE)

Pattern length R
5 {L.5B)
6

Pattern ]
a

The logical record length field specifies the record length in bytes.

The first record offset field specifies the number of bytes that shall be ignored in the first logical block before the
search begins. if the value of the first record offset field shali is larger than the logical biock length the target shall
terminate the command with a CHECK CONDITION status, set the sense key to HLLEGAL REQUEST and set the
additional sense code to INVALID FIELD IN PARAMETERS LIST. Subsequent logical blocks shali be searched
beginning with the first byte in the logical bleck. This permits one or more recorde 1o be skipped initially,

The number of records field specifies the maximum number of records that shall be searched by this command, An
search shall terminate when the search pattern is found or when the number of records is exhausted or when the
number of biocks {o search is exhausted,

The search argument length field specifies the length in byles of all the search argument descriptors that foliow,

NOTE 120 Since the pattern length can vary, there is no fixed multiple of the search argument deseriptor to determine the
ssgrch argument iength.

The search argument descriptors specify one or more search conditions to execute within a single record in order
to satisfy the search. Each search argument descriptor is made up of a displacement field, a pattern length field, and
& paftern field,
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The displacement field specifies the dispiacement in bytes of the first byle of the data to be compared from the start
of the logical record.

The pattern length field specifies the length in bytes of the pattern that follows,
The pattern field specifies the data to compare to the logical record.

8.2.14.1 SEARCH DATA EQUAL command

The SEARCH DATA EQUAL command {see table 136, operation code 31h) shall be satisfied by the first logical record
searched that contains data that satisfies all of the search argument descriptor{s). if the invert bit in the command
descriptor block is zero, the search argument descriptor(s) shall be satisfied by data in the logical record being equal
to the data in the pattern. If the invert bit is one, the search argument descriptor(s) shall be satisfied by data in the
logical record being not equal to the data in the pattern, (See 98.2.14,)

9.2.14.2 SEARCH DATA HIGH command

The SEARCH DATA HIGH command (see table 136, operation code 30h) shall be satisfied by the first logical record
searched that contains data that satisfies all of the search argument descriptor(s). If the invert bit in the command
descriptor block is zero, the search argument descriptor(s) shall be satisfied by data in the logical record being
greater than the data in the pattern. If the invert bit is one, the search argument descriptor(s} shall be satisfied by
data in the logical record being jess than or equal to the data in the pattern. {See 8.2.14)

9.2.14.3 SEARCH DATA LOW command

The SEARCH DATA L.LOW command (see table 136, operation code 32h) shail be satisfied by the first iogical record
searched that contains data that satisfies all of the search argument descriptor(s). If the invett bit in the command
descriptor block is zero, the search argument descriptor(s) shall be satisfied by data in the logical record being less
than the data in the pattern. If the invert bit is one, the search argument descriptor(s) shall be satisfied by data in
the logical record being greater than or equal to the data in the pattern. (See 9.2.14.)

9.2.15 SEEK(8) and SEEK(1¢) commands

The SEEK(S) (see table 138) and SEEK(10) {see table 139) commands request that the logical unit seek to the
specified iogical biock address.

‘Table 138 - SEEK(6} command

Bit 7 6 5 4 3 2 1 0
Byte
c Cperation code {{Bh)
1 ftogical unit number {MSB)
2 Logical block address
5 {1.58}
4 Raserved
5 Control
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Table 139 -~ SEEK(10) command

Bit 7 7] 5 4 3 2 1 0
Byte

c Operation code (2Bh)

4 t.ogical unit number Reserved

2 (M8}

j L.ogical block address ——
5 | (LSB) |
6 Reserved

7 Reserved

8 Reserved

8 gontrol

9.2.16 SET LIMITS command

The SET LIMITS command (see table 140) defines the range within which subsequent linked commands may operate.
A second SET LIMITS command may not be linked to a chain of commands in which a SET LIMITS command has
already been issued.

Table 140 « SET LIMITS command

Bit 7 8 5 4 3 2 1 &
Byte
0 Operation code (33h)
1 Logical unit number Reserved RdInh wWrinh
2 (MSB)
3
Logical block address e
-3
5 (LSE)
& Reserved
7 {MSB}
Number of blocks o]
a {1.88)
9 Control

The read inhibit {Rdinh) bit of one indicates that read operations within the range shall be inhibited.
A write inhibit (Wrinh) bit of one indicates that write operations within the range shall be inhibited.
The logical block address field specifies the starting address for the range.

The number of blocks field specifies the number of logical blocks within the range. A number of blocks of zero
indicates that the range shall extend to the last logical block on the logical unit.
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Any attempt to access outside of the restricted range or any altempt 1o perform an inhibited operation within the
restricted range shall not be performed. The command shall be terminated with CHECK CONDITION status and the
sense key shall be set to DATA PROTECT. A second SET LIMITS command within a linked list of commands shall
be rejected with CHECK CONDITION status and the sense key shall be set to DATA PROTECT.

8.2.17 START STOP UNIT command

The START STOP UNIT command (see table 141) requests that the target enable or disable the logical unit for media
access operations.

Table 141 - START STOP UNIT command

Bit 7 6 5 4 3 2 1 0
Byte

0 Operation code {(18h}

1 t.ogical unit number Heserved Immed
2 Reserved

3 Reserved

4 Reserved LoEi Start
5 Control

An immediate {immed) bit of one indicates that status shail be returned as soon as the command descriptor block
has been validated. An Immed bit of zero indicates that status shall be returned after the operation is completed.

A load eject (LoEj) bit of zero requests that no action be taken regarding loading or ejecting the medium. A LoEj bit
of one requests that the medium shall be unloaded if the start bit is zero. A LoEj bit of one requests that the medium
is 10 be loaded if the start bit is one.

A start bit of one requests the logicai unit be made ready for use. A start bit of zero requests that the logical unit be
stopped (media cannot be accessed by the initiator).

Targets that contain cache memory shal implicitly perform a SYNCHRONIZE CACHE command for the entire medium
prior to executing the STOP UNIT command.
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8.2.18 SYNCHRONIZE CACHE command

The SYNCHRONIZE CACHE command {see table 142) ensures that logical blocks in the cache memory, within th«
specified range, have their most recent data value recorded on the physical medium. If a more recent data value fo
a logical block within the specified range exists in the cache memory than on the physical medium, then the logica
block from the cache memory shall be written to the physical medium. Logical blocks are not necessarily removec
from the cache memory as a result of the synchronize cache operation.

Table 142 »- SYNCHRONIZE CACHE command

#it 7 6 L 4 3 2 1 0
Byte
o Cperation code (35h)
1 Logical unit number Reserved Immed RelAdr
2 {MSB)
3
Logical block address B
4
5 (1.8B)
& Reserved
7 {MSB)
Number of blocks —_—
B {L8B)
g Control

An immediate {(immed) bit of one indicates that the target shall return status as soon as the command descripto:
block has been validated, Animmed bit of zero indicates that the status shall not be returned until the operation ha:
been completed. if the Immed bit is one and the target does not support it then the command shall terminate witt
CHECK CONDITION status. The sense key shall be set to ILLEGAL REQUEST and the additional sense code shal
be set to INVALID FIELD IN CDB.

See 9,2.2 for a definition of the RelAdr bit and the logical block address field.

The number of blocks field specifies the total number of contiguous logical blocks within the range. A number ¢
blocks of zero indicates that all remaining logical blocks on the logical unit shall be within the range.

A logical block within the specified range that is not in cache memory is not considered an error.
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8.2.19 VERIFY command
The VERIFY command {see table 143) requests that the target verify the data written on the medium.

Table 143 « VERIEY command

Bit 7 8 5 4 3 2 i 0
Byte
c Operation code {2Fh)
1 logical unit number oPC  |ReservedReserved] BytChk RelAdr
2 {MSB)
3
l.ogical block address —
4
5 (L8B)
8 Reserved
7 (MSB}
Verification length
8 (158}
g Contrel

ifthe MODE SELECT command is implemented, and the verify error recovery parameters page is also implemented,
then the current settings in that page specifies the verification error criteria. If the verify error recovery parameters
page is not implemented, then the verification criteria is vendor-specific.

A byte check (ByiChk) bit of zero causes a medium verification o be performed with no data comparison. A BytChk
bit of one causes a byte-by-byte compare of data written on the medium and the data transferred from the initiator.
If the compare is unsuccessful for any reason, the target shall return CHECK CONDITION status with the sense key
set to MISCOMPARE,

See 9.2.2 for & definition of the RelAdr bit and the logical block address field.
The verification length field specifies the number of contiguous logical blocks of data that shall be verified. Atransfer
length of zero indicates that no logical blocks shall be verified. This condition shall not be considered as an error,

Any other value indicates the number of logical blocks that shall be verified.

See 9.2.6 for a description of the cache control bit (DPQ),
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9.2.20 WRITE(6) command

The WRITE(6) command (see table 144) requesis that the target write the data transferred by the initiator to the
medium,

Table 144 - WRITE(6) command

Bit 7 5] 5 4 3 2 k c
Byte
Y] Operation code {0Ah)
1 Logical unit number {MSB)
2 Logical block address T
3 (LSB) |
4 Transfer length
5 Control

The cache control bits (see 9.2.6) are not provided for this command. Targets with cache memory may have values
for the cache control bits which may affect the WRITE(6) command, however no default value is defined by this
standard. If explicit control is required, the WRITE(10) command should be used.

The logical block address field specifies the logical block at which the write operation shall begin.

The transfer length field specifies the number of contiguous logical blocks of data to transferred. A transfer length
of zero indicates that 256 logical blocks shall be transferred, Any other value indicates the number of logical blocks
that shall be transferred,

9.2.21 WRITE(10) command

The WRITE(10} command (see table 145} requests that the target write the data transferred by the initiator to the
medium.

Table 145 - WRITE(10) command

Bit 7 8 5 4 3 2 1 0
Byte

0 Operation code {Z2Ah}

1 Logical unit number QPo £UA  [ReservediReserved| RelAdr
2 {M88)

3

. Logical block address

5 {L.88}
8 Reserved

7 {M88}Y

Transfer length

a {Ls8)
8 Control

188
216 of 468



ANSI X3,131.1994
See READ({10) command (8.2.6) for a definition of the cache control bits (DPO and FUA).
See 9.2.2 for a definition of the RelAdr bit and the logical block address field.
The transfer length field specifies the number of contiguous logical blocks of data that shall be transferred. Atransfer

length of zero indicates that no logical blocks shall be transferred. This condition shall not be considered an error
and no data shall be written. Any other value indicates the number of logical blocks that shall be {fransferred.

9.2.22 WRITE AND VERIFY command

The WRITE AND VERIFY command (see table 146) requests that the target write the data transferred from the initiator
to the medium and then verffy that the data is correctly written. The data is only transferred once from the initiator
to the targel,

Table 1486 - WRITE AND VERIFY command

Bit 7 8 5 4 3 2 1 o
Byte
Q Operation code {2Eh)
1 togical unit number DPO |Aeserved|Reserved| BytChk | HelAdr
2 {M58)
3
Logical block address S—
a4
5 {L58)
6 Reserved
7 {MS8}
Transfer length
8 {Ls8)
)

Control

i the MODE SELECT command is implemented, and the verily error recovery page is also implemented (see 9.3.3.8),
then the current settings in that page along with the AWRE bit from the read-write error recovery page specify the
verification error criteria. If these pages are not implemented, then the verification criteria is vendor-specific.

A byte check (ByiChk) bit of zero requests a medium verification to be performed with no data comparison. ABytChk
bit of one requests a byte-by-byte compare of data written on the medium and the data transferred from the initiator.
If the compare is unsuccessful for any reason, the target shall return CHECK CONDITION status with the sense key

set to MISCOMPARE.

See 9.2.2 for a definition of the RelAdr bit and the logical block address fieid.

See WRITE{10) command (see 9.2.21) for a definition of the transter length field.

See 8.2.6 for a description of the cache control bit (DPO).
NOTE 121 The WRITE AND VERIFY command specifically states that the data are not to be transferred twice (e oncefor
the write pass, and once for the verify pass) when performing a byte compare. If there is a need for two transfers to occuy

{e.¢ to ensure the integrity of the path to the media), then the inttiator should issue a WRITE command with a LINK bit of
one foliowed by a VERIFY command with a BytCmp bt of one, transferring the same data on each command.
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8.2.23 WRITE LONG command

The WRITE LONG command {see table 147} requests that the target write the data transferred by the initiator to the
medium. The data passed during the WRITE LONG command is implementation specific, but shall include the data

bytes and the ECC bytes. :
Table 147 «- WRITE LONG command

Bit 7 & 5 4 3 2 % ¢
Byte
o Operation code {3Fh)
1 Logical unit number Reserved RelAdr
2 {MBB}
3
Legical bilock address —
4
5 {L3B)
8 Reserved
7 {MSB}
Byte transfer length
8 {LSB}
e Control

NOTE 122 Any other bytes that can be corrected by ECC should be included (e.g. a data synchronization mark within the
area covered by ECC). The READ LONG command is usually issued before issuing a WBITE LONG command. The WRITE
LONG data should be the same length and in the same order as the data returned by the READ LONG command.

See 8.2.2 for a definition of the RelAdr bit and the logical block address fieid,

The byte transfer length field should specify the number of bytes of data that the target would retumn for the READ
LONG command. If a non-zero byte transfer length does not exactly match the data length the target wouid retum
for the READ LONG command, then the target shall terminate the command with CHECK CONDITION status and a
sense key of ILLEGAL REQUEST and an additional sense code of INVALID FIELD IN CDB. The iL! and valid bits shall
be set to one and the information field shall be set to the difference {residue} of the requested length minus the actual
length in bytes. Negative values shall be indicated by two’s complement notation. A transfer length of zero indicates
that no bytes shall be transferred and shall not be considered an error.

190 218 of 468



ANSI X3.131-1994

9.2.24 WRITE SAME command

The WRITE SAME command (see table 148) requests that the target write the single biock of data transferred by the
initiator to the medium muitiple times,

Tabie 148 - WRITE SAME command

Bit 7 & & 4 3 2 1 g
Byte
o Operation code {41h)
1 t.ogical unit number Reserved PBdata | LBdata | RelAdr
2 (MSB}
3
Logical block address J—
4
5 {LSB)
6 Reserved
7 {M3B)
Number of blocks
8 {188)
] Control

NOTE 123 This command is useful if large areas of the medium need to be written, prepared for certification, or otherwise
initialized without the initiator having to transfer all the data.

A logical block data (LBdata} bit of one requests that the target replace the first four bytes of the data to be written
to the current logical block with the logical biock address of the biock currently being writlen.

A physical block data (PBdata) bit of one requests that the target replace the first eight bytes of the data to be written
to the current physical sector with the physical address of the sector currently being written using the physical sector
format {see 8.2.1.1).

i PBdata and LBdata are one the command shall be terminated with CHECK CONDITION status. The sense key shall
be set to ILLEGAL REQUEST.

See 8.2.2 for a definition of the RelAdr bit and the logical biock address field.

The number of blocks field specifies the number of contiguous logical biocks to be written. A number of blocks field
of zero requests that all the remaining logical blocks on the medium be written.
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9.3 Parameters for direct-access devices

9.3.1 Diagnostic parameters
This subclause defines the descriptors and pages for diagnostic parameters used with direct-access devices.
The diagnostic page codes for direct-access devices are defined in table 149,

Tabie 149 « Diagnostic page codes

Page code Description Subclause
Qch Supported diagnostic pages 8.3.1.1
40h Translate addresgs page B.3.1.1

g1h - 3Fh Reserved (for all device type pages)

4th - 7Fh Regerved

80h - FFh Vendor-specific pages

9.3.1.1 Translate addreas page - SEND DIAGNOSTIC

The translate address page aliows the initiator to transiate a jogical block address, physical sector address or physica
bytes from index address into any one of the other formats. The address to be translated is passed to the target with
the SEND DIAGNOSTIC command and the resuits are refurned to the initiater by the RECEIVE DIAGNOSTIC
RESULTS command. The format of the transiate address page - SEND DIAGNOSTIC Is shown in table 180, The
translated address is returned in the translate address page - RECEIVE DIAGNOSTIC RESULTS {see 9.8.1.2).

Fable 150 - Transiate address page - SEND DJAGNOSTIC

Bit 7 & 5 4 3 2 H ¢

Byte

0 Page code {40h)

1 Reserved

2 {M5B)

Page length {0C0Ah) N

3 {L5B)

4 Reserved Supplied format

5 Reserved Translate format

6
‘”45 B Address to transliate ]

The supplied format field specifies the format of address to translate field. Valid values for this field are defined in
the FORMAT UNIT command (see 8.2.1}. If the target does not support the requested format i shall terminate the
SEND DIAGNOSTIC command with CHECK CONDITION status. The sense key shall be set to ILLEGAL REQUEST
and an additional sense code shall be set to INVALID FIELD IN PARAMETER LIST.

The transiate format field specifies which format the initiator would like the address to be transiated fo. Valid values
for this fieid are defined in the FORMAT UNIT command (see 8.2.1). [f the farget does not support the requested
format & shall terminate the command with CHECK CONDITION status, The sense key shall be set to ILLEGAL
REQUEST and an additional sense code shall be set to INVALID FIELD IN PARAMETER LiST.
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The address to transiate field contains a single address the initiator is requesting the target to translate. The format
of this field depends on the value in the supplied format field. The formats are described in 9.2.1.1. if the logical
block format is specified the biock address shall be in the first four bytes of the field with the remaining bytes set to

zero.
9.3.1.2 Transiate address page - RECEIVE DIAGNOSTIC

The transiate address page allows the initiator to translate a logical block address, physical sector address, or
physical bytes from index address into any one of the other formats. The address 1o be translated is passed to the
target with the SEND DIAGNOSTIC command and the resulis are returned to the initiator by the RECEIVE
DIAGNOSTIC RESULTS command. The translaied address is returned in the transiate address page - RECEIVE

DIAGNOSTIC {see table 151).
Table 181 - Translate address page - RECEIVE DIAGNOSTIC

Bit 7 8 5 4 3 2 1 0
Byte
0 Page code {40h}
1 Reserved
2 {Ms8B}
Page length —
3 {188}
4 Reserved Supplied Tormat
5 RAREA ALTSEC | ALTTRK Reserved Transiated format
Translated addresses
8
o s s Translated address 1 —
13
]
IR I Translated address x (if required) —
n+7

The transiate address page contains a four byte page header which specifies the page code and iength followed by
two bytes which describe the transiated address followed by zero or more transiated address(s).

The page length field contains the number of parameter bytes which foliow,

The suppiied format fieid contains the value from the SEND DIAGNOSTIC command supplied format field (see
9.3,1.1),

A reserved area (RAREA) bit of one indicates that all or part of the translated address falls within a reserved area of
the medium (e.g. speed tolerance gap, alternate sector, vendor reserved area, etc.). If the entire translated address
falls within a reserved area the target may not return a translated address. An RAREA bit of zero indicates that no
part of the translated address falls within a reserved area of the medium.

An alternate sector (ALTSEC) bit of one indicates that the translated address is physically located in an alternate
sector of the medium. If the target cannot determine if all or part of the translated address is located in an alternate
sector it shall set this bit to zero, An ALTSEC bit of zero indicates that no part of the transiated address is {ocated
in an alternate sector of the medium or that the target is unable to detarmine this information,
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An alternate track (ALTTRK) bit of one indicates that part or all of the translated address is located on an alternate
track of the medium or the target cannot determine if all or part of the transiated address is located on an alternate
frack. An ALTTRK bit of zero indicates that no part of the transiated address is located on an alternate track of the

medium.

The transiated format field contains the value from the SEND DIAGNOSTIC command franslate format field (see
8.3.1.4}.

The translated address field contains the address(s) the target translated from the address supplied by the initiator
in the SEND DIAGNOSTIC command. This field shall be in the format specified in the translafe format field, The
different formals are described in 8.2.1.1. ifthe logical block format is specified the block address shall be in the first
four bytes of the field and the remaining bytes shall be set to zero.

ifthe returned data is in the logical block or physical sector format and the address to be transiated covers more than
ohe address after it has been translated (e.g. accounting for speed folerance or multiple physical sectors within &
single togical block or multiple logical blocks within a single physical sector) the target shall return all possible
addresses which are cortained in the area specified by the address to be translated.

if the returned data is in bytes from index format the target shall return a pair of translated values for each of the

possible addresses which are contained in the area specified by the address to transiate fieid. Of the pair of
translated values retumned, the first indicates the starting location and the second the ending location of the area,

9.3.2 Log parameters
This subclause defines the descriptors and pages for log parameters used with direct-access devices.
The log page codes for direct-access devices are defined in table 152.

Table 152 - Log page codes

Page code Description Subclause
01h Buffer over-rupn/under-run page 8.3.2.1
03h Error counter page {read) page 8.3,2.2
05h Error counter page {verify) page 8.3.2.2
02h Error counter page {write)} page 8.83.2.2
G7h L.ast n error events page 85.83.2.3
a8h Non-medium error page 8.3.2.4
GOh Supported log pages 8.8.2.5
O4h Reserved

c8h - 2Fh Reserved

fpserved
30h - 3Eh Vendor-specific pages

9.3.3 Mode parameters
This subclause defines the descriptors and pages for mode parameters used with direct-access devices.
The mode parameter list, including the mode parameter header and mode block descriptor are described in 8.3.3.

The medium-type code field is contained in the mode parameter header (see 8.3.3). Table 153 defines this field for
direct-access devices.
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Code
value

Medium type

OCh
C1h
02h

G5h
06h
08h
OAR
Q0h
i2h
16h
1Ah
1Eh

4Ch
44h

Default medium type (currently mounted medium type)

Flexible disk, single-sided; unspecified medium
Flexible disk, double-sided; unspecified medium

Flexible disks

Siameter 8it density Track density Number ANSI reference
ms (in) Bits/radian /mm (/in) of sides standard
200 {8,0) 6 631 1,9 (48) H ANST X3.73-1880
200 (8,0) 6 631 1,9 {48) 2 {Note 1}
200 {8,0) 18 262 1,9 {48) 1 None
200 {8,0) 13 262 1,9 {48) 2 ANST X3.121-1084
130 (5,25} 3 979 1,8 {48} 1 ANST X3.82-1980
130 {5,258} 7 958 1,9 {48} 2 ANSI X3.125-1985
138 }5,25} 7 958 3,8 {96) 2 ANSI X3.126-1986
180 (5,25) 13 262 3,8 (96) 2 150 DISBE30-19858
g0 (3.5) 7 958 5,8 (135} 2 ANST X3.137-1988
Direct-access magnetic tapes
Width Density ANST reference
mm {in} Tracks ftpmm {Ttpi) standard
6,3 (0,25) 12 384 (10 00O) Note 1
6,3 {0,25) 24 384 (10 000) Note 1

Code values 80h - FFh are vendor-specific.
are reserved,.

All remaining code values

NCTE

1 See annex ¢ for additional standards information.

The device specific parameter field (see table 154) is contained in the mode parameter header (see 8.3.3).

Table 154 - Device specific parametler

Bit

5

4

3

2

1

WP

Resarved

DPOFUA

Reserved

When used with the MODE SELECT command the write protect (WP) bit is not defined.

When used with the MODE SENSE command a WP bit of zero indicates that the medium is write enabled. AWF bit
of one indicates that the medium is write protected.

When used with the MODE SELECT command, the DPOFUA bit is not used and the field is reserved.

When used with the MODE SENSE command, a DPOFUA bit of one indicates that the target supports the DPO and
FUA bits {see 8.2.6}). When used with the MODE SENSE command, a DPOFUA bit of zero indicates that the target
does not support the DPO and FUA bits,

The density code field is contained in the mode parameter block descriptor (see 7.3.3). This field is reserved for
direct-access devices.

The mode page codes for direct-access devices are shown in {abie 155,

223 of 468

185



ANSI X3.131-1994

Table 155 - Mode page codes

Page code Pescription Subclause
G8h Caching page 9.3.3.1
QAR Control mode page B.3.8.1
ozh Bisconngct-reconnect page 8,3.3.2
05h Flexiblie disk page 9.3.5.2
03h Format device page 9.,3.3.3
0Bh Medium types supported page $.3.3.4
och Notch and partition page $.3.3.5
0gh Peripheral device page 8.3.8.8
0th Read-write error recovery page 9.3.3.8
C4ah Rigid disk geometry page 9,3.8.7
07h Verify error recovery page 9.3.3.8
G6h Reserved

0Bh - 1Fh Reserved
00h Vendor-specific (does not require page formati)

20h - 3Eh Vendor-specific {page format required)
3Fh Return all pages

{valid only for the MODE SENSE command)

For direct-access devices, if the notch page is not supported, or if the active notch field in the noteh page is zero then
each page descriptor specifies mode parameters for the target to use for subsequent operations on the specified
logical unit. If the notch page is supported, and the active notch is not zero, then each page descriptor specifies
parameters for the target to use for subsequent operations on the disk notch specified by the current value of the

active notch field on the specified logical unit.
8.3.3.1 Caching page

The caching parameters page {see table 156} defines the parameters that afiect the use of the cache,

Table 156 - Caching page

Bit 7 8 5 4 3 2 1 0
Byte
o B3 Reserved Page code (08h)
1 Page length {0Ah}
2 Reserved WCE MF RCD
3 Demand read retention priority Write retention priority
4 {MSB)
Disable pre-fetch transfer length e
5 (L.38)
6 {M5SB)
Minimum pre-fetch —
7 (1.8B)
8 (MSB)
Maximum pre-fetch P
8 {L.58}
10 {MSB}
Maximum pre-fetch ceiling e
11 {L5B)

The parameters savable {(PS) bit is only used with the MODE SENSE command. This bit is reserved with the MODE
SELECT command. A PS bit of one indicates that the target is capable of saving the page in a non-volatite vendor-
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specific location, if the PS is set to one in MODE SENSE data then the page shall be savable by issuing a MODE
SELECT command with SP set to one.

Awrite cache enable (WCE) bit of zero specifies that the target shall return GOOD status for a WRITE command affer
successfully writing ali of the data to the medium. A WCE bit of one specifies that the target may return GOOD status
for a WRITE command after successfully receiving the data and prior to having successfully wrilten it to the medium.

A muttiplication factor (MF) bit of zero specifies that the target shall interpret the minimum and maximum pre-fetch
fields in terms of the number of logical blocks for each of the respective types of pre-feich. An MF bit of one specifies
that the target shall interpret the minimum and maximum pre-fetch fields to be specified in terms of a scaler number
which, when multiplied by the number of logical blocks to be transferred for the current command, yields the number
of logical blocks for each of the respective types of pre-feich.

A read cache disable (RCD) bit of zero specifies that the target may return data requested by a READ command by
accessing either the cache or media. A RCD bit of one specifies that the target shall transfer all of the data requested
by a READ command from the medium {i.e. data cannot be transferred from the cache}.

The demand read retention priority field (see table 157) advises the target on the retention priority to assign data read
into the cache that has also been transferred from the target to the initiator.

Table 157 - Demand read and write retention priority

Value Description

Oh indicates the target should not distinguish between retaining
the indicated data and data placed into the cache memory by
other means {e.g. pre-fetch}.

1h Demand read retention priority: Data put inte the cache via a
READ command should be replaced soconer (has lower priority)
than data placed into the cache by other means (e.g.
pre-fetceh}.

Write retentionAﬁrioritg: Data put inte the cache during a
WRITE or WRITE AND VERIFY command should be replaced sooner
{has lower pricrity) than data placed inte the cache by other
means (e.g. pre-fetch).

Fh Demand read retention priority: Data put intoc the cache via a
READ command should not be replaced if there is other data in
the cache that was placed into the cache by other means {e.g.
pre-fetch) and it may be replaced (i.e. it is not locked),

Write retention priority: Data put into the cache during a
WAITE or WRITE AND VERIFY command should not be replaced if
there is other data in the cache that was placed into the cache
by cther means (e.g., pre-fetch) and it may be replaced (i.e,

it is not locked),

2h - Eh Reserved

The write retention priority field (see table 157) advises the target on the retention priority to assign data written into
the cache that has also heen transferred from the cache memaory to the medium.

An anticipatory pre-fetch occurs when data is placed in the cache that has not been requested. This usually happens
in conjunction with the reading of data that has been requested. All the following parameters give an indication to
the target how it should manage the cache based on the last READ command. An anticipatory pre-fetch may occur
pased on other information, Alithe remaining caching parameters are only recommendations to the farget and should
not cause a CHECK CONDITION io occur if the target cannot satisfy the request.

187
225 of 468



ANGI X3,131-1994

The disable pre-fetch transfer length field specifies the selective disabling of anticipatory pre-fetch on long transie!
lengths. The value in this field is compared to the number of blocks requested by the current READ command. I
the number of blocks is greater than the disable pre-fetch transfer length, then an anticipatory pre-fetch is not done
for the command. Otherwise the target should attempt an anticipatory pre-fetch, If the pre-fetch disable transfer
length is set to zero, then alf anticipatory pre-fetehing is disabled for any request for data, including those for zerc
logical blocks.

The minirmum pre-fetch field indicates either a number of blocks or a scaler multipiier ofthe transfer iength, depending
upon the setting of the MF bit. In either case, the resulting number of blocks is the number to pre-fetch regardiess
of the delays it might cause In executing subsequent commands.

The pre-fetching operation begins at the logical block immediately after the last logical block of the previous READ
command. Pre-fetching shall always halt before the end of the media. Errors that occur during the pre-fetching
operation shall not be reported to the initiator unless that target cannot, as a result of the error, execute subsequent
commands correctly. In this case the error may be reported either inmediately as an error for the current REAC
command, or as & defetred error, at the discretion of the target and according to the rules for reporting deferred
errors.

if pre-fetch has read more than the amount of data indicated by the minimum pre-feich then pre-fetching shouid be
terminated whenever another command is ready {o execute. This consideration is ignored when the minimum pre-
fetch is equal to the maximum pre-fetch,

The maximum pre-fetch field indicates either a number of blocks or a scaler multiplier of the transfer length
depending upon the setting of the MF bit. In either case, the resulting number of blocks is the number to pre-fetch
if there are no delays in executing subsequent commands.

The maximum pre-fetch field contains the maximum amount of data to pre-feich into the cache as a result of one
READ command. Httis used in conjunction with the disable pre-felch transfer length and maximum pre-fetch celling
parameters to trade off pre-fetching new data with displacing old data already stored in the cache.

The maximum pre-feich ceiling field specifies an upper limit on the number of logical blocks computed as the
maximum pre-fetch, i this number of blocks is greater than the maximum pre-felch, then the number of logica
biocks to pre-fetch shall be truncated to the value stored in the maximum pre-fetch ceiling field.

NOTE 124 # the MF bit is one the maximum pre-fetch celling field is usefui in limgiing the amount of data to be pre-fetched.
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The flexible disk page (see table 158) contains parameters for control and reporting of flexible disk drive parameters.

Table 158 « Flexibie disk page

Hit T 6 5 4 3 1 Q
Byte
0 P Regserved Page code {05h})
ki Page length in bytes {1Eh)
2 {MEB)
TransTer rate s
3 (LSE)
4 Number oT heads
S Sectors per track
6 {MSB)
Cata bytes per ssctor s
7 (LSB}
8 (MSB)
: Number of cylinders
8 {L88)
10 (¥SB) . . . :
Starting cylinder-write precompensation
11 {1.58)
12 {¥SB} , . .
Starting cylinder-reduced write current
13 {1.SB)
14 {MS8) ]
Drive step rate
15 (1.8B}
16 Drive step pulse width
17 (MSB}
Head settle delay
18 {LSB)
19 Motor on delay
20 Motor off delay
21 TRDY 38N MO Reserved
22 Reserved SPC
23 Write compensation
24 Head load delay
25 Head unload delay
26 Pin 34 Pin 2
27 Fin 4 Pin
28
Medium rotation rate
29 {1.8B}
3G Reservad
31 Reserved

The parameters savable (PS) bit is only used with the MODE SENSE command. This bit is reserved with the MODE
SELECT conwnand. A PS bit of one indicates that the target is capable of saving the page in a non-volatile vendor-

specHic location.
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NOTE 425 This page is mainly imtended for defining parameters of flexible disk drives, but may be used for other devices,
# applicable,

The transfer rate indicates the data rate of the peripheral device. See table 159 for examples of common transfer
rates.

Table 159 - Exampies of transfer rates

Value Transfer rate

COFAh 250 khit/s transfer rate
012Ch 300 kbitfs transfer rate
O1F4h 500 kbit/s tranfer rate
03E8h 1 mbit/s transfer rate
07D0h 2 mbit/s transfer rate
1388h 5 mbit/s transfer rate

The number of heads field specifies the number of heads used for reading and writing data on the medium, MHeads
used exclusively for servo information are excluded.

The sectors per track field specifies the number of sectors per revolution per head.
The data bytes per sector field specifies the number of bytes of data per sector that an initiator can read or write.
The number of cylinders field specifies the number of cylinders used for data storage.

The starting cylinder for write precompensation field specifies the cylinder at which wrile precompensation is to begin.
Cylinders are numbered starting with zero. If the starting cylinder for write precompensation is equal to the value in
the number of cylinders field, write precompensation shall be disabled by the target,

The starting cylinder for reduced write current field specifies cylinder at which write current is reduced. Cylinders are
numbered starting with zero. If the starting cylinder for reduced write current is equal to the value in the number of
cylinders field, reduced write current shall be disabled by the target,

The drive step rate field specifies the step rate in units of 100 ys. This value may be rounded as defined in 7.5.4,
A value of zero requests the target to set its default value,

The drive step pulse width field specifies the width of the step pulse in microseconds. This value may be rounded
as defined in 7.5.4. A value of zero requests the targe! {o set iis defaul value.

The head setile delay field specifies the head settle time in units of 100 ys. This value may be raunded as defined
in 7.5.4. A vaiue of zero requests the target to set its defaulf value,

If a true ready signal is not available, the motor on delay field specifies in tenths of a second the time that the target
shall wait before attempting o access the medium afier the motor on signal is asseried. I a true ready signal is
avaitable, the motor on delay field specifies in tenths of a second the time that the target shall wait for drive ready
status before aborting an attempt {o access the medium, This vaiue may be rounded as defined in 7.5.4.

The motor off delay field specifies in tenthe of a second the time that the target shall wait before releasing the motor
on signal after an idie condition exists. A value of FFh indicates that the motor on signhal shall not be released. The
START STOP UNIT command is not affected by this parameter, This value may be rounded as defined in 7.5.4.

A true ready (TRDY) bit of one specifies that a signal is provided that indicates the medium s ready to be accessed,
A start sector number {SSN) bit of one specifies that seciors are numbered starting with one, An SSN bit of zero

specifies that sectors are numbered starting with zero.
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A motor on (MO} bit of one specifies that pin 16 {motor on) shall remain released. This bit shall be sel to one when
using high capacity (192 tracks per inch) drives and their pre-formatted diskettes. An MO bit of zero indicates that

pin 16 (motor on) shall be asserted.

The step pulse per cylinder (SPC) field is used to specify the number of additional step puises required per cylinder.
Non-zero values allow a drive to read a diskette formatted on a drive with a lower number of tracks per inch. For
example, a value of one allows a 96 track-per-inch drive to access tracks on a diskette that was formatted for 48

tracks per inch.

The write compensation field is used to speciy the amount of write compensation to be used starting at the cylinder
specified in the starting cylinder for write precompensation field. The correlation of any vajues used in this field to
actual write precompensation time vaiues is vendorspecific. f a zero Is specified in this field the target shail use its
default write precompensation value. This value may be rounded as defined in 7.5.4.

The head load delay field specifies the head loading time in milliseconds. This value may be rounded as defined in
7.5.4, A value of zero requests the target to sel its default value.

The head unload delay field specifies the head unloading time in milliseconds. This value may be rounded as defined
in 7.5.4. A value of zero requests the target to set its default value,

The Pin 34 field defines the usage of pin 34 of the flexible disk drive interface. This use of this pin varies among
vendors and drives, The seltings allow the initiator to select how pin 34 shall be used by the interface. See table

160.
Table 160 - Pin 34 field

Bit 76 5 4 Description of pin 34 use
POOO Open
P OOt Ready
PO10 Disk changed
NOTES
1 P is 2 polarity bit, where 0 is active low and 1 is active high,
2 All undefined values are reserved.

The pin 4 field defines the usage of pin 4 of the flexible disk drive interface. This use of this pin varies among drive
vendors and drives, The settings allow the initiator to speciy how pin 4 shall be used by the interface. See table
161,

Table 161 - Pin 4 field

Bit 7 6 § 4 Description of pin 4 use
POOCO Open
POO1 In use
PO1CO0 Eject
POOO Head load

NOTES
1 P is a polarity bit, where 0 is active low and 1 is active high,
2 All undefined values are reserved,

The pin 1 field defines the usage of pin 1 of the Hlexible disk drive interface. This use of this pin varies among vendors
and drives. The seltings allow the initiator to speciy how pin 1 shall be used by the interface. See table 162,
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Table 162 - Pin 34 field

Bit 765 4 IBescription of pin 34 use
POOC Open
A R Bisk change reset
NOTES

1 P is a polarity bit, where 0 is active low and 1 is active high.
2 All undefined values are reserved.

The medium rotation rate field specifies the speed at which the medium rotates. The unit of measure is rotations pe
minute {e.g. 2 400 rpm). This field cannot be changed by a MODE SELECT command.

8.3.3.3 Format device page

The format device page {see table 163) coniains parameters which specify the medium format.
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Teble 163 - Format device page

Bit 7 8 5 4 3 2 % o
Byte

0 PS Reserved Page code (0O3h}
1 Page length (16h)
2 {MSB)

Tracks per Zone —_—
3 {LSB)
4 {MSB)

Alternate sectors per zone —
5 (LS8}
& (M5B}

Alternate tracks per zone ]
7 {LEB)
8 (¥SB) )

Alternate tracks per logical unit —_
8 (LGB}
10 {MSB)

Sectors per track —
11 {L58)
12 {ME8}

bata bytes per physical sector B —
13 {LsB)
14 {MSB)

interleave e
18 {1.88)
16 (M8}

Track skew factor o
17 {1.5B}
i8 {MSB)

Cylinder skew factor —
19 {LSB)
20 88EC HSEC RKMB SURF Reserved
2%

e Reserved

23

The parameters savable {PS} bit is only used with the MODE SENSE command, This bit is reserved with the MODE
SELECT command. A PS bit of one indicates that the target is capable of saving the page in a non-volalile vendor-
specific location.

NOTE 126 If the initiator changes any of the current physical parameters defined below, the target may not be able to
access the media until a FORMAT UNIT command has been successfully completed.

if the defect handiing format parameters {tracks per zone, alternate sectors per zone, alternate tracks per zone and
alternate tracks per logical unit} requested by the initiator are not supported by the target the target may round these
fields to acceptable values as described in 7.5.4.

The tracks per zone field specifies the number of tracks per zone to use in dividing the capacity of the device for the
purpose of allocating alternate sectors. A value of zero means that one zone is defined for the entire device. The
last zone on the device might not contain the same number of tracks as the previous zone{s),
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The alternate sectors per zone field specifies the number of sectors per zone the target shall reserve for defec
handling. The target shall de-allocate these sectors from the initiator addressable biocks during the FORMAT UNI
command. f the notch page s implemented and the ND bit of the notch page is one and the active nofch field ¢
the notch page is zero, then a value of zero indicates that no alternate sectors shall be reserved. Otherwise, a valu
of zero indicates that the number of alternate sectors is target specific.

The alternate tracks per zone field specifies the number oftracks per zone the target shall reserve for defect handling
The target shall de-aliocate these tracks from the initiator addressable biocks during the FORMAT UNIT commanc
{f the notch page is implemented and the ND bit of the notch page is one and the active notch field of the notch pag
is zero, then a value of zero indicates that na alternate tracks shall be reserved. Otherwise, a value of zera indicate
that the number of aliernate fracks is target specific.

The alternate tracks per logical unit field specifies the number of tracks per logical unit the target shall reserve fc
defect handling. The target shall de-allocate these tracks from the initiator addressabie blocks during the FORMA
UNIT command. 1fthe notch page is implemented and the ND bit of the notch page is one and the active noleh fiek
of the notch page is zero, then a value of zero indicates that no alternate tracks shall be reserved, Otherwise, a valu
of zero indicates that the number of alternate tracks is target specific.

The sectors ber track field specifies the number of physical sectors  included within each track. This numbe
includes any aliernate seciors the farget may allocate. A value of zero during MODE SELECT indicates that the targe
shall define the number of sectors per track. For devices with a variable number of sectors per track, the value it
MODE SELECT shall be zero and the value reported in MODE SENSE for the number of sectors per track is vendor
specific,

The data bytes per physical sector field specifies the number of data bytes per physical sector that the target sha
use. This value may be different than the logical block size reported in the MODE SELECT data. The target sha
retum CHECK CONDHTION status # | delermines that the combination of this field and the sectors per track fiele
exceed the capability of the medium. A value of zero indicates that the data bytes per physical sector is defined b»
the target,

For MODE SENSE the interleave field returns the same parameter passed in the FORMAT UNIT command, The targe
shall report this field as target defined in the corresponding MODE SENSE command. For MODE SELECT this fielc

is ignored.

NOTE 127 it is recommended that this field be marked non-changeable and that initiators send the vaiue returned in MODE
SENSE. This allows migration to specifying interleave as a mode parameter instead of in the FORMAT UNIT command.

The track skew factor field specifies the number of physical sectors between the last logical block of one track anc
the first logical block on the next sequential track of the same cylinder.

The cylinder skew factor field specifies the number of physical sectors between the last logical block of one cylinde
and the first logical block on the next sequential cylinder.

The SSEC bit set to one indicates that the target shall use soft sector formatting,

The MSEC bit sel to one indicates that the target shall use hard sector formatting. The MSEC bit and the SSEC b
are mutually exclusive in MODE SELECT commands,

The combinations sector formatting supported fhat are teported in response to a request for default values are
defined in table 164,
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Table 164 - Reporting of default sector formatting support

SSEC | HSEC Description

Target shall not return this combination

Target supports soft secter formatiing only

Target supports hard secter fermatting only

Target supports both soft and hard sector formatting

—_ OOy

b L3 et O3

The combinations sector formatting supported that are reported in response to a request for changeable values are
defined in table 165,

Table 185 « Reporting of changeabie sector formatting support

$8EC | HSEC Description

Sector formatting not changeable

Target shall not return this combination

Target shall not return this combination

Target supports both soft and hard sector formatting

- O =
_—_aoD

The removable medium {RMB) bit set to one indicates that the jogical unit supports removable media. A RMB bit
set to zero indicates that the logical unit does not support removable media. The status of this bit shall be reflected
inn the INQUIRY command RMB bit,

The surface (SURF)} bit set to zero indicates that the target shall allocate progressive addresses 1o all logical blocks
within a cylinder prior to allocating addresses on the next eylinder. A SURF bit set to one indicates that the target
shall allocate progressive addresses to all logical blocks on a surface prior to allocating sector addresses on the next

sutface,
NOTE 128 If the target supports savable parameters, alf savable parameters for this initiator, including those in page codes

3, 4, ang 5, are saved to non-volatie memory when the save parameters bit {SP) in the command descriptor biock is set
o one. The savable parameters may also be saved to non-volatite memary during 8 FORMAT UNIT command {see 9.2,1).

9.3.3.4 Medium types supported page

The medium types supported page (see table 166) contains a list of the medium types implemented by the target
for logical uniis,

Table 166 - Medium types supported page

8it 7 8 5 4 3 2 1 0
Byte
8] PSS Reserved Page code (OBh)
1 Page length (06h)
Reserved
Reserved

Medium type ohe supported

Medium type twe supported

Medium type three supported

~N|lEm|lo| ] wiMm

Medium type four supporied
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The parameters savable (PS) bit is only used with the MODE SENSE command. This bitis reserved with the MODE
SELECT command. A PS bit of one indicates that the target is capable of saving the page in a non-volatile vendor-
specific location.

The code values for each medium type supported by the target {up to four maximumyj, are reported in ascending
order. If only the default medium type is supported zero is reported. If less than four medium types are supported
the unused entries shall be returned as zero.

8.3.3.5 Nolch and partition page

The notch page (see table 167) contains parameters for direct-access devices which implement a variable number
of blocks per cylinder and support this page, Each clause of the logical unit with a different number of blocks per
cylinder is referred to as a notch.

Table 167 - Notch page

git 7 & 5 4 3 2 S G
Byte

0 PS Resarved Page code (0Ch)
Page length (16h)

vk,

2 ND i.PN Reserved
3 Beserved
4 {M8B}

Maximum number of notches o]
5 {188}
G {ME8)

Active notch —
rd {L8B)
8 (MSB)

— Starting boundary ]
LA (1.SB)
12 (MSB)

R Ending boundary —
15 {LSB)
18 {MSB)

e — b Pages notched et
23 {188}

The parameters savable {FS) bit is only used with the MODE SENSE command. This bit is reserved with the MODE
SELECT command. A PS bit of one indicates that the target is capable of saving the page in a non-volatile vendor-
spechic location.

A notched drive (ND) bit of zero indicates that the device is not notched and that all other parameters in this page
shall be returned as zero by the target. A ND bit of one indicates that the device is notched. For each supported
active notch value this page defines the starting and ending boundatries of the notch.

A logical or physical notch (LPN) bit of zero indicates that the boundaries are based on the physical parameters of
the legical unit. The cylinder is considered most significant, {he head ieast significani. A LPN bit of one indicates
that the notch boundaries are based on logical blocks of the logical unit,

The maximum number of notches field indicates the maximum number of noiches supporied by the logical unit. This
field shail be reported as unchangeable.
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The active notch field indicates the notch thatl this and subseqguent MODE SELECT and MODE SENSE commands
shall refer 1o, until the active nolch is changed by a later MODE SELECT command. The value of the active nolch
shall be greater than or equal to 0 and less than or equal to the maximum number of notches. An active notch value
of zero indicates that this and subsequent MODE SELECT and MODE SENSE commands refer to the parameters that

apply across all notches.

The starting boundary field indicates the beginning of the active notch or, if the active notch is zero, the beginning
boundary of the logical unit, if the LPN bit is one, then the four byles represent a Jogical block address. 1f the LPN
bit is zero, then the three most significant bytes shall represent the cylinder number and the least significant byte shall
represent the head number, This field shall be reported as unchangeable. When used with the MODE SELECT
command this field is ighored.

The ending boundary field indicates the ending of the active notch or, if the active notch is zero, the ending of the
logical unit, If the LPN bit is one, then the four byles represent logical block address, If the LPN bitis zero, then the
three most significant bytes shall represent the cylinder number and the least significant byte shall represent the head
number, This field shall be reported as unchangeable. When used with the MODE SELECT command this field is

ignored,

Each notch shall span a set of consecutive logical blocks on the logical unit, the notches shall not overlap, and no
logical block shall be excluded from a notch.

The pages notched field is a bit map of the mode page codes that indicates which pages contain parameters that
may be different for different notches. The most significant bit of this field corresponds to page code 3Fh and the
least significant bit corresponds to page code 00h. If a bit is one, then the corresponding mode page contains
parameters that may be different for different notches. [f a bit is zero, then the corresponding mode page contains
parameters that are constant for all notches. This field shall be reported as unchangeable.

9.3.3.6 Read-wriie error recovery page

The read-write error recovery page (see table 168) specifies the error recovery parameters the target shall use during
any command that performs a read or write operation to the medium (e.g. READ(6), READ(10), WRITE(6), WRITE(10},
COPY, COMPARE, WRITE & VERIFY, slc.}.

Table 188 - Read-write error recovery page

Bit 7 8 5 4 3 2 1 0
Byte

0 PS Reserved Page code {{th)

1 Page length {OCAh)

2 AWRE ARRE T8 RC EER PER DTE BCR
3 Read retry count

4 Correction span

5 Head offset count

& Bata strobe offset count

7 Reserved

8 Write retry count

g Heserved

10 {MSB)

Recavery time limit —_—

11 {L.58)
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The parameters savable (P8} bit is only used with the MODE SENSE command. This bit is reserved with the MODE
SELECT command. A PS bit of one indicates that the target is capable of saving the page in a non-volatile vendor

specific location.

An automatic write reallocation enabled (AWRE) bit of one indicates that the target shall enable automatic reallocatior
to be performed during write operations. The automatic reallocation shall be performed only if the target has the valic
data {e.g. original data in the buffer or recovered from the medium), The valid data shall be placed in the reallocatec
block. Error reporting as required by the error recovery bits (EER, PER, DTE, and DCR) shall be perlormed only afte
completion of the reallocation. The reallocation operation shall report any failures that occur. See the REASSIGH
BLOCKS command (9.2.10) for error procedures,

An AWRE bit of zero indicates that the target shall not perform automatic reallocation of defective data blocks during
write operations.

An automatic read reallocation enabled (ARRE) bit of one indicates that the target shall enable automatic reallocatio:
of defective data biocks during read operations. All error recovery actions required by the error recovery bits (TE
EER, PER, DYE, and DCR) shall be executed, The automatic reallocation shalt then be performed only i the targe
successiully recovers the data. The recovered data shall be placed in the realiocaled block. Error reporting a:
reguired by the error recovery bits shall be performed only after completion of the reallocation. The reallocatio:
process shall present any failures that cccur. See the BREASSIGN BLOCKS command (2.2.10) for error procedures.

An ARRE bit of zero indicates that the target shall not perform automatic reallocation of defective data blocks during
read operations.

A transfer biock {TB) bit of one indicates that a data block that is not recovered within the recovery limits specifiec
shall be fransferred to the initiator before CHECK CONDITION status is returned. A TB bit of zero indicates that suc!
a data block shall not be transferred to the inftiator. The TB bit does not affect the action {aken for recovered dats

Aread continuous {RC) bit of one indicates the target shall transfer the entire requesied length of data witheut adding
delays to perform error recovery procedures. This implies that the target may send data that is erroneous o
fabricated in order to maintain a continuous flow of data, The target shail assign priority to this bit over conflicting
error conirol bits (EER, DCR, DTE, and PER) within this byte,

NOTE 12¢ Fabricated data may be data siready in the buffer ar any other target-specific data, This bit is typically vsed
in image processing, audio, or video applications.

A RC bit of zero indicates that error recovery operations that cause delays are acceptable during the data transfe!
Data shall not be fabricated.

The individual bit definitions for EER, PER, DTE and DCR are comtained in tabie 169, The combinations of these bit
are explained in table 170.
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Tabie 169 « Error recovery bif definitions

EER PER DTE ODCR

Description

1 - - -

An enable early recovery (EER) bit of one indicates that
the target shall use of the most expedient form of error
recovery first. This bit only applies to data error
recovery and it does not affect positioning retries and
the message system error recovery procedures,

An EER bit of zero indicates that the target shall use an
error recovery procedure that minimizes the risk of mis-
detection or mis-correction.

A post error {PER)} bit of one indicates that the target
shall repert recovered errors,

A PER bit of zerc indicates that the target shall not
report recovered errors. Error recovery procedures shall
be performed within the limits established by the error
recovery parameters.

A disable transfer on errcr {DTE) bit of cne indicates
that the target shall terminate the data phase upon
detection of & recovered error.

A DYE bit of zero indicates that the target shall not
terminate the data phase upoen detection of a recovered
error.

A disable correction {DCR} bit of one indicates that
error correction codes shall not be used for dats error
recovery,

A DCR bit of z2ero allows the use of error correction
codes for data error recovery.

NOTE 130 An EER bit of one may imply an incresse in the probabiity of mis-detection or mis-correction. An EER bit of
zero typically means that the specified retry limit is exhausted prior to using error correction codes.
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210

Table 170 - Combined error recovery parameter descriptions

FFR PER BTE DCR

Description

0

O

0

o

The full number of retries (specified in the read, write
or verify retry count field} and error correction are
attempted to recover the data {(EER and DCR set to 0}, A
CHECK CONDITION is not reported at the completion of the
command Tor recovered errors {PER set te 0}. The c¢ommand
terminates with CHECK CONDITION status before the
transfer count is exhausted only if an unrecoverable
error is detected. IT an unrecoverable data serror
cccurred, the datz in the block with the unreccverable
error may or may not be transferred to the initiater
depending on the setting of the transfer bloek (TB} bit
(read operation only).

Error correction is disabled (DCR set to onhe) so only the
full number of retries éspecified in the read, write or
verify retry count field} are attempted to recover the
data {EER set to 0), A CHECK CONDITION is not reported
at the completicn of the command for recoverable errors
{FER set to 0}. The command terminates with CHMECK
CONDITION status before the transfer count is exhausted
only if an unrecoverabls error is detected. IT an
unrecoverable data error occurred, the data in the block
with the unrecoverable error may or may not be
transferred to the initiator depending on the setting of
the transfer block {TB) bit (read operation only),

Invalid mode (PER must be set to one if DTE is set to
ong). 1)

Invalid mode (PER must be set %o one ifT DTE is set to
chej.

The full number of retries {specified in the read, write
or verify retry count field) and error correction are
attempted to reccver the data (EER and DCR set 1o 0},

The command terminates with CHECK CONDRITION status before
the transfer count is exhausted only if an unrecoverable
error is detected. If an unrecoverable data error
ocourred, the data in the block with the unrecoverable
arror may or may not be transferred to the initiatoer
depending on the setting of the transfer block {TB} bit
{read operation only}. A CHECK CONDITION with a sense
key of RECOVERED ERROR is reported at the completion of
the command for any recoverable error that occurs (PER
set to 1). The information field in the sense data shall
contain the logical block address of the last recovered
error which ccourred during the transfer.
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Table 170 - (continued)

EER PER DTE DCR Pescription

o % 8 % Erpror correction is disabled {DCR set to cne} so only the
¥ull number of retries {specified in the read, write or
verify retry count field)} are attempted to recover the
data {EER set to 0). The command terminates with CHECK
CORDITION status before the transfer count is exhausted
enly if an unrecoverable error is detected, If an
unrecoverable data error cccurred, the data in the block
with the unrecoverable error may or may not be
transferred to the initiator depending on the setting of
the transfer block {TB} bit {read operation only}. A
CHECK CONDITION with a sense key of RECOVERED ERROR is
reported at the completion of the command for an
recoverable error that ccours (PER set to 1), The
informaticon field in the sense data shall contain the
logical block address of the last recovered error which
occurred during the transfer,

O 1 1 8] The full number of retries {specified in the read, write
or verify retry count field) and error correction are
attempted to racover the data {EER and DCR set to 0).

The command terminates with CHECK CONDITION status before
the transfer count is exhausted if any error {recoverable
or unreceverable} is detected (DTE set to 1), The
information field in the sense data shall contain the
logical block address of the block in error. If an
unrecoverable data error occurs the data in the block
with the error may or may not be transferred 1o the
initiator depending on the setting of the transfer block
{TB} bit (read operation only}.

0 1 1 1 Error correction is disabled {(DCR set to one) so only the
full number of retries (specified in the read, write or
verify retry count field} are attempted to recover the
data {EER set to 0). The command terminates with CHECK
CONCITION status before the transfer count is exhausted
if any error {recoverable or unreceverable} is detected
{DTE set to 1). The informatien field in the sense data
shall contain the legical block address of the block in
error. If an unrecoverable data error occurs the data in
the block with the error may or may not be transferred to
the initiator depending on the setting of the transfer
block (TB) bit (read operation only).

1 C & ¥ The fewest possible retries and error correction are
attempted to recover the data {EER set to one and DCR set
to 0). A CHECK CONDITION is not reported at the
completion of the command for recoverable errors (PER set
to 0}. The command terminates with CHECK CONDITION
status before the transfer count is exhausted only if an
unrecoverable errer is detected. If an unrecoverable
data error occurred, the dats in the bliock with the
unrecoverable error may or may not be transferred to the
initiator depending on the setting of the transfer block
(TB) bit (read operation only).
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Table 170 - {conciuded)

EER PER DTE DCR Description

1 g 0 1 Invalid mode {DCR must be set to zero If EER is set to
one}, 1}

1 o 1 ¢ Invalid mode {PER must be set to one if DTE is set to
cne}. 1}

H ¥ 1 1 Invalid mode (PER must be sei te cne if DTE is set io
cne}. 1}

1 1 0 G The fewest possible retries and error correction are

attempted to recover the data (EER set to one and DGR set
to 0}, The command terminates with CHECK CONDITION
status before the Transfer count is exhausted only if an
unrecoverable error is detected. If &n unrecoverable
data error occurred, the data in the blotk with the
unreceverable error may or may not be transferred to the
initiator depending on the setting of the transfer block
{TB} bit {read operaticn cnly;. A CHECK CONDITION with a
sense Key of RECOVERED £RROR is reported at the
completion of the command for any recoverable error that
occurs (PER set to 1). The information field in the
sense data shall contain the logical block address of the
last recovered error which occurred during the transfer.

1 1 o 1 Invalid mode {DCR mus% be set to zero if EER is sel %o
oney, 1)
1 1 1 0 The fewest possible reiries and error cerrection are

attempted to recover the data {EER set to one and DCR set
to 0). The command terminates with CHECK CONDITION
status before the transfer count is exhausted if any
error (recoverable or unrecoverable) is detected (DTE set
to 1). The information field in the sense data shall
contain the logical block address of the block in error.
If an unrecoverable data error ocours the data in the
bilock with the error may or may not be transferred to the
initiator depending on the getting of the transfer block
{TB) bit {read operation only}.

1 1 1 1 Invalid mode {DCR must be set to zero if EER is set to
ene}. 1)
1) if an invalid mode for the error recovery combination is

sent by the initiator the target shall return CHECK CONDITION
status with the sense key set to ILLEGAL REQUEST and the
additional sense code set to INVALID FIELD IN PARAMEYER LIST.

The read and write retry count fields specify the number of times that the target shall attempt its recovery
algorithm during read and write operations, respectively, If the relry count field and the recovery time limit field
are both specified in a MODE SELECT command, the field that requires the least time for data error recovery
actions shall have priority.

The correction span field specifies the size, in bits, of the largest data error burst for which data error correction
may he altempled. A correction span of zero specifies that the target shall use its default value or that this field is
not supporied.

The head offset count field specifies in two's-complement notation an incremental offset position from the track
center to which the heads shall be moved. The effect of this field on write operations is unspecified. A head
offset count of zero indicates that no offset is specified. A positive value indicates moving in the direction of
increasing logical block addresses, A negative value indicates moving in the direction of decreasing logical block
addresses. Any value specified in this field does not preciude the target from using positive or negative head

212 240 of 468



ANSI X3 181-1994

offset during error recovery. However, after any error recovery is completed the target shall return the head offset
to the vailue specified in this field.

NOTE 131 The degree of offset for each incremental value and the number of valid values are device specific. It is
recommended that the number of valid values be equal for the positive and negative head offset counts.

The target shall return CHECK CONDITION status and shall set the sense key to ILLEGAL REQUEST # an
unsuppored head offset value is specified. The valid bit shall be set to one and the information field shall be set
to the positive value of the maximum head offset count that is supported. The target shall set the valid bit to zero
#f it cannot determine the maximum head offset count supported.

NOTE 132 # the target does not support this field, it returns a zero value in the MODE SENSE cormand.)

The data strobe offset count field specifies in two's-complement notation an incremental position to which the
recovered data strobe shall be adjusted from its nominal setting. The effect of this field on write operations is
unspecified, A value of zero indicates that no data strobe offset is specified. A positive value indicates
movement in a positive direction as defined by the target. A negative value indicates movement in the negative
direction as defined by the target. Any value specified in this field does not preclude the target from using
positive or negative data strobe offset during error recovery. However, after any error recovery is completed the
target shall return the data strobe offset to the value specified in this field.

NOTE 133 The degree of offset for each incremental value and the number of valid values are device specific. It is
recomumended that the number of valid values be equal for the positive and negative data strobe offset counts.

The target shall return CHECK CONDITION status and shall set the sense key {o ILLEGAL REQUEST if an
unsupported data strobe offset count value is specified. The valid bit shall be set to one and the information fleld
shall be set to the positive value of the maximum data strobe offset count that is supported. The target shall set
the valid bit to zero if it cannot determine the maximum data strobe offset supported.

NOTE 134 If the target does not support the data strobe offset count field, it returns a zero value in the MODE SENSE
command.

The recovery fime imit field specifies in increments of one ms the maximum time duration that the target shall use
for data error recovery procedures. The target may round this value as described in 7.5.4. The limits in this field
specifies the maximum error recovery time sllowed for any individual logical block, A recovety time Himit of zero
specifies that the target shali use its defauit value,

If both retry count and recovery time limit are specified, the field that specifies the recovery action of least
duration shall have priority.
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9.3.3.7 Rigid disk drive geometry page

The rigid disk drive geometry page (see table 171} specifies parameters for direct-access devices employing a
rigid disk drive,

Table 171 - Rigld disk drive geometry page

Bit 7 8 5 4 3 2 1 0

Byte
8 PS Reserved Page code {0C4h}

1 Bage length {16h)
2 {MSB) ]

SN N Number of cylinders ———
4 {£.8B)
] Number of heads
8 {MSB) , :

T Starting cylinder-write precompensation S —
8 (LSB)
8 {N58) .

F——— —— Starting coylinder-reduced write current  —
11 {158}
12 {MSB}

brive step rate e
13 {LSB)
14 (MSE) .

R Landing zone cylinder —
16 {LEB)
17 Reserved RPi-

18 Rotational offset
18 Reserved
20 {M3B) )

Mediwm rotation rate e —
21 (L.8B)
22 Reserved
23 Reserved

The parameters savable (PS) bit is only used with the MODE SENSE command. This bit is reserved with the
MODE SELECT command. A PS bit of one indicates that the target is capable of saving the page in a non-
volatile vendor-specific location.

NOTE 135 This page is intended to define drive geometry parameters of rigid disk drives. It may be used for other
devices ¥ applicable,

The number of cylinders field defines the number of physical cylinders used for data storage.

The number of heads field defines the physical number of heads used for data storage. Heads used exclusively
for servo information are excluded.

The starting cylinder for write precompensation field is the physical cylinder at which write precompensation is to
bagin. The first cylinder is number zero. [f the starting cylinder for write precompensation is equal to the value in
the number of cylinders field, write precompensation shall be disabled by the target.
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The starting cylinder for reduced write current field is the physical cylinder at which write current is reduced. The
first cylinder is pumber zero. if the starting cylinder for reduced write current is equal to the value in the number
of eylinders field, reduced write current shall be disabled by the target.

The drive step rate field indicates the step rate in 100 ns increments. The target shali use the drive step rate,
greater than or equal to the drive step rate specified, If the target rounds this field it shall terminate the command
as described in 7.5.4. A value of zero requests the target to set its default value,

The landing zone cylinder field indicates two's complement location where the target shall position the disk
heads. A negative value indicates that the heads are positioned below cylinder zero by that number of cyiinders,
A positive value greater than the number of cylinders indicates that the heads are positioned beyond the cylinders
used for data storage at the cylinder location specified. A zero indicates that the default should be used.

The rotational position locking (RPL) field is used for spindle synchronization as defined in table 172, See K of
the ANSI X3.170A-1991 for further information on synchronized spindles.

Tabie 172 - Rotational position jocking

RPL Description

Go0b Indicates that spindle synchronization is disabled or not supported
Gib The target cperates as a synchronized-spindie sliave

10 The target cperates as a synchronized-spindle master

11b The target operates as a synchronized-spindle master control

NOTE 136 The signals and connectors used for rotational position locking are external to the SCS! bus and are not
part of this standard,

If a target falls to achieve synchronization it shall create a unit attention condition to all initiators. The sense key
shall be set to UNIT ATTENTION and the additional sense code set to RPL STATUS CHANGE.

if subsequent to achieving synchronization the target detects a change of synchronization:

a) and, if the logical unit is not presently executing an /O process for the initiator, the target shall create a unit
attention condition. The sense key shall be set to UNIT ATTENTION and the additional sense code set to
RPL STATUS CHANGE.

b} and, if the logical unit is presently executing an i/O process and no other error occurs, then the target shall
return CHECK CONDITION status. The sense key shall be set to RECOVERED ERROR if the target is abie
to complete the I/O process or HARDWARE ERROR if the target is unable to complete the [/O process.

The additional sense code is set to RPL STATUS CHANGE.

The rotational offset indicates the amount of rotational skew that the target shall use when synchronized, The
rotational skew is applied in the retarded direction lagging the synchronized spindle master control). The value
in the field is the numerator of a fractional multiplier that has 256 as fis denominator {e.g. a value of 128 indicates
a one-half revolution skew}. A value of Zero indicates that rotational offset shall not be used., This value may be
rounded as defined in 7.5.4. The rotational offset is not used when a target is configured as synchronized-spindie
raster.

The medium rotation rate indicates the speed at which the medium rotates. The unit of measure is rotations per
minute {e,g. 3 600 rpm).

$.3.3.8 Verlfy error recovery page

The verify efror recovery page (see table 173) specifies the error recovery parameters the target shall use during
the VERIFY command, the verify operation of the WRITE AND VERIFY command and the verily operation of the
COPY AND VERIFY command.
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Table 173 - Verify error racovery page

Bit 7 6 8 4 3 2 1 0
Byte
0 Ps Reserved Page code (07h)
1 Parameter length (O0Ah)
2 Reserved FER FER DTE OCR
3 Verify retry count
4 Verify correction span
5 Reserved
6 Reserved
7 Reserved
8 Reserved
8 Reserved
10 {MSB}
Verify recovery time limit  —
R {LSB)

The parameters savable {(PS) bit is only used with the MODE SENSE command. This bit is resetved with the
MODE SELECT command. A PB bit of one indicates that the farget is capable of saving the page in a non-
volatile vendor-specific location.

The AWRE bit as defined in the read-write errof recovery page {see 9.3.3.6) applies to the WRITE AND VERIFY
command, The VERIFY and COMPARE commands shall not perform automatic reallocation, The COPY and
COPY AND VERIFY commands might or might not perform automatic reallocation depending on the seftings of
the mode parameters,

The FER, PER, DTE and DCR bits are defined in 9.3.3.6. The combinations of these bits is defined in 83.3.6,

The verify retry count field specifies the number of times that the target shall altempt its recovery algorithm during
a verify operation. If the verify retry count and the verify recovery time limit are both specified, the one that
requires the least time for data error recovery actions shall have priority.

The verify correction span field specifies the size, in bits, of the largest burst data error for which data error
correction may be attempted. if the target does not implement this field, a vaiue of zero Is returnad in MODE
SENSE data.

The verify recovery time limit field specifies in increments of one millisecond the maximum time duration that the
target shall use error recovery procedures {o recover data for an individual logical block, The target may round
this value ag described in 7.5.4. [f the verily retty count and the verify recovery time limit are both specified, the
one that requires the least me for data error recovery actions shall have priority,

NOTE 137 To disable gll types of correction and retries the initiator should set the EER bit to zero, the PER, DTE and
BCR bits to one and the number of retries and recovery time limit to zero.
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9.4 Definitions specific to direct-access devices

$.4.1 cache memory: A temporary {(and often volatile) data storage area outside the user-accessible area. A
cache memory is usually faster to access than the medium and thus has the effect of increasing data throughput
by reducing the number of accesses to the medium.

9.4.2 non-volatite medium: Physical storage medium that retains data written to it for a subsequent read
operation through a power-on condition. An example of this is a disk device that stores data as magnetic fields
that do not require device power to exist.

5.4.3 notch: A notch refers to all or part of the medium having a consistent set of geometry parameters,
Notches are used to increase storage capacity by optimizing the number of sectors per track between the inner
and outer tracks.

9.4.4 user-accessible: The area of the medium that can be read from or written to by READ and WRITE
commands.

9.4.5 volatile medium: Medium that may not retain data written to # for a subseguent read operation through a
power-on condition. An example of this is a silicon memory device that loses data wrilten to it ¥ device power is
jost,
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10 Sequential-access devices

10.1 Sequential-access device model

10.1.1 Physical eiements

Sequential-access devices (called devices below) optimize their use in storing or retrieving user data in a
sequential manner. Since access is sequential, position changes typicaily take a iong time, when compared to

direct-access devices,

Sequential-access devices are usually tape devices. The remainder of this description is from the point of view of
a tape device; however, other implementations are not precluded.

The recording medium for fape devices consists of various widths and lengths of a fiexible substrate coated with
a semi-permanent magnetic material. The recording medium may be wound onto single reels or encapsulated
into cartridges containing both a supply reel and a take-up reel. Several American National Standards exist
covering the construction of reels and carlridges for inferchange as well as recording techniques for many of the

format or density combinations.

A complete unit composed of the recording medium and its physical carrier {e.g. reel, cartridge, casselte) is
cailied a volume. Volumes have an atiribute of being mounted or de-mounted on a suitable fransport mechanism

Mounted is the state of a volume when the device is physically capable of executing commands that cause the
medium to be moved. A volume is de-mounted when it is being loaded, threaded, unloaded, unthreaded, or
when not attached to the device,

Ready is the state of the device when medium access and non-medium access commands can be executed.
The device is not ready when no volume is mounted or, from the initiator's perspective, whenever all medium
access commands report CHECK CONDITION status and a NOT READY sense key. Some devices may have a
separate switch function which places the device in a not ready state even when a volume is mounted.

The write enabled or write protected state determines when an initiator may write information on a volume. This
attribute is usually controlled by the user of the volume through manual intervention (e.g. thumbwheel switch).

The recording medium has two physical attributes called beginning-of-medium (BOM) and end-of-medium (EOM).
Beginning-of-medium is at the end of the medium that is attached to the take-up reel. End-of-medium is at the
end of the medium that is attached to the supply reel. In some cases, the medium is permanently affixed to one
or both of the reel hubs.

As shown in figure 18, the entire physical length of medium is not usabie for recording data. For most voiumes, a
length of the medium is reserved before the beginning-of-medium and after the end-of-medium position. This is
done to provide sufficient tape wraps onto the reel hub(s) and to ensure that recording starts in an undamaged
section of the medium.
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BOM EOM
frEEEEEEE R L e
Reserved ... Jsable Reserved
medium Recording medium
areg Zone ~e——  Qred

& Tgke—up hub Supply hub=——>

Flgure 1B « Typical volume layowt
10.1.2 Dala storage characteristics

The position on the medium where a pattern of recorded signal may be written by one write component is called
a track (see figure 19}, A device may write or read from one or more tracks at a time, depending on the format.

BOM EOM

Figure 19 - Typical medium track iayout

On a new volume, recording of one or more tracks begins after mounting the volume and moving from
beginning-of-medium toward end-of-medium. The number of tracks written at one time is called a track group
{TrkGrp). For recorded volumes, reading in the forward direction follows the same course of tracks as when
writing.

if not ait tracks are recorded at the same time, and the device reverses directian when approaching end-of-
medium and begins writing on remaining tracks, the recording method is called serpentine, For serpentine
devices that record only one track af a time, each physical track represents one {frack group (see figure 20).

BOM EOM
[
Track 1 » TrkGrp 1
Track 2 ¢ - TrkGrp 2
Track n TrikGrp n

Figure 20 - Serpentine recording example
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Some multi-track devices have only one track group, using a parailel storage format that supporis the
simultanecus recording of all available tracks (see figure 21).

BOM EOM

Track 1
Track 2

Track n —1
Track o

Figure 21 - Parallel recording example

The serpentine and parallel recording formats shown in the previous examples define tracks as longitudinal
patterns of recorded information. One other storage format used by some devices records tracks diagonally
across the medium, This recording technique is known as helical scan (see figure 22),

BOM EOM

S ittt —

Figure 22 - Halical scan recording example

For most recording formats, an area at beginning-of-medium contains a format identification in the form of a tone
burst or some other recognizable pattern. User data is not recorded in this area. The format identification is an
attribute of a volume used for interchange purposes and is defined in applicable standards.

Whan writina. the initiator nesds an indication that it i= approaching the end of the permissible recordina area.



