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INTERNATIONAL STANDARD

ISO 9316 : 1989 (E)

Information processing systems — Small Computer
System Interface (SCSI)

1 Scope

This Inter
input/outp

The small
data rates
provide hq

printers, and even communication devices can be added to the host computer(s) without requiring mo

generic sy4
vendor unf

The interf3
may be in|
peripheral

Provision
receiver ¢
cabinet.

The interf;
operation)
distributed
face contrg
independe

"The physi
tial. Singlg

it bus and command sets for peripheral device types commonly used with small.computers.

computer system interface, described in this International Standard, is a Jocal 1/O bus that can be
up to 4 Mbytes/s depending upon circuit implementation choices. Thé primary objective of the
st computers with device independence within a class of devices!

tem hardware or software. Provision is made for the addition of nongeneric features and functi
que fields and codes.

ice uses logical rather than physical addressing for all data blocks. For direct access devices, each
terrogated to determine how many blocks it contains.
device.

s made for cable lengths up to 25 m using-differential drivers and receivers.. A single-ended

ice protocol includes provision for.the connection of multiple initiators (SCSI devices capable -of
and multiple targets (SCSI devices capable of responding to a request to perform an operatio

bl to the highest prioritySESI device that is contending for use of the bus. The time to complete
nt of the number of dévices that are contending and can be completed in less than 10 ps.

al characteristic§ are described in clause 4. There are two electrical alternatives: single-ended aj
-ended and differential devices are electrically different and shall not be mixed on the same bus.

national Standard provides the mechanical, electrical, and functional requirements for a smajl computer

operated at

interface is to
Thus, different disk drives, [tape drives,

cations to
pns through

logical unit

A logical unit may coincide with all qr part of a

driver and

pnfiguration is defined for cable lengths~of up to 6 m and is primarily intended for applicatigns within a

initiating an
Optional

arbitration (i.e., bus-contention logic) is built into the architecture of SCSI. A priority system %}ards inter-

bitration is

nd differen-
In addition,

there are several optiens: shielded or unshielded connectors may be used and parity may or may not be implgmented.

Clause 5 d
itiators an
defined as

escribes the logical characteristics of the interface. An arbitration option is defined to permit

multiple in-

1 t6 permit concurrent I/O operations. All SCSI devices are required to be capable of operat

mchronous transfer protocol. In addition, an optional synchronous transfer protocol is defined.

g with the
lause 5 also

specifies a message protocol for control of the interface. In most cases, messages are not directly apparent to the host
computer software. Only one message, COMMAND COMPLETE, is mandatory; all others are optional and are not
necessarily implemented. Note that some options (e.g., synchronous transfer) require the implementation of certain
messages.

The SCSI command structure is specified in clause 6. Commands are classified as mandatory (M), extended (E), op-
tional (O), or vendor unique (V). SCSI devices shall implement all mandatory commands defined for the appropriate
device type and may implement other commands as well. Extended SCSI devices shall implement all extended plus all
mandatory commands and may implement other commands as well. Extended SCSI devices contain commands that
facilitate the writing of self-configuring software drivers that can “discover” all necessary attributes without prior
knowledge of specific peripheral characteristics (such as storage capacity). Extended commands for direct access
devices also implement a very large logical block address space (232 blocks A although mandatory commands for direct
access devices implement a somewhat smaller logical block address space (2°* blocks).
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Clause 7 specifies those commands that have a consistent meaning for all device types.

Clauses 8 through 13 contain commands for direct-access (e.g., magnetic disk), sequential-access (e.g., magnetic tape),
printer, processor, write-once-read-multiple (e.g., optical disk), and read-only direct-access devices, respectively. 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.

Clause 14 describes the status byte for all device types. Status is returned by targets at the end of each command.
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2 Normative references

The following standards contain provisions, which through reference in this text, constitute provisions of this Internation-
al Standard. At the time of publication, the editions indicated were valid. All standards are subject to revision, and par-
ties to agreements based on this International Standard are encouraged to investigate the possibility of applying the most
recent editions of the standards listed below. Members of IEC and ISO maintain registers of currently valid Internation-
al Standards.

ISO 8482:1987, Information processing systems — Data communication— Twisted pair multipoint interconnections.

This International Standard defines codes which controllers may use to identify that storage media conform to the fol-
lowing sto i

ISO 1863:1976, Information processing — 9-track, 12,7 mm (0.5 in) wide magnetic tape for information
recorded af| 32 rpmm (800 rpi).

interchange

ISO 3788:1976, Information processing — 9-track, 12,7 mm (0.5 in) wide magnetic tape fon.information|interchange

recorded afl 63 rpmm (1 600 rpi), phase encoded.

ISO 4057:1986, Information processing — Data interchange on 6,30 mm (0.25 in) magnetic)tape cartridge 63 bpmm (1 600

bpi) phase-encoded.

ISO 5652:1984, Information processing — 9-track, 12,7 mm (0.5 in) wide magnetic‘tape for information intercHange -- For-
mat and re¢ording, using group coding at 246 cpmm (6 250 cpi).

ISO 5654/1:1984, Information processing — Data interchange on 200 mm (8 in) flexible disk cartridges using t
recording at 13 262 fiprad, 1, 9 tpmm (48 tpi), on one side — Part 1: Dimensional, physical and magnetic chara

ISO 5654/2:1985, Information processing — Data interchange on 200 mm (8 in) flexible disk cartridges using t
recording at 13 262 fiprad, 1, 9 tpmm (48 tpi), on one side — Part 2: Track format.

ISO 6596/1:1985, Information processing — Data interchange on 130 mm (5.25 in) flexible disk cartridges ul
rding at 7 958 fiprad, 1,9 tpmm (48 tpi), onone side — Part 1: Dimensional, physical and magnetic|

ISO 6596/2:1985, Information processing - «Data interchange on 130 mm. (5.25 in) flexible disk cartridges u.

o-frequency
cteristics.

o-frequency

ing two-fre-
characteris-

ing two-fre-

quency recgrding at 7 958 ftprad, 1,9 tpmm-~(48 tpi) on one side — Part 2: Track format.
ISO 7065/1:1985, Information processing’— Data interchange on 200 mm (8 in) flexible disk cartridges using modified fre-
quency moflulation recording at 13- 262 ftprad, 1,9 tpmm (48 tpi), on both sides — Part 1: Dimensional, physical and mag-

netic charagteristics.

ISO 7065/2:1985, Information processing — Data interchange on 200 mm (8 in) flexible disk cartridges using modified fre-

quency moglulation recording at 13 262 ftprad, 1,9 tpmm 48 (tpi), on both sides — Part 2: Track format.

ISO 7487/1:1985, Information processing — Data interchange on 130 mm (5.25 in) flexible disk cartridges usi
Jfrequency rodiilation recording at 7 958 fiprad, 1,9 tpmm (48 tpi), on both sides — Part 1: Dimensional, [

hg modified
Vhysical and

magnetic chdracteristics.

ISO 7487/2:1985, Information processing — Data interchange on 130 mm (5.25 in) flexible disk cartridges using modified

Jrequency modulation recording at 7 958 fiprad, 1,9 tpmm (48 tpi), on both sides — Part 2: Track format.

ISO 7487/3:1986, Information processing — Data interchange on 130 mm (5.25 in) flexible disk cartridges using modified

frequency modulation recording at 7 958 fiprad, 1,9 tpmm (48 ipi), on both sides — Part 3: Track format B.

ISO 8063/1:1986, Information processing — Data interchange on 6,30 mm (0.25 in) wide magnetic tape cartridge using

IMFM recording at 252 fipmm (6 400 fipi) — Part 1: Mechanical, physical and magnetic properties.
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ISO 8063/2:1986, Information processing — Data interchange on 6,30 mm (0.25 in) wide magnetic tape cartridge using
IMFM recording at 252 fipmm (6 400 fipi) — Part 2: Track format and method of recording for data interchange in
start/stop mode.

ISO 8378/1:1986, Information processing — Data interchange on 130 mm (5.25 in) flexible disk cartridges using modified
frequency modulation recording at 7 958 fiprad, 3,8 tpmm (96 tpi), on both sides — Part 1: Dimensional, physical and
magnetic characteristics.

ISO 8378/2:1986, Information processing — Data interchange on 130 mm (5.25 in) flexible disk cartridges using modified
frequency modulation recording at 7 958 fiprad, 3,8 tpmm (96 tpi), on both sides — Part 2: Track format A.

ing modified

recording 394 ftpmm (10 000 fipi), 39 cpmm (1 000 cpi) — Part I: Mechamcal phys:cal and magnetic properfies.

ISO 8462/2:1986, Information processing — Data Interchange on 6,30 mm (0.25 in) magnetic-tape cartridges using GCR

ISO 8630/}:1987, Information processing -- Data interchange on 130 mm (5.25 in) flexible disk cartridges using modified fre-
quency ation recording at 13 262 fiprad, on 80 tracks on each side — Part 1: “Dimensional, physical gnd magnetic

ISO 8630/:1987, Information processing -- Data interchange on 130 mm (5:25 in) flexible disk cartridges using inodified fre-
quency madulation recording at 13 262 fiprad, on 80 tracks on each side “<-Part 2: Track format A for 77 tracks.
ISO 8630/8:1987, Information processing -- Data interchange on 130unm (5.25 in) flexible disk cartridges using modified fre-

ISO 8860/[1:1987, Information processing - Data interchange on 90 mm (3.5 in) flexible disk cartridges using modified fre-
quency mqdulation recording at 7 958 ftprad on 80 tracks on each side — Fart 1: Dimensional, physical dnd magnetic

1SO 8860/p:1987, Information processing -- Datainterchange on 90 mm (3.5 in) flexible disk cartridges using modified fre-
quency madulation recording at 7 958 ftprad on 80 tracks on each side — Part 2: Track format.
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3 Definitions, abbreviations and conventions

3.1 Definitions
For the purposes of this International Standard the following definitions apply.

3.1.1 byte: In this standard, this term indicates an 8-bit (octet) byte.

16 : 1989 (E)

3.1.2 command descriptor block (CDB): The structure used to communicate requests from an initiator to a target.

3.1.3 connect: The function that occurs when an initiator selects a target to start an operation.

3.1.4 disconnee he-function-that-occurs

to the BUS

iator: An SCSI device (usually a host system) that requests an operation to be performed-by apother SCSI

3.1.6 INTERMEDIATE status: A status code sent from a target to an initiator upon completion of each command in a

set of linked commands except the last command in the set.

3.1.7 logicpl unit: A physical or virtual device addressable through a target.

3.1.8 logichl unit number: An encoded three-bit identifier for the logical unit,

3.1.9 one: | A true signal value.

3.1.10 peripheral device: A peripheral that can be attached to an SESI device (e.g., magnetic-disk, printer, |optical-disk,

or magnetlic-tape).

3.1.11 rec¢nnect: The function that occurs when a target selects an initiator to continue an operation after :ldisconnect.

tion.

This address

3.1.14 SCS$I ID: The bit-significant representation of the SCSI address referring to one of the signal lines DB(7-0).

3.1.15 SC$I device: A host computer adapter or a peripheral controller or an intelligent peripheral that can be attached

al assertion: The.act of driving a signal to the true state.
ate (by placing the driver in the high impedance condition).

impedance condition).

al negation: The act of driving a signal to the false state or allowing the cable terminators to bias|the signal to

al reléase: The act of allowing the cable terminators to bias the signal to the false state (by placipg the driver

3.1.19 status: One byte of information sent from a target to an initiator upon completion of each command.

3.1.20 target: An SCSI device that performs an operation requested by an initiator.

3.1.21 vendor unique: In this standard, this term indicates bits, fields, or code values that are vendor specific and are

not defined by this standard.
3.1.22 zero: A false signal value.

3.2 Abbreviations
3.2.1 LSB, Least significant byte.
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322 LUN. Logical unit number.
323 MSB. Most significant byte.

3.3 Editorial conventions

Certain words, terms, and phrases used in this standard have a specific meaning beyond the normal English meaning.
These words, terms, and phrases are defined either in the definitions (see 3.1) or in the text where they first appear (e.g.,
Arbitration Delay, see 4.7.1). Names of signals, phases, conditions, messages, commands, statuses, and sense keys are in
all uppercase (e.g., REQUEST SENSE). Lower case is used for words having the normal English meaning.

Hexidecimal numbers are indicated by the digits 0, 1,2, 3,4, 5,6, 7, 8,9, A, B, C, D, E and F followed by the lower case
“h” (e. g 3F6AN) Al other mumbers are decimat vatues:
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4 Physical Characteristics

This section contains the physical definition of the SCSI. The connectors, cables, signals, terminators, and bus timing

needed to implement SCSI are covered.

4.1 Physical Description

SCSI devices are daisy-chained together using a common cable. Both ends of the cable are terminated. All signals are

common between all SCSI devices. Two driver/receiver alternatives are available:

a)

within a cabinet).

Single-ended drivers and receivers, which allow a maximum cable length of 6 m (primarily for connection

b) |Differential drivers and receivers, which allow a maximum cable length of 25 m (primarily for cohnection out-
side of a cabinet).
4.2 Cable|Requirements

An ideal jmpedance match with cable terminators implies a cable characteristic impedance of-132 (2 (single
tion) or 1p2  (differential option). In general, cables with this high of a characteristic iipedance are
however, fmpedances that are somewhat lower are satisfactory. A characteristic impedance of 100 ) +10
mended fpr unshielded flat or twisted pair ribbon cable. A characteristic impedance greater than 90 Q is |
shielded ¢ables; however, most available cables have a somewhat lower characteristic\impedance. To min]
tinuities and signal reflections, cables of different impedances should not be used in'the same bus. Impleme
de-offs in shielding effectiveness, cable length, the number of loads, €ransfer rates, and cost to
tem operation.

r distribution of optional terminator power.

e-Ended Cable

A 50-confluctor flat cable or 25-signal twisted- pair cable shall;be used. The maximum cable length shall be;

A stub lepgth of no more than 0,1 m is allowed off the.shainline interconnection within any connected equip
SCSI bus|termination may be internal to the SCSIdevices that are at the ends of the cable.

4.2.2 Differential Cable
A 50-congluctor cable or 25-signal twistedspair cable shall be used. The maximum cable length shall be 25 1

A stub length of no more than 0,2 m is-allowed off the mainline interconnection within any connected equip

SCSI bus termination may be infernal to the SCSI devices that are at the ends of the cable.
4.3 Conn
Nonshield
Annex D
external 3
required.

tctor Requirements

jed connectors>are specified. The nonshielded connectors are typically used for in-cabinet
defines recommended shielded connectors and their pin assignments. These connectors are typig
pplications where electromagnetic compatibility (EMC) and electrostatic discharge (ESD) prote;
Either type of connector may be used with the single-ended or differential drivers.

%

d-ended op-
ot available;

is recom-
preferred for
imize discon-
ntations may
hchieve satis-

um conductor size of nominal cross section 0,080 42 mm? shall be employed to minimize noise effects and en-

6 m.

ment,

[ad

ment.

applications.
tally used for
ction may be

The nonshielded

ws of 25 male

contacts with ad]accnt contacts 2 54 mm (0 1 m) apart A shroud and header body should be uscd The nonmatmg por-

tion of the connector is shown for reference only.

The nonshielded cable connector (figure 2) shall be a 50-conductor connector consisting of two rows of 25 female con-

tacts with adjacent contacts 2,54 mm (0,1 in) apart. It is recommended that keyed connectors be used.
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D5
D2
XX Note: 8
ote: Straight
Dg fhrnngh hnc\gﬂe*- . Ds
- may also be used l X
D E —T
J‘—*"— ) -3 'E‘}‘ /DDDBDDDDDDDUUDDDDDDDDDU
—u—— D a fDUDDDDDDDDUDDDDDUDDUDDD }
t ' A ! Contac
Note : Shrguded header Contact 49 . _J__D3 P_X \ ’
(recommengled) Contact 50 See Note'1 Contact
al
O O
o [ el A 1 E
= o | le]
a |
D8
Dimensions mim in Comments
D1 2,54 0,100
D2 82,50 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
D8 4,19 + 0,25 | 0,165 £ 0,01
D9 6,10 0,240
D10 6,60 0,260 Reference only
NOTES : .
1) Two rows of twenty five contacts on 2,54 mm (0,100 in) spacing = 60,96 mm
(2,400 in).

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

Figure 1 - Nonshielded SCSI Device Connector
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Contact 1 Contact 49
[ C6 N

\

ISO 9316

o« iﬂﬂnﬂﬂﬂﬂﬂﬂﬂﬂ;ﬂﬂﬂﬂﬂﬂnﬂﬂﬂh e~
o qmﬂHHMHDEHEHEEDEEEHEEHHHP o
\Contactz Contact 50
L See Note 1 g Even contacts
— — arefrot-showtr
(5
Contact 1 Contact 50
)
|‘++++++++++++++++++++++++ i
b+ttt t b+ttt bttt et
€3 Ch
2
Dimensions mm in Comments
Cl 2,54 0,100
C2 60,96 2,400
C3 2,54 0,100
C4 3,30 0,130
C5 32,39 1,275
C6 68,07 2,680
Cc7 6,10 0,240
C8 7,62 0,300 max.
NOTES.:

1) Fifty/contacts on 1,27 mm (0,05 in) staggered spacing = 62,23 mm (2,450 in)

[reference only].

2)\‘Tolerances + 0,127 mm (0,005 in) non-cumulative, unless specified otherwise.

3) Connector cover and strain relief are optional.

Figure2 — Nonshiélded SCSI Cable Connector

: 1989 (E)
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The unshielded connector contact assignments shall be as shown in table 1 for single-ended drivers.

Table 1 - Single-Ended Connector Contact Assignments

Signal Contact Number Signal Contact Number
GROUND 1 -DB(0) 2
GROUND 3 -DB(1) 4
GROUND 5 DE2) 6
GROUND 7 -DB(3) 8
GROUND 9 -DB(4) 10
GROUND 11 -DB(5) 12
GROUND 13 -DB(6) 14
GROUND 15 -DB(7) 16
GROUND 17 -DB(P) 18
GROUND 19 GROUND 20
GROUND 21 GROUND 22
GROUND 23 GROUND 24
OPEN 25 TERMPWR 26
GROUND 27 GROUND 28
GROUND 29 GROUND 30
GROUND 31 ~ATN 32
GROUND 33 GROUND 34
GROUND 35 -BSY 36
GROUND 37 -ACK 38
GROUND 39 -RST 40
GROUND 41 -MSG 42
GROUND 43 -SEL 44
GROUND 45 -C/D 46
GROUND 47 -REQ 48
GROUND 49 -1/0 50
NOTE: The minus ign'next to the signals indicates active low.

10
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The unshielded connector contact assignments shall be as shown in table 2 for differential drivers.

Table 2 — Differential Connector Contact Assignments

Signal Contact Number Signal Contact Number
SHIELD GROUND 1 GROUND 2
+DB(0) 3 -DB(0) 4
+DB(1) 5 -DB(1) 6
+DB(2) 7 -DB(2) 3
+DB(3) 9 -DB(3) 10
+DB(4) 11 -DB(4) 12
+DB(5) 13 -DB(5) 14
+DB(6) 15 -DB(6) 16
+DB(7) 17 -DB(7) 18
+DB(P) 19 -DB(P) 20
DIFFSENS 21 GROUND 22
GROUND 23 GROUND 24
TERMPWR 25 TERMEWR 26
GROUND 27 GRQUND 28
+ATN 29 -ATN 30
GROUND 31 GROUND 32
+BSY 33 =BSY 34
+ACK 35 -ACK 36
+RST 37 -RST 38
+MSG 39 -MSG 40
+SEL 41 -SEL 42
+C/D 43 -C/D 44
+REQ 45 -REQ 46
+1/O 47 -1/0 438
GROUND 49 GROUND 50
NOTE: SHIELD GROUND is optional on some cables. Some shielded flat ribbon cables use
contact 1 as a connection to the shield.

1
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4.4 Electrical Description
For these measurements, SCSI bus termination is assumed to be external to the SCSI device. An SCSI device may have

the provision for allowing optional internal termination.

4.4.1 Single-Ended Alternative
All assigned signals shall be terminated with 220 () to +5 V (nominal) and 330 Q to ground at each end of the cable.

(See figure 3.) All signals shall use open-collector or three-state drivers.

+ 5V (nom.)
220 ohms
-SIGNAL
330 ohms
GROUND

Figure 3 — Termination for Single-Ended Devices

44.1.1 Outp:I; Characteristics
Each signal driven by an SCSI device shall have the following output characteristics when measured at the SCSI device’s

connector:

Signal|assertion = 0,0 V dcto 0,4 V dc
Mininjum driver output capability = 48'mA (sinking) at 0,5 V dc
Signal[negation = 2,5V dc to 5,25 V d¢

4412 Inj)ut Characteristics
Each signal freceived by an SCSI-device shall have the following input characteristics when measured at |the SCSI

device’s conrlector:

Signal|true = 0,0 Y.dcto 0,8 V dc

imum total input load = -0,4 mA at 0,4 V dc
Signallfalse =.2,0'V dcto 5,25V dc

Minimjum input hysteresis = 0,2 V dc

4.4.2 Differenti tive,
All signals consist of two lines denoted +SIGNAL and -SIGNAL. A signal is true when +SIGNAL is more positive
than -SIGNAL, and a signal is false when -SIGNAL is more positive than +SIGNAL. All assigned signals shall be ter-
minated at each end of the cable as shown in figure 4.

12
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+ 5V (nom.)
330 ohms
-SIGNAL
150 ohms
4+ SIGNAL
330 ohms
GROUND

Figure 4 — Termination for Differential Devices

As an option, the DIFFSENS signal of the connector is reserved for atvactive high enable for the differential
a single-ended device or terminator is inadvertently connected, this signal is grounded, disabling the drivers. (See

figure 5). THis will prevent damage should single-ended and differential drivers be connected to the same cable.

+ 5V (nom.)

Silicon Diode

1 kohm (typical)

DIFFSENS

Figure 5 — Differential Driver Protection Circuit (Opt.)

drivers. If
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4.4.2.1 Output Characteristics
Each signal driven by an SCSI device shall have the following output characteristics when measured at the SCSI device’s

connector:

VoL (Low-level output voltage) = 2,0 V max. at Ior, (Low-level output current) = 55 mA.
Von (High-level output voltage) = 3,0 V min. at Ion (High-level output current) = -55 mA.
Vobp (Differential voltage) = 1,0 V min. with common-mode voltage ranges from -7 V dc to +12 V dc.

VoL and VoH shall be as measured between the output terminal and the SCSI device’s logic ground reference.

The output characteristics shall additionally conform to ISO 8482,

4.4.22 Inpput Characteristics

Each si
device’s

I (

NOTE: The;

received by an SCSI device shall have the following input characteristics when measured at the SCSI
nnector:

put current on either input) = + 2,0 mA max.

te characteristics include both receivers and passive drivers.

This rcqufmcnt shall be met with the input voltage varying between -7 V dc and +12'V dc, with power on or off, and

with the

The input

teresis equaling 35 mV, min.
characteristics shall additionally conform to ISO 8482.

443 Te

Single-ended SCSI devices providing terminator power (TERMPWR)shall have the following characteristics:

VT
800
1,0

Differentigl SCSI devices providing terminator power (TERMPWR) shall have the following characteristics:

VTdrm
600
1,0

The use of keyed conmectors-is recommended in SCSI devices that provide terminator power to preven

grounding
SCSI devig

flow of poyer to the SCSI device.

inator Power (Optional)

= 40V dcto525Vdc
mA min, source drive capability
mA max. sink capability (except for the purposes of providing power to an internal terminator)
with 1,0 A recommended current limiting (e.g., a fuse).

= 40Vdcto525Vdc
mA min. source drive capability,
mA max. sink capability (except’for the purposes of providing power to an internal
terminator) with 1,0 A-recommended current limiting (e.g., a fuse).

or misconnection of terminator power.

es that supplyterminator power shall do so through a diode or similar semiconductor that preverts the back-

14
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4.5 SCSI Bus

Communication on the SCSI bus is allowed between only two SCSI devices at any given time. There is a maximum of
eight SCSI devices. Each SCSI device has an SCSI ID bit assigned as shown in figure 6.

DB(7) DB(6) DB(5) DB(4) DB(3) DB(2) DB(1) IDB(O) == DATA BUS

SCSIID =0
SCSIID = 1

SCSITD = 2

ScsiiID = 3

SCSIID = 4

SCSIID =5

SCSIID = 6

SC$IID = 7

Figure 6 — SCSI ID Bits

When two BCSI devices communicate on the SCSI bus, one acts as an initiator and the other acts as a target. The in-

itiator origihates an operation and the target performs the opération. An SCSI device usually has a fixed roje as an in-
itiator or target, but some devices may be able to assume gither role.

An initiatof may address up to eight peripheral devices that are connected to a target. An option allows the| addressing

of up to 2,048 peripheral devices per target using extended messages. Three sample system configurations are shown in
figure 7.
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Peripheral devices such as
magnetic-disks, printers,
optical-disks, and magnetic-

tapes.
| ! Computer I HA I< SCSI BUS ! Controller I !

SINGLE INITIATOR, SINGLE TARGET

Computer R HA SCSI BUS

Controller

Controlier

C
e

SINGLE INITIATOR, MULTIPLE TARGET

SCSI BUS Controller

Computer Controller

Controller

H A: Host Adaptor

Controller

W N NS NS

|
Computer HA Controller I

HHAHAH O
@llaNa Natiat

MULTIPLE INITIATOR, MULTIPLE TARGET

Figure 7 — Sample SCSI Configurations
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Up to eight SCSI devices can be supported on the SCSI bus. They can be any combination of initiators and targets.

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

Information transfers on the DATA BUS are asynchronous and follow a defined REQ/ACK handshake protocol. -One
byte of information may be transferred with each handshake. An option is defined for synchronous data transfer.

4.6 SCSI Bus Signals
c include the

NC Arc Usc O
cribed as follows:
BSY [BUSY). An “OR-tied” signal that indicates that the bus is being used.

SEL [SELECT). A signal used by an initiator to select a target or by a target to reselect an, initiator.

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

IO (INPUT/OUTPUT). A signal driven by a target that controls the diréction of data movement op the DATA
BUS with respect to an initiator. True indicates input to the initiator: This signal is also used fo distinguish
between SELECTION and RESELECTION phases.

MSG| (MESSAGE). A signal driven by a target during the MESSAGE phase.
REQ|(REQUEST). A signal driven by a target to indicate a‘request for a REQ/ACK data transfer hanflshake.

ACK| (ACKNOWLEDGE). A signal driven by an initiator to indicate an acknowledgment for a REQQ/ACK data
transfer handshake. :

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

DB(70,P) (DATA BUS). Eight data-bit signals, plus a parity-bit signal that form a DATA BUS. DB(Y) is the most
significant bit and has the(highest priority during the ARBITRATION phase. Bit number, sigrdificance, and
priority decrease downward to DB(0). A data bit is defined as one when the signal value i$ true and is
defined as zero when(thesignal value is false.

Data par'Iy DB(P) is odd{ The use of parity is a system option (i.e., a system is configured so that all SCSI devices on a
bus genetate parity and have parity detection enabled, or all SCSI devices have parity detection disabled pr not imple-
mented). | Parity is not\valid during the ARBITRATION phase. '

4.6.1 Signlal Values
Signals %y 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, or negated. In this International Standard, wherever the term negated is used, it means that the signal may
be actively driven false, or may be simply released (in which case the bias circuitry pulls it false), at the option of the im-
plementor. The advantage to actively drive signals false is that the transition from true to false occurs more quickly, and
noise margins may be somewhat improved; this may permit somewhat faster data transfer.

4.6.2 OR-Tied Signals

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

4.6.3 Signal Sources

Table 3 indicates which type of SCSI device is allowed to source each signal. No attempt is made to show if the source
is driving asserted, driving negated, or is passive. All SCSI device drivers that are not active sources shall be in the pas-
sive state. The RST signal may be sourced by any SCSI device at any time.

Table 3 — Signal Sources

Signals

C/D, YO,
Bus Phase BSY SEL MSG, REQ ACK/ATN | DB(7-0,P)
BUS FREE None | None | None None None
ARBITRATION All Winner { None None SCSIID
SELECTION I&T Initiator] None Initiator Initiator
RESELECTION 1&T Target | Target Initiator Target
COMMAND Target | None | Target Initiator Initiator
DATA IN Target | None | Target Initiator Target
DATA OUT Target | None | Target Initiator Initiator
STATUS Target | None | Target Initiator Target
MESSAGE IN Target | None | Target Initiator Target
MESSAGE OUT Target | None | Target Initiator Initiator

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

SCHI ID: A unique data bit (the SCSI ID) shall be driven by each SCSI device that is activelly ar-
bitrating; the other §evén data bits shall be released (i.e., not driven) by this [SCSI
device. The parity bit (DB(P)) may be undriven or driven to the true state, but|shall
never be drivento the false state during this phase.

1&7: The signal 'shall be driven by the initiator, target, or both, as specified in the SELEC-
TION phase and RESELECTION phase.

Initiator: If this ‘signal is driven, it shall be driven only by the active initiator.

Nore: The signal shall be released; that is, not be driven by any SCSI device. The bias cir-
cuitry of the bus terminators pulls the signal to the false state.

Winner; The signal shall be driven by the one SCSI device that wins arbitration.
Tw the active target

4.7 SCSI Bus Timing

Unless otherwise indicated, the delay-time measurements for each SCSI device, shown in 4.7.1 through 4.7.14, shall be
calculated from signal conditions existing at that SCSI device’s own SCSI bus connection. Thus, these measurements
(except cable skew delay) can be made without considering delays in the cable.
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4.7.1 Arbitration Delay (2,2 p.s)
The minimum time an SCSI device shall wait from assertmg BSY for arbitration until the DATA BUS can
to see if arbitration has been won. There is no maximum time.

4.7.2 Assertion Period (90 ns)

be examined

The minimum time that a target shall assert REQ while using synchronous data transfers Also, the minimum time that

an initiator shall assert ACK while using synchronous data transfers.

4.7.3 Bus Clear Delay (800 ns)
The maximum time for an SCSI device to stop driving all bus signals after:

a) phase is detecte

b) | SEL is received from another SCSI device during the ARBITRATION phase
¢) | The transition of RST to true.

For condifion (a) above, the maximum time for an SCSI device to clear the bus is 1200 ns from BSY and

SEL first be-

coming bqth false. If an SCSI device requires more than a bus settle delay to detect BUS FREE phase, it shall clear the

bus withir] a bus clear delay minus the excess time.

4.7.4 Bus Free Delay (800 ns)

The minifium time that an SCSI device shall wait from its detection of the BUS 'FREE phase (BSY and SEL both false

for a bus $ettle delay) until its assertion of BSY when going to the ARBITRATION phase.

4.7.5 Bus Set Delay (1,8 us)

The maximum time for an SCSI device to assert BSY and its SCSI ID'bit on the DATA BUS after it detecty BUS FREE
phase (BYY and SEL both false for a bus settle delay) for the purpose of entering the ARBITRATION phakse.

4.7.6 Bus [Settle Delay (400 ns)

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

4.1.7 Cable Skew Delay (10 ns)
The maximum difference in propagation time allowed between any two SCSI bus signals when measured
two SCSI [devices.

Release Delay (400 ns)

The um time requiréd)for deskew of certain signals.
4.7.10 Ho d Time (45-ns)
The minijnum time. added between the assertion of REQ or ACK and the changing of the data lines to

time in initiator or target, respectively, while using synchronous data transfers.

4.7.11 Negation Period (90 ns)

between any

imum time for an initiator to release the DATA BUS signals following the transition of the I/O signal from false

provide bold

The minimum time that a target shall negate REQ while using synchronous data transfers. Also, the minimum time that

an initiator shall negate ACK while using synchronous data transfers.

4.7.12 Reset Hold Time (25 ps)
The minimum time for which RST is asserted. There is no maximum time.

4.7.13 Selection Abort Time (200 p.s)

The maximum time that a target (or initiator) shall take from its most recent detection of being selected (or reselected)
until asserting a BSY response. This timeout 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 timeout period; see 5.1.3.5 and

5.1.4.2 for a complete description.
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4.7.14 Selection Timeout Delay (250 ms, recommended)

The minimum time that an initiator (or target) should wait for a BSY response during the SELECTION (or RESELEC-
TION) phase before starting the timeout procedure. Note that this is only a recommended time period. The specifica-
tions for the peripheral devices shall be consulted for the actual timing requirements.

4.7.15 Transfer Period (set during a MESSAGE phase)
The Transfer Period specifies the minimum time allowed between the leading edges of successive REQ pulses and of
successive ACK pulses while using synchronous data transfers. (See 5.1.5.2 and 5.5.5.)
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§ Logical characteristics

5.1 SCSI

Bus Phases

The SCSI architecture includes eight distinct phases:

BUS FREE phase
ARBITRATION phase
SELECTION phase
RESELECTION phase
COMMAND phase

The SCSI
tions, sign

5.1.1 BUS

The BUS
subseque

SCSI de

devices s
bus settle]
release a
time to cl

512 A
The AR
initiator
this optio)
TION ph;

The proc;
a)

b)

DATA phase These phases are collectively termed the
STATUS phase
MESS,

information transfer phases.

AGE phase——1
bus can never be in more than one phase at any given time. Unless otherwise noted in the following descrip-
als that are not méntioned shall not be asserted.

FREE Phase
FREE phase is used to indicate that no SCSI device is actively using the SCSI bus and that it is|available for

t users.

ces shall detect the BUS FREE phase after SEL and BSY are both false-for at least a bus settle| delay. SCSI
all release all SCSI bus signals within a bus clear delay after BSY and SEL become continuougly false for a
delay. If an SCSI device requires more than a bus settle delaydo detect the BUS FREE phasg then it shall
SCSI bus signals within a bus clear delay minus the excess time to detect the BUS FREE phage. The total
ar the SCSI bus shall not exceed a bus settle delay plus a bus clear delay.

ITRATION Phase
TRATION phase allows one SCSI device to gain control of the SCSI bus so that it can assume the role of an
r target. Implementation of the ARBITRATIONphase is a system option. Systems that do n¢t implement
n can have only one initiator. The ARBITRATION phase is required for systems that use thdg RESELEC-
hse.

edure for an SCSI device to obtain control of the SCSI bus is as follows:

The SCSI device shall first wait for the BUS FREE phase to occur. The BUS FREE phase is detected when-
ever both BSY and SEL are simultaneously and continuously false for a minimum of a bus settl¢ delay. (Im-
plementors Note: This bus settle delay is necessary because a transmission line phenomenon| known as a
“wire-OR glitch” may cause BSY to briefly appear false, even though it is being driven true.)

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

Following the bus free delay in step b), the SCSI device may arbitrate for the SCSI bus by assertipg both BSY
and its own) SCSI ID, however the SCSI device shall not arbitrate (i.e. assert BSY and its SCSI| ID) if more
than a.bus set delay has passed since the BUS FREE phase was last observed. (Note: There is po maximum
delay before asserting BSY and the SCSI ID following the bus free delay in step b) as long as thg bus remains

inthe BUS FREE phase. However, SCSI devices that delay longer than a bus settle delay plus a [bus set delay

d)

from the time when BSY and SEL Tirst become lalse may fail fo participate in arbitration when competing
with faster SCSI devices.)

After waiting at least an arbitration delay (imeasured from its assertion of BSY) the SCSI device shall examine
the DATA BUS. If a higher priority SCSI ID bit is true on the DATA BUS (DB(7) is the highest), then the
SCSI device has lost the arbitration and the SCSI device may release its signals and return to Step a). If no
higher priority SCSI ID bit is true on the DATA BUS, then the SCSI device has won the arbitration and it
shall assert SEL. Any other SCSI device that is participating in the ARBITRATION phase has lost the ar-
bitration and shall release BSY and its SCSI ID bit within a bus clear delay after SEL becomes true. An SCSI
device that loses arbitration may return to step a).
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e) The SCSI device that wins arbitration shall wait at least a bus clear delay plus a bus settle delay after asserting
SEL before changing any signals.

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

5.13 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 thtl SELECTION phase the I/O signal shall be negated so that this phase can be distinguishgd from the
RESELECTION phase.

In systems|with the ARBITRATION phase not implemented, the initiator shall first detect the BUS FREE phase and

. then wait 4 minimum of a bus clear delay. Then, except in certain single initiator environments with initiators employing

the single {nitiator option (see 5.1.3.4), the initiator shall assert the desired target’s SCSI'ID and its own injtiator SCSI

ID on the DATA BUS. After two deskew delays the initiator shall assert SEL. .
¥

5132 Aljtraﬁng Systems

5131 No]arbitrating Systems

In systems|with ARBITRATION phase implemented, the SCSI device that won the arbitration has both BYY and SEL
asserted anid has delayed at least a bus clear delay plus a bus settle delay before ending the ARBITRATION phase.
The SCSI Hevice that won the arbitration becomes an initiator by not asserting the I/O signal. Except in certain single
initiator efvironments with initiators employing the single initiator option’(see 5.1.3.4), the initiator shall sef the DATA
BUS to a yalue which is the OR of its SCSI ID bit and the target’s SCSI ID bit. The initiator shall then wait|at least two
deskew delays and release BSY. The initiator shall then wait at:least a bus settle delay before looking for a response
from the t4rget.

5.1.3.3 All Bystems
In all systeps, the target shall determine that it is selectéd when SEL and its SCSI ID bit are true and BSY jand I/O are
false for at|least a bus settle delay. The selected target-may examine the DATA BUS in order to determine the SCSI ID
of the selefting initiator unless the initiator employed the single initiator option (see 5.1.3.4). The selected|target shall
then asser{ BSY within a selection abort time of its most recent detection of being selected; this is required for correct
operation pf the timeout procedure. In systems with parity implemented, the target shall not respond to al selection if
bad parity|is detected. Also, if more than:two SCSI ID bits are on the DATA BUS, the target shall notf respond to
selection.

At least twp deskew delays after the initiator detects BSY is true, it shall release SEL and may change the DATA BUS.

5134 Sintle Initiator Option
Initiators that do not implémeént the RESELECTION phase and do not operate in the multiple initiator envifonment are
allowed to|set only the‘target’s SCSI ID bit during the SELECTION phase. This makes it impossible for the target to
determine fhe initiator’s SCSI ID.

5.1.3.5 Seldction Timeout Procedure '
Two optiondl-selection timeout procedures are specified for clearing the SCSI bus if the initiator waits a minimum of a
selection timieout dela from the target:

a)  Optionally, the initiator shall assert the RST signal (see 5.2.2).

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

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 al-
lowing a BUS FREE phase to occur before the operation was complete).

5.1.4.1 RESELECTION
RESELECTION can only be used in systems that have ARBITRATION phase implemented.

Upon completing the ARBITRATION phase, the winning SCSI device has both BSY and SEL asserted and has delayed
at least a bus clear delay plus a bus settle delay. The winning SCSI device becomes a target by asserting the I/O signal.
The wmmng SCSI devnce shall also set the DATA BUS to a value that is the OR of 1ts SCSI ID b1t and the initiator’s
SCSIID b Fwod clay e —Th hall-th ait-at least a bus

SI ID of the

false, it shall

release B§Y. The target shall continue asserting BSY until the target is ready to relinquish the SCSI bus
NOTE: When the target is asserting BSY, a transmission line phenomenon known as a “wire-OR glitch” may cause
BSY to appear false for up to a round-trip propagation delay following the release of BSY by the initiatol This is the
reason why the BUS FREE phase is recognized only after both BSY and SEL are continuously false for a minimum of a
bus settle |delay. Cables longer than 25 m should not be used even if the chosen driver, receiver, and cable [provide ade-
quate noise margins, because they increase the duration of‘the glitch and could cause SCSI devices to jnadvertently
detect thet BUS FREE phase.
5142 ELECTION Timeout Procedure
Two optignal RESELECTION timeout procedures are specified for clearing the SCSI bus during a RESJELECTION
phase if the target waits a minimum of a selection timeout period and there has been no BSY response [from the in-
itiator: '
a) - Optionally, the target shall assert the RST signal (see 5.2.2).
b) [Optionally, the target-shall continue asserting SEL and I/O and shall release all DATA BUS signals, If the
target has not detected”BSY to be true after at least a selection abort time plus two deskew delafs: the target
hall release SEL-and I/O allowing the SCSI bus to go to the BUS FREE phase. SCSI devices thgt respond to
ESELECTION shall ensure that the RESELECTION was still valid within a selection abort time of their
ssertion of BSY. Failure to comply with this requirement could result in an improper reselection (two in-
tiators connected to the same target or the wrong initiator connected to a target).
5.1.5 Information Transfer Phases

The COMMAND, DATA, STATUS, and MESSAGE phases are all grouped together as the informa

fion transfer

phases be y
information is beyond the scope of this section.

O transicr data or con rol information via the DATA BUS. The actual contents of the

The C/D, 1/O, and MSG signals are used to distinguish between the different information transfer phases. (See table 4.)
The target drives these three signals and therefore controls all changes from one phase to another. The initiator can re-
quest a MESSAGE OUT phase by asserting ATN, while the target can cause the BUS FREE phase by releasing MSG,
C/D, 1/O, and BSY.

The information transfer phases use one or more REQ/ACK handshakes to control the information transfer. Each

REQ/ACK handshake allows the transfer of one byte of information. During the information transfer phases BSY shall
remain true and SEL shall remain false. Additionally, during the information transfer phases, the target shall con-
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tinuously envelope the REQ/ACK handshake(s) with C/D, /O, and MSG in such a manner that these control signals are
valid for a bus settle delay before the assertion of REQ of the first handshake and remain valid until the negation of
ACK at the end of the last handshake.

Table 4 — Information Transfer Phases

L
Signal
MSG CD IO Phase Name Direction Of Transfer Comment
D 0 0 DATA OUT Initiator to target ] Data
D 0 1 DATA IN Initiator from target Bhase
) 1 0 COMMAND Initiator to target
D 1 1 STATUS Initiator from target
L 0 0 *
il 0 1 *
L 1 0 MESSAGE OUT Initiator to target Message
1 1 1 MESSAGE IN Initiator from target ] Fhase
¥
Key: 0 = False, 1 = True, * = Reserved for future standardization.

chronous Information Transfer
The targeq shall control the direction of information transfer by means of the I/O signal. When I/O is true,|information
shall be transferred from the target to the initiator. When I/O is\false, information shall be transferred from|the initiator

If /O is tfue (transfer to the initiator), the target shall first drive DB(7-0,P) to their desired values, delay|at least one
deskew ddlay plus a cable skew delay, then assert REQ. DB(7-0,P) shall remain valid until ACK is true 4t the target.
The initiajor shall read DB(7-0,P) after REQ is\true, then signal its acceptance of the data by asserting ACK. When
es true at the target, the target may.change or release DB(7-0,P) and shall negate REQ. After REQ is false
the initiatgr shall then negate ACK. After;ACK is false the target may continue the transfer by driving DB(7-0,P) and
asserting REQ, as described above.

If JJO is false (transfer to the targef)-the target shall request information by asserting REQ. The initiator shall drive
DB(7-0, P) to their desired values; delay at least one deskew delay plus a cable skew delay and assert ACK. The initiator
shall contihue to drive DB(7-0,P)-until REQ is false. When ACK becomes true at the target, the target shall read DB(7-
0,P), then |negate REQ. When'REQ becomes false at the initiator, the initiator may change or release DB(7-0,P) and
shall negale ACK. The target may continue the transfer by asserting REQ, as described above.

hronous‘Data Transfer (Optional)
Synchronous data transfer is optional, and may be used only in the data phase if previously agreed to by the jnitiator and
target thrqugh<thé message system (see SYNCHRONOUS DATA TRANSFER REQUEST message, 5.5.5). The mes-
sages determine the use of synchronous mode by both SCSI devices and establish a REQ/ACK offset and a transfer
period.

The REQ/ACK offset specifies the maximum number of REQ pulses that can be sent by the target in advance of the
number of ACK pulses received from the initiator, establishing a pacing mechanism, If the number of REQ pulses ex-
ceeds the number of ACK pulses by the REQ/ACK offset, the target shall not assert REQ until the next ACK pulse is
received. A requirement for successful completion of the data phase is that the number of ACK and REQ pulses be
equal.

The target shall assert the REQ signal for a minimum of an assertion period. The target shall wait at least the greater of

a transfer period from the last transition of REQ to true or a minimum of a negation period from the last transition of
REQ to false before asserting the REQ signal.
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The initiator shall send one pulse on the ACK signal for each REQ puise 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
last transition of ACK to true or for a minimum of a negation period from the last transition of ACK to false before as-
serting the ACK signal.

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

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

5.1.6 COMMAND Phase
The COMMAND phase allows the target to request command information from thetinitiator.

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

5.1.7 Data Phase
The data phase is a term that encompasses both the DATA IN phasé¢’and the DATA OUT phase.

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

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

5.1.7.2 DATA OUT Phase
The DATA OUT phase allows the target to.request that data be sent from the initiator to the target.

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

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

The targeq{ shall assert C/D and I/O and negate the MSG signal during the REQ/ACK handshake of this phase.

5.1.9 Mesgage Phase
The message phase is a term that references either a MESSAGE IN, or a MESSAGE OUT phase. Mult‘i§le messages

may be sent during either phase. The first byte transferred in either of these phases shall be either a single-byte message
or the first byte of a multiple-byte message. Multiple-byte messages shall be wholly contained within a sifgle message
phase.

5.1.9.1 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 C/D, I/O, and MSG during the REQ/ACK handshake(s) of this phase.
5.1.9.2 MESSAGE OUT Phase
The MESSAGE OUT phase allows the target to request that message(s) be sent from the initiator to the target. The

target may invoke this phase at its convenience in response to the ATTENTION condition (see 5.2.1) created by the in-
itiator.
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The target shall assert C/D and MSG and negate I/O during the REQ/ACK handshake(s) of this phase. The target shall
handshake byte(s) in this phase until ATN goes false, unless an error occurs (sce MESSAGE REJECT, 5.5.2).

If the target detects one or more parity error(s) on the message byte(s) received, it may indicate its desire to retry the
message(s) by asserting REQ after detecting ATN has gone false and prior to changing to any other phase. The in-
itiator, upon detecting this condition, shall resend all of the previous message byte(s) sent during this phase. When
resending more than one message byte, the initiator shall assert ATN prior to asserting ACK on the first byte and shall
maintain ATN asserted until the last byte is sent as described in 5.2.1.

If the target receives all of the message byte(s) successfully (i.e., no parity errors), it shall indicate that it does not wish
to retry by changzng to any mformatlon transfer phase other than the MESSAGE OUT phase and transfer at least one

CSI bus sig-

a) he BSY, SEL, REQ, and ACK signals shall not change.

b) The C/D, I/O, MSG, and DATA BUS signals may change. When switching'the DATA BUS ditection from
but (initiator driving) to in (target driving), the target shall delay driving-the DATA BUS by at [least a data
elease delay plus a bus settle delay after asserting the I/O signal and the initiator shall release| the DATA
BUS no later than a data release delay after the transition of the \J/O signal to true. When syitching the
DATA BUS direction from in (target driving) to out (initiator. driving), the target shall release|the DATA
BUS no later than a deskew delay after negating the I/O signal.

c) he ATN and RST signals may change as defined under the descriptions for the ATTENTION condition
5.2.1) and RESET condition (5.2.2).

5.2 SCSI Rus Conditions
The SCSI pus has two asynchronous conditions; the ATTENTION condition and the RESET condition. These condi-
tions causg the SCSI device to perform certain actions.and can alter the phase sequence.

52.1 ATTENTION Condition
The ATTENTION condition allows an initiator. to inform a target that the initiator has a message ready. Th¢ target may
get this message at its convenience by performing a MESSAGE OUT phase.

The initiatpr creates the ATTENTION condition by asserting ATN at any time except during the ARBITRATION or
BUS FREE phases.

The target(may respond with.the MESSAGE OQUT phase.

The initiatpr shall keeptATN asserted if more than one byte is to be transferred. The initiator may negate the ATN sig-
nal at any time except it shall not negate the ATN 51gnal while the ACK signal is asserted during a MESSAGE OUT
phase. Ndrmally, the initiator negates ATN while REQ is true and ACK is false during the last REQ/ACK handshake
of the MESSAGE OUT phase.

5.2.2 RESET-Condition
The RESET condition is used to immediately clear all SCSI devices from the bus. This condition shall take precedence

over all other phases and conditions. Any SCSI device may create the RESET condition by asserting RST for a mini-
mum of a reset hold time. During the RESET condition, the state of all SCSI bus signals other than RST is not defined.

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

The effect of the RESET condition on uncompleted commands, SCSI device reservations, and SCSI device operating

modes is determined by whether the SCSI device has implemented the “hard” RESET option or the “soft” RESET op-
tion (one of which shall be implemented) as defined in 5.2.2.1 and 5.2.2.2.
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522.1 “Hard” RESET Option.
SCSI devices that implement the “hard” RESET option, upon detection of the RESET condition, shall

a) clear all uncompleted commands;

b) release all SCSI device reservations;

¢) return any SCSI device operating modes (MODE SELECT, PREVENT/ALLOW MEDIUM REMOVAL
commands, etc) to their default conditions.

522.2 “Soft” RESET Option.
SCSI devicep

a) atfempt to complete any uncompleted commands that were fully identified;

b)  pieserve all SCSI device reservations;

c) pPJeserve any SCSI device operating modes (MODE SELECT, PREVENT/ALLOW. MEDIUM REMOVAL
cqmmands, etc).

The “soft” RESET option allows a single initiator to reset the SCSI bus without disturbing the operation df other in-
itiators in a multiple initiator system. To ensure proper operation the following cenditions shall be met:

a)  An initiator shall not consider a command to be fully identified until"the IDENTIFY message is pent to the
te:['get and the target responds by changing to any other information transfer phase and requests that at least
one byte be transferred.

b)  Altarget shall consider a command to be fully identified when it successfully receives the IDENTIFY message.

¢) If|an initiator selects a logical unit for which there already is an active command for the same initiator, the tar-
gdt shall clear the original command and perform the new command.

d) If|a target reselects an initiator to continue-d command for which the initiator has no record, the initiator shall
ort that command by sending the ABORT message.

initiator shall consider a command to be completed when it negates ACK for a successfully received
CDMMAND COMPLETE message.

f)  Altarget shall consider a command to be completed when it detects the false transition of ACK for|the COM-
COMPLETE message with the ATN signal false.

2) initiator shall fiot negate ACK for the SAVE DATA POINTER message until it has actually saved the
data pointer for‘the operation.
h) target shall'consider the data pointer to be saved when it detects the false transition of ACK for|the SAVE

TA POINTER message with the ATN signal false.

i) If the RESET condition occurs between the time that the target asserts REQ for the SAVE DATA POINTER
message and it detects the false transition of ACK, the target shall terminate the command with a CHECK
CONDITION status. If extended sense is implemented, 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.

If the ATN signal is true in conditions f) or h), the target would normally switch to MESSAGE OUT phase and attempt
to transfer a message byte. If the RESET condition occurs before it is able to successfully receive the message byte, the
target shall assume that the initiator may not have successfully received the COMMAND COMPLETE message or the
SAVE DATA POINTER message. In the case of COMMAND COMPLETE message, the target shall reselect the in-
itiator and attempt to send the COMMAND COMPLETE message again. In the case of the SAVE DATA POINTER
message, the target shall reselect the initiator and terminate the command as described in condition i).
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5.3 SCSI Bus Phase Sequences

The order

in which phases are used on the SCSI bus follows a prescribed sequence.

In all systems, the RESET condition can abort any phase and is always followed by the BUS FREE phase. Also, any
other phase can be followed by the BUS FREE phase.

5.3.1 Nonarbitrating Systems
In systems where the ARBITRATION phase is not implemented, the allowable sequences shall be as shown in figure 8.
The normal progression is from the BUS FREE phase to SELECTION, and from SELECTION to one or more of the
information transfer phases (COMMAND, DATA, STATUS, or MESSAGE).

5.3.2 Arbi
In system:
The norm;
RESELE(
(COMMA

COMMAND

or
BUS FREE SELECTION Dﬁ':'A
phase ph‘ase NTATUS

or
MESSAGE phase

RESET condition
Figure 8 — Phase Sequence without Arbitration

ting Systems
where the ARBITRATION phase ‘is implemented, the allowable sequences shall be as shown
il progression is from the BUS'FREE phase to ARBITRATION, from ARBITRATION to SEL

IND, DATA, STATUS, or MESSAGE).

in figure 9.
ECTION or

'TION, and from SELECTION or RESELECTION to one or more of the information tragsfer phases
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COMMAND

SELECTION D X-rrA
BUS FREE ARBITRATION or or
phase phase RESELECTION STATUS
phases or

Figure 9 — Phase Sequence with Arbitration

MESSAGE phase
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5.3.3 All §ystems
There are no restrictions on the sequences between information transfer phases.” A phase type may even b¢ followed by
the same phase type (e.g., a data phase may be followed by another data phase).
5.4 SCSI Pointers
Consider] the system shown in figure 10 in which an initiator and-target communicate on the SCSI bus inforder to ex-
ecute a cgmmand.
FLJnction Initiator Target Function
Origin Path SCSI BUS Path Execution
Control Control
Initiator Target
Figure 10 — Simplified SCSI System
the initiator

The SCSI| architecture\provides for two sets of three pointers within each initiator. The pointers reside in
rol. The first set of pointers are known as the current (or active) pointers. These pointers are used to repre-

path cont
sent the |
initiator’s

tate, 0f~the interface and point to the next command, data, or status byte to be transferred
memory and the target. There is only one set of current pointers in each initiator. The curren]

between the
 pointers are

used by the target currently connected to the initiator.

The second set of pointers are known as the saved pointers. There is one set of saved pointers for each command that
is currently active (whether or not it is currently connected). The saved command pointer always points to the start of
the command descriptor block (see 6.2) for the current command. The saved status pointer always points to the start of
the status area for the current command. At the beginning of each command, the saved data pointer points to the start
of the data area. It remains at this value until the target sends a SAVE DATA POINTER message (see 5.5.2) to the in-
itiator. In response to this message, the initiator stores the value of the current data pointer into the saved data pointer.
The target may restore the current pointers to their saved values by sending a RESTORE POINTERS message (sce
5.5.2) to the initiator. The initiator moves the saved value of each pointer into the corresponding current pointer,
Whenever an SCSI device disconnects from the bus, only the saved pointer values are retained. The current pointer
values are restored from the saved values upon the next reconnection.
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5.5 Message System Specification
The message system allows communication between an initiator and target for the purpose of physical path manage-
ment.

5.5.1 Message Protocol

All SCSI devices shall implement the COMMAND COMPLETE message. A functional SCSI device can be con-
structed without using any of the other messages if the logical unit number is specified in the command descriptor block.
The remainder of this section deals with the additional requirements on SCSI devices that support messages other than
COMMAND COMPLETE.

SCSI devices mdlcate thclr ability to accommodate more than the COMMAND COMPLETE message by assertmg or
respondingte—th FN-sigs initiator—indie; n-the SELEC phas : rior to the
. SCSI bus ndltlon of SEL truc, and BSY false The target mdlcates its ab111ty to accommodate morémessages by
responding] to the ATTENTION condition with the MESSAGE OUT phase after going through the SHLECTION

For SCSI devices that support messages other than COMMAND COMPLETE, the first message sent by the initiator

particular logical unit specified by the initiator. After the RESELECTION phase, the (arget’s first message shall be
. This allows the physical path to be reestablished for the target’s specified logical unit number. Under
some excepptional conditions, an initiator may send the ABORT message or the BUS'DEVICE RESET message instead
[FY message, as the first message. Only one logical unit number shall’be identified for any ome selection
sequence; a second IDENTIFY message with a new loglcal unit number shalhpot be issued before the SCSI bus has
been released (BUS FREE phase).

Whenever a physical path is established in an initiator that can accomimodate disconnection and reconnection, the in-
itiator shall ensure that the active pointers of the physical path are equal to the saved pointers for that partiqular logical
unit number. (An implied restore pointers operation occurs as a result of connect or reconnect.)

SCSI devicgs that implement any message other than the COMMAND COMPLETE message shall also implement the
MESSAGH REJECT message.

5.5.2 Messdges
The single byte messages (table 5) are listed along with their code values and their definitions,

Table 5 - Message Codes

Cods Type Description Djrection
0Ch M COMMAND COMPLETE In|

01h 0 EXTENDED MESSAGE In Out
02h (0] SAVE DATA POINTER In|

03h o RESTORE POINTERS In|

04h 0] DISCONNECT In|

05h O INITIATOR DETECTED ERROR Ont
06h O ABORT Out
07h o MESSAGE REJECT In Out
08h O NO OPERATION Out
0%h o MESSAGE PARITY ERROR Out
0Ah o LINKED COMMAND COMPLETE In

0Bh O, LINKED COMMAND COMPLETE (WITH FLAG) In

0Ch 0] BUS DEVICE RESET Out
O0Dh - 7Fh R Reserved Codes

80h - FFh 0] IDENTIFY : In Out
Key: In = Target to initiator, Out = Initiator to target.
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COMMAND COMPLETE 00h (Mandatory). This message is sent from a target to an initiator to indicate that the
execution of a command (or series of linked commands) has terminated and that valid status has been sent to
the initiator. After successfully sending this message, the target shall go to the BUS FREE phase by releasing
BSY. The command may have been executed successfully or unsuccessfully as indicated in the status.

EXTENDED MESSAGE 01h (Optional). This message is sent from either the initiator or the target as the first byte
of a multiple-byte message. (See 5.5.3 for descriptions of extended messages.)

SAVE DATA POINTER 02h (Optional). This message is sent from a target to direct the initiator to save a copy of
the present active data pointer for the currently attached logical unit. (See 5.4 for a definition of pointers.)

estore the

mand, data, and status locations for the logical unit shall be restored to the active pomters Command and
status pointers shall be restored to the beginning of the present command and status areas. The data pointer
be restored to the value at the beginning of the data area in the absence of a SAVEJDATA POINTER
message or to the value at the point at which the last SAVE DATA POINTER meéssage occurrgd for that

CT 04h (Optional). This message is sent from a target to inform an inijfiator that the present physical
th is going to be broken (the target plans to disconnect by releasing BSY);but that a later reconnect will be
refjuired in order to complete the current operation. If the initiator detéctsthe BUS FREE phase (other than
as|a result of a RESET condition) without first receiving a DISCONNECT or COMMAND COMPLETE
me¢ssage, the initiator shall consider this as a catastrophic error condition. If the target intentiondlly creates
this condition, the target shall clear the current command. This'message shall not cause the initiafor to save
the data pointer. If DISCONNECT messages are used to break-a long data transfer into two or mgre shorter
trgnsfers, then a SAVE DATA POINTER should be issued.before each DISCONNECT message.

INITIATOR DETECTED ERROR 05h (Optional). This message is sent from an initiator to inform a target that an
erfor (e.g., parity error) has occurred that does not preclude the target from retrying the operation.| Although

present pointer integrity is not assured, a RESTORE POINTERS message or a disconnect follpwed by a
. reponnect, shall cause the pointers to be restoréd-to their defined prior state.

ABORT]| 06h (Optional). This message is sent\from the initiator to the target to clear the present operation. If a

logical unit has been identified, all pending data and status for the issuing initiator from the affected logical
it shall be cleared, and the target shall go to the BUS FREE phase. Pending data and status fop other in-
itiptors shall not be cleared. If-a logical unit has not been identified, the target shall go to the BUS FREE
pHase. No status or ending miessage shall be sent for the operation. It is not an error to issue this message to
logical unit that is not currently performing an operation for the initiator.

MESSAGE REJECT 07h (Optional). This message is sent from either the initiator or target to indicate that the last
message it received was inappropriate or has not been implemented.

Inforder to indicate its intentions of sending this message, the initiator shall assert the ATN signal prior to its
release of ACK for the REQ/ACK handshake of the message that is to be rejected. When a target|sends this
message;-it-shall change to MESSAGE IN phase and send this message prior to requesting additional message
bytes from the initiator. This provides an interlock so that the initiator can determine which Taessage is

rejected.

This message shall be implemented if any other optional messages are implemented.

NO OPERATION 08h (Optional). This message is sent from an initiator in response to a target’s request for a
message when the initiator does not currently have any other valid message to send.

MESSAGE PARITY ERROR 09h (Optional). This message is sent from the initiator to the target to indicate that
one or more bytes in the last message it received had a parity error.

In order to indicate its intentions of sending this message, the initiator shall assert the ATN signal prior to its

31


https://standardsiso.com/api/?name=ab5b2276d3b59b32d8d1b1279a9dbea9

ISO 9316:1989 (E)

release of ACK for the REQ/ACK handshake of the message that has the parity error. This provides an inter-

lock so that the target can determine which message has the parity error.

LINKED COMMAND COMPLETE 0Ah (Optional). This message is sent from a target to an initiator to indicate
that the execution of a linked command has completed and that status has been sent. The initiator shall then

set the pointers to the initial state for the next linked command.

LINKED COMMAND COMPLETE (WITH FLAG) 0Bh (Optional). This message is sent from a target to an in-
itiator to indicate that the execution of a linked command (with the flag bit set to one) has completed and that
status has been sent. The initiator shall then set the pointers to the initial state of the next linked command.
Typically this message would be used to cause an interrupt in the initiator between two linked commands.

BUS

commands on that SCSI device. This message forces the SCSI device to an initial state with' n

Rese

ed 0Dh to 7Fh. These message codes are reserved for future standardization.

IDENTIFY 80h to FFh (Optional). These messages are sent by either the initiator_or the target to

A value o
number ol
are shown

553 Extell

hysical path connection between an initiator and target for a particular logicalunit.
1]

it 7. This bit is always set to one to distinguish these messages from the other messages.

its 5-3. Reserved.
its 2-0. These bits specify a logical unit number in a target.

nly one logical unit number shall be identified for any one selection sequence; a second IDENT]
ith a new logical unit number shall not be issued before the bus has been released (BUS FREE

When sent from a target to an initiator during reconnection, an implied RESTORE POINTERS
be performed by the initiator prior to'completion of this message.

ded Messages (Optional)
one in the first byte of a méssage indicates the beginning of a multiple-byte extended message. T|
bytes sent for an extended message is three. The extended message format and the extended m
in tables 6 and 7, respectively.

Table 6 — Extended Message Format

DEVICE RESET 0Ch (Optional). This message is sent from an initiator to direct a target to-clég

r all current
b operations

pending for any initiator. Upon recognizing this message, the target shall go to the BUS FREE phase.

establish the

it 6. This bit is only set to one by the initiator. When set to one; it'indicates that the initiator hps the ability

0 accommodate disconnection and reconnection.

[FY message
ase).

1h
essage shall

he minimum
bssage codes

Byte Value Description

0 0Th Extended message

1 n Extended message length

2 y Extended message code
3ton+1 b 4 Extended message arguments
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The extended message length specifies the length in bytes of the extended message code plus the extended message ar-
guments to follow. Therefore, the total length of the message is equal to the extended message length plus two. A value
of zero for the extended message length indicates 256 bytes follow.

The extended message codes are listed in table 7. The extended message arguments are specified for the defined ex-
tended messages in 5.5.4 through 5.5.6.

Table 7 - Extended Message Codes

Code () Description
00k MODIFY DATA POINTER (Optional)
01h| SYNCHRONOUS DATA TRANSFER REQUEST (Optional)
02h EXTENDED IDENTIFY (Optional)
03h|- 7Fh  Reserved
80h{- FFh  Vendor Unique
5.5.4 MODIFY DATA POINTER Message (Optlonal)

The MOD
argument

IFY DATA POINTER message (table 8) is sent from the target.to the initiator and requests ths
be added (two’s complement) to the value of the current data pointer.

Table 8 - MODIFY DATA POINTER

it the signed

Byte Value Description
0 01h Extended message
1 05h Extended message length
2 00h MODIFY DATA POINTER code
3 x Argument
4 X Argument
5 X Argument
6 X Argument (LSB)

5.5.5 SYNCHRONOUS DATA TRANSFER REQUEST Message (Optional)
A pair of SYNCHRONOUS DATA TRANSFER REQUEST messages (table 9) are exchanged between an initiator
and a target whenever an SCSI device that can support synchronous data transfer recognizes that it has not communi-
cated with the other SCSI device since receiving the last "hard" RESET condition or a BUS DEVICE RESET message.
The SCSI devices may also exchange messages to establish synchronous data transfer when requested to do so. The
message exchange establishes the transfer period and the REQ/ACK offset. The transfer period is the minimum time

between leading edges of successive REQ pulses and of successive ACK pulses.
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Table 9 - SYNCHRONOUS DATA TRANSFER REQUEST

Byte Value Description
0 01h Extended message
1 03h Extended message length
2 01h SYNCHRONOUS DATA TRANSFER REQUEST code
3 m Transfer period (m times 4 nanoseconds)
4 x REQ/ACK offset
The REQJACK offset is the maximum number of REQ pulses that may be outstandingbefore its corresppnding ACK
pulse is refceived at the target. A REQ/ACK offset value of zero shall indicate asynchronous mode; a value of FFh shall
mdicate \:rimited offset. !
If the initiator recognizes that negotiation is required, it asserts ATN and, if the target implements message transfers,
sends a SYNCHRONOQUS DATA TRANSFER REQUEST message indicating an REQ/ACK offset agd minimum
transfer ppriod. The REQ/ACK offset is chosen to prevent initiator buffer overflows, while the minimum transfer
period is ¢hosen to meet the data handling requirements of the initiator. The target responds in any of the following
ways:
Target Response Implied Agreement
a) REQ/ACK offset less than or equal REQ/ACK offset equal to target value.
to the requested value.
Minimum transfer period equal to Minimum transfer period equal to
or greater than requested period. the target value.
b) REQ/ACK offset equalte zero. Asynchronous transfer,
¢) MESSAGE REJECT. Asynchronous transfer.
If the target recognizes that-n€gotiation is required, it sends a SYNCHRONOUS DATA TRANSFER REQUEST mes-
sage to the initiator. They, REQ/ACK offset is selected to prevent buffer and offset counter overflows, while the mini-
mum trangfer period is-chosen to meet the data handling requirements of the target. The initiator responds in any of
the following ways ifthe target chooses an REQ/ACK offset equal to FFh:
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Initiator Response Implied Agreement

a) REQ/ACK offset equal to FFh. REQ/ACK offset unlimited.
Minimum transfer period equal to. Minimum transfer period equal to
or greater than requested period. the initiator value.

b) REQ/ACK offset equal to zero. Asynchronous transfer. The targer may
renegotiate for an REQ/ACK offset less
than FFh and greater than 00h.

¢) MESSAGE REJECT. Asynchronous transfer.
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The initiator responds in any of the following ways if the target selects an REQ/ACK offset less than FFh.

Initiator Response Implied Agreement

a) REQ/ACK offset less than or equal REQ/ACK offset equals initiator value.
to the requested value.
Minimum transfer period equal to Minimum transfer period equal to
or greater than requested period. the initiator value.

b) REQ/ACK offset equal to zero. Asynchronous transfer.

c) MESSAGE REJECT. Asynchronous transfer.

The impli¢d agreement shall remain in effect until a BUS DEVICE RESET message is received,until a “h
condition pccurs, or until one of the two SCSI devices elects to modify the agreement. Renegotiation at every selection
is not recqmmended, since a significant performance impact is likely. The default mode of datatransfer is gsynchronous
mode. The default mode is entered at power on, after a BUS DEVICE RESET message,or after a “hard” RESET
condition.| The SYNCHRONOUS DATA TRANSFER REQUEST message exchange can only take placg following a
SELECTION phase that includes the SCSI IDs for both the initiator and the target.\ Violation of this rule may make

data trans

5.5.6 EXT]
The EXT]
in conjung
The sub-1

er impossible owing to disagreements among SCSI devices about the data transfer mode.

ENDED IDENTIFY Message (Optional)

ENDED IDENTIFY message (table 10) is optional and may be.sefit by a target or an initiator. It
tion with the normal IDENTIFY message in order to expand-the logical unit number addressing in a target.
pgical unit number specifies the encoded eight-bit sub- logical'unit number used to identify one of

cal units within the logical unit. This allows up to 2048 units to be.addressed on a single target.

Table 10 - EXTENDED IDENTIFY

ird” RESET

may be used

D56 sub-logi-

Byte Value Description
0 01ih Extended message
1 02h Extended message length
2 02h EXTENDED IDENTIFY code
3 X Sub-logical unit number
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6 SCSI commands

This section defines the SCSI command structure and gives several examples.

The command definitions assume a data structure providing the appearance at the interface of a contiguous set of logi-
cal blocks of a fixed or explicitly defined data length. The SCSI device maps the physical characteristics of the attached
peripheral devices to one of several logical structures defined by the device type code.

A single command may transfer one or more logical blocks of data. Multiple commands may be linked if they are sent
to the same logical unit. A target may disconnect from the SCSI bus to allow activity by other SCSI devices while a logi-
cal unit is being prepared to transfer data.

Upon command completion (successful or unsuccessful), the target returns a status byte to the initiators, [Since most
error and ption conditions cannot be adequately described with a single status byte, one status code /CHECK CON-
DITION, indicates that additional information is available. The initiator may issue a REQUEST SENSE cpmmand to
retrieve thi$ additional information.

to a minimum the functions essential to communicate via this protocol, a wide range-of peripheral devices of
varying capiability can operate in the same environment. '

specified by future extensions to this International Standard. A reserved bit, ficld, or byte shall be set to zero, or in ac-
cordance with a future extension to this standard. A target that receives a reserved bit, ficld, or byte that is pot zero or
receives a neserved code value shall terminate the command with a CHECK CONDITION status and, if extgnded sense
is implemented, the sense key shall be set to ILLEGAL REQUEST. It shall also be acceptable for a target fo interpret

6.1.2 Operation Code Types
The Operation code types are defined in table 11.
Table 11 — Operation Codes
Opetation
Codg¢ Type Description
M v Mandatory - Commands so designated shall be implemented in order to meet thg mini-
mum requirement of this International Standard.
E Extended - Commands so designated shall be implemented in addition to manidatory
commands to meel the extended Tequirement of this Internaionat Standard.
0] Optional - Commands so designated, if implemented, shall be implemented as defined in
this International Standard.
v Vendor unique - Operation codes so designated are available for vendor defined com-
mands. See the vendor specifications where compatibility is desired.
R Reserved - Operation codes so designated shall not be used. They are reserved for fu-
ture extensions to this International Standard.
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6.1.3 Unit Attention Condition
A unit attention condition for a logical unit shall begin for each initiator whenever the removable medium may have
been changed or the target has been reset (by a BUS DEVICE RESET message or a “hard” RESET condition). The
unit attention condition shall persist for each initiator until that initiator issues a command to the logical unit other than
REQUEST SENSE or INQUIRY for which the target shall return CHECK CONDITION status. If the next command
from that initiator to the logical unit (following the CHECK CONDITION status) is REQUEST SENSE, and if the tar-
get supports extended sense, then the UNIT ATTENTION sense key shall be returned. (If any command other than
REQUEST SENSE is received, the unit attention condition is lost.)

If an INQUIRY command is received from an initiator with a pending unit attention condition (before the target reports
CHECK CONDITION status), the target shall perform the INQUIRY command and shall not clear the unit attention

condition.

If a REQU
reports CH

a)
b)

1|

LW

If an initia

ECK CONDITION status), then the target may either:
eport any pending sense data and preserve the unit attention condition;

liscard any pending sense data, report UNIT ATTENTION sense key, and elear’the unit attentid
Or that initiator.

that initiatgr, the target shall not perform the command and shall report CHECK CONDITION status.

6.2 Commgnd Descriptor Block (CDB)

A request
mands, the]
mands for

The comm|
logical unig

For all co
command

62.1 Ope

rgtion Code.
The opera}ron code (table 12) of the command descriptor block has a group code field and a command cods

:

three- bit
thirty-two
defined in

lo a peripheral device is performed by sending a command ‘descriptor block to the target. For s
request is accompanied by a list of parameters sent during the DATA OUT phase. See the sy
etailed information.

and descriptor block always has an operation code as the first byte of the command. This is fo
number, command parameters (if any), and a-control byte.

ands, if there is an invalid parameter in the command descriptor block, then the target shall te

II'Iiltlhout altering the medium.,

oup code field provides for eight groups of command codes. The five-bit command code field
fommand codes in eacll group. Thus, a total of 256 possible operation codes exist. Operatio
Clauses 7 to 13.

Table 12 - Operation Code

EST SENSE command is received from an initiator with a pending unit attention condition{(before the target

n condition

or issues a command other than INQUIRY or REQUEST SENSE while a unit attention conditipn exists for

everal com-
ecific com-

llowed by a

rminate the

field. The
rovides for
codes are

Byte \E i

6 2

0

Group Code Command Code

The group

Group 0
Group 1
Group 2
Group 3
Group 4
Group 5

code specifies one of the following groups:

- six-byte commands (see table 13)

- ten-byte commands (see table 14)

- reserved

- reserved

- reserved

- twelve-byte commands (see table 15)
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Group 6 - vendor unique
Group 7 - vendor unique

Table 13 — Typical CDB for Six-Byte Commands

Byte \Bit 7 6 5 4 3 2 1 0
0 Operation Code
1 Togical Unit Number | Logical Biock Address (if requiredy (MSB) |
2 Logical Block Address (if required)
3 Logical Block Address (if required) (LSB)
4 Transfer Length (if required)
5 ‘Control Byte

Table 14 — Typical CDB for Ten-Byte Commands

Byte\Bit 7 6 5 4 3 2 1 0
0 Operation Code
1 Logical Unit Number Reserved RelAdr
2 Logical Block Address (if required) (MSB)
3 | Logical Block Address (if required)
4 Logical Block Address (if required)
5 Logical Block Address (if required) (LSB)
6 : Reserved
7 Transfer Length: (if required) (MSB)
8 Transier Length (if required) (ESB)
9 Control Byte

38


https://standardsiso.com/api/?name=ab5b2276d3b59b32d8d1b1279a9dbea9

Table 15 — Typical CDB for Twelve-Byte Commands

ISO 9316 : 1989 (E)

Byte \Bit 7 6 5 4 3 2 0
0 Operation Code
1 Logical Unit Number Reserved RelAdr
2 Logical Block Address (if required) (MSB)
3 Logical Block Address (if required)
4 Logical Block Address (if required)
5 Logical Block Address (if required) (LSB)
6 Reserved
7 Reserved
8 Reserved
9 Transfer Length (if required) (MSB)
10 Transfer Length-(if required) (LSB)
11 Control Byte
6.2.2 Logidal Unit Number
The logical unit number addresses one of up.to eight physical or virtual devices attached to a target. This method of ad-
dressing i provided for systems that donot implement the IDENTIFY message. A target that accepts an|IDENTIFY

message shall use the logical unit number specified within the message. In this case, the target shall ignor

e the logical

unit number specified within the command descriptor block. (Implementors note: It is a good practice for initiators

that implement the IDENTIFY message to specify the same logical unit number in the command descriptor

The logic

623 Logi%al Block Address.
that logic

unit,

Group 0 cpmmand-descriptor blocks contain 21-bit logical block addresses. Groups 1 and 5 command desci

contain 32tbit'togical block addresses.

block.)

block address’on logical units shall begin with block zero and be contiguous up to the last logical block on

iptor blocks

The logical block concept implies that the Initiator and target shall have previously established the number of data bytes
per logical block. This may be established through the use of the READ CAPACITY command or the MODE SENSE

command or by prior arrangement.

6.2.4 Relative Address Bit

The relative address (RelAdr) bit of the group 1 and group 5 commands is set to one to indicate that the logical block
address portion of the command descriptor block is a two’s complement displacement. This negative or positive dis-
placement is to 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 com-
mand in the linked group have accessed a block of data on the logical unit. (For an example of the operation of this

fanction, see 6.3.3.)
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6.2.5 Transfer Length

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

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

Commands that use two bytes for transfcr length allow up to 65,535 blocks of data to be transferred by one command.

indicates the

description

The transfér length of the commands that are used to return sense data (e.g.,, REQUEST SENSE, INQUIRY, MODE

SENSE, etr) to an initiator is called the allocation length. The allocation length specifies the number of bytes that the
initiator has' allocated for returned data. The target shall terminate the DATA'IN phase when allocation length bytes
have been {ransferred or when all available sense data have been transferred to the initiator, whichever is lesq.

6.2.6 Contilol Byte
The contrall byte is the last byte of every command descriptor block,. @ typical control byte is described in table 16.

Table 16 - Control Byte

Byte \E it 7 6 5. 4 3 2 1 0
Last Vendor Unique Reserved Flag Link
Bit Description
_7-T-6_ Vendor unique
5-2 Reserved
1 Flag bit - If the link bit is zero, then the flag bit shall be set to zero. If the link bit is ong, and if

the\command terminates successfully, the target shall send LINKED COMMAND COMPLETE
message if the flag bit is zero and shall send LINKED COMMAND COMPLETE|(WITH
FLAG) message if the flag bit is one. Typically, this bit is used to cause an interrupt in the in-
itiator between linked commands.

0 Link bit - This bit is set to one to indicate that the initiator desires an automatic link to the next
command upon successful completion of the current command. Implementation of linked com-
mands is optional. If the link bit is one, targets that implement linked commands, upon success-
ful termination of the command, shall return INTERMEDIATE status and shall then send one
of the two messages defined by the flag bit (above).

Targets that do not implement linked commands shall return a CHECK CONDITION status
and, if extended sense is implemented, shall set the sense key to ILLEGAL REQUEST if either
of the link and flag bits are set to one.
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6.3 Command Examples

6.3.1 Single Command Example

A typical operatlon on the SCSI bus is likely to mclude a single READ command to a peripheral device. This operation
is described in detail starting with a request from the initiator. This example assumes that no linked commands and no
malfunctions or errors occur.

The initiator has active pointers and a set of stored pointers representing active disconnected SCSI devices (an initiator
without disconnect capability does not require stored pointers). The initiator sets up the active pointers for the opera-
tion requested, arbitrates for the SCSI bus, and selects the target. Once this process is completed, the target assumes
control of the operation.

The target|obtains the command from the initiator (in this case, a READ command). The target interprets the com-
mand and gxecutes it. In this case, the target gets the data from the peripheral device and sends it to)the ipitiator. At
the completion of the READ command, the target sends a status byte to the initiator. To end the operation, the target
sends a CQMMAND COMPLETE message to the initiator.

6.3.2 Discopnect Example
In the aboye single command example, the length of time necessary to obtain the data.may require a timg-consuming
physical seg¢k. In order to improve system throughput, the target may disconnect from'the’initiator, freeing the SCSI bus
to allow other requests to be sent to other logical units. To do this, the initiator needs. to be reselectable and capable of
restoring the pointers upon reconnection. The target needs to be capable of arbitrating for the SCSI bus and reselecting
the initiatof.

After the target has received the READ command (and has determined-that there will be a delay), it disfonnects by
sending a IDISCONNECT message and releasing BSY.

When the data are ready to be transferred, the target reconnects {o.the initiator. As a result of this reconnection, the in-
itiator restpres the pointers to their most recent saved values (which, in this case, are the initial values) angl the target
continues (as in the single command example) to finish the.6peration. The initiator recognizes that the ¢peration is
complete when COMMAND COMPLETE message is received.

If target wishes to disconnect after transferring part-of the data (e.g., while crossing a cylinder boundary), i Jc ay do so
by sending|a SAVE DATA POINTER message-and a DISCONNECT message to the initiator and then disconnecting.
When recopnection is completed, the current data pointer value is restored to its value immediately prior tq the SAVE
DATA POINTER message.

On those occasions when an error or €xception condition occurs and the target elects to repeat the information transfer,
the target may repeat the transfer byeither issuing a RESTORE POINTERS message or by disconnecting v}i)thout issu-
ing a SAVE DATA POINTER @nessage. When reconnection is complegted, the most recent saved pointeg values are

restored.

6.3.3 Linked Command Example
The link fynction defines-a relationship between commands that when combined with the relative addresq bit, allows
previous operations'to.modify subsequent operations. Link makes high- performance functions possible by providing a
relative adgiressing capability and allowing multiple command execution without invoking the functional component of

If the desired data address (in the previously described READ command example) is unknown, but a search key defined
as some particular bytes of a field is known, then by linking the READ command to a SEARCH DATA EQUAL com-
mand, the data can be quickly and effectively transferred to the initiator.

A LINKED COMMAND COMPLETE message is sent from the target to the initiator to indicate linked command
completion. The initiator then updates the stored pointers so that subsequent requests from the target will reference the
next command of the chain. Command processing of linked and single commands is similar except that relative address-
ing is permitted in linked commands. Linked commands shall be addressed to a single logical unit.

41


https://standardsiso.com/api/?name=ab5b2276d3b59b32d8d1b1279a9dbea9

ISO 9316 : 1989 (E)

For example, the successful completion of a SEARCH DATA EQUAL command causes the target to fetch the linked
READ command from the initiator. If the relative address bit in the READ command has been set to one, and the ad-
dress field of the READ command is set to zero, the target transfers the successfully searched block to the initiator.
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7 Command descriptions for all device types

7.1 Group 0 Commands for All Device Types
These commands shall be as listed in table 17.

Table 17 — Group 0 Commands for all Device Types

Operation
Code Typc; Commrard-Namre Subclause Page
(0h 0 TEST UNIT READY . 711 44
(1h *
(12h \'%
(3h M REQUEST SENSE 71.2 44
(4h *
‘ Gsh | =
(oh \'%
(7h *
(8h *
(%h \'%
(JAh *
(Bh *
(Ch A\
(Dh \'%
(Eh v
(Fh *
*
*
E INQUIRY 713 48
*
*
*
*
*
O CORY . 114 50
*
° *
L
(8] RECEIVE DIAGNOSTIC RESULTS 715 - 57
O SEND DIAGNOSTIC 7.1.6 58
*
R
Keys:
M = Command implementation is mandatory.
E = Command implementation is required for SCST devices that support device-independent
self-configuring software.
O = Command implementation is optional.
R = Operation code is reserved for future standardization.
V = Operation code is available for vendor unique commands.
* = These operation codes may have different meanings for specific types of peripheral devices.
(See the appropriate section for further information.)
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7.1.1 TEST UNIT READY Command
Peripheral Device Type: Al
Operation Code Type: Optional
Operation Code:  00h

Table 18 — TEST UNIT READY Command

Byte \Bit 7 6 5 4 3 2 1 0
0 Operation Code
1 Logical Unit Number Reserved
2 ) Reserved
3 Reserved
4 Reserved
5 Vendor Unique ' Reserved Flag Link

The TEST [UNIT READY command (table 18) provides a means to-check if the logical unit is ready. Thislis not a re-
quest for g self test. If the logical unit would accept an appropriate medium-access command withoyt returning
CHECK CONDITION status, this command shall return a GQOD status.

7.1.2 REQUEST SENSE Command
Peripheral PDevice Type: All
Operation Code Type: Mandatory
Operation Code: 03h

Table 19 - REQUEST SENSE Command

Byte \Blit 7 6 5 4 3 2 1 0
0 Operation Code
1 Logical Unit Number Reserved
2 Reserved |
3 Reserved
4 Allocation Length
5 Vendor Unique Reserved Flag Link

The REQUEST SENSE command (table 19) requests that the target transfer sense data to the initiator.
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The sense data shall be valid for a CHECK CONDITION status returned on the prior command. This sense data shall
be preserved by the target for the initiator until retrieved by the REQUEST SENSE command or until the receipt of
any other command for the same logical unit from the initiator that issued the command resulting in the CHECK CON-
DITION status. Sense data shall be cleared upon receipt of any subsequent command to the logical unit from the in-
itiator receiving the CHECK CONDITION status. In the case of the single initiator option (see 5.1.3. 4), the target shall
assume that the REQUEST SENSE command is from the same initiator.

The allocation length specifies the number of bytes that the initiator has allocated for returned sense data. An alloca-
tion length of zero indicates that four bytes of sense data shall be transferred. Any other value indicates the maximum
number of bytes that shall be transferred. The target shall terminate the DATA IN phase when allocation length bytes

The REQUEST SENSE command shall return the CHECK CONDITION status only to report fatal €rrors|for the RE-

a) he target receives a nonzero reserved bit in the command descriptor block.
b) unrecovered parity error occurs on the DATA BUS.
¢) A target malfunction prevents return of the sense data.

If any nonfatal error occurs during the execution of the REQUEST SENSE ¢ommand, the target shall return the sense
data with GOOD status.

Following a fatal error on a REQUEST SENSE command, sense data may be invalid.

A target may implement the nonextended, the extended, or both sense data formats.

Note: Targdts that implement both sense data formats may select the noncxtended sense data format in response to an allocation [length of zero.
Other methads of selection are also feasible.)

7.1.2.1 Ngnextended Sense The format of the sense data is determined by the error class. Error classes|O through 6
use the nopextended sense data format (table 20),- Error class 7 is described in 7.1.2.2.

Table 20 - Nonextended Sense Data

Bytc\Bit 7 6 5 4 3 2 1 0
0 AdValid Error Class Error Code
1 Vendor(Unique Logical Block Address (MSB)
2 Logical Block Address
3 Togical Block Address (LSB)

The address valid (AdValid) bit indicates that the logical block address field contains valid information related to the
error code.

The error class specifies a class of errors with error classes 0 through 6 being vendor unique. For these classes, the
error code is vendor unique.

7.1.2. 2 Extended Sense
Error class 7 specifies extended sense. Error code zero specifies the extended sense data format. Error code Fh
specifies a vendor unique data format for extended sense. Error codes 1h through Eh are reserved.
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The extended sense data format is shown in table 21.

Table 21 — Extended Sense Data

Byte\Bit 7 6 5 4 3 2 1 0
0 Valid Error Class (7) Error Code (0)
1 Segment Number
2 Filemark EOM ILI Reserved Sense Key
3 Information Byte (MSB)
4 Information Byte
5 Information Byte
6 Information Byte (LSB)
7 || Additional Sense Length (n)

o nS +b Additional Sense Bytes
The information bytes are not defined if the valid bit is zero. Jf the valid bit is one, the information bytes cpntain valid

information as follows:

a) e unsigned logical block address associated with the sense key, for direct-access devices (Type 0), write-
nce read-multiple devices (Type 4), and.read-only direct-access devices (Type 5).

b) e difference (residue) of the requested length minus the actual length in either bytes or blocks, as deter-
ined by the command, for sequential-access devices (Type 1), printer devices (Type 2), and processor
evices (Type 3). (Negativevalues are indicated by two’s complement notation.)

©) he difference (residue) of the requested number of blocks minus the actual number of blocks copjed or com-

ared for the current segment descriptor of a COPY, COMPARE, or COPY AND VERIFY command.

The segmept number confains the number of the current segment descriptor if the extended sense is in refponse to a
COPY, COMPARE, of COPY AND VERIFY command. Up to 256 segments are supported beginning wjth segment
ZEer0.

The filemakk bit indicates that the current command has read a filemark. This bit is only used for sequential-access
devices.

The end-of-medium (EOM) bit indicates that an end-of-medium condition (end- of-tape, beginning-of-tape, out-of-
paper, etc) exists on a sequential access device or printer device. For sequential-access devices, this bit indicates that
the unit is at or past the early-warning end-of-tape if the direction was forward or that the command could not be com-
pleted because beginning-of-tape was encountered if the direction was reverse. Direct-access devices shall not use this
bit; instead, these devices shall report attempts to access beyond the end-of-medium as ILLEGAL REQUEST sense key
(see table 22).

The incorrect length indicator (ILI) bit indicates that the requested logical block length did not match the logical block
length of the data on the medium.
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Table 22 — Sense Key Description

Sense Key

Description

Oh

1h

NO SENSE. Indicates that there is no specific sense key information to be reported for the desig-
nated logical unit. This would be the case for a successful command or a command that received a
CHECK CONDITION status because one of the filemark, EOM, or ILI bits is set to one.

RECOVERED ERROR. Indicates that the last command completed successfully with some
LECOVE ion-pe : : etai e determinable ini additional

1 e ma D (] MiNan D EXaminng N

2h
3h

4h

Sh

6h
7h

8h

9h

Bh

sense bytes and the information bytes

NOT READY. Indicates that the logical unit addressed cannot be accessed. Operatgr interven-
tion may be required to correct this condition.

MEDIUM ERROR. Indicates that the command terminated with a nonrecovered errgr condition
that was probably caused by a flaw in the medium or an error in the récorded data.

HARDWARE ERROR. Indicates that the target detected a nonrecoverable hardware [failure (for
example, controller failure, device failure, parity error, etc.) While performing the cgmmand or
during a self test.

ILLEGAL REQUEST. Indicates that there was anillegal parameter in the command descriptor
block or in the additional parameters supplied as.data for some commands (FORMAT UNIT,
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. ‘

UNIT ATTENTION. Indicates thdt the removable medium may have been changed of the target
has been reset. See 6.1.3 for more.detailed information about the unit attention conditign.

DATA PROTECT. Indicates that a command that reads or writes the medium was attempted on
a block that is protected from this operation. The read or write operation is not perforthed.

BLANK CHECK.--\Indicates that a write-once read-multiple device or a sequential-adcess device
encountered a blank block while reading or a write-once read-multiple device encountg¢red a non-
blank block while writing. '

Vendor-unique. This sense key is available for reporting vendor unique conditions.
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
7.1.4.2 for additional information about this sense key.)

ABORTED COMMAND. Indicates that the target aborted the command, The initia}tor may be

Ch

Dh

Eh

able-torecover by tr y;.ug thecommand agatn;

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

VOLUME OVERFLOW. Indicates that a buffered peripheral device has reached the end-of-
medium and data remains in the buffer that has not been written to the medium. A RECOVER
BUFFERED DATA command(s) may be issued to read the unwritten data from the buffer.
MISCOMPARE., Indicates that the source data did not match the data read from the medium.

This sense key is reserved
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The sense keys are described in table 22.

The additional sense length specifies the number of additional sense bytes to follow. If the allocation length of the com-
mand 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 additional sense bytes contain command-specific, peripheral-device-specific data, or both kinds of data that further
define the nature of the CHECK CONDITION status. The COPY, COMPARE, COPY AND VERIFY, and SEARCH
DATA commands define a standard purpose for some of these bytes. Except as described in these commands, the ad-
ditional sense bytes are vendor unique.

713 INQ
Peripheral

Oper

evice Type: All
tion Code Type: Extended
ration Code: 12h

Table 23 — INQUIRY Command

Byte \Blit 7 6 5 4 3 2 1 0

0 Operation Code

1 Logical Unit Number Reserved

2 Reserved

3 Reserved

4 Allocation Eength

5 Vendor Unique Reserved Flag Link
The INQUIRY command (table 23) requests that information regarding parameters of the target and ifs attached
peripheral device(s) be sent to the initiator.
The allocatjon length specifies the-number of bytes that the initiator has allocated for returned INQUIRY data. An al-
location length of zero indicates’that no INQUIRY data shall be transferred. This condition shall not be copsidered as
an error. Any other value indicates the maximum number of bytes that shall be transferred. The target shall terminate

the DATA [IN phase when allocation length bytes have been transferred or when all available INQUIRY data have been

transferred|to the initiator, whichever is less.

The INQUJR Y<command shall return a CHECK CONDITION status only when the target cannot return th¢ requested

INQUIRY (data.

Note: It is recommended that the INQUIRY data be returned even though the peripheral device may not be ready for other commands.)

If an INQUIRY command is received from an initiator with a pending unit attention condition (before the target reports
CHECK CONDITION status), the target shall perform the INQUIRY command and shall not clear the unit attention
condition. (See 6.1.3.)

The INQUIRY data (table 24) contains a five-byte header, followed by the vendor unique parameters, if any.



https://standardsiso.com/api/?name=ab5b2276d3b59b32d8d1b1279a9dbea9

Table 24 - INQUIRY Data

ISO 9316 : 1989 (E)

Byte \Bit 7 5 4 3 2 1 0
0 Peripheral Device Type
1 RMB Device-Type Qualifier
2 ISO Version ECMA Version ANSI-Approved Version
3 Reserved }
4 Additional Length (n)
Vendor Unique Parameters
0 n5+ A Vendor Unique Parameter Bytes

The peripHeral device type is shown in table 25.

Table 25 — Peripheral Device Type

Code Description

00h Direct-access device (e.g., magnetic disk)

01h Sequential-access device (e.g., magnetic tape)

02h Printer device

03h Processor device

04h Write-once read-multiple device (e.g., some optical disks)
05h Read-only direct-access device (e.g., some optical disks)
06h ~ Reserved

7Fh Logical unit not present

80h - Vendor unique

A removalple medium (RMB) bit of zero indicates that the medium is not removable. A RMB bit of one ifdicates that

the medi

is removable.

The devicg-type qualifier is a seven-blt user—specxfied code This code may be set with sw1tches or by some bther means

by the targe

Of periphera

This feature

allows each user to assign unique codes to each spec1ﬁc type of peripheral dewce that is supported on the system being
used. These codes may then be used by self-configuring software to determine what specific peripheral device is at each
logical unit number. This is especially valuable for systems that support multiple types of removable medium.,

The ISO version indicates the implemented version of this standard and is defined as shown in table 26.

49


https://standardsiso.com/api/?name=ab5b2276d3b59b32d8d1b1279a9dbea9

ISO 9316 : 1989 (E)

Table 26 —~ ISO Version

Code Description

2h-3h Reserved.

Oh Version is unspecified.
1h This version. This code shall be used by SCSI devices that claim to comply with this International
Standard

The usage pf nonzero code values in the ECMA version and ANSI-approved version fields are defined-by th
Computer Manufacturers Association and the American National Standards Institute, respectively. Azero c¢
these ficldq shall indicate that the target does not claim compliance to the the ECMA version of SCSI (ECH
the ANSI-approved version of SCSI (ANSI X3.131-1986). Note that it is possible to claim compliance to mo
of these SCSI standards.

The additignal length shall specify the length in bytes of the vendor unique parameters.~If the allocation le
command descriptor block is too small to transfer all of the vendor unique parameters, the additional length §
adjusted to|reflect the truncation.

7.1.4 COPY Command
Peripheral Device Type: All
Opergtion Code Type: Optional

e European
de value in
MA-111) or
te than one

ngth of the
shall not be

Operation Code:  18h
Table 27 - COPY.Command
Byte \Bit 7 6 5 4 3 2 1 0
0 Opgration Code
1 Logical Unit Number Reserved
2 Parameter List Length (MSB)
3 Parameter List Length
4 Parameter List Length (LSB)
5 Vendor Unique Reserved Flag Link

The COPY command (table 27) provides a means to copy data from one logical unit to another or the same logical unit.
The logical units may reside on the same SCSI device or different SCSI devices. Some SCSI devices that implement this
command may not support copies to or from another SCSI device or third party copies (both logical units reside on

other SCSI devices).

The parameter list length specifies the length in bytes of the parameters that shall be sent during the DATA OUT 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 (table 28) begins with a four-byte header that contains the COPY function code and priority.

Following the header is one or more segment descriptors.
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Table 28 — COPY Parameter List

Byte \Bit 7 6 5 4 / 3 2 1 0
0 Copy Function Code Priority
1 Vendor Unique
2 Reserved
3 Reserved '
Segment Descriptor(s)
0 to xx Segment Descriptor 0 (See specific table for length)
0 to xx Segment Descriptor n (See spécific table for length)

The COPY] function code defines a specific format for the segment(descriptors. The COPY function codes pre defined
in table 29. :

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

The segment descriptor formats are determined bythe COPY function code.

The segment descriptor format used for write-once read-multiple devices and for read-only direct-access devices shall
be the same as for direct-access devices. )The segment descriptor format used for printer devices and for processor
devices shdll be the same as for sequential-access devices. Thus a COPY from a write-once read-multiple [device to a
printer devjce uses the same segment descriptor format as for a COPY from a direct-access device to a ;::.Elential-ac-

cess device] (See table 29.) The Ségment descriptor formats are described in tables 29 through 31. A maximaum of 256
segment descriptors are permitted. The segment descriptors are identified by ascending numbers beginning with zero.

7.1.4.1 Errgrs Detected by the Managing SCSI Device
Two classe} of unusualyconditions may occur during execution of a COPY command. The flrst class consigts of those

a) terminate the COPY command with a CHECK CONDITION status,

b) return the sense data in the extended sense format. The valid bit shall be set to one. The segment number
shall contain the number of the segment descriptor being processed at the time the unusual condition is
detected. The sense key shall contain the sense key code describing the unusual condition. The information
bytes 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.
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Table 29 - COPY Functions

Peripheral Device Type CcoprPY Segment
Function Descriptor
Source Destination Code Table Comment
00h 01h 00h table 30
00h 02h 00h table 30
00h 03h 00h table 30
04h 01h 00h table 30 Direct Access
04h 02h 00h table 30 to
04h 03h 00h table 30 Sequential Access
05h 01h 00h table 30
05h 02h 0Ch table 30
05h 03h 00h table 30 15
01h 00h 01h table 30 Sequential Access
01h 04h 01h table 30 _ to
03h 00h 01h table 30 ' Direct Access
03h 04h 01h table 30
00h 00h 02h | table 31
00h 04h 02h table 31 Direct Access
04h 00h 02h table 31 to
04h 04h 02h table 31 Direct Access
05h 00h 02h table 31
05h 04h 02h table 31
01h 01h 03h table 32
01h 02h 03h table)32 Sequential Access
01h 03h 03h table 32 to
03h 01h 03h table 32 Sequential Access
03h 02h 03h table 32
03h 03h 03h table 32
Peripheral device type: 00h Direct-access device
01h Sequential-access device
02k Printer device
03h Processor device
04h Write-once read-multiple device
05h Read-only direct-access device
COPY function code:  00h Direct access to sequential access
01h Sequential access to direct access
02h——Direet-necess-to-direet-aceess
03h Sequential access to sequential access
04h - OFh Reserved
10h - 1Fh  Vendor unique
-

7.1.4.2 Errors Detected by a Target
The second class of errors consists of unusual conditions detected by the SCSI device transferring data at the request of
the SCSI device managing the transfer. The SCSI device managing the COPY command detects unusual conditions by
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receiving a CHECK CONDITION status from one of the SCSI devices it is managing. It then shall recover the sense
data associated with the unusual condition.

The SCSI device managing the COPY command may also be the source or destination SCSI device (or both). It shall
distinguish between a failure of the management of the COPY and a failure of the data 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 COPY command with a CHECK CONDITION status,

£ SENSE data in the extended sense —The vatid b be Se —The Segment number
all contain the number of the segment descriptor being processed at the time the unusual’dondition is
dptected. The sense key shall be set to COPY ABORTED. The information bytes shallbcontain the dif-
fgrence between the number of blocks field in the segment descriptor being processed at the %ime of the

b) ¢

d

d

fdilure and the number of blocks successfully copied. This number is the residue jof-unprocegsed blocks
r¢maining for the segment descriptor. The additional sense length shall specify the number of additional
s¢gnse bytes.

The first additional sense byte shall specify the byte number, relative to the first byte ‘of-sense data of the beginning of
the source Jogical unit’s status byte and sense data. A zero value indicates that np-status byte or sense dgta is being
returned for the source logical unit. The first byte of the area pointed to by thedirst additional sense byte shall contain
the status Hyte from the source logical unit. The subsequent bytes shall contdin, ‘unchanged, the sense datd recovered
from the sopirce logical unit.

The second|additional sense byte shall specify the byte number, relative to-the first byte of sense data of the beginning of
the destinaTon logical unit’s status byte and sense data. A zero value/indicates that no status byte or sense data is being

returned fof the destination logical unit. The first byte of the area\pointed to by the second additional sens¢ byte shall
contain the [status byte from the destination logical unit. The subsequent bytes shall contain, unchanged, the|sense data
recovered from the destination logical unit.

7.1.4.3 CORY Function Code 00h and 01h
The format| for the segment descriptors for COPY- transfers between direct-access and sequential-access| devices is
specified inf table 30. This format is required for COPY function codes 00h or 01h. The segment descripfor may be
repeated up) to 256 times within the parameter list-length specified in the command descriptor block.

Source addfess and destination address fields specify the SCSI devices and the source LUN and destination LLUN fields
specify the Jogical units to use for this segment of the COPY command. Some SCSI devices may not support “third-
party” COPY in which the copying SESI device is not the source or destination device. Some SCSI devices o;ley support
cory Witl1iln the SCSI device and not to other SCSI devices. If an unsupported COPY operation is reqpested, the
command shall be terminated with a CHECK CONDITION status and the sense key shall be set to ILLEGAL RE-
QUEST.

The sequential-access deyice block-length field specifies the block-length to be used on the sequential-access |ogical unit
during this $egment of the COPY command. If this block-length is known by the SCSI device managing the OPY to be
not supported, the.command shall be terminated with a CHECK CONDITION status and the sense key shaﬂ be set to

ILLEGAL REQUEST. If the block-length is found to be invalid while executing a read or write operation to the se-
quential-acqess device, the command shall be terminated with a CHECK CONDITION status and the sense Key shall be
set to COPY ABORTED. '

The direct-access device number of blocks field specifies the number of blocks in the current segment. A value of zero
indicates that no blocks shall be transferred in this segment. The direct-access device logical block address specifies the
starting logical block address on the logical unit for this segment.
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Table 30 - Segment Descriptor for Codes 00h and 01h

Byte \Bit 7 6 5 4 3 2 1 0

0 Source Address Reserved Source LUN

1 Destination Address Reserved Destination LUN

2 Sequential-Access Device Block-Length (MSB)

3 Sequential-Access Device Block-Length (LSB)

4 Direct-Access Device Number of Blocks (MSB)

5 Direct-Access Device Number of Blocks

6 Direct-Access Device Number of Blocks

7 Direct-Access Device Number of Blocks (LSB)

8 Direct-Access Device Logical Block Addréss (MSB)

9 Direct-Access Device Logical Block Address

10 Direct-Access Device Logical\Block Address

1 Direct-Access Device Logical Block Address (LSB)
7.1.4.4 COPY Function Code 02h
The formgt for the segment descriptors for COPY transfers among direct-access devices is specified by taple 31. This
format is required for COPY function code'02h. The segment descriptor may be repeated up to 256 tim¢s within the
parameter] list length specified in the command descriptor block.
The sourcp address and destination address fields specify the SCSI devices and the source LUN and destjnation LUN
specify the logical units to use.for this segment of the COPY command. Some SCSI devices may not support “third-
party” COPY in which the copying SCSI device is not the source or destination device. - Some SCSI devices pnly support

COPY wi
command
QUEST.

The sourc
mand exeq

shall be terminated with a CHECK CONDITION status and the sense key shall be set to ILL]

e number of blocks field specifies the number of blocks to be transferred from the source device

The destinsa

54

the sd

hin the SCSI device and not to other SCSI devices. If an unsupported COPY operation is reqjuested, the

EGAL RE-

during com-
urce device.

ution: The source logical block address field specifies the starting logical block address on

SACC,
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Table 31 — Segment Descriptor for COPY Function Code (02h

Byte \Bit 7 6 5 4 3 2 1 0

0 Source Address Reserved Source LUN

1 Destination Address Reserved Destination LUN

2 Reserved

3 Reserved

4 Source Number of Blocks (MSB)

5 Source Number of Blocks

6 Source Number of Blocks

7 Source Number of Blocks (LSB)

8 Source Logical Block Address (MSB)

9 Source Logical Block Address

10 Source Logical Block Address

1 Source Logical Block Address (LSB)

12 Degtination Logical Block Address (MSB)

13 Destination Logical Block Addrcss

14 Destination Logical Block Address

15 Destination Logical Block Address (LSB)
7.1.4.5 COPY Function\€ode 03h
The formdt for the segment descriptors for COPY transfers among sequential-access devices is specified|by table 32.
This format is required for COPY function code 03h. The segment descriptor may be repeated up to 256 times within
the parameterdist length specified in the command descriptor block.
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Table 32 - Segment Descriptor for COPY Function Code 03h

Byte \Bit 7 6 5 4 2 0
0 Source Address Reserved Source LUN
1 Destination Address Reserved Destination LUN
2 Reserved
3 Reserved
4 Source Block Length (MSB)
5 Source Block Length (LSB)
6 Destination Block Length (MSB)
7 Destination Block Length (LSB)
8 Source Number of Blocks (MSB)
9 Source Number of Blocks
10 Source Number of Blocks
1 Source Number of Blocks (LSB)

Source address and destination address fields specify the SCSI devices and the source LUN and destination| LUN fields

specify the
party” CO
COPY wit
command
QUEST.

The sourcq
this field i
If block-le;

Dcstmatlon block-length mxsmatchcs are handled in the same manner as source block length mxsmatches

If an unsupported COPY operation is re

logical units to use for this segment of the COPY command. Some SCSI devices may not support “third-
PY in which the copying SCSI device is not the source or destination device. Some SCSI devices
hin the SCSI device and not(to other SCSI devices.
Khall be terminated with al\CHECK CONDITION status and the sense key shall be set to ILLEGAL RE-

nly support
Euested, the

block-length field-specifics the block-length of the source device for this segment of the COPY| A zero in

dicates variable ‘block-length. For nonzero values, this field shall match the logical unit’s actual Hlock-length.
gth mismatches are detected by the SCSI device managing the COPY, the command shall be terminated with

gre detected

The source number of blocks field specifies the number of blocks to be transferred from the source device during this

segment. A value of zero indicates that no blocks shall be transferred.
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7.1.5 RECEIVE DIAGNOSTIC RESULTS Command
Peripheral Device Type: All

Ope

ration Code Type: Optional

Operation Code: 1Ch

Table 33 — RECEIVE DIAGNOSTIC RESULTS Command

Byte \Bit 7 6 5 4 3 2 1 0

0 Operation-Gode

1 Logical Unit Number Reserved

2 Reserved

3 Allocation Length (MSB)

4 Allocation Length (LSB)

5 Vendor Unique Reserved Flag Link
The RECEIVE DIAGNOSTIC RESULTS command (table 33) requests analysis data be sent to the initiatpr after com-
pletion ofla SEND DIAGNOSTIC command (sce 7.1.6).
The allocption length shall specify the number of bytes that the initiator has allocated for returned diagnostic data. An
allocation| length of zero indicates that no diagnostic data-shall be transferred. Any other value indicates the maximum

number o
been tran|

The diagn

ostic data returned is vendor unique!

NOTE: Allzough diagnostic software is generally device-specific, this command and the SEND DIAGNOSTIC command provide a

the operati
lows diagnof

system software from the device-specific diagnostic software. Hence the operating system can remain device-independe
tic software to be more easily ported to other operating systems.

[ bytes that shall be transferred. The target términates the DATA IN phase when allocation length bytes have
sferred or when all available diagnostic data have been transferred to the initiator, whichever is less.

eans to isolate
t. This also al-
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7.1.6 SEND DIAGNOSTIC Command
Peripheral Device Type: All
Operation Code Type: Optional
Operation Code:  1Dh

Table 34 — SEND DIAGNOSTIC Command

Byte \Bit 7 6 5 4 3 2 1 0
0 Qperation Code |
1 Logical Unit Number Reserved SelfTest | DevOfll- | | UnitOfL
2 Reserved
3 Parameter List Length (MSB)
4 Parameter List Length (LSB)
5 Vendor Unique _ Reserved Flag Link

The SENI} DIAGNOSTIC command (table 34) requests the target to perform diagnostic tests on itself, on the attached
peripheral[devices, or on both. This command is usually followed by a RECEIVE DIAGNOSTIC RESULT$ command,
except when the self test (SelfTest) bit is one.

The parameter list length specifies the length in bytes of the parameter list that shall be transferred during the DATA
OUT phasg. A parameter list length of zero indicates that no data shall be transferred. This condition shalllnot be con-
sidered as pn error. The parameter list is vendor unique:

A logical ynit off-line (UnitOfL) bit of one enables write operations on user medium or operations thaf| affect user
visible medium positioning. An SCSI device off-line (DevOfL) bit of one enables diagnostic operations that| may adver-
sely affect pperations to other logical units.on-the same target.

The logical unit off-line and SCSI device off-line bits are generally set by opcrating system software, while the parameter
list is prepared by diagnostic appli€ation software. Thus, by preventing operations that are not enabled by these bits, the
. target assigts the operating system’in protecting its resources.

A self test [bit of one directs the target to complete its default self test. If the self test is requested, the pgrameter list
length shal] be set to zero<and no data shall be transferred. If the self test successfully passes, the command ghall be ter-
minated with a GOQD, status; otherwise, the command shall be terminated with a CHECK CONDITION status and, if
extended sense is implemented, the sense key shall be set to HARDWARE ERROR.

NOTE: See the note to 7.1.5.
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7.2 Group 1 Commands for All Device Types
These commands shall be as listed in table 35.

Table 35 — Group 1 Commands for All Device Types

1SO 9316 : 1989 (E)

Operation
Code

3

Command Name

Section

Page

FaYaY)

o
9

LATIL

21h
22h
23h
24h
25h
26h
27h
28h
2%h
2Ah
2Bh
2Ch
2Dh
2Eh
2Fh

AIAAIRTOORRRIA * * * * % v * v G ¥ << A

COMPARE
COPY-AND VERIFY

7.2.1
722

O
R
A%

= Command implementation is optional.
= Operation code is reserved for future standardization.
= Operation code is available for vendor unique commands.

*

= 1'hesC operation Codes may have difierent meanings 10r spectic types oI peripher

(See the appropriate section for further information.)

al devices.
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72.1 COMPARE Command
Peripheral Device Type: Al
Operation Code Type: Optional
Operation Code:  3%h

Table 36 - COMPARE Command

Byte\Bit 7 6 5 4 3 2 1 0

0 Operation-Code

1 Logical Unit Number Reserved

2 Reserved

3 Parameter List Length (MSB)

4 Parameter List Length

5 Parameter List Length (LSB)

6 Reserved

7 Reserved

8 Reserved

9 Vendor Unique Reserved Flag Link
The COMHARE command (table 36) provides the means to compare data from one logical unit with another or the
same logical unit in a manner similar to thexCOPY command.
This command functions in the same marner as the COPY command, except that the data from the source if compared
on a byte-by-byte basis with the data from the destination. The parameter list transferred to the target is the 3ame as for
the COPY [command. This parameter list contains the information to identify the logical units involved in the com-
parison and| the length of the omparison. (See 7.1.4 for additional information about the COPY command.)
If the compharison is unsuccessful, the command shall be terminated with a CHECK CONDITION status angl the sense
key shall b} set to MISCOMPARE. The remaining fields in the extended sense shall be set as documented in the
COPY compmand.
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7.2.2 COPY AND VERIFY Command
Peripheral Device Type: All
Operation Code Type: Optional
Operation Code: 3Ah

Table 37 -~ COPY AND VERIFY Command

ISO 9316 : 1989 (E)

Byte\Bit 7 6 5 4 3 1 0

0 OperatiomrCode

1 Logical Unit Number Reserved BytChk™ | Reserved

2 Reserved

3 Parameter List Length (MSB)

4 Parameter List Length

5 Parameter List Length (LSB)

6 Reserved

7 Reserved

8 Reserved

9 Vendor Unique Reserved Flag Link
The COPY AND VERIFY command (table 37) performs the same fuﬁction as the COPY commaﬁd, except that a
verificatipn of the data written to the destination logical unit is performed after the data is written. The parameter list
transferr¢d to the target is the same as'for the COPY command. This parameter list contains the information to identify
the logical units involved in the copy-and the length of the copy. (See 7.1.4 for additional information abgut the COPY
commandl.)
A byte check (BytChk) bit-of zero causes the verification to be simply a medium verification (CRC, ECC,|etc). A Byt-

Chk bit gf one causes a‘byte-by- byte comparison of data written to the destination logical unit and the data read from

the sour

If the comparison is unsuccessful, the command shall be terminated with a CHECK CONDITION status

logical unit;

hnd the sense

key shall| be.set to MISCOMPARE. The remaining fields in the extended sense shall be set as documented in the
COPY comimand.
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7.3 Group 2 Commands for All Device Types
The Group 2 commands (operation codes 40h through 5Fh) are all reserved for future standardization.

7.4 Group 3 Commands for All Device Types
The Group 3 commands (operation codes 60h through 7Fh) are all reserved for future standardization.

7.5 Group 4 Commands for All Device Types
The Group 4 commands (operation codes 80h through 9Fh) are all reserved for future standardization.

7.6 Group 5§ Commands for All Device Types

The Group 5 commands with operation codes ACh through AFh are vendor unique. The Group 5 commands with
operation codes BOh through BFh are reserved for futnure standardization

7.7 Group|6 Commands for All Device Types
The Group 6 commands (operation codes COh through DFh) are all vendor unique.

7.8 Group (7 Commands for All Device Types
The Group 7 commands (operation codes EOh through FFh) are all vendor unique.
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8 Command descriptions for direct-access devices

8.1 Group 0 Commands for Direct-Access Devices

The Group 0 commands for direct-access devices shall be as shown in table 38.

Table 38 — Group 0 Commands for Direct-Access Commands

ISO 9316 : 1989 (E)

Operation
Code Type Commrand Name Subclause Page
00h (0] TEST UNIT READY 711 44
01h O REZERO UNIT 8.1.1 64
02h \'%
03h M REQUEST SENSE T12 44
04h M FORMAT UNIT 8.1.2 64
05h v
06h v .
07h 0] REASSIGN BLOCKS 8.13 69
08h M READ 8.14 71
0% A%
0Ah M WRITE 8.1.5 73
0Bh O SEEK 8.1.6 74
0Ch A\
0Dh v
OEh A\’
OFh A\’
10h \Y
11h v
12h E INQUIRY 713 48
13h A\
14h v
15h O MODE SELECT 8.1.7 74
16h O RESERVE 8.1.8 77
17h 0 RELEASE 8.19 81
18h 0] COPY 714 50
19h v
1Ah O MODE SENSE 8.1.10 82
1Bh O START/STOP UNIT 8.1.11 84
1Ch O RECEIVE DIAGNOSTIC RESULTS 7.1.5 57
1Dh 0 SEND DIAGNOSTIC 7.1.6 58
1Eh O PREVENT/ALLOW MEDIUM REMOVAL 8.1.12 85
1Fh R
Key:
M = Command implementation is mandatory.
E = Command implementation is required for SCSI devices that support device-independent
self-configuring software.

O = Command implementation is optional.

R = Operation code is reserved for future standardization.

V = Operation code is available for vendor unique commands.
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8.1.1 REZERQO UNIT Command
Peripheral Device Type: Direct Access’
Operation Code Type: Optional
Operation Code:  01h

Table 39 - REZERO UNIT Comand

Byte\Bit 7 6 5 4 3 2 1 0
0 Operation Code
1 Logical Unit Number Reserved
2 Reserved
3 Reserved
4 Reserved
5 Vendor Unique ' Reserved Flag Link

The REZHRO UNIT command (table 39) requests that the target set.the logical unit to a specific state. [See vendor
specificatigns for details.

8.12 FORMAT UNIT Command
Peripheral [Device Type: Direct Access
Operation Code Type: Mandatory
Operation Code: ~ 04h

Table 40 - FORMAT UNIT Command

Byte\E it 7 6 5 4 3 2 1 0
0 Operation Code
1 Logical Unit\Number FmtData | CmplLst Defect List Format
2 Vendor Unique
3 Interleave (MSB)
4 fntericave(ESBY
5 Vendor Unique Reserved Flag Link

The FORMAT UNIT command (table 40) ensures that the medium is formatted so that all data blocks can be accessed.
There is no guarantee that the medium has or has not been altered. In addition, the medium may be certified and con-
trol structures be created for the management of the medium and defects.

The FORMAT UNIT command is both a mandatory command and an extended command with multiple options (see
table 41).
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Table 41 - FORMAT UNIT Command Variations

Bit Reference
4 3 2 1 0
FmtData
CmpLst
Defect List
Format
] : l : Command Type Comments |
0 | X X X X Mandatory Format with no defect data sent }rom
the initiator to the target.
1 /{0 0 X X Extended Format adding the defects specifigd in
the defect list to the’ known defpcts.
(See Table 41.)
1 ({1 0 X X Optional Format using defects in the defect list
as the full'set of known defects. [See
Table‘41.)
10 1 0 O Optional Format adding the defects in| the
defect list to the known defects.  [See
Table 42.)
1 (1 1 0 O Optional Format using the defects in the d¢fect
list as the full set of known defpcts.
(See Table 42.)
110 1 0 1 Optional Format adding the defects in | the
defect list to the known defects. [See
Table 43.)
111 1 0 1 Optional Format using the defects in the defect
list as the full set of known defects.
(See Table 43.)
11X 1 1 0 Vendor unique
110 1 1,1 Reserved
111 141 1 Reserved
X #=-or 0 (ie., don’t care term).

The FORMAT UNIT command shall be rejected with RESERVATION CONFLICT status if any extent (see 8.1.8.2) in
the specified logical unit is reserved.

A format data (FmtData) bit of one indicates that format data is supplied during the DATA OUT phase. The defect
list included with this data specifies the defects that shall be entered into the defect map. The format of the defect list is
determined by defect list format. A FmtData bit of zero indicates that the DATA OUT phase shall not occur (no
defect data shall be supplied by the initiator).
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A complete list (CmpLst) bit of one indicates the data supplied is the complete list of known defects. Any previous in-
itiator-specified defect map or-defect data shall be erased. The target may add to this list as it formats the medium.,
The result is to purge any previous initiator-specified defect list and to build a new defect list. A CmpLst bit of zero in-
dicates that the data supplied is in addition to existing defect data using the current format. When using the block for-
mat, the defect list refers to the current block length (and not to the new block length, if it is different) and the defect
list refers to current logical block addresses (not physical addresses). The target may add to this list as it formats the
medium. :

The defect list format field specifies additional information related to the defect list. ‘(See table 41 for further informa-
tion.) . :

cave-lield-regues hat the logical blocks be related-in-a specifi ashion to the physical blocks, to facilitate

hing. An interleave value of zero requests that the target use its default interleave. An intetlepve value of
one requests that consecutive logical blocks be placed in consecutive physical order. Values of two or gredter are ven-
dor uniqug.

The defect lists shown in tables 42, 43, and 44 contain a four-byte header followed by one orymore defect|descriptors.
The length of the defect descriptors vary with the format of the defect list.
Table 42 - Defect List - Block Format
Byte Defect List Header
0 Reserved
1 Reserved
2 Defect List Length (MSB)
3 Defect List Length (LSB)
Defect Descriptor(s)
0 Defect Block Address (MSB)
1 ‘ Defect Block Address.
2 : Defect Block Address
3 Defect Block Address (LSB)
The defect] list length in each table specifies the total length in bytes of the defect descriptors that follow. |In table 42,
the defect list-length is equal to four times the number of defect descriptors. In tables 43 and 44, the defect list length is

equal to eight times the number of defect descriptors.

Each defect descriptor for the block format specifies a four-byte defect block address that contains the defect. The
defect descriptors shall be in ascending order.
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Table 43 — Bytes from Index Format

Byte Defect List Header

0 Reserved

1 Reserved

2 Defect List Length (MSB)

3 Defect List Length (LSB)

Defect Descriptor(s)

0 Cylinder Number of Defect (MSB)

1 ' Cylinder Number of Defect.

2 Cylinder Number of Defect (LSB)

3 Head Number of Defect

4 Defect Bytes from Indéx (MSB)

5 Defect Bytes from Index

6 Defect Bytes from Index

7 Defect Bytes from Index (LSB)
Each defdct descriptor for the bytes from index format specifies the beginning of an eight-byte defect lodation on the
medium. |Each defect descriptor is comprised of the cylinder number of defect, the head number of defect, and the
defect bytes from index. The deféct descriptors shall be in ascending order. For determining ascendirlg order, the
cylinder ber of defect is cofisidéred the most significant part of the address and the defect bytes from jndex is con-
sidered the least significant part of the address.
A defect Bytes from indéx of FFFFFFFFh indicates that the entire track shall be reassigned.
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Table 44 — Defect List - Physical Sector Format

Byte Defect List Header

0 Reserved

1 Reserved

2 Defect List Length (MSB)

3 Defect List Length (LSB)

Defect Descriptor(s)

0 Cylinder Number of Defect (MSB)

1 Cylinder Nun;bcr of Defect.

2 Cylinder Number of Defect (LSB)

3 Head Number of Defect

4 Defect Sector Number (MSB)

5 Defect Sector Number

6 Defect Sector Number

7 Defect Sector Number (LSB)
Each defedt descriptor for the physical se¢ctor format specifies a sector- size defect location comprised of the cylinder
number of [defect, the head number of defect, and the defect sector number. The defect descriptors shall bg in ascend-
ing order. [For determining ascending order, the cylinder number of defect is considered the most significan{ part of the
address an( the defect sector number is considered the least significant part of the address.
A defect sgctor number of FFFFFFFFh indicates that the entire track shall be reassigned.
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8.1.3 REASSIGN BLOCKS Command

Peripheral Device Type:

Operation Code Type: Optional
Operation Code:  07h

Direct Access and Write-Once Read-Multiple

Table 45 — REASSIGN BLOCKS Command

ISO 9316 : 1989 (E)

Bytc\Bit 7 6 5 4 3 2 1 0
0 Operation Code
1 Logical Unit Number Reserved
2 Reserved
3 Reserved
4 Reserved
5 Vendor Unique ‘Reserved Flag Link
The REASSIGN BLOCKS command (table 45) requests the target.foreassign the defective logical blocks tp an area on
the logical unit reserved for this purpose.
The initiafor transfers a defect list that contains the logical‘block addresses to be reassigned. The target shall reassign

the physichl medium used for each logical block address.in the list. The data contained in the logical blocks
list may be altered, but the data in all other logical blocks on the medium shall be preserved.

the defect

The effect
again. T
spare loc

ions remain on the medium).

The REA
The lengt

The defeqt list length specifies the total lcﬁgth in bytes of the defect descriptors that follow. The defect

of each defect descriptor.is four bytes.

equal to four times the number of defect descriptors.

of specifying a logical block to be reassigned that previously has been reassigned is to reassi
us, over the life of the medium, a logical block can be assign to multiple physical addresses (u

BSIGN BLOCKS defect list (table 46) contains a four-byte header followed by one or more defect]

specified in

the block

til no more

descriptors.

list length is
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Table 46 - REASSIGN BLOCKS Defect List

Byte Defect List Header

0 Reserved

1 Reserved

2 Defect List Length (MSB)

3 Defect List Length (LSB)

Defect Descriptor(s)

0 Defect Logical Block Address (MSB)

1 Defect Logica‘d Block Address.

2 Defect Logical Block Address

3 Defect Logical Block Address(MSB)
The defect| descriptor specifies a four-byte defect logical block address that contains the defect. The defect descriptors
shall be in jascending order.
If the logi¢al unit has insufficient capacity to reassign all of the defective logical blocks, the command sh4ll terminate

with a CHECK CONDITION status and the sense key:shall be set to MEDIUM ERROR. The logical bloc
the first logical block not reassigned shall be returned|in the information bytes of the sense data.
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8.1.4 READ Command
Peripheral Device Type: Direct Access
Operation Code Type: Mandatory
Operation Code:  08h

Table 47 - READ Command

Byte \Bit 7 6 5 4 3 2 1 0

0 Operation Code

1 Logical Unit Number Logical Block Address (MSB)

2 Logical Biock Address

3 Logical Block Address (LSB)

4 Transfer Length

5 Vendor Unique Reserved Flag Link
The READ command (table 47) requests that the target transfer data to the initiator.

The logicdl block address specifies the logical block at which the read operation shall begin.
The transfer length specifies the number of contiguous logical blocks of data to transferred. A transfer length of zero
indicates that 256 logical blocks shall be transferred. Amy other value indicates the number of logical blodks that shall
be transfefred.

The most recent data value written in the addressed logical block shall be returned.

This comthand shall be terminated with a RESERVATION CONFLICT status if any reservation access conflict (see
8.1.8) exists and no data shall be read.

If any of the conditions listed in table 48 occur, this command shall be terminated with a CHECK CONDITION status,
and if extgnded sense is implemented, the sense key shall be set as indicated in the following table. Table|48 does not
provide an exhaustive enumeration of all conditions that may cause the CHECK CONDITION status.
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Table 48 — READ Command Check Condition Status

Condition Sense Key

Invalid logical block address ILLEGAL REQUEST
Target reset or medium change since UNIT ATTENTION

last command from this initiator

Unrecoverable read error MEDIUM ERROR
Repovered read error RECOVERED ERROR
Overrun or other error that might ABORTED COMMAND
“be [resolved by repeating the command

When
bytes ¢

an invalid logical block address causes ILLEGAL REQUEST to be set, theextended sense in]
hall be set to the logical block address of the first invalid address.

formation
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8.1.5 WRITE Command
Peripheral Device Type: Direct Access
Operation Code Type: Mandatory
Operation Code: ~ 0Ah

Table 49 - WRITE Command

Byte\}}it 7 6 5 4 3 2 1 0

0 Operatiom Code

1 Logical Unit Number Logical Block Address (MSB)

2 Logical Block Address

3 Logical Block Address (LSB)

4 Transfer Length

5 Vendor Unique Reserved Flag Link
The WRITE command (table 49) requests that the target write the data transferred by the initiator to the medium.
The logichl block address specifies the logical block at which the write operation shall begin. |

The trangfer length specifies the number of contiguous logical blocks of data to transferred. A transfer length of zero
indicates fhat 256 logical blocks shall be transferred. *Any other value indicates the number of logical blogks that shall
be transfgrred.

This comjnand shall be terminated with a RESERVATION CONFLICT status if any reservation access|conflict (see
8.1.8) exigts and no data shall be written.

If any of the conditions listed in table-50/occur, this command shall be terminated with a CHECK CONDITTON status,

and if extended sense is implemented; the sense key shall be set as indicated in the table. Table 50 does npt provide an
exhaustiv¢ enumeration of all conditions that may cause the CHECK CONDITION status.

Table 50 — Write Command Check Condition Status

Condition Sense Key

Invalid'logical block address ILLEGAL REQUEST

Target reset or medium change since
last command from this initiator UNIT ATTENTION

Overrun or other error that might
be resolved by repeating the command ABORTED COMMAND

When an invalid logical block address causes ILLEGAL REQUEST to be set, the extended sense information
bytes shall be set to the logical block address of the first invalid address. In this case, no data shall be written on
the logical unit. ‘
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8.1.6 SEEK Command
Peripheral Device Type: Direct Access, Write-Once Read-Multiple, and Read-Only Direct Access
Operation Code Type: Optional
Operation Code:  0Bh

Table 51 - SEEK Command

Byte \Bit 7 6 5 4 3 2 1 0
0 Operation Code
1 Logical Unit Number Logical Block Address (MSB)
2 Logical Block Address
3 Logical Block Address (LSB)
4 Reserved
5 Vendor Unique _ Reserved Flag Link
The SEEK| command (table 51) requests that the logical unit seek to the'specified logical block address.

8.1.7 MODE SELECT Command
Peripheral|Device Type: Direct Access
Opemtion Code Type: Optional

ration Code:  15h

Table 52 -~ MODE SELECT Command

Byte \Bit 7 6 5 4 3 2 1 0
0 Operation Code
1 - Logical Unit\Number Reserved
2 Reserved
3 Reserved
4 Parameter List tength
5 Vendor Unique Reserved Flag Link

The MODE SELECT command (table 52) provides a means for the initiator to specify medium, logical unit, or
peripheral device parameters to the target.

The parameter list length specifies the length in bytes of the MODE SELECT parameter list that shall be transferred
during the DATA OUT phase. A parameter list length of zero indicates that no data shall be transferred. This condi-
tion shall not be considered as an error.
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The MODE SELECT parameter list (table 53) contains a four-byte header, followed by zero or more block descriptors,
followed by the vendor unique parameters, if any.

Table 53 - MODE SELECT Parameter List

Byte MODE SELECT Header

0 © Reserved

1 Medum Type

2 Reserved

3 Block Descriptor Length
Block Descriptor(s)

0 . Density Code

1 | Number of Biocks (MSB)

2 Number of Blocks

3 Number of Blocks.(LSB)

4 Reserved

5 Block Length (MSB)

6 Block Length

7 Block Length (LSB)
Vendor Unique Parameter(s)

Oton Vendor Unique Parameter Byte(s)
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Table 54 — Direct-Access Medium-Type Codes

Code
Value Medium Type
00h Default medium type (currently mounted medium type)
01h Flexible disk, single-sided; unspecified medium
02h Flexible disk, double-sided; unspecified medium
Flexible Disks
Diameter Bit Density] Track Density] Number Reference
mm (inch) Bits/Radian] /mm (/inch) Of Sides Standard
0ph 200 (8,0) 6 631 1,9 (48) 1 ISO 5654/1:1984;
ISO 5654/2:1985
0ph 200 (8,0) 6 631 1,9 (48) 2 See-Note
0bh 200 (8,0) 13 262 1,9 (48) 1 None
oh | 200 (8,0) 13 262 1,9 (48) 2 18O-7065/1:1985,
ISO 7065/2:1985
0bh | 130(525) 3 979 1,9 (48 1 ISO 6596/1:1985,
ISO 6596/2:985
12h 130 (5,25) 7 958 1,9 (48) 2 1SO 7487/1:1985,
ISO 7487/2:1985,
ISO 7487/3:1984
16h 130 (5,25) 7 958 3,8 (96) 2 ISO 8378/1:1986,
ISO 8378/2:1986,
ISO 8378/3:1986
1Ah | 130 (5,25) 13 262 3,8 (96) 2 ISO 8630/1:1987,
ISO 8630/2:1987,
ISO 8630/3:1987
1Eh 90 (3,5) 7 958 53'¢135) 2 ISO 8860/1:1987,
ISO 8860/2:1987
Direct-Access Magnetic Tapes
Code Width Density
Valpe mm (inch) * (Tracks | ftpmm (ftpi)
adh 6,3 (0,25) 12 394 (10 000)
44h 6,3 (0,25) 24 394 (10 000)

80h {FFh LVendor unique
All gthers | Reserved

NOTH See AnnexF for additional standards that may be applicable.

Code values for the medium type field are defined in table 54.

The block descriptor length specifies the length in bytes of all the block descriptors. It is equal to the number of block
descriptors times eight and does not include the vendor unique parameters, if any. A block descriptor length of zero in-
dicates that no block descriptors shall be included in the parameter list. This condition shall not be considered as an
error.

Each block descriptor specifies the medium characteristics for all or part of a logical unit. Each block descriptor con-
tains a density code, a number of blocks, and a block length.
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Code values for the density code field shall be assigned as follows:

00h Default (only one density supported)
01h Flexible disk, single density
02h Flexible disk, double density

02h - 7Fh  Reserved
80h - FFh  Vendor unique

The number of blocks field specifies the number of logical blocks on the medium that meet the density code and block
length in the block descriptor. A number of blocks of zero indicates that all of the remaining logical blocks of the logi-
cal unit shall have the medium characteristics specified by the block descriptor.

The block length specifies the length in bytes of each logical block described by the block descriptor.

8.1.8 RESERVE Command

Peripheral Device Type: Direct Access, Write-Once Read-Multiple, and Read-Only Direct Access
Opefation Code Type: Optional

(pperation Code: 16h

Table 55 - RESERVE Command

Byte Bit 7 6 5 4 3 2 1 0
0 Operation Code
1 Logical Unit Number 3rdPty Third Party Device ID Extent
2 Reservation-Identification
3 Extent List Length (MSB)
4 Extent List length (LSB)
5 Vendor Unique Reserved Flag Link

The RESERVE command (table’55) is used to reserve logical units or, if the extent reservation option is implemented,
extents within logical units for-the use of the initiator. If third-party reservation option is implemented, the logical units
or extenty may be reserged for another specified SCSI device. The RESERVE and RELEASE commands provide the
basic mechanism for contention resolution in multiple-initiator systems.

8.1.8.1 ical Unit Reservation.
If the extgnt bit is zero, this command shall request that the entire logical unit be reserved for the exclusive pse of the in-
itiator until‘the reservation is superseded by another valid RESERVE command from the initiator that mi_xrie the reser-
vation or until released by a RECEASE command from the same mitiator, by a BUS DEVICE R message from
any initiator, or by a “hard” RESET condition. A logical unit reservation shall not be granted if the logical unit or any
extent is reserved by another initiator. It shall be permissible for an initiator to reserve a logical umit that is currently
reserved by that initiator, If the extent bit is zero, the reservation identification and the extent list length shall be ig-
nored.

If the logical unit, or any extent within the logical unit is reserved for another initiator, the target shall respond by
returning RESERVATION CONFLICT status.

If, after honoring the reservation, any other initiator then subsequently attempts to perform any command on the
reserved logical unit other than a RELEASE command, which shall be ignored, then the command shall be rejected
with RESERVATION CONFLICT status.
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8.1.8.2 Extent Reservation (Optional).

The reservation identification provides a means for an initiator to identify each extent reservation. This allows an in-
itiator in a multiple tasking environment, to have multiple reservations outstanding. The reservation identification is
used in the RELEASE command to specify which reservation is to be released. It is also used in superseding
RESERVE commands to specify which reservation is to be superseded.

If the extent reservation option is implemented, then the extent release option (see 8.1.9.2) shall also be implemented.
These options permit multiple extents within the logical unit to be reserved, each with a separate reservation type.

If the extent bit is one, and the extent reservation option is implemented, then the target shall process the reservation
request as follows:

a)

ro, no reservations shall be changed and this condition shall not be treated as an error.~If)the extent list
ntains more extents than are supported on the logical unit, the command shall be/terminated with a
HECK CONDITION status and the sense key shall be set to ILLEGAL REQUEST.(Af the extgnt list con-
more extents than are currently available on the logical unit, then the target-shall return RESERVA-
ON CONFLICT status.

e extent list shall be checked for the number of extents in the reservation request. If the extent%st length is

b)
r this logical unit, the command shall be terminated with a CHECK CONDITION status and the sense key
all be set to ILLEGAL REQUEST. The extent list shall be checked for mvalid extent overlaps|(as defined
reservation type) with other extent descriptors in the extent list andif invalid overlaps are found, the com-
and shall be terminated with a CHECK CONDITION status and'the sense key shall be set to ILLEGAL
EQUEST.

e extent list shall be checked for valid extent logical block addresses. If anylogical block addrqss is invalid

c) If the requested reservation does not conflict with any active or previously requested reservation,| the extents

ified shall be reserved until superseded by another\valid RESERVE command from the igitiator that
ade the reservation or until released by a RELEASE\command from the same initiator, by a BUS DEVICE
Y ESET message from any initiator, or by a “hard”,RESET condition. If either of the last twg conditions
ccur, the next command (except for INQUIRY~or REQUEST commands) from each initiator ghall be ter-
inated with a CHECK CONDITION statusand the sense key shall be set to UNIT ATTENTION.

(ol .|

d) If the reservation request conflicts with a'reservation already active, then the target shall return RESERVA-
ON CONFLICT status.

If the extent bit is one, and the extent reservation option is not implemented, then the RESERVE commgnd shall be
rejected with CHECK CONDITION status and the sense key shall be set to ILLEGAL REQUEST.
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Table 56 — Data Format of Extent Descriptors

Byte \Bit 7 6 5 4 3 2 1 0
0 Reserved RelAdr Reservation Type
1 Number of Blocks (MSB)
2 Number of Blocks
3 Number of Blocks (LSB)
4 Logical Block Address (MSB)
5 Logical Block Address
6 Logical Block Address
7 Logical Block Address (LSB)

The size of the extent list shall be defined by the extent list length parameter. The extent list shall consist of zero or
more descfiptors as shown in Table 55. Each extent descriptor defines an extent beginning at the specified logical block
address fof the specified number of blocks. If the number of blocks-is zero, the extent shall begin at the spegified logical
block addrgss and continue through the last logical block address on the logical unit.

The reservation type field shall determine the type of reservation to be effected for each extent. Four types of reserva-
tions are ppssible as follows:

DB(1) | DBM®

1 0 Read Exclusive

0 1 Write Exclusive

1 1 Exclusive Aceess

0 0 Read Shared
Read Exclpsive: While this resetvation is active, no other initiator shall be permitted read operations to the indicated
extent. Tis reservation shall not inhibit write operations from any initiator or conflict with a write exclusiK?Ireservation;
however, read exclusive, exclusive access, and read shared reservations that overlap this extent shall conflict with this
reservation. '

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 conflict with a read exclusivg reservation
from any initiator. This reservation shall conflict with write exclusive, exclusive access, and read shared resetvations that
overlap this ‘extent.

Exclusive Access: While this reservation is active, no other initiator shall be permitted any access to the indicated ex-
tent. All reservation types that overlap this extent shall conflict with this reservation.

Read Shared: While this reservation is active, no write operations shall be permitted by any initiator to the indicated ex-
tent. This reservation shall not inhibit read operations from any initiator or conflict with a read shared reservation.
Read exclusive, write exclusive, and exclusive access reservations that overlap with this extent shall conflict with this
reservation.

If the relative address bit is one, the logical block address shall be treated as a two’s complement displacement. This
displacement shall be added to the logical block address last accessed on the logical unit to form the logical block ad-
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dress 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 a
CHECK CONDITION status and the sense key shall be set to ILLEGAL REQUEST.

If an initiator attempts a command to a logical block that has been reserved and that access is prohibited by the reserva-
tion, the command shall not be performed and the command shall be terminated with a RESERVATION CONFLICT
status. If a reservation conflict precludes any part of the command, none of the command shall be performed. COPY
commands shall be terminated with a 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. If any extent in a logical unit is reserved in any
way, a FORMAT UNIT command shall be rejected with a RESERVATION CONFLICT status.

arty reservation option for the RESERVE command allows an initiator to reserve a logical @it or extents
ical unit for another SCSI device. This option is intended for use in multiple-initiator systems that use the
d. Any target that implements the third-party reservation option shall also implement the| third-party

-party (3rdPty) bit is zero, then the third-party reservation option is not requested.” If the 3rdPty bit is one
d-party reservation option is implemented, then the RESERVE command shall)reserve the spedjfied logical
unit or extents for the SCSI 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 thatcmade the reservation ¢r until 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-jnitiator.

If the 3rdRty bit is one and the third-party reservation option is not implemented, then the target shall reject the
RESERVH command with a CHECK CONDITION status and the sense key shall be set to ILLEGAL REQUEST.

8.1.84 Suprrseding Reservations
An initiator that holds a current reservation may modify that resérvation by issuing another RESERVE command to the
same logicgl unit and, if the extent bit is one, using the sam@ reservation identification. The superseding RESERVE
command ghall release the previous reservation state when-the new reservation request is granted. The prefious reser-
vation shall not be modified if the new reservation request cannot be granted. If the superseding reservation cannot be
granted betause of conflicts with a previous active reservation (other than the reservation being supersededl), then the
target shall[return RESERVATION CONFLICT status.

NOTE: Supefseding reservations are principally intended to allow the SCSI device ID to be changed on a reservation using the thirdiparty reserva-
tion option. This capability is necessary for certain situations when using the COPY command.
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8.1.9 RELEASE Command
Peripheral Device Type: Direct Access, Write-Once Read-Multiple, and Read-Only Direct Access
Operation Code Type: Optional
Operation Code:  17h

Table 57 - RELEASE Command

Byte \Bit 7 6 5 4 3 2 1 0
0 Operation Code
1 Logical Unit Number 3rdPty Third Party Device ID Extent
2 Reservation Identification |
3 Reserved
4 Reserved
5 Vendor Unique ‘Reserved Flag Link

The RELEASE command (table 57) is used to release previously resérved logical units, or, if the extent relegse option is
implement¢d, previously reserved extents within logical units. It is'not an error for an initiator to attempt fo release a
reservation| that is not currently active. In this case, the target returns GOOD status without altering any other reserva-
tion.

8.1.9.1 Logjcal Unit Release
If the extent bit is zero, this command shall cause the target to terminate all logical unit and extent reservatipns that are
active from the initiator to the specified logical unit.

8.1.9.2 Ext¢nt Release (Optional)
If the exteqt bit is one and the extent release option is not implemented, then the RELEASE command shall be ter-
minated with a CHECK CONDITION status and the sense key shall be set to ILLEGAL REQUEST. This option shall
be implem¢nted if the extent reservationl option (see 8.1.8.2) is implemented.

If the extent bit is one and the-extent release option is implemented, this command shall cause any reservatipn from the
requesting finitiator with a matching reservation identification to be terminated. Other reservations from the¢ requesting
initiator shall remain in effect.

8.1.9.3 Thixd Party Release (Optional)
The third-party release option for the RELEASE command allows an initiator to release a logical unit or %cnts within

a Jogical upit that were previously reserved using the third- party reservation option (see 8.1.8.3). This option shall be
implement¢d-if the third-party reservation option is xmplemented This option is intended for use in mul
systems that use the COPY command.

le-initiator

If the third-party (3rdPty) bit is zero, then the third-party release option is not requested. If the 3rdPty bit is one and
the target implements the third-party release option, then the target shall release the specified logical unit or extents, but
only if the reservation was made using the third- party reservation option by the initiator that is requesting the release
for the same SCSI device as specified in the third-party device ID field.

If the 3rdPty bit is one and the target does not implement the third-party release option, then the target shall terminate
the command with a CHECK CONDITION status and the sense key shall be set to ILLEGAL REQUEST.
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8.1.10 MODE SENSE Command
Peripheral Device Type: Direct Access
Operation Code Type: Optional
Operation Code:  1Ah

Table 58 - MODE SENSE Command

Byte\Bit 7 6 5 4 3 2 1 0
0 OperatiomrCode
1 Logical Unit Number Reserved
2 Reserved
3 Reserved
4 Allocation Length
5 Vendor Unique A Reserved Flag Link

The MODE SENSE command (table 58) provides a means for a target to report its medium, logical unit, qr peripheral
device p. eters to the initiator. It is a complementary command to the MODE SELECT command for support of
medium that may contain multiple block lengths or densities.

The allocgtion length specifies the number of bytes that the initiator has allocated for returned MODE SENSE data.
An allocatjon length of zero indicates that no MODE SENSE data shall be transferred. This condition shall not be con-
sidered asjan error., Any other value indicates the maximum number of bytes that shall be transferred. Thg target shall
terminate the DATA IN phase when allocation length bytes have been transferred or when all available MOQDE SENSE
data have been transferred to the initiator, whichever is less.

The MODE SENSE data (table 59) contains a four-byte header, followed by zero or more eight-byte block| descriptors,
followed by the vendor unique parameters; if any.
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Table 59 — MODE SENSE Data

ISO 9316 : 1989 (E)

Byt& Bif 7 6 S 4 1 0

0 Sense Data Length
1 Medium Type
2 WP Reserved
3 Block Descriptor Length

Block Descriptor(s)
0 Density Code
1 Number of Biocks (MSB)
2 Number of Blocks
3 Number of Blocks (LSB)
4 Reserved
5 Block Lengtht(MSB)
6 Block Eength
7 Block Length (LSB)

Vendor Unique Parameter(s)
Oton Vendor Unique Parameter Byte(s)
The sensp data length gpecifies the length in bytes of the following MODE SENSE data that is availablg to be trans-

ferred dyring the DATA'IN phase. The sense data length does not include itself.

Code valyies for. the'medium-type field are defined in table 54.

A write protected (WP) bit of zero indicates that the medium is write enabled. A WP bit of one indidates that the

medium T protected:

The block descriptor length specifies the length in bytes of all the block descriptors. It is equal to the number of block
descriptors times eight and does not include the vendor unique parameters, if any. A block descriptor length of zero in-
dicates that no block descriptors shall be included in the parameter list. This condition shall not be considered as an

crror.

Each block descriptor specifies the medium characteristics for all or part of a logical unit. Each block descriptor con-
tains a density code, a number of blocks, and a block length,
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Code values

for the density code field shall be assigned as follows:
00h Default (only one density supported)
01h Flexible disk, single density

02h Flexible disk, double density

02h-7Fh  Reserved
80h - FFh  Vendor unique

The number of blocks field specifies the number of logical blocks of the medium that meets the density code and block
length in the block descriptor. A number of blocks of zero indicates that all of the remaining logical blocks of the logi-

cal unit have the medium characteristics specified by the block descriptor.

The block length specifies the length in bytes of each logical block.

Peripheral

8.1.11 STA}T/STOP UNIT Command

Oper

ion Code Type: Optional

Operation Code:  1Bh

Table 60 - START/STOP UNIT Command

evice Type: Direct Access, Write-Once Read-Multiple, and Read-Only Direct Access

Byte \Bnt 7 6 5 4 3 1 0

0 Operation Code

1 Logical Unit Number Reserved Immed

2 Reserved

3 Reserved

4 Reserved Start

5 Vendor Unique Reserved Flag Link
The START/STOP UNIT command (table 60) requests that the target enable or disable the logical unit for further ‘
operations.
An immedigte (Immed) bit of one indicates that status shall be returned as soon as the operation is initjated. An
Immed bit of zero indicates that status shall be returned after the operation is completed.

tal unit be

A start bit (lf one fequests the logical unit be made ready for use. A start bit of zero requests that the logig

stopped.
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8.1.12 PREVENT/ALLOW MEDIUM REMOVAL Command

Peripheral Device Type:

Operation Code Type: Optional
Operation Code: 1Eh

Table 61 — PREVENT/ALLOW MEDIUM REMOVAL Command

ISO 9316 : 1989 (E)

Direct Access, Write-Once Read-Multiple, and Read-Only Direct Access

Byte\Bit 7 6 5 4 3 1 0
0 Operation-Code
1 Logical Unit Number Reserved
2 Reserved
3 Reserved
4 Reserved Prevent
5 Vendor Unique Reserved Flag Link
The PIIE VENT/ALLOW MEDIUM REMOVAL command (table-61) requests that the target enable of disable the

removal o

A prevenf bit of one shall inhibit mechanisms that normallycallow removal of the medium. A prevent bit

allow rem|

This prev
REMOV/
initiator o

f the medium in the logical unit.

bval of the medium.

r by a “hard” RESET condition.

ention of medium removal condition shall terminate upon receipt of a PREVENT/ALLOW
AL command with the prevent bit set to zeto, or by the receipt of a BUS DEVICE RESET message from any

of zero shall

MEDIUM
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82 Group 1 Commands for Direct-Access Devices.
The Group 1 commands for direct-access devices shall be as shown in table 62.

Table 62 — Group 1 Commands for Direct-Access Devices

Operation

Code Type Command Name Section Page
+
v
v
v
\'%
E READ CAPACITY 821 87
\'%
v
E READ 822 89
v
E WRITE 823 90
6] SEEK 824 92
A\’
v
0] WRITE AND VERIFY 825 93
(6] VERIFY 826 94
0] SEARCH DATA HIGH 8271 96
0] SEARCH DATA EQUAL 8.2.72 96
0] SEARCH DATA LOW 8273 98
O SET LIMITS 8.2.8 98
R
R
R
R
R
0] COMPARE 721 60
O COFPY AND VERIFY 722 61
R
R
R
R
R

Key:
M = Command implementation is mandatory.
E = Command implementation 1s required for SCSI devices that support device-independent
self-configuring software.
O = Command implementation is optional.
= Qperation code is reserved for future standardization.

V = Operation code is available for vendor unique commands.
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8.2.1 READ CAPACITY Command

Peripheral

Device Type:

Operation Code Type: Extended
Operation Code:  25h

Table 63 — READ CAPACITY Command

1SO 9316 : 1989 (E)

Direct Access, Write-Once Read-Multiple, and Read-Only Direct Access

Byte \Bit 7 6 5 4 3 1 0

0 Operation Code

1 Logical Unit Number Reserved RelAdr

2 Logical Block Address (MSB)

3 Logical Block Address

4 Logical Block Address

5 Logical Block Address (LSB)

6 Reserved

7 Reserved

8 Vendor Unique Reserved PMI

9 Vendor Unique Reserved Flag Link
The READ CAPACITY command (able_63) provides a means for the initiator to request information regarding the
capacity of the logical unit.
A partial jedium indicator (PMI) bit of zero indicates that the information returned in the READ CAPACITY data
shall be (tj% logical block address-and block length (in bytes) of the last logical block of the logical unit. [The logical
block address in the command descriptor block shall be to set zero for this option.
A PMI bit[of one indicates-that the information returned shall be the logical block address and block length (in bytes) of
the last logical block address after which a substantial delay in data transfer will be encountered. This logical block ad-
dress shall|be greaterthan or equal to the logical block address specified in the command descriptor block. (Implemen-
tors note: | This function is intended to assist storage management software in determining whether there [is sufficient
space on the Current track, cylinder, etc. to contain a frequently accessed data structure such as a file diregtory or file
index.)
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The eight bytes of READ CAPACITY data shown in table 64 shall be sent during the DATA IN phase of the com-
mand.

Table 64 - READ CAPACITY Data

Byte Deseription

0 Logical Block Address (MSB)
1 Logical Block Address

2 Logical Block Address

3 Logical Block Address (LSB)
4 Block Length (MSB)

5 Block Length

6 Block Length

7 Block Length (1.SB)
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82.2 READ Command
Peripheral Device Type: Direct Access
Operation Code Type: Extended
Operation Code:  28h

Table 65 - READ Command

Byte \Bit 7 6 5 4 3 2 1 0
0 Operation-Code
1 Logical Unit Number Reserved RelAdr
2 Logical Block Address (MSB)
3 . Logical Block Address
4 Logical Block Address
5 Logical Block Address (LSB)
6 Reserved
7 Transfer Length (MSB)
8 Transfer Lengthy (LSB)
9 Vendor Unique Reserved Flag Link

The READ command (table 65) requests that the target transfer data to the initiator.

The logical block address specifies the-logical block at which the read operation shall begin.
The transfer length specifies the number of contiguous logical blocks of data that shall be transferred. A trapsfer length
of zero inglicates that no logical blocks shall be transferred. This condition shall not be considered as an|error. Any
other valu¢ indicates the number of logical blocks that shall be transferred.

The most fecent data valie written in the addressed logical block shall be returned.

This cormIand shallbbe terminated with a RESERVATION CONFLICT status if any reservation access ¢onflict (see
8.1.8) exists and 10 data shall be read.

If any of th s-show able-66-0¢ d-shall-re : b M-stdtus and the
sense key shall be set as mdlcated Table 66 does not provxde an exhaustlve enumeration of all conditions that may
cause the CHECK CONDITION status.

89


https://standardsiso.com/api/?name=ab5b2276d3b59b32d8d1b1279a9dbea9

ISO 9316 : 1989 (E)

Table 66 — READ Command Check Condition Status

Condition Sense Key

Invalid logical block address ILLEGAL REQUEST
Target reset or medium change since UNIT ATTENTION

last command from this initiator

Unrecoverable read error MEDIUM ERROR
Regovered read error RECOVERED ERROR
Ovgrrun or other error that might ABORTED COMMAND

be resolved by repeating the command

When En invalid logical block address causes ILLEGAL REQUEST to be set, the extended sense infprmation
bytes shall be set to the logical block address of the first invalid address.

8.2.3 WRITE Command

Peripheral Device Type: Direct Access
Opegation Code Type: Extended

Qperation Code: 2Ah

Table 67 - WRITE .-Command

Byte Bit 7 6 5 4 3 2 1 0
0 Operation Code
1 Logical Unit Number Reserved RelAdr
2 | Logical Block Address (MSB)
3 Logical Block Address
4 Logical Block Address
5 Logical Block Address (LSB)
6 Reserved
7 Transfer Length (MSB)
8 Transfer Length (I.SB)
9 Vendor Unique Reserved Flag Link

The WRITE command (table 67) requests that the target write the data transferred by the initiator to the medium.
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The logical block address specifies the logical block at which the write operation shall begin.

The transfer length specifies the number of contiguous logical blocks of data that shall be transferred. A transfer length
of zero indicates that no logical blocks shall be transferred. This condition shall not be considered as an error and no
data shall be written. Any other value indicates the number of logical blocks that shall be transferred.

This command shall be terminated with a RESERVATION CONFLICT status if any reservation access conﬂlct (see
8.1.8) exists and no data shall be written,

If any of the conditions shown in table 68 occur, this command shall be terminated with a CHECK CONDITION status
and the sense key shall be set as indicated in the following table. Table 68 does not provide an exhaustive enumeration
of all condjitions that may cause the CHECK CONDITION status.

Table 68 — Write Command Check Condition Status

Condition Sense Key

Invalid logical block address ILLEGAL REQUEST

Target reset or medium change since
last|command from this initiator UNIT ATTENTION

Ovgrrun or other error that might
be gesolved by repeating the command ABORTED COMMAND

En invalid logical block address causes ILLEGAL REQUEST to be set, the extended sense information
bytes shall be set to the logical block address of the first invalid address. In this case, no data shall be wyitten on
the logjcal unit.
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8.2.4 SEEK Command

Peripheral Device Type:

Operation Code Type: Optional
Operation Code:  2Bh

Table 69 - SEEK Command

Direct Access, Write-Once Read-Multiple, and Read-Only Direct Access

Byte \Bit 7 6 5 4 3 1 0

0 Operation Code

1 Logical Unit Number Reserved

2 Logical Block Address (MSB)

3 Logical Block Address

4 Logical Block Address

5 Logical Block Address (LSB)

6 Reserved

7 Reserved

8 Reserved

9 Vendor Unique Reserved Flag Link
The SEEK| command (table 69) requests that the logical unit seek to the specified logical block address.
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8.2.5 WRITE AND VERIFY Command
Peripheral Device Type: Direct Access
Operation Code Type: Optional
Operation Code:  2Eh

Table 70 - WRITE AND VERIFY Command

ISO 9316 : 1989 (E)

Byte \Bit 7 6 5 4 3 2 1 0
0 Operation Code
1 Logical Unit Number Reserved Bthhk RelAdr
2 Logical Block Address (MSB)
3 Logical Block Address
4 Logical Block Address
5 Logical Block Address (LSB)
6 Reserved
7 Transfer Length (MSB)
8 Transfer Length (LSB)
9 Vendor Unique Reserved Flag Link
The WRITE AND VERIFY command (table 70) requests that the target write the data transferred from the initiator to
the mediuin and then verify that the datais\Correctly written.
A byte ch¢ck (BytChk) bit of zero-causes the verification to be simply a medium verification (CRC, ECC, gtc). A Byt-

Chk bit of one causes a byte-by=byte compare of data written on the peripheral device and the data trangferred from

the initiatqr. If the compare dis unsuccessful, the command shall be terminated with a CHECK CONDITIO]

the sense key shall be set to MISCOMPARE.

The logical block address specifies the logical block at which the write operation shall begin.

N status and

The transfer length.specifies the number of contiguous logical blocks of data that shall be transferred. A transfer length

of zero inglicates'that no logical blocks shall be transferred. This condition shall not be considered as an ¢

- data shall pe-written. Any other value indicates the number of logical blocks that shall be transferred.

rror and

no
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8.2.6 VERIFY Command
Peripheral Device Type: Direct Access
Operation Code Type: Optional
Operation Code:  2Fh

Table 71 - VERIFY Command

Byte \Bit 7 6 5 4 3 2 1 0
0 Operation Code
1 Logical Unit Number Reserved BytChk RelAdr
2 Logical Block Address (MSB)
3 Logical Block Address
4 Logical Block Address
5 Logical Block Address (1.SB)
6 Reserved
7 Verification Length (MSB)
8 Verification Liéngth (LSB)
9 Vendor Unique Reserved Flag Link
The VERIFY command (table 71) requestsithat the target verify the data written on the medium.
A byte Chl‘:: (BytChk) bit of zero causes-the verification to be simply a medium verification (CRC, ECC, gtc). A Byt-
Chk bit of|one causes a byte-by- byte compare of data on the medium and the data transferred from the initjator. If the

compare i$ unsuccessful, the command shall be terminated with a CHECK CONDITION status and the sense key shall
be set to MISCOMPARE.,

The logical block address specifies the logical block at which the verify operation shall begin.

The verifidation length)specifies the number of contiguous logical blocks of data that shall be verified. A trapsfer length
of zero indicates_that no logical blocks shall be verified. This condition shall not be considered as an error] Any other
value indidates‘the number of logical blocks that shall be verified.
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8.2.7 SEARCH DATA Commands

Peripheral

Device Type: Direct Access, Write-Once Read-Multiple, and Read-Only Direct Access

Operation Code Type: Optional
Operation Code:  30h, 31h, or 32h

Table 72 — SEARCH DATA Command

: 1989 (E)

Byte\Bit 7 6 5 4 3 2 1 0

0 Operation Code

1 Logical Unit Number Invert Reserved Spnbat RelAdr

2 Logical Block Address (MSB)

3 Logical Block Address

4 ) Logical Block Address

5 Logical Block Address (LSB)

6 Reserved

7 Transfer Length (MSB)

8 Transfer Length (LSB)

9 Vendor Unique Reserved Flag Link
The SEARCH DATA commands (table 72) search one or more logical blocks for equality or inequality to|a data pat-
tern. The [concept of records within a logical block is used to allow multiple records within a logical block|to be sear-
ched.
The invert|bit determines whethet-the search condition is to be inverted. See 8.2.7.1 through 8.2.7.3 for a dgscription 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 plock. Any
space at the end of a.block that is smaller than the record length is ignored by the SEARCH DATA commands. A
SpnDat bif of one indicates that records span block boundaries. Thus, a record may start in one block and end in the
next or a spbsequent block.
A transfer(length of zero indicates that no data shall be searched. This condition shall be treated the same as an un-

satisfied se

arch.

A link bit of zero indicates a nonlinked 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 ter-
minated with GOOD status.

A link bit of one indicates a command is linked to the SEARCH DATA command and if the search is satisfied, CON-
DITION MET status 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 a CHECK CONDITION status. A
REQUEST SENSE command may then be issued.
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A REQUEST SENSE command following a satisfied SEARCH DATA command shall

a) return a sense key of EQUAL if the search was satisfied by an exact match. If the search was satisfied by an

inequality then a sense key of NO SENSE shall be returned,

b) return the valid bit set to one;

c) return the logical block address of the logical block containing the first matching record in the information

bytes

d) return the record offset of the matching record in the first four bytes of additional sense bytes.

A REQIJEST SENSE command following an unsatisfied SEARCH DATA command shall
a) |return a sense key of NO SENSE, if no errors occurred during the command execution,
b) |return the valid bit set to zero.

The SEARCH DATA parameter list (table 73) contains a fourteen-byte header, followed )by one or more
ment des¢riptors.

The logichl record length field specifies the record length in bytes.

The first tecord offset field specifies the number of bytes that shall be ignoted'in the first logical block befo!
begins. The value in the first record offset field shall not exceed the length of the logical block. Subse
blocks shhll be searched beginning with the first byte in the logical‘block. This permits one or more r
skipped ipitially.

search argu-

re the search
juent logical
cords to be

The number of records field specifies the maximum number of.records that shall be searched by this commiand. An un-

satisfied gearch shall terminate when the number of recordsior the number of blocks (from the commay
block) haye been exhausted.

The seardh argument length specifies the length in“bytes of all the search argument descriptors that folloy

ld descriptor

w. Since the

pattern lgngth can vary, there is no fixed multiple of the search argument descriptor to determine the seardch argument

length.

The sear¢h 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, a pattern length, and a ppttern.

The displacement field specifies-the displacement in bytes of the first byte of the data to be compared fron
the logical record.

The pattern length fieldspecifies the length in bytes of the pattern that follows.

The pattern specifies the data to compare to the logical record.

8.2.7.1 SEA
The SEA

RCH DATA HIGH Command

h the start of ‘

record sear-

CH DATA HIGH command (table 72 operatlon codc 30h) shall be satlsﬁed by the first loglcal

nand descrip-

tor block is zero, the search argumcnt descnptor(s) shall be satlsfied by data in the loglcal record bemg 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 less than or equal to the data in the pattern. (See 8.2.7.)

8.2.7.2 SEARCH DATA EQUAL Command

The SEARCH DATA EQUAL command (table 72, 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 8.2.7.)
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~ Table 73 ~ SEARCH DATA Parameter List

1SO 9316 : 1989 (E)

Byte Parameter List Header
0 Logical Record Length (MSB)
1 Logical Record Length
2 Logical Record Length
3 Logical Record Length (LSB)
4 First Record Offset (MSB)
5 First Record Offset
6 First Record Offset
7 First Record Offset (LSB)
8 Number of Records (MSB)
9 Number of Records
10 Number of Recotds
11 Number _of Records (LSB)
12 Search Argument Length (LSB)
13 Search Argument Length (LSB)
Search Argurment Descriptors
0 Displacement (MSB)
1 Displacement
2 Displacement
3 Displacement (LSB)
4 Pattern Length (MSB)
5 Pattern Length (LSB)
6ton Pattern
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8.2.7.3 SEARCH DATA LOW Command.

The SEARCH DATA LOW command (table 72, operation code 32h) shall be satisfied by the first logical record sear-
ched that contains data that satisfies all of the search argument descriptor(s). Ifthe invert 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 8.2.7.)

82.8 SET LIMITS Command
Peripheral Device Type: Direct Access, Write-Once Read-Multiple, and Read-Only Direct Access
Operation Code Type: Optional
Operation Code:  33h

Table 74 ~ SET LIMITS Command

Byte \Bit 7 6 5 4 3 2 1 0

0 Operation Code

1 Logical Unit Number Reserved RdInh WrInh

2 Logical Block Address (MSB)

3 Logical Block Address

4 Logical Block Address

5 Logical Block-Address (LSB)

6 Reserved

7 Number of Blocks (MSB)

8 Number of Blocks (1.SB)

9 Vendor Unique Reserved Flag Link
The SET LIMITS command/(table 74) defines the range within which subsequent linked commands may pperate. A
second SET LIMITS command may not be linked to a chain of commands in which a SET LIMITS comnjand has al-
ready beeq issued.
A read inhibit(RdInh) bit of one indicates that read operations within the range are inhibited. A write inhibit (WrInh)
bit of ox::IFdicates that write operations within the range are inhibited.

The logical block address specifies the starting address for the range. The number of blocks 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.

Any attempt to access outside of the restricted range or any attempt to perform an inhibited operation within the
restricted range shall not be performed. The command shall be terminated with CHECK CONDITION status and, if
extended sense is implemented, 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, if extended sense is imple-
mented, the sense key shall be set to DATA PROTECT.
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9 Group 0 command descriptions for sequential-access devices

The Group 0 commands for sequential-access devices shall be as shown in table 75,

Table 75 — Group 0 Commands for Sequential-Access Devices

Operation
Code Type Command Name Subclause Page
00h O TEST UNIT READY 711 44
01h M REWIND 9.1 100
02h v
03h M REQUEST SENSE 712 44
04h R ,
05h E READ BLOCK LIMITS 92 101
06h A%
07h A%
08h M READ 93 102
0% \%
0Ah M WRITE 9.4 103
0Bh 0] TRACK SELECT 9.5 104
0Ch A%
O0Dh \Y%
OEh v
OFh 0] READ REVERSE 9.6 105
10h M WRITE FILEMARKS 9.7 106
1th @) SPACE 9.8 107
12h E INQUIRY 7.1.3 48
13h O VERIFY 9.9 108
14h O RECOVER BUFEFERED DATA 9.10 109
15h 0 MODE SELECT 9.11 110
16h O RESERVE UNIT 9.12.1 113
17h 0] RELEASE UNIT 9.12.2 114
18h 0] COPY 7.14 50
19h O ERASE 9.13 114
1Ah 0 MODE SENSE 9.14 115
1Bh 0] LOAD/UNLOAD 9.15 117
1Ch 0] RECEIVE DIAGNOSTIC RESULTS 7.15 57
1Dh O SEND DIAGNOSTIC 7.1.6 58
1Eh ¢ PREVENT/ALLOW MEDIUM REMOVAL 9.16 118
1Fh R
Key: M = Command implementation is mandatory.
E = Command implementation is required for SCSI devices that support device-indepgndent
1£. £ : £4
sel-configuringsoftware-

O = Command implementation is optional.

R = Operation code is reserved for future standardization.

V = Operation code is available for vendor unique commands.

* = These operation codes may have different meanings for specific types of peripheral devices.

(See the appropriate section for further information.)
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9.1 REWIND Command
Peripheral Device Type: Sequential Access
Operation Code Type: Mandatory
Operation Code:  01h

Table 76 - REWIND Command

Byte \Bit 7 6 5 4 3 2 1 0
0 Operation-Code
1 Logical Unit Number Reserved Immed
2 Reserved
3 Reserved
4 » Reserved
5 Vendor Unique Reserved Flag Link

The REWIND command (table 76) requests that the target rewind the logical unit to the beginning-of-medjum or load-
point.

An immediate (Immed) bit of one indicates that status shall be returned as soon as the operation is inftiated. An
Immed bit|of zero indicates that status shall be returned aftér the operation is complete.
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9.2 READ BLOCK LIMITS Command
Peripheral Device Type: Sequential Access
Operation Code Type: Extended
Operation Code: 05h

Table 77 — READ BLOCK LIMITS Command

Byte \Bit 7 6 5 4 3 2 1 0
0 Operation Code
1 Logical Unit Number Reserved
2 Reserved
3 Reserved
4 Reserved
5 Vendor Unique Reserved Flag Link

The READ BLOCK LIMITS command (table 77) requests that(the target’s capability for block length limits be
returned for the logical unit. The READ BLOCK LIMITS data*shown in table 78 shall be sent during thg DATA IN
phase of the command.

Table 78 - READ"BLOCK LIMITS Data

Byte Description
0 Reserved
1 Maximum Block Length (MSB)
2 Maximum Block Length
3 Maximum Block Length (LSB)
4 Minimum Block Length (MSB)
5 Minimum Block Length (LSB)

If the maximum block length cquals the minimum block length, only fixed-length blocks of the length indicated are sup-
ported. Otherwise, variable-length blocks are supported. For variable-length blocks, if the maximum block length
equals zero, no upper limit is specified.
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9.3 READ Command

Peripheral Device Type: Sequential Access

Operation Code Type: Mandatory

Operation Code:  08h
Table 79 - READ Command

Byte \Bit 7 6 5 4 3 2 1 0

0 Operation-Code

1 Logical Unit Number Reserved Fixed

2 Transfer Length (MSB)

3 Transfer Length

4 Transfer Length (LSB)

5 Vendor Unique Reserved Flag Link
The READ command (table 79) transfers one or more block(s) tozthe initiator beginning with the next block on the

logical unjt. The fixed bit specifies both the meaning of the transfer length field and whether fixed-length

length blo

If the fixe
bytes the
length, a (
bit in exte
between t
set the IL]
no more |

block (end-of-medium side).

If the fixe
the REAI
block mog

a)

[The logical iinit reports the same value for minimum block length and maximum block length in

ck(s) are to be transferred.
d bit is zero, a single block shall be transferred-with the transfer length specifying the maximun

CHECK CONDITION status shall be sent'to-the initiator and the incorrect length indicator (ILI)
hded sense shall be set to one. The information bytes in extended sense shall be set to the differen
he requested transfer length and the ‘actual block length. Targets that do not support negative r
bit to one and the residue to zere when the actual block length is larger than the transfer length.
han transfer length bytes shall.be transferred to the initiator and the medium shall be position

1 bit is one, the transferlength specifies the number of blocks to be transferred to the initiator.
D command is valid-only'if the logical unit is currently operating in fixed block mode. A logical ur
e when either of-thefollowing conditions are true:

the READ BLOCK LIMITS command. In this case, the current block length is the value returneg

b)

or variable-

h number of

nitiator has allocated for the returned data.*xIf’the actual block length is different from the specified transfer

bit and valid
ce (residue)
esidues shall
In any case,
ed after the

[his form of
lit is in fixed

response to
.

elogical unit has been instructed to use fixed-length blocks with the MODE SELECT comm
ase; the current block length is the block length defined in the MODE SELECT command.

land. In this

Otherwise, the logical unit is in variable block mode. The target may implement fixed block mode, variable block mode,
or both modes. If the fixed bit does not match the current mode, or the mode indicated by the fixed bit is not imple-
mented, the target shall reject the command by returning a CHECK CONDITION status and by setting the sense key to
ILLEGAL REQUEST.

A successful READ command with the fixed bit equal to one shall transfer the current block length times the transfer
length bytes of data to the initiator. Upon termination of the READ command, the medium shall be positioned after
the last block transferred (end-of-medium side).
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If the fixed bit is one and if a block is read that is larger or smaller than the current block length, a CHECK CONDI-
TION status shall be returned to the initiator. The ILI bit and the valid bit in extended sense shall be set to one. The
information bytes shall be set to the difference (residue) between the requested transfer length and the actual number of
blocks read (not including the incorrect length block). Upon termmatlon, the medium shall be positioned after the in-
correct length block (end-of-medium side).

If a logical unit reads a filemark during a READ command, it shall send a CHECK CONDITION status to the initiator
and shall set the filemark bit in extended sense. Upon termination, the medium shall be positioned after the filemark
(end-of-medium side). If the fixed bit is one, the target shall set the valid bit to one and the information bytes shall be
set to the difference (residue) between the requested transfer length and the actual number of blocks read (not includ-
ing the filemark).

If a logical unit encounters the physical end-of-medium during a READ command, the target shall returp a CHECK
CONDITJON status to the initiator and shall set the end-of-medium (EOM) bit to one in extended sensq. The sense
key shall pe set to MEDIUM ERROR. If the fixed bit is one, the target shall set the valid bit to one and [the informa-
tion bytes|to the difference (residue) between the requested transfer length and the actual numberof blockg successfully
read. Th¢ medium position following this condition is not defined.

When thd transfer length is zero, no data shall be transferred and the current position (on the logical unit{shall not be
changed. | This condition shall not be considered as an error.

9.4 WRITE Command

Peripheral Device Type: Sequential Access
Opepation Code Type: Mandatory

Operation Code:  0Ah

Table 80 - WRITE Command

Byte \Bit 7 6 5 4 3 2 1 0
0 ~Operation Code
1 Logical Unit Number Reserved Fixed
2 Transfer Length (MSB) |
3 Transfer Length
4 Transfer Length (LSB)
5 Vendor Unique Reserved Flag Link

The WRI [E command (table 80) transfers one or more block(s) from the 1mt1ator to the current posmon an the logical
: ] f ; ; ; g ariable-length

block(s) are to be transferred

If the fixed bit is zero, a single block shall be transferred from the initiator and shall be written to the logical unit begin-
ning at the current medium position. The transfer length specifies the length of the block to be written (in bytes). The
requested block length shall be within the minimum and maximum block length range (returned by the READ BLOCK
LIMITS command, 9.2). If this condition is not met, a CHECK CONDITION status shall be returned and the sense
key shall be set to ILLEGAL REQUEST and no data shall be written. Upon successful termination, the medium shall
be positioned after the block written by this command (end-of-medium side).
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If the fixed bit is one, the transfer length field specifies the number of block(s) to be transferred to the logical unit
beginning at the current medium position. This form of the WRITE command is valid only if the logical unit is currently
operating in fixed block mode (see 9.3). Upon termination, the medium shall be positioned after the block(s) written by
this command (end-of-medium side).

The target may implement fixed block mode, variable block mode, or both modes. If the fixed bit does not match the
current mode, or the mode indicated by the fixed bit is not implemented, the target shall reject the command by return-
ing a CHECK CONDITION status and by setting the sense key to ILLEGAL REQUEST.

If the early warning end-of-medium condition is encountered while writing, an attempt to finish writing any buffered
data may be made. The command shall terminate with a CHECK CONDITION status and the EOM bit in extended
SenSCSh D oone: any £a mains—tthe arg purrer then—the-senscKCy A > O O MEOVER-
FLOW. If the fixed bit is one and the logical unit is not buffered (buffered mode of the MODE SENSE |command is
zero), thep the valid bit in extended sense shall be set to one and the information bytes shall be set)fo’ the difference
(residue) petween the requested transfer length and the actual number of blocks written to the medium. If|the fixed bit
is one and the logical unit is buffered (buffered mode of the MODE SENSE command is one), 'then the Elid bit shall

be set to pne and the information bytes shall be set to the total number of blocks not writtenc(the number ¢f blocks not
transferrefd from the initiator plus the number of blocks remaining in the target’s buffer). Note that in this case it is pos-
sible for the value in the information bytes to exceed the transfer length.

When the] transfer length is zero, no data shall be transferred and the current position on the logical unit|shall not be
changed. [This condition shall not be considered as an error.

9.5 TRACK SELECT Command

Periphera] Device Type: Sequential Access
Opetation Code Type: Optional

Operation Code:  0Bh

Table 81 — TRACK SELECT Command

Byte '\ Bit 7 6 5 4 3 2 1 0
0 Operation Code
1 Logical Unit Number Reserved Fixed
2 Reserved
3 Reserved
4 Track Value
5 Vendor Unique Reserved Flag Link

The TRACK SELECT command (table 81) requests that the track specified in the track value field be selected.
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REVERSE Command

Peripheral Device Type: Sequential Access
Operation Code Type: Optional
Operation Code:  OFh

Table 82 - READ REVERSE Command

Byte\Bit 7 6 5 4 3 2 1 0

0 Operatiomr Code

1 Logical Unit Number Reserved Fixed

2 Transfer Length (MSB)

3 Transfer Length

4 Transfer Length (LSB)

5 Vendor Unique Reserved Flag Link
The READ REVERSE command (table 82) functions identically to the READ command except that mediym motion is
in the revgrse direction. Thus, the block(s) and bytes within theblock(s) are transferred in the reverse order and the
medium pposition upon termination is before the last block read:(beginning-of-medium side). This command shall ter-

minate wij
medium o
bit shall b
and the ad

Filemark
shall be b

If the tramsfer length is zero, no data shall be transferred and the current position on the logical unit

changed.

The targef

current mpde, or the mode indicated by the fixed bit is not implemented, the target shall reject the comman

ing a CHH

'th a CHECK CONDITION status and the EOM'bit in extended sense shall be set to one if

E set to one and the information bytes shall*contain the difference (residue) of the requested tr
tual number of blocks transferred before beginning-of-medium or load-point was encountered.

andling is the same as in the READ command except that the medium position upon command
fore the filemark (beginning-of- medium side).

This condition shall not be considered as an error.

may implement fixed block mode, variable block mode, or both modes. If the fixed bit does ng

'CK CONDITION status and by setting the sense key to ILLEGAL REQUEST.

ginning-of-

r load-point is encountered. The sense key shall'be set to NO SENSE. If the fixed bit is one, then the valid

sfer length

termination

shall not be

t match the
d by return-
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9.7 WRITE FILEMARKS Command

Peripheral Device Type: Sequential Access
Operation Code Type: Mandatory
Operation Code:  10h
Table 83 — WRITE FILEMARKS Command

Byte\Bit 7 6 5 4 3 2 1 0

0 Operation-Code

1 Logical Unit Number Reserved

2 Number of Filemarks (MSB)

3 Number of Filemarks

4 Number of Filemarks (LSB)

5 Vendor Unique Reserved Flag Link
The WRITE FILEMARKS command (table 83) causes the specified number of filemarks to be written beginning at the
current m¢dium position on the logical unit. A zero in this field indicates that no filemarks are to be written]
This command is also used to force any buffered data (see baffered mode in the MODE SENSE command, 9.14) to be
written. This command shall not return a GOOD status unless all buffered data blocks and the filemarks|(if any) are
correctly written on the medium.
If the early warning end-of-medium condition js-enéountered while writing, an attempt to finish writing 4ny buffered
data may pe made. The command shall terminate with a CHECK CONDITION status and the EOM bit |in extended
sense shall be set to one. If any filemarks xemain to be written, then the sense key shall be set to VOLUME OVER-
FLOW.. If the logical unit is not buffered(buffered mode of the MODE SENSE command is zero), then the valid bit in

extended
logical

and the“iﬁﬁormation bytes shall be'set to the total number of blocks not written (the number of unwritten fil

the numbsg
tion bytes

is buffered (buffered mode’of the MODE SENSE command is one), then the valid bit shall b

r of blocks remaining in' the target’s buffer). Note that in this case it is possible for the value in
to exceed the transfer length.

ense shall be set to one and ‘the information bytes shall be set to the number of unwritten filemarks. If the

£ set to one
emarks plus
he informa-
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9.8 SPACE Command
Peripheral Device Type: Sequential Access
Operation Code Type: Optional
Operation Code: 11h

Table 84 —~ SPACE Command

Byte\Bit 7 6 5 4 3 2 1 0

0 Operation Code

1 Logical Unit Number Reserved Codg

2 Count (MSB)

3 Count

4 Count (LSB)

5 Vendor Unique Reserved Flag Link
The SPACE command (table 84) provides a variety of positioning functions that are determined by the code and count.

Both forward (toward end-of- medium) and reverse (toward beginning-of-medium) positioning are provided, although
some SC$I devices may only support a subset of this command. Such SCSI devices shall return a CHE(CK CONDI-
TION staftus and set the sense key to ILLEGAL REQUEST in response to any attempt to invoke a functipn that is not
supporte .

The codelis defined as follows:

DB(1} DB(O)

0 0 Blocks

0 1 Filemarks

1 0 Sequential Filemarks
1 1 Physical\End-of-Data

When spdcing over blocks or-filémarks, the count field specifies the number of blocks or filemarks to be spaced over. A
positive vnlue N in the count field shall cause forward medium movement over N blocks or filemarks ending on the end-
of-medium side of the last-block or filemark. A zero value in the count field shall cause no medium movemgnt. A nega-
tive valug -N (2’s complement notation) in the count field shall cause reverse medium movement over |N blocks or
filemarks|ending on‘the beginning-of-medium side of the last block or filemark.

If a filemprk-s encountered while spacing over blocks, medium movement shall be stopped. The medium ghall be posi-
tioned od the end-of-medium side of the filemark if movement was in the forward direction and on the beginning-of-
medium side of the Tilemark i movement was in the reverse direction. A CHECK CONDITION stafus shall be sent to
the initiator and the filemark and valid bits in extended sense shall be set to one. The information bytes shall be set to
the difference (residue) in the requested count and the actual number of blocks spaced over (not including the
filemark).

If the physical end-of-medium is encountered while spacing forward over blocks or filemarks, the target shall return a

.CHECK CONDITION status to the initiator and shall set the end-of-medium (EOM) bit in extended sense to one. The
sense key shall be set to MEDIUM ERROR. The target shall set the valid bit to one and the information bytes to the
difference (residue) between the requested count and the actual number of blocks or filemarks spaced over.
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If beginning-of-medium or load-point is encountered while spacing over blocks or filemarks in the reverse direction, the
target shall return a CHECK CONDITION status to the initiator and shall set the end-of-medium (EOM) bit in ex-
tended sense to one. The sense key shall be set to NO SENSE. The target shall set the valid bit to one and the infor-
mation bytes to the difference (residue) between the requested count and the actual number of blocks or filemarks
spaced over.

When spacing over sequential filemarks, the count field is interpreted as follows:

a) A positive value N shall cause forward medium movement to the first occurrence of N or more consecutive
filemarks stopping after the N filemark.

b) A zero value shall cause no medium movement

¢) |A negative value -N (2’s complement notation) shall cause reverse medium movement to the ﬁrsL occurrence
of N or more consecutive filemarks stopping on the beginning-of-medium side of the N ™ filemark,

When spdcing to physical end-of-data, the count field is ignored. Forward medium movement,shall occur yntil the logi-
cal unit encounters physical end-of-data as defined by the sequential-access device. Some, sequential-adcess devices
define physical end-of-data as an erased area on the medium; however, other definitions are not precluded. (Targets that
implemeng this function shall leave the medium positioned such that a subsequent WRITE command would jappend data
to the last recorded information on the medium.

9.9 VERIFY Command
Peripheral Device Type: Sequential Access

Operation Code Type: Optional
Qperation Code:  13h
Table 85 — VERIFY Command
Byte \ [Bit 7 6 5 4 3 2 1 0
0 Operation Code
1 Logical Unit Number Reserved BytCmp Fixed
2 Verification Length (MSB)
3 Verification Length
4 Verification Length (LSB)
5 Vendor Unique Reserved Flag Link
The VER| ogical unit. The

fixed bit spcmﬁes both the mcamng of thc vecatlon length field andwhether ﬁxed length or varlable-ength block(s)
are to be verified.

A byte compare (BytCmp) bit of zero indicates that the verification shall be simply a medium verification (CRC, ECC,
etc). No data shall be transferred between the initiator and target. A byte compare bit of one indicates that a byte-by-
byte compare of the data on the medium, and the data transferred from the initiator shall be performed by the target.
Data shall be transferred from the initiator to the target as in a WRITE command.

A fixed bit of zero requests that the next block of the logical unit be verified. The verification length specifies the num-
ber of bytes to verify. A fixed bit of one requests verification length blocks be verified beginning with the next logical
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block on the logical unit. This form of the VERIFY command is only valid if the logical unit is currently in fixed block
mode as defined in the READ command. If the data does not compare (byte compare bit equals one), the command
shall terminate with a CHECK CONDITION status and the sense key shall be set to MISCOMPARE. If the fixed bit is
one, the valid bit shall be set to one and the information bytes shall be set to the difference (residue) between the
verification length and the actual number of blocks successfully verified. The medium shall be positioned after the block
containing the miscompare (end-of-medium side).

The target may implement fixed block mode, variable block mode, or both modes. If the fixed bit does not match the
current mode, or the mode indicated by the fixed bit is not implemented, the target shall reject the command by return-
ing a CHECK CONDITION status and by setting the sense key to ILLEGAL REQUEST.

Ehcountered,
handled the
cd after the

shall not be

Peripheral|Device Type: Sequential Access
Operation Code Type:  Optional
Operation Code: 14h

Table 86 - RECOVER BUFFERED DATA Command
Byte \Bit 7 6 5 4 3 2 1 0
0 Operation-Code
1 Logical Unit Number Reserved Fixed
2 Transfer Length (MSB)
3 Transfer Length
4 Transfer Length (LSB)
5 Vendor Unique Reserved Flag Link
The RECQVER-BUFFERED DATA command (table 86) is used to read data that has been transferred to an SCSI

device buffer but ‘has not been written on the medium. It is normally only used to recover from error or exdeption con-
ditions thaf make it impossible to write the buffered data on the medium.

This command functions similarly to the READ command except that the data is transferred from the SCSI device buff-
er instead of the medium. The order in which block(s) are transferred is the same as if they would have been trans-
ferred to the medium. One or more RECOVER BUFFERED DATA commands may be used to read the unwritten
buffered data.

Refer to the READ command (9.3) for a definition of the fixed bit and the transfer length field.

If an attempt is made to recover more logical blocks of data than are contained in the SCSI device buffer, the command
shall be terminated with a CHECK CONDITION status. The EOM bit in extended sense shall be set to one. If the
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fixed bit is one, the valid bit shall be set to one and the information bytes shall be set to the difference (residue) between
the requested transfer length and the actual number of blocks transferred.

9.11 MODE SELECT Command
Peripheral Device Type: Sequential Access
Operation Code Type: Optional
Operation Code:  15h

Table 87 - MODE SELECT Command

Byte \Blit 7 6 5 4 3 2 1 0
0 Operation Code
1 Logical Unit Number Reserved
2 Reserved
3 Reserved
4 Parameter List Length
5 Vendor Unique Reserved Flag Link

The MODE SELECT command (table 87) provides a means for the initiator to specify medium, logical unit, or
peripheral dlevice parameters to the target.

The paranjeter list length specifies the length in bytes-of the MODE SELECT parameter list that shall be fransferred
during the DATA OUT phase. A zero parameter list length indicates that no data shall be transferred. Thi§ condition
shall not be considered as an error.

The MODH SELECT parameter list shown'in table 88 contains a four-byte header, followed by zero or more eight-byte
block descrjptors, followed by the vendor unique parameters, if any.
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Table 88 ~ MODE SELECT Parameter List

Byte 7 6 5 4 3 2 1 0

0 Reserved

1 Reserved

2 Reserved Buffered Mode Speed

3 Block Descriptor Length

Block Descriptor(s)

0 Density Code

1 Number of Biocks (MSB)

2 Number of Blocks

3 Number of Blocks (LSB)

4 Reserved

5 Block Length (MSB)

6 Block Length

7 Block Length (LSB) |

Vendor Unique Parameter(s)
0-p Vendor Unique Parameter Byte(s)

A buffergd mode of zere indicates that the target shall not report a GOOD status on WRITE commands {ntil the data
blocks arf actually writtén on the medium. A buffered mode of one indicates that the target may report a GOOD status
on WRITE commands as soon as the data block has been transferred to the SCSI device buffer. One or|more blocks
may be bpffered prior to writing the block(s) to the medium. Buffered modes of 2h through 7h are reserveq.
Code val]lcs for the speed field shall be assigned as follows:

Oh Default (Use the peripheral device’s default speed).
1h Use the peripheral device’s lowest speed.
2h - Fh Use increasing peripheral device speeds.

The block descriptor length specifies the length in bytes of all the block descriptors. It is equal to the number of block
descriptors times eight and does not include the vendor unique parameters, if any. A block descriptor length of zero in-
dicates that no block descriptors are included in the parameter list. This condition shall not be considered as an error.

Each block descriptor specifies the medium characteristics for all or part of a logical unit. Each block descriptor con-
tains a density code, a number of blocks, and a block length.
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Code values for the density code field are defined in table 89.

Table 89 — Sequential-Access Density Codes

Code Value Density
00h Default (peripheral device’s default or only density)
Magnetic Tape
150
Width Density Reference
mm (inch) Tracks |bpmm (bp) | Code |Type Standard Note
01h 127 (0,5) 9 32 800y | NrRzI | R 1863 §1976 2
02h 127 (0,5 9 63  (1600) PE R 3788 +1976 2
03h 127 (0,5 9 246 (6 250) GCR | R 5652 ; 1984 2
04h 6,3 (0,25) 4/9 315 (8000) GCR C 1
05h 6,3 (0,25) 4/9 315 (8000) GCR C 8462-12:1986 ] 1
06h 12,7 (0,5 9 126 (3200) PE R 2
07h 6,3 (0,25 4 252 (6 400) IMFM | C 8063-1: 1984 1
08h 381 (0,15) 4 315 (8 000) GCR €S 1
0%h 12,7 (0,5 18 1491 (37871) GCR C 2
0Ah 12,7 (0,5 22 262 (6667) MFM. | C 1
0Bh 63 (0,25) 4 63 (1600) | PE C 4057 : 1979 1
0Ch 127 (0,5) 24 500 (12 690) GCR C 1
0Dh 127 (0,5) 24 999  (25380) JGCR | C 1
80h - FFh Vendor unique
All other Reserved
Key:
Code Type
NRZI Non Return to Zero, change on ones R Reel-to-Reel
GCR Group Code Recording C  Cartridge
PE Phase Encoded CS  Cassette
IMFM Inverted Modified Frequency Modulation
MFM Modified Frequency Modulation
NOTES
1 Serially Recorded.
2 Parallel-Recorded.
3 See Annex F for additional standards that may be applicable.

The number of blocks field specifies the number of logical blocks on the medium that meet the density code and block
length in the block descriptor. A number of blocks of zero indicates that all of the remaining logical blocks of the logi-
cal unit shall have the medium characteristics specified by the block descriptor.

The block length specifies the length in bytes of each logical block described by the block descriptor. A block length of
zero indicates that the length shall be variable.
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9.12 RESERVE UNIT and RELEASE UNIT Commands
Peripheral Device Type: Sequential Access
Operation Code Type: Optional
Operation Code: 16h and 17h, respectively

Table 90 - RESERVE UNIT and RELEASE UNIT Commands

Byte \Bit 7 6 5 4 3 2 1 0
Operation Code
1 Logical Unit Number 3rdPty Third Party Device ID Reserved
2 Reserved
3 Reserved
4 Reserved
5 Vendor Unique Reserved Flag Link

The RESERVE UNIT and RELEASE UNIT commands both use.the’command descriptor block shown in tpble 90.

9.12,1 RESERVE UNIT Command
The RESERVE UNIT command (table 90, operation code\16h) shall reserve the specified logical unit for the exclusive
use by the|requesting initiator or, if third-party reservation option is implemented, to another specified SCSI |device.

made the [reservation or until released by a RELEASE UNIT command from the same initiator, or a BUS DEVICE
RESET mlessage from any initiator, or a “hard” RESET condition. The occurrence of the last two conditjions is indi-
cated by 4 sense key of UNIT ATTENTION on the next command following the condition. It is not an efror to issue
this comnlmd to a logical unit that is currently reserved to the requesting initiator.

The reseryation shall remain in effect until superseded by another RESERVE UNIT command from the "Iitiator that
N

If the logi¢al unit is previously resérved by another initiator, then the target shall return RESERVATION {CONFLICT
status.

If, after honoring the reservation, any other initiator then subsequently attempts to perform any command on the
reserved lpgical unit othér than a RELEASE UNIT command, which shall be ignored, then the commgnd shall be
rejected with a RESERVATION CONFLICT status.

If the third-party (3rdPty) bit is zero, then the third-party reservation option is not requested. If the 3rdPty bit is one
and the third-party reservation option is implemented, then the RESERVE UNIT command shall reserve the specified
logical unit for the SCSI device specified in the third-party device ID field. The target shall preserve the reservation
until superseded by another RESERVE UNIT command from the initiator that made the reservation or until released
by the same initiator, by a BUS DEVICE RESET message from any initiator, or by a “hard” RESET condition. The
target shall ignore (i.e., return GOOD status) any attempt made by any other initiator to release the reservation.

If the 3rdPty bit is one and the third-party reservation option is not implemented, then the target shall reject the
RESERVE UNIT command with a CHECK CONDITION status and a sense key of ILLEGAL REQUEST.
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An initiator that holds a current reservation may modify that reservation (e.g., switch third-parties) by issuing another
RESERVE UNIT command to the same logical unit. The superseding RESERVE UNIT command shall release the
previous reservation state only when the new reservation is granted..

9.12.2 RELEASE UNIT Command The RELEASE UNIT command (table 90, operation code 17h) shall release the
logical unit if it is currently reserved by the requesting initiator.

1t is not an error to attempt to release a logical unit that is not currently reserved to the requesting initiator. However, it
shall not be released if it is reserved by another initiator.

The thlrd-party rclcase optlon for the RELEASE UNIT command allows an 1mt1ator to rclease a loglcal unit that was
previously 1 F ; if the third-
party reseryation option is 1mplcmented ThJS optlon is mtended for use in multiple- uutlator systems that-uise[the COPY
command.

If the thirdiparty (3rdPty) bit is zero, then the third-party release option is not requested. If the 3rdPty bit|is one and
the target implements the third-party release option, then the target shall release the specified-logical unit, |but only if
the reservafion was made using the third-party reservation option by the initiator that is requesting the release and for
the same SCSI device as specified in the third-party device ID field.

If the 3rdPfy bit is one and the target does not implement the third-party release option, then the target shalf terminate
the commagd with a CHECK CONDITION status and the sense key shall be set to IELEGAL REQUEST.

9.13 ERASE Command
Peripheral Device Type: Sequential Access
Opergtion Code Type: Optional
Operation Code:  19h

Table 91 — ERASE Command
Byte \Bit 7 6 5 4 3 2 1 0

0 Operation Code

1 Logical Unit Number Reserved Long
2 Reserved

3 Reserved

4 Reserved

5 Vendor Unique Reserved Flag Link

The ERASE command (table 91) causes part or all of the remaining medium to be erased beginning from the current
medium position. As used here, “erased” means either the medium shall be erased or a pattern shall be written on the
medium that appears as gap to the target.

The distance to be erased is controlled by the long bit. A long bit of one indicates that all remaining medium on the
logical unit shall be erased. A long bit of zero indicates that a peripheral device specified portion of the medium shall
be erased. Normally, short erases are used to create an extended gap for software controlled error recovery or for sup-
port of “update in place” functions. The medium position following an ERASE command with a long bit of one is not
defined by this standard.

NOTE Some targets may reject ERASE commands with the long bit set to one if the medium is not positioned at the beginning-of-medium.
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9.14 MODE SENSE Command

Peripheral

Device Type: Sequential Access

Operation Code Type: Optiona
Operation Code: 1Ah

Table 92 - MODE SENSE Command

: 1989 (E)

Byte\Bit 7 6 5 4 3 2 1 0

0 - Operation Code

1 Logical Unit Number Reserved

2 Reserved

3 Reserved

4 Allocation Length

5 Vendor Unique Reserved Flag Link
The MODE SENSE command (table 92) provides a means for a target to report its medium, logical unit, or peripheral
device p eters to the initiator. It is a complementary command to the MODE SELECT command (spe 9.11) for
support of|a medium that may contain different densities, such-as*half-inch tapes.

The allocation length specifies the number of bytes that-the initiator has allocated for returned MODE S

An allocat
sidered as
terminate
data have

The MODEE SENSE data (table 93) contains a four-byte header, followed by zero or more eight-byte block

followed b

on length of zero indicates that no MODE SENSE data shall be transferred. This condition shall
an error. Any other value indicates the maximum number of bytes that shall be transferred. The

peen transferred to the initiator, whichever is less.

i the vendor unique parameters, if any.

ENSE data.

not be con-
target shall

he DATA IN phase when allocation length bytes have been transferred or when all available MODE SENSE

descriptors,
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Table 93 - MODE SENSE Data

BthBit 7 6 5 4 3 2 1 0
0 Sense Data Length
1 Medium Type
2 WP Buffered Mode Speed
3 Block Descriptor Length
Block Descriptor(s)
0 Density Code
1 Number of Biocks (MSB)
2 Number of Blocks
3 Number of Blocks (LSB)
4 Reserved
5 Block Length (MSB)
6 Block Length
7 Block-Length (1.SB)
Vendor Unique Parameter(s)
Oton Vendor Unique Parameter Byte(s)
The sense [data length specifiés the length in bytes of the following mode sense data that is available to be |transferred
during the DATA IN phase. The sense data length does not include itself.
Code valugs for the-méedium type field shall be assigned as follows:
00h Default (Only one medium type supported)
01h - Reserved

80h - FFh Vendor unique

A write protected (WP) bit of zero indicates that the medium is write enabled. A write protected bit of one indicates
that the medium is write protected.

A buffered mode of zero indicates that the target does not report a GOOD status on WRITE commands until the data
blocks are actually written on the medium. A buffered mode of one indicates that the target may report a GOOD status
on WRITE commands as soon as the data block has been transferred to the SCSI device buffer. One or more blocks
may be buffered prior to writing the block(s) to the medium. - Buffered modes of 2h through 7h are reserved.
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Code values for the speed field shall be assigned as follows:

Oh Default (only one speed supported)
1h Lowest peripheral device speed
2h - Fh Increasing peripheral device speeds

The block descriptor length specifies the length in bytes of all the block descriptors. It is equal to the number of block
descriptors times eight and does not include the vendor unique parameters, if any. A block descriptor length of zero in-
dicates that no block descriptors shall be included in the parameter list. This condition shall not be considered as an
error.

Each blocK descriptor specifies the medium characteristics for all or part of a logical unit. Each block desdriptor con-
tains a dengity code, a number of blocks, and a block length.

Code values for the density code field are defined in table 89.

The numbgr of blocks field specifies the number of logical blocks on the medium that meet the density cod¢ and block
length in the block descriptor. A number of blocks of zero indicates that all of the remaining-logical blocks jof the logi-
cal unit have the medium characteristics specified by the block descriptor.

The block length specifies the length in bytes of each logical block described by the block descriptor. A blogk length of
zero indicafes that the length is variable.

9.15 LOAD{UNLOAD Command
Peripheral Device Type: Sequential Access
Operition Code Type: Optional
Operation Code:  1Bh

Table 94 — LOAD/UNEOAD Command

Byte \E it 7 6 5 4 3 2 1 0
0 Operation Code
1 Logical Unit Number Reserved Immed
2 Reserved
3 Reserved
4 Reserved Re-Ten Load
5 Vendor Unique Reserved Flag Link

The LOAD/UNLOAD command (table 94) requests that the target enable or disable the logical unit for further opera-
tions. This command may also be used to request the re-tension function on peripheral devices that support this func-
tion.

A load bit of one indicates that the medium on the logical unit shall be loaded and positioned to the beginning-of-
medium or load-point as determined by the peripheral device. A load bit of zero indicates that the medium on the logi-
cal unit shall be positioned for removal from the peripheral device.

Status shall be returned after the medium is positioned unless the immediate (Immed) bit is one. If the Immed bit is
one, status may be returned as soon as the command has been accepted.
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A re-tension (Re-Ten) bit of one indicates that the medium on the addressed logical unit shall be correctly tensioned
before the LOAD/UNLOAD command is completed. This is an optional function intended for use by those peripheral
devices that support the re-tension function.

9.16 PREVENT/ALLOW MEDIUM REMOVAL Command
Peripheral Device Type: Sequential Access
Operation Code Type: Optional
Operation Code:  1Eh

Table 95 - PREVENT/ALLOW MEDIUM REMOVAL Command

Byte\Bit 7 6 5 4 3 2 1 0
0 Operation Code
1 Logical Unit Number Reserved
2 Reserved
3 Reserved
4 Reserved Prevent
5 Vendor Unique Reserved Flag Link
The PREYENT/ALLOW MEDIUM REMOVAL command (table 95) requests that the target enable or|disable the
removal of the medium in the logical unit.
A prevent|bit of one shall inhibit mechanisms that normally allow removal of the medium. A prevent bit gf zero shall

allow remgval of the medium.

This preveéntion of medium removal condition shall terminate upon receipt of a PREVENT/ALLOW| MEDIUM
REMOVAL command with the preveiit bit set to zero, or by the receipt of a BUS DEVICE RESET message from any
initiator of by a “hard” RESET condition.
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10 Group 0 command descriptions for printer devices
The Group 0 commands for printer devices shall be as shown in table 96.

Table 96 ~ Group 0 Commands for Printer Devices

Operation
Code Type Command Name Subclause Page
(0h 0] TEST UNIT READY 711 4
(1h v
(2h \Y%
(3h M REQUEST SENSE 7.12 44
(4h 0] FORMAT 1041 120
(s5h A%
(oh \%
(7h A%
(8h A%
(%h A%
(JAh M PRINT 10.2 121
(Bh o SLEW AND PRINT - 103 121
(Ch A%
(Dh \'%
(Eh A%
(Fh \'%
10h O FLUSH BUFFER 10.4 122
11h v
12h E INQUIRY 713 48
13h v
14h O RECOVER BUFFERED DATA 10.5 123
15h o MODE SELECT. 10.6 124
16h O RESERVE UNIT 10.7.1 125
17h (0] RELEASE UNIT 10.7.2 126
18h 0] COPY, 7.14 50
19h A%
1AL 0 MODE SENSE 10.8 126
1Bh O STOP PRINT 10.9 128
1Ch 0 RECEIVE DIAGNOSTIC RESULTS 7.15 57
1Dh 0 SEND DIAGNOSTIC 7.1.6 58
1Eh R
1Fh R
Key
M = Command implementation is mandatory.
E = Command implementation is required for SCSI devices that support device-indepepdent
seli-conliguring soitwarc.

O = Command implementation is optional.

R = Operation code is reserved for future standardization.

V = Operation code is available for vendor unique commands.
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10.1 FORMAT Command
Peripheral Device Type: Printer
Operation Code Type: Optional
Operation Code:  04h

Table 97 — FORMAT Command

Byte\Bit 7 6 5 4 3 2 1 0
0 Operation Code
1 Logical Unit Number Reserved Format Type
2 Transfer Length (MSB)
3 Transfer Length
4 Transfer Length (LSB)
5 Vendor Unique Reserved Flag Link

The FORMAT command (table 97) provides a means for the initiator’to specify forms or fonts to printers that support
programmable forms or fonts. The format information sent is vendor unique since it is peripheral-device speific.

The formaf type field specifies the type of format information’to be transferred from the initiator to the target. This
field is defined as follows:

DB(1) | DB(0) Format Type

Set Form

Set Font
Vendor Unique
Reserved

—_—— OO
-0 O

The transfttr length specifies the length in bytes of format information that shall be sent during the DATA QUT phase.
A transfer Jength of zero indicatés-that no format information shall be sent. This condition shall not be consiflered as an
error.
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10.2 PRINT Command
Peripheral Device Type: Printer
Operation Code Type: Mandatory
Operation Code:  0Ah

Table 98 — PRINT Command

Byte \Bit 7 6 5 4 3 2 1 0
0 Operation Code
1 Logical Unit Number Reserved
2 Transfer Length (MSB)
3 Transfer Length
4 Transfer Length (LSB)
5 Vendor Unique Reserved , Flag Link

The PRINT command (table 98) transfers the specified number of-bytes from the initiator to the target to|be printed.
The data s¢nt is application dependent.

The transfer length specifies the length in bytes of data thathall be sent during the DATA OUT phase.| A transfer
length of zgro indicates that no data shall be sent. This condition shall not be considered as an error.

10.3 SLEW AND PRINT Command
Periphdral Device Type:Printer
Operption Code Type:Optional
Operation Code:

Table 99 — SLEW AND PRINT Command

Byte \Bit 7 6 5 4 3 2 1 0
0 Operation Code
1 Logical Unit Number Reserved Channel
2 Slew-Value
3 Transfer Length (MSB)
4 Transfer Length (LSB)
5 Vendor Unique Reserved Flag Link
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The SLEW AND PRINT command (table 99) transfers the specified number of bytes from the initiator to the target to
be printed. The data sent is application dependent. This command is provided for printers that do not support forms
control information imbedded within the print data.

The transfer length specifies the length in bytes of data that shall be sent during the DATA OUT phase. A transfer
length of zero indicates that no data shall be sent, This condition shall not be considered as an error.

If the channel bit is zero, the slew value specifies the number of lines the form shall be advanced before printing. A
value of 255 indicates that the form shall be advanced to the first line of the next form before printing. If the channel bit
is one, the slew value specifies the forms control channel number to which the form shall be advanced prior to printing
the data.

If the chaxJnel bit is one, and the channel option is not implemented, the command shall be terminated with a CHECK
CONDITION status and the sense key shall be set to ILLEGAL REQUEST.

10.4 FLUSH BUFFER Command

Peripheral [Device Type: Printer
Operation Code Type: Optional

Operation Code: 10h

Table 100 ~ FLUSH BUFFER Command

Byte \I it 7 6 5 4 3 2 1 0
0 Operation Code
1 Logical Unit Number Reserved
2 Reserved
3 Reserved
4 Reserved
5. Vendor Unique Reserved Flag Link

The FLUSH BUFFER command (table 100) provides a means for an initiator to ensure that the data have been suc-
cessfully priinted prior toseleasing the peripheral device. This is useful for applications that wish to handle gny error or
exception qonditions (elg:;-end-of-medium) prior to termination of the application.

When all buffered data are actually printed the command shall be terminated with a GOOD status. If it is got possible
to finish pfinting ‘all of the buffered data (due to an error or exception condition on the peripheral device]), then this
command qhall be terminated with a CHECK CONDITION status and the appropriate sense key.

122


https://standardsiso.com/api/?name=ab5b2276d3b59b32d8d1b1279a9dbea9

ISO 9316 : 1989 (E)

10.5 RECOVER BUFFERED DATA Command

Peripheral

Device Type: Printer

Operation Code Type: Optional
Operation Code:  14h

Table 101 — RECOVER BUFFERED DATA Command

Byte \Bit 7 6 5 4 3 2 1 0

0 Operation Code

1 Logical Unit Number Reserved

2 Transfer Length (MSB)

3 Transfer Length

4 Transfer Length (LSB)

5 Vendor Unique Reserved Flag Link
The RECQOVER BUFFERED DATA command (table 101) returns‘to the initiator the data that has been|sent to the
target, but inot yet printed.
This command is normally used only to recover from error 0r exception conditions that make it impossible fo print the
buffered data. The order in which the data is transferred\from the target to the initiator is the same as it was when the
data was pfeviously transferred using the PRINT command or SLEW AND PRINT command. Data that is|transferred

by this command is deleted from the target data buffer. One or more RECOVER BUFFERED DATA commands may

be used to

return the unprinted buffered data.

If an atte

CHECK (JONDITION status and the sénse key shall be set to NO SENSE. In addition, the EOM, the va

pt is made to recover more data’than is contained in the buffer, the command shall be termin|

ated with a
lid, and the

ILI bits in pxtended sense shall be set'to)one. The information bytes shall be set to the difference (residue) between the

transfer leggth and the actual number of bytes returned.

The transf
A transfer

r length specifies the maximum length in bytes of data that shall be transferred during the DATA
length of zero indicates that no data shall be transferred. This condition shall not be considered a;

A IN phase.
 an error.
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10.6 MODE SELECT Command
Peripheral Device Type: Printer
Operation Code Type: Optional
Operation Code:  15h

Table 102 — MODE SELECT Command

Byte\Bit 7 6 5 4 3 2 1 0
0 Operation Code
1 || Logical Unit Number Reserved
2 Reserved
3 Reserved
4 Parameter List Length
5 Vendor Uniqﬁe Reserved Flag Link

The MODE SELECT command (table 102) provides a means forthe initiator to specify medium, logidal unit, or
peripheral {levice parameters to the target.

The paramgter list length specifies the length in bytes of the MODE SELECT parameter list that shall be fransferred
during the DATA OUT phase. A parameter list length of Zero indicates that no data shall be transferred. [This condi-
tion shall npt be considered as an error. The MODE SELECT parameter list (table 103) contains a four-byte header,
followed by the vendor unique parameters, if any.

Table 103 - MODE SELECT Parameter List

Byte \Blit 7 6 5 4 3 2 1 0
0 Reserved
1 Reserved
2 Reserved Buffered Mode Reserved
3 Reserved
Vendor Unique Parameter(s)
Oton Parameter Brte(s)

A buffered mode of zero indicates that the target shall not report a GOOD status on PRINT commands or SLEW AND
PRINT commands until the data are actually printed. A buffered mode of one indicates that the target may report a
GOOD status on PRINT commands or SLEW AND PRINT commands as soon as the data have been transferred to the
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SCSI device buffer. The data from one or more commands may be buffered prior to printing. Buffered modes of 2h
through 7h are reserved.

10.7 RESERVE UNIT and RELEASE UNIT Commands
Peripheral Device Type: '

Printer

Operation Code Type: Optional

Operation Code: 16h and 17h, respectively

Table 104 — RESERVE UNIT and RELEASE UNIT Commands

Byte \IBit 7 6 5 4 3 2 1 0

0 Operation Code

1 Logical Unit Number 3rdPty Third Party Device 1D Reserved

2 Reserved

3 Reserved

4 Reserved

5 Vendor Unique Reserved Flag Link
The RESERVE UNIT and RELEASE UNIT commands both use the command descriptor block shown in fable 104.

10.7.1 RESERVE UNIT Coxﬁmand

The RESERVE UNIT command (table 104, operation code 16h) shall reserve the specified logical unit for

the exclusive

use by thg requesting initiator or, if third-party reservation option is implemented, to another specified SCS] device.

The reservation shall remain in effect until.superseded by another RESERVE UNIT command from the

initiator that

made the| reservation or until released’by:a RELEASE UNIT command from the same initiator, or a BUS DEVICE
RESET 1hessage from any initiator, (or;a “hard” RESET condition. The occurrence of the last two conditions is indi-
cated by h sense key of UNIT ATTENTION on the next command following the condition. It is not an grror to issue
this command to a logical unit that-is currently reserved to the requesting initiator.

If the logjcal unit is previously reserved by another initiator, then the target shall return RESERVATION

status.

If, after honoring the reservation, any other initiator then subsequently attempts to perform any co
reserved Jogical-unit other than a RELEASE UNIT command, which shall be ignored, then the com
rejected with'a RESERVATION CONFLICT status.

CONFLICT

and on the
nd shall be

The third-party reservation option for the RESERVE UNIT command allows an initiator to reserve a logical unit for
another SCSI device. This option is intended for use in multiple-initiator systems that use the COPY command. Any
target that implements the third-party reservation option shall also implement the third-party release option (see 10.7.2).

If the third-party (3rdPty) bit is zero, then the third-party reservation option is not requested. If the 3rdPty bit is one
and the third-party reservation option is implemented, then the RESERVE UNIT command shall reserve the specified
logical unit for the SCSI device specified in the third-party device ID field. The target shall preserve the reservation
until superseded by another RESERVE UNIT command from the initiator that made the reservation or until released
by the same initiator, by a BUS DEVICE RESET message from any initiator, or by a “hard” RESET condition. The
target shall ignore (i.e., return GOOD status) any attempt made by any other initiator to release the reservation.
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If the 3rdPty bit is one and the third-party reservation option is not implemented, then the target shall reject the
RESERVE UNIT command with a CHECK CONDITION status and a sense key of ILLEGAL REQUEST.

An initiator that holds a current reservation may modify that reservation (e.g., switch third-parties) by issuing another
RESERVE UNIT command to the same logical unit. The superseding RESERVE UNIT command shall release the
previous reservation state only when the new reservation is granted.

10.7.2 RELEASE UNIT Command
The RELEASE UNIT command (table 104, operation code 17h) shall release the logical unit if it is currently reserved
by the requesting initiator,

It is not an|error to attempt to release a logical unit that is not currently reserved to the requesting initiator:, However, it
shall not bq released if it is reserved by another initiator.

The third-party release option for the RELEASE UNIT command allows an initiator to release a‘logical ugit that was
previously feserved using the third-party reservation option (see 10.7.1). This option shall be implemented if the third-
party reseryation option is implemented. This option is intended for use in multiple-initiator systéms that use|the COPY
command.

If the third-party (3rdPty) bit is zero, then the third-party release option is not requested. If the 3rdPty bit|is one and
the target implements the third-party release option, then the target shall release the specified logical unit, but only if

the reservalion was made using the third-party reservation option by the initiator/that is requesting the relepse and for
the same SCSI device as specified in the third-party device ID field.

If the 3rdP}y bit is one and the target does not implement the third-party release option, then the target shall terminate
the commahd with a CHECK CONDITION status and the sense key shall be set to ILLEGAL REQUEST.

10.8 MODE SENSE Command
Peripheral Device Type: Printer
Operation Code Type: Optional
Operation Code: 1Ah

Table 105~ MODE SENSE Command

Byte \E it 7 6 5 4 3 2 1 0
0 Operation Code
1 Logical Unit-Number Reserved
2 Reserved
3 Reserved
4 Allocation-Length
5 Vendor Unique Reserved Flag Link

The MODE SENSE command (table 105) provides a means for a target to report its medium, logical unit, or peripheral
device parameters to the initiator. It is a complementary command to the MODE SELECT command.

The allocation length specifies the number of bytes that the initiator has allocated for returned MODE SENSE data.

An allocation length of zero indicates that no MODE SENSE data shall be transferred. This condition shall not be con-
sidered as an error. Any other value indicates the maximum number of bytes that shall be transferred. The target shall
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terminate the DATA IN phase when allocation length bytes have been transferred or when all available MODE SENSE

data have been transferred to the initiator, whichever is less,

The MODE SENSE data (table 106) contains a four-byte header, followed the vendor unique parameters, if any.

Table 106 - MODE SENSE Data

Byte\ Bit 7 6 5 4 3 2 1 0

0 Sense Data Length

1 Reserved

2 Reserved Buffered Mode Reserved

3 Reserved

Vendor Unique Parameter(s)
Otop Parameter BHeS)

The sens¢ data length specifies the length in bytes of the following MODE SENSE data that is availablg to be trans-
ferred during the DATA IN phase. The sense data length-does not include itself.
A bufferdd mode of zero indicates that the target does.not report a GOOD status on PRINT commands or[SLEW AND

PRINT commands until the data are actually printed. A buffered mode of one indicates that the target

may report a

GOOD status on PRINT commands or SLEW AND PRINT commands as soon as the data have been transferred to the

SCSI devjice buffer. The data from one or moré commands may be buffered prior to printing. Buffered
through fh are reserved.

modes of 2h
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10.9 STOP PRINT Command
Peripheral Device Type: Printer
Operation Code Type: Optional
Operation Code:  1Bh

Table 107 - STOP PRINT Command

Byte\Bit 7 6 5 4 3 2 1 0

0 OpcratiomrCode

1 Logical Unit Number Reserved Retain

2 Vendor Unique

3 Reserved

4 Reserved

5 Vendor Unique Reserved Flag Link
The STOP PRINT command (table 107) is used to halt printing on buffered devices in an orderly fashion.
A retain bif of zero requests that the target data buffer be discarded; otherwise, the unprinted data is retainefl. The un-
printed dath may be recovered by use of the RECOVER BUFFERED DATA command, if supported. A subsequent
PRINT cohmand or SLEW AND PRINT command shall cause the remaining unprinted and unrecovered|data to be
printed followed by the data transferred by the subsequént command. The point at which printing is suspended by this

command i

128

peripheral-device specific and is not defined by this International Standard.



https://standardsiso.com/api/?name=ab5b2276d3b59b32d8d1b1279a9dbea9

ISO 9316 : 1989 (E)

11 Group 0 command descriptions for processor devices
The Group 0 commands for processor devices shall be as shown in table 108.

Tabie 108 — Group 0 Commands for Processor Devices

Operation
Code Type Command Name Subclause |  Page
O TEST UNIT READY F1t 44
\Y%
v
M REQUEST SENSE 7.12 4
v
v
v
v
0 RECEIVE 111 122
v
M SEND 11.2 122
A%
v
\%
\Y%
v
v
v
E INQUIRY 7.13 48
v
A%
v
v
17h A%
18h 0] COPY 7.14 50
19h R
1Ah R
1Bh R
1Ch O RECEIVE DIAGNOSTIC RESULTS 715 57
1Dh 0O SEND DIAGNOSTIC 7.1.6 58
1Eh R
1Fh R
Key
M = Command implementation is mandatory.
E = Command implementation is required for SCSI devices that support device-indepepdent
self-configuring software.
O = Command implementation 1s opiional.
R = Operation code is reserved for future standardization.
V = Operation code is available for vendor unique commands.
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11.1 RECEIVE Command
Peripheral Device Type: Processor Devices
Operation Code Type: Optional
Operation Code:  08h

Table 109 - RECEIVE Command

Byte \Bit 7 6 5 4 3 2 1 0
0 Operation-Code
1 Logical Unit Number Reserved
2 Allocation Length (MSB)
3 Allocation Length
4 Allocation Length (LSB)
5 Vendor Unique Reserved Flag Link

The RECEIVE command (table 109) transfers data from the target to the initiator.

The allocdtion length specifies the number of bytes that the initiator has allocated for the returned data. An allocation
length of Zero indicates that no data shall be transferred. This condition shall not be considered as an error| Any other
value indi¢ates the maximum number of bytes that shall be.transferred. The target shall terminate the DATA IN phase
when allogation length bytes have been transferred or when all available data have been transferred to the initiator,
whicheveris less.

11.2 SENI) Command

Peripheral Device Type: Processor Deyices
Opetation Code Type: Mandatory

- Qperation Code:  0Ah

Table 110 - SEND Command

Bytc\ Bit 7 6 5 4 3 2 1 0
0 | Operation Code
1 Logical Unit Number Reserved
2 Transfer Length (MSB)
3 Transfer Length
4 Transfer Length (LSB)
5 Vendor Unique Reserved ) Flag Link
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The SEND command (table 110) transfers data from the initiator to the target.

The transfer length specifies the length in bytes of data that shall be sent during the DATA OUT phase. A transfer
length of zero indicates that no data shall be sent. This condition shall not be considered as an error.
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12 Command descriptions for write-once read-multiple devices
12.1 Group 0 Commands for Write-Once Read-Multiple Devices.

The Group 0 commands for write-once read-multiple devices shall be as shown in table 111.

Table 111 — Group 0 Commands for WORM Devices

Operation
Cofle Type Command-Nanre Subclause age
(0h 0 TEST UNIT READY 711 4
(th O REZERO UNIT 8.1.1 64
2h A%
Bh M REQUEST SENSE Tx2 44
Gh R
05h \'%
O6h \'%
7h O REASSIGN BLOCKS 8.13 69
(8h O READ 12.1.1 133
(%h \'
0Ah O WRITE 12.1.2 134
0] SEEK 8.1.6 74
\'%
\'
v
v
v
\'%
E INQUIRY 713 48
A\'%
\'%
0] MODE SELECT 12.13 136
0] RESERVE 818 77
0 RELEASE 8.1.9 81
0] COrY 714 50
v
O MODE SENSE 12.1.4 138
0] START/STOP UNIT 8.111 84
(0] RECEIVE DIAGNOSTIC RESULTS 7.1.5 57
O SEND DIAGNOSTIC 7.1.6 58
O PREVENT/ALLOW MEDIUM REMOVAL 8.1.12 85
R
Key:
M = Command implementation is mandatory.
E = Command implementation 15 required for SCSI devices that support device-independent
self-configuring software.
O = Command implementation is optional.
R = Operation code is reserved for future standardization.
V = Operation code is available for vendor unique commands.
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12.1.1 READ Command

Peripheral Device Type: Write-Once Read-Multiple and
Read-Only Direct Access
Operation Code Type: Optional

Operation Code:  08h

Table 112 - READ Command

ISO 9316 : 1989 (E)

Byte \Bit 7 6 5 4 3 2 1 0
0 Operation Code
1 Logical Unit Number Logical Block Address (MSB)
2 Logical Block Address
3 Logical Block Address (I.SB)
4 Transfer Length
5 Vendor Unique Reserved Flag Lmk

The READ command (table 112) requests that the target transfer data to the initiator.

The logital block address specifies the logical block at which'the read operation shall begin.

The transfer length specifies the number of contiguous)logical blocks of data to be transferred. A Transfer Length of

zero indjcates that 256 logical blocks shall be transferred. Any other value indicates the number of logig

shall be fransferred.

al blocks that

This command shall be terminated with astatus of RESERVATION CONFLICT if any reservation access conflict (see

8.1.8) exsts and no data shall be transferred.

If any of the conditions indicated. in-table 113 occur, this command shall be terminated with a CHECK
status, apd if extended sense js implemented, the sense key shall be set as indicated in table 113. Tablg

provide gn exhaustive enumeration of all conditions that may cause the CHECK CONDITION status.

CONDITION
113 does not
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Table 113 — READ Command Check Condition Status

Condition Sense Key

Invalid logical block address ILLEGAL REQUEST
Target reset or medium change since UNIT ATTENTION
last command from this initiator

Unrecoverable read error MEDIUM ERROR
Altempt to read a blank or previously RECOVERED ERROR

unwritten block

Oyerrun or other error that might ABORTED COMMAND
bel resolved by repeating the command

When ar| invalid logical block address causes ILLEGAL REQUEST to be set, the extended sense information
bytes shalll be set to the logical block address of the first invalid address.

When an| attempt to read a blank or previously unwritten block canses RECOVERED ERROR to be set, the ex-
tended s¢nse information bytes shall be set to the logical block address of the first blank block encounteredl. The
data read up to that block shall be transferred.

12.1.2 WRITE Command
Peripheral Device Type: Write-Once Read-Multiple
Operatiion Code Type: Optional
Opgration Code:  0Ah
Table 114 — WRITE Command

Byte \Bit 7 6 5 4 3 2 1 0

0 Operation Code

1 Logical Unit Number Logical Block Address (MSB)

2 Logical Block Address

3 Logical Block Address (LSB)

4 Transfer Length

5 Vendor Unique Reserved Flag Link

The WRITE command (table 114) requests that the target write the data transferred from the initiator to the medium.

The logical block address specifies the logical block at which the write operation shall begin.
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