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ABSTRACT

This standard defines the SCSI-3 multimedia command set extentsions for all classes ofSCSH-3 compiaint
devices.. This standard when used in conjunction with the SCSt Primary Commands specification, defines
the full set of standard availible commands for use with SCSI-3 devices (e.g. CD-ROM) that function in
multimedia applications..
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Foreword

The SCSI-3 Multimedia Commands specification is divided into seven major clauses:
Clause 1 is the scope.
Clause 2 enurnerates the normative references that apply to this standard,
Clause 3 describes the definitions, symbols and abbreviations used in this standard.
Clause 4 describes the following for the CD-ROM device class:
-overview (i.e.. model of CO-ROM) and the conventions used in this standard.
-commands applicable to the CD-ROM class of devices under SCSI-3
-the various parameters and mode pages used in control of device features and error recovery.

- numerous diagnostic, log and mode parmeters for configuration. moenitoring and control of
CD-ROM devices.
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Introduction

The SCSI-3 command set is defined independent of the physical and signaling protocol to enable its
implemeniation in a number of environments.. The X3T110 technical committee has seen the need to
addresss the unique requiremnents for multimedia applications support in this document providing a cen-
tral refarence for mulitmedia implementors.

The transports currently being defined for SCSI-3 command sets include SCS! Parallel Interface (SPI) SSA-
SSP, Fibre Channel FC-4, ond IEEE 1394 described in SCS1-3 SBP. Implementers may assure architectural
coherency across muitiple environments by implementing the SCSI-3 Architectural Model Specification.
In addition the Al-attachment interface will use this standard command format across a delivery mech-
anism curnrrently being defined.

It is anticipated that this standard may be updated periedically in response to technological advances..
These standards updates are subject to the rules of ANSI for such procedures and involve a public review
periocd and balloting procedures..

With any tfechnical document there may arise questions of interpretation as new products are imple-
mented. The X3 Committee has established procedures to issue technical opinions concerning the stan-
dards developed by the X3 organization. These procedures may result in SCSI Technicai information
Bulletins being published by X3.

These Bulietins, while reflecting the opinion of the Technical Committee that developed the standard,
are intended solely as supplementary information to other users of the stondard. This stan-

dard, X3T10.**-199x, as approved through the publication and voting procedures of the American
National Standards Institute, is not altered by these bulletins, Any subseguent revision to this standard
may or may not reflect the contents of these Technical Information Bulietins.

Current X3 practice is to make Technical Information Bulletins availakle through:

Global Engineering Telephone:303-792-2181 or
15 Inverness Way Eqst 800-854-7179
Englewood, CO 80112-5704 Facsimile:303-792-2192
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SCSI-3 Multimedia Command Set-Editorial Notes and Update Editorial date:3/1 1/94

EDITORIAL NOTES and Comments

This section chronicles content of the document updates and editorial comments against those
updates. It will not be a part of the final release of this standard.

Rev 0.0-Base release includes all SCSI-2 command descriptions. Edited to include ref-
erences to the appropriate SCSI-3 normative references.
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1 Scope

This standard defines the command set extensions to facilitate operation for all classes of SCSI devices
for application in multimedia (qudio, video, animation). The clause/clauses of this standard pertaining
to a specific device class, implemented in conjunction with the applicable clouses of "SCSI Primary
Commands, xxxxx-1993", shall fully specify the standard command set standard available for any SCSI-3
device such as CD-ROM that may be used in a multimedia application.

Initialiy this document specifies CD-ROM instruction sets. It is anticipated that it will be updated with
additional clauses to define multimedia instructions for other classes of devices commensurate with
technological advances in the multimedia field,

The SCSI-3 command set and these extensions are transport independent and may ke implemented
across a wide variety of environments for which a SCSI-3 commond mapping and delivery vehicle has
been specified. To date these may be SSA. Fibre channel, SCSI Parallet interface, and the ATA interface.
Reference these documents as listed in "Normative References” for a complete specification of these
environments.

The objectives of the 5CSI-3 Multimedia command set provide for the following:

L)) To provide a specification of command format and functionality independent of delivery, proto-
col/signaling or transport mechanism. Architectural constraints regarding command function across the
various transports are addressed in SCSI-3 Architectural Model and the document specific to the trans-
port in question.

2) To provide host cormnputers soffware/ffirmware with device independence within a class of
devices. Thus, different disk drives, tape drives, printers, optical media drives, and cther devices can be
added to the host computers without requiring modifications to generic system hardware and software.
Provision is made for the addition of special features and functions through the use of vendor-specific
options. Reserved opcodes are provided for future standordization.

H To provide compatibility such that properly conforming SCSI-2 devices may inter-operate with
SCSI-3 devices given that the systems engineering is correctly done. Propetly conforming SCSI-2 devices.
sheuld respond in an acceptable manner to reject SCSI-3 protocol extensions. as defined within the SCSI-
3 specification for that envirohment. SCSI-3 protocol extensions are designed 1o be permissive of such
rejections and thus allow the SCSI-2 device to continue operation without requiting the use of the exten-
sion.

4y To move device-dependent inteligence cut to the SCSI-3 devices. Refer to the SCSI-3 Inter-
locked Protocol. QSA Fibre Channel FC-4, ATA-2 and SCSI-3 Primary Command Set standards.

Figure 1, below is intended to shows the relationship of this document to other SCSI-3 standards. The fig-
ure is not intended to imply a relationship such as a hierarchy, protocol stack, or system architecture. It
incticates the applicability of a standard to the implementation of a given transport,

For example:
. SCA and SAM and the SCSI-3 command set standards are applicable to all protocols.
. SIP. 8SP. FCP. and SBP are link specific protocols designed to be applied only to the service deliv

ery subsystem directly below them.
. GPP is intended to be used with almost any physical interface.

X3T10/94-057-SCSI-3 Multimedia Commands 207 Page |



X3T10/94-057-SCSI-3 Multimedia Commands

Figure ONE GOES HERE: The following text should be anchored to the figure

The term SCSl is used wherever it is not necessary to distinguish between the versions of SCSI. The original
Small Computer Systern Interface Standard, X3.131-1986, is referred to herein as SCSI-1. SCSI-1 was
revised resulting in the Small Computer Systemn Interface - 2 (X3.131-1994), referred 1o herein as SCSI-2
and approved by ANS| on January 31, 1994,

The term SCSI-3 refers collectively 1o the following documents that fall under the jurisdiction of X3T10 (for-
merly X379.2)

Draft Proposal: X3T10/94-057 Multimedia Command Set

SCSI-3 Parallel Interface (SPI) (X312.2/855D)

SCSI-3 Interlocked Protocol (SIP) (X379.2/8560)

SCSI-3 Fiber Channel Protocol (FCP) (X319.2/993D)
SCS8I-3 Serial Bus Protocol (SBP) (X319.2/992D)

SCSI-3 Generic Packetized Protocol (GPP) [X319.2/991D)
SCSI-3 Architecture Model (SAM) (X3T79.2/994D)

SCSI-3 Primary Commands (SPC) {X319.2/9950)

SCSI-3 Block Commands (SBC) (X3T12.2/996D)

SCSI-3 Stream Commands (8SC) (X3T19.2/997D)

SCSI-3 Graphic Commands (SGC) (X3T19.2/998D)

SCS1-3 Medium Changer Commands (SMC) (X3T9.2/999D)

203
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2 Normative References

The following standards and droft docurments contain provisions which, when referenced in the context
of this droft standard, constitute provisions of this specification. At the time of publication, the editions
indicated were valid. All standards are subject to revision, and parties to agreements based on this
specification are encouraged to investigate the possibility of applying the most recent editions of the
standards indicated below. Members of IEC and I1ISO maintain registers of currently valid tnternational
Standards.

ISO/IEC 10149:1989. Information Technology-Data Interchange on Read-only 120 mm Optical Data Disks
(CD-ROM,).

IEC 908:1987. Compact Disk Diglial Audio System
American National Standard X3.131-1994-Small Compulter System Interface
American National Draft Standard, X3719.2/791D-AT Attachment

CD-XA specification
Red, Yellow, Blue, Green...magenta books!

In addition the following SCSI-3 draft standards should be referenced as appropriate:

SCSI-3 Parallel Interface (SPI) (X379.2/858D)

SCSI-3 interlocked Protocol (SIP) (X3T19.2/856D)

SCSI-3 Fiber Channel Protocol (FCP) (X319.2/993D)
SC3SI-3 Serial Bus Protocol (SBP) (X3719.2/992D)

5CSI-3 Generic Packetized Protocol (GPP) (X319.2/9910D)
SCSI-3 Architecture Model (SAM) (X319.2/994D)

SCSI-3 Primary Commands (SPC) (X3T79.2/995D)

SCSI-3 Block Commands (SBC) (X3T19.2/996D)

SC8I-3 Stream Commands (SSC) (X3719.2/997D)

SCSI-3 Grophic Commands (SGC) [X3T9.2/998D)

SCSI-3 Medium Changer Commands (SMC) (X379.2/9990)
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3 Definitions, abbreviations and symbols
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31 Definitions specific to CD-ROM devices

3.1.1 absolute F fiald: The sub-division of the § Field part of the absolute physical address from the
beginning of the media. One physical sector. Written on CB-ROM media in binary coded decimal nota-
tion. The value is from 00bcd to 74bed, (See 3.1.12 and 3.1.18)

3.1.2 absolute M field: The most significant part of the absolute physical address from the beginning of
the media. Written on CB-ROM media in binary coded decimal notation. The value is frorm 00bed to
74bcd. (See 3.1.18.)

3.1.3 absolute § field: The intermediate significant part of the absclute physical address from the
peginning of the media. Written on CD-ROM media in binary coded decimal notation. The value is from
O0bcd to 5%9bcd. (See 3.1.18)

3.1.4 bcd,; binary coded decimal: The number system used on the physical CD-ROM and CD-DA
media. Numbers that use this notation have the 'bed' suffix attached. A byte has two four-bit values
each of which can have a value from 0 to . The maximum value is 99bed (99 decimal). Hence the
maximum number of fracks is $9bed.

Example: 00010203 ...0809 1011 ... 19202) ... 98 99,
3.1.5 block: The term block refers to the data in one logical block - the number of bytes defined by
the logical block iength in the mode block descriptor.

3.1.6 Dblocks per sector: The number of logical blocks read from each CD-ROM physical sector. The
value depends on the logical block Length as defined in the mode block descriptor. The value for blocks
per sector is;

1 if the logical block length is 2 048,

2 if the logical block length is 1 024,

4 if the togical block length is 512, and

8 if the logical block length is 256 bytes,

(Assuming a density code of 1 - 2 048 bytes of data per sector)

3.1.7 CD-DA; compact disc - digital audio: The standardized media for recording digital audio infor-
mation. The 'Red Book' defines CD-DA media.

3.1.8 CD-ROM; compact disc - read only memory: A standardized medium for recording digitized
audio and digital data.  CD-ROM is used to describe media with digital data rather thon discs that
encode audio only. The ISO/IEC 10149 standard defines CD-ROM media.

3.1.9 CD-ROM control field: A four bit field in the @ sub-channel data indicating the type of informa-
tion encoded on the current track. Indicates audio versus data and the type of audio encoding, etc.
The confrol field is also found in the table of contents entries.

3.1.10 CD-ROM data mode: A byte in the header of CD-ROM data sectors. This indicates if data is
present and if layered error comection information is present.

3.1.11  CIRC; cross interleaved reed-solomon code: The error detection and correction technique used
within small frames of audio or data. The CIRC bytes are present in all CD-ROM daota modes. The error
correction procedure which uses the CIRC bytes is referred to as the CIRC based algoerithm. In most CD-
ROM drives, this function is implemented in hardware.

3.1.12 tkame: A physical sector on CD-ROM media. Also the F field unit of a MSF CD-ROM address. The
term frame is also used in the CD-ROM model to describe the amount of data received between syn-
chronization patterns. 98 of these frames make a sector. This sort of frame is referred to as 'small frames'
where the meaning is not clear from context,

X3T{0/94-057-5C81-3 Multimedia Commands 2 0 6 Page 5
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3.1.13 hold track state: When a CD-RCOM device enters the hold track state the optical pick-up is main-
tained at an approximately constant position on the media. This allows a paused operation to be
resumed without iatency due to seeking. Rotationat latency may be incurred, however.

3.1.14 index: Anindexis asubdivision of a CD-ROM track. A track can have from 1 to 99 index num-
bers. Index numbers within a track ore sequential starting with 1,

3.1.16 lead-in area; The area on a CD-ROM disc prior to track one. The main channel in the lead-in
area contqins audio or data null information, This area is coded as track zero but is not addressabie via
the SCSI command set, The @ sub-channel in this area is coded with the table of contents information.

3.1.16 lead-outarea: The areq on a CD-ROM disc beyond the last information track. The main channet
in the lead-out area contains audio or data null information. This areq is coded as track AAbcd but is not
addressable via the SC8 command set. The READ CO-ROM CAPACITY data is the first logical block
address of this ared minus one.

3.1.17 L-EC; layered error cotrection: The error correction technique used with CD-ROM data mode
one sectors. In such sectors, 276 bytes of the auxiliary data field contain L-EC bytes. The algorithm that
uses these bytes to perform error correction is often implemented in the drive firmware.

3.1.18 MSF address: The physical address written on CD-ROM discs. Expressed as a sector count rela-
five 1o either the beginning of the medium (absolute) or to the beginning of the current track (relative).
As defined by the CD-DA and CD-ROM standards, each F field unit is one physical sector; each § field
unit is 75 F field units; each M field unit is 60 S field units. Valid contents of F fields are binary values from 0
through 74. Vaiid contents of S fields are binary values from 0 through 59. Valid contents of M fieids are
binary values from 0 through 74.

3.1.19 output port. A means for connecting the audio sighal being played to equipment outside the
CD-ROM device.

3.1.20 pause areqa: A transition area at the beginning or end of an audio track encoded with audio
silence, This fransition area is required where the audio track immediately precedes a data track.

3.1.21 post-gap area: A transition area at the end of a data track encoded with null information. This
transition areq is required where the data track immediately precedes an audio track.

3.1.22 pre-gap area: A transition area at the beginning of a data track encoded with null information.
This fransition area is required where the data track immediately follows an audio track.

3.1.23 relative F field: The sub-division of the § field part of the relative physical address from the begin-
ning of the current track. One physical sector. Written on CD-ROM medium in binary coded decimal
notation. The value is from 00bcd o 74bed. (See 3.1.12and 3.1.18)

3.1.24 relative M field. The most significant part of the relative physical address from the beginning of
the current track. Written on CD-ROM media in binary coded decimal notation. The value is from 00bcd
to 7dbcd. (See 3.1.18))

3.1.25 relative § field: The intermediate significant part of the relative physical address from the begin-
ning of the current track. Written on CD-ROM medium in binary coded decimal notation. The value is
from O0becd to 59bed. (See 3.1.18)

3.1.26 sector: Refers 1o the dota contained during one frame time. (On CD-DA medium with two
channels of audio this is 1/75th of a second). In the CD-ROM standard document the term block is used
for this unit. There may be more than cne logical block per sector. Similarly, a single logical block may
mape to multiple sectors.

3.1.27 sub-channel: CD-ROM and CD-DA media have a main channel and a sub-channel. The sub-
channel area has eight parts called P Q. R, 5. T U, V, and W. The @-sub-channel contains information

Page 6 X3T10-8SCSI-3 Multimedia Commands
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useful fo the controller and drive, such as the control field and MSF addresses. The data rate of each
sub-channel (B Q etc.)is 1/192nd of that of the main channel.

3.1.28 TOC: The tabie of contents has information on the type of disc and the starting address of the
tracks. This information is encoded in the Q sub-channel.

3.1.29 tack: A sub-division of the CD-ROM media. A disc has from one to ninety-nine tracks. The data
within a frock is always of the same type. A frack can be either CD-ROM or CD-Audio. A disc can start
at any tfrack number.

3.1.30 track rekitive logical address: An offset from the beginning of the recorded information on a
track expressed in units of the logical biock length. The value is used to address logical blocks reiative to
the beginning of a track using the relative MSF address encoded in the CD-ROM Q sub-channel.

3.1.31 transition area: Sectors at the beginning or end of tracks coded with null information. Where
required by the media standards. these areas have minimum lengths of 15 or 2. The maximum lengths
are not specified. Transition areas at the beginning of a track are encoded with index zero. Addresses
within transition areas may not be read.
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X3T10/94-057-SCS51-3 Muitimedia Commands

4 CD-ROM devices
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4.1 Mode! for CD-ROM devices

CD-ROM devices permit reading data from a rotating media. Writing the media is not supported. Data
transfer can begin with any of the consecutively numbered logical blocks. Data on CD-ROM devices
are addressed the same as usual (magnetic) direct-access devices. Some CD-ROM devices support a
separate information stream (e.g. audic and/or video but referred to as audio in this clause) transmitted
via a connection other than the SCSt Bus. This device type defines commands for controlling these other
information streams.

CD-ROM drives are designed to work with any disc that meets IEC, Many new drives read CD-ROM data
discs, digital audio discs, and audic-combined discs (i.e. some tracks are audio, scme tracks are data

4.1.1 CD-ROM media organization

The formats written on the CD-ROM and CD-DA (Digitat Audio) media require special intertacing consid-
erations.

NOTE }: This subclause contains a number of terms that have special meanings peculiar to CD-ROM technology or that may be unfa-
miliar 10 many readers of this [nternational Standard. The glossary (see clause 3.1) defines these terms.

Discs may contain either audio, data or a mixture of the two. table 1 gives an example of a of g audio-
combined disc fo illustrate the relationship between the logical block addresses reported in SCSI and the
MSF address encoded on the media. The logical addresses given in the table assume a block length of
2 048, 2 336 or 2 340 bytes. For biock lengths of 1 024, 512 or 256 multiply all values given in the SCSI
address columns by 2, 4 or 8 respectively.

NOTE 2. The term frame is used in two different ways in the CD-ROM media standard. The intended meaning can only be deter-
mined from the context. Whenever possible, this description replaces the larger data unit with the more familiar temmn sector. The pri-
mary ¢xception to this policy is the use of frame when referring to the MSF address. In the MSF context, one frame (F field unit) equals
one secter  On a typical two channel CD-DA media. each frame (F field unit) is played in 1/75th of a second

The physical format defined by the CD-ROM media standards provides 2 352 bytes per sector. For usual
computer data applications, 2 048 bytes are used for user data, 12 bytes for a synchronization field, 4
bytes for a sector address tag field and 288 bytes - the auxiliary field - for L-EC (CD-ROM daota mode 1). In
less critical applications. the auxiliary field may also be used for user data (CD-ROM data mode 2). A CD-
ROM physical sector size is 2 048, 2 336 or 2 340 bytes per sector. These values correspond to user data
field only, user data plus auxiliary data, the 4 byte address tag plus user data plus auxiliary data.

Selection among these options is made by setting the density code field of the MODE SELECT block
descriptor. The usual selection is 2 048 bytes per physical sector via a density code setting of 1. See the
table of CD-ROM density code values in 3.3.3.

This same area of the CD-ROM or CD audio media may store 1/75th of a second of two channel audio
informartion formatted according to the CD-DA specification. (These audio channels are usually the left
and right components of a stereo pair.y An audio only density code value can be used to declare an
areqa of the media to be invalid for data operations.

For data and mixed mode media (those conforming to ISO/IEC 10149), logical block address zero shall
be assigned to the block at MSF address 00/02/00. For audio media (those conforming only to IEC 908),
logical block address zero should be assigned to the actual starting address of track 1. This may be
approximated by using the starting address of track 1 contained in the table of contents (TOC) or by
assigning logical block address zero to the block at MSF address 00/02/00.

Logical addressing of CD-ROM information may use any logical block length. When the specified togical
block length is an exact divisor or infegral mulliple of the selected number of bytes per CD-ROM sector,
the device shall map (one to one) the bytes transferred from CD-ROM sectors to the bytes of logical
blocks. Forinstance, if 2 048 bytes are transferred from each CD-ROM sector (specified by the CD-ROM
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Table 1: Mixed Mode CD-ROM Disk Layout

Logical | 17K | Apsolute | Track Track Sector Mode CD-
Block Address l:::;:;e MSF 1:::;: R;;’S‘::e Contains Audio 112)?;1
Description {Decimal) address Address Address Info/Pause or Data ModeZ

Lead In Area — - - 0/- .- " Audio
Pre-gap 00/00/00 10 00/02/00 | Pause Data Null
Ist track data 0000% 0 00/02/00° 11 00/00/00 | Info Data L-EC
2nd track data | 6000% 0 01/22/00° 21 00/00/00 | Tnfo Data L-EC

7500 1500 01/42/00 212 00/20/00 | Info Daia L-EC
Post gap 9000 3000 02/02/00 213 00/40/00 | Pause Data Null
Pause-silence 9150 -150% 02/04/00 3/0 000200 | Pause Audio
3rd track audio 9300% o 02/04/00° 341 00/00/00 | Info Audio

1400 2250 02/34/00 32 00/30/00 | Info Audio
dth track audio 219758 0 04/53/007 41 00/00/00 | Info Audic
Pre-gappart 1 | 30000 2255 064000 50 00/03/00 | Pause Audio
Pre.gap part2 | 300075 -150 06/41/00 5/0 00/02/00 | Pause Data Null
Sth track data 30225 0 06/43/00 51 O/00/00 | Info Data L-EC
Last Informa- 2639990 | 233774 | 58/39/74 51 51/56/74 | lnfo Dala L-EC
tion
Post-gap 233775 | 58/40/00 52 51/57/00 | Pause Data Null
Lead-out track | 2640007 | 0 58/42/00 AA/B | 00/00/00 | Pause Audio

. Absolute MSF address repeated in the header field of data blocks.

2. The CD-ROM data mode is stored in the header of data tracks. This indicates that the block is part of a data pre-gap
or post gap (null), that this is a data block using the auxiliary field for L-EC symbols (ECC-CD-ROM data mode one),
or thau this is a data block using the auxiliary field for user data (CD-ROM data mode 2.)

. Table of contents information is stored in the subchannel of lead-in area. The lead-in area is coded as track zerso.

Track zero and the initial 150 sector pre-gap (or audio pause) are not accessible with logical addressing.

4. Exacl value returned by READ TOC command

3. Value stored in table of contents with zero tolerance.

6. Track relative logical addresses are negative in the pre-gap areas. Pre-gap areas have index values of zero.

7. Track relative MSF value decreases to ( in pre-gap areas.

8

9

l

L

. Value returned by READ TOC command plus or minus 75 blocks.
. Value stored in table of contents plus or minus 75 sectors.
0. Minimum value returned by READ CD-ROM CAPACITY: exact value depends on encoding of this track and the lead out
track and whether this is derived from the TOC data,
I11. Value returned by READ TOC command; exact. if lead-out track is encoded as data, or plus or minus 75 blocks if
encoded as audio.
12. Value stored in table of conients: exact if lead-out track is coded as data, or plus or minus 73 blocks if coded as audio.
13. Lead-out track number field is defined as OAAh.
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density code vatue), and the logical block length is 512 bytes, then each CD-ROM sector shall map to
exactly four logical blocks. This International Standard does not define the mapping of logical biock
lengths which do not evenly divide or are not exact mulfiples of the selected number of bytes per CD-
ROM sector,

A track may be viewed as a partition of the CD-ROM address space. A CD-ROM media contains from
one to ninety-nine tracks. All information sectors of a track are required to be of the same type {(audio or
data) and mede. Each change in the type of information on the disc requires a change in track num-
ber. A disc containing both audio and data would have at least two fracks, one for audic and one for
data.

The tracks of @ CD media are numbered consecutively with values between 1 and 99. However the first
information track may have a number greater than 1. Tracks have a minimum length of 300 sectors
including any transition area that is part of a frack.

The CD-ROM media standards require transition areas between tracks encoded with different types of
information. in addition, fransition areas may be used at the beginning or end of any frack, For audio
fracks the transition areas are called pause areas. For data tracks, fransition areas are called pre-gap
and post-gap areas. See table 1 for an example. The IEC 908 and ISQ/IEC 10149 standards specify mini-
mum fime durations for these areas. Maximum time durations are not specified.

Transition areas are formatted and the logical address continues to increment through fransition areas.
Some media (j.e. discs with only one track) may not have transition areas. The means to determine the
location of the fransition areas is vendor or application-specific and is addressed by other standards (e.q.
ISC 9660).

CD-ROM is a unique SCSI device in the respect that some logical blocks on a disc may not be accessible
by all commands. SEEK commands may be issued to any logical block address within the reported
capacity of the disc. READ commands cannot be issued to logical blocks that occur in some transition
areas, or to logical blocks within an audio frack. PLAY commands cannot be issued to logical blocks
within a data frack.

The blanik verify (BlkVfy) option of the verity command (see clause16.2.11), for CD-ROM devices, shatt ver-
ify that the addressed blocks are transition area blocks.

CE-ROM media have lead-in and lead-out areas. These areas are outside of the user-accessible area as
reported in the READ CD-ROM CAPACITY data. The lead-in area of the media is designated track zero.

The lead-out area is designated frack OAAh. The sub-channel Q in the lead-in frack contains a table of
contents (TOC) of the disc.

NOTE 3: The READ CD-ROM CAPACITY command retums the logical block address of the last block prior to the lead-out area.
This location may be in a transition area and therefore not a valid address for read operations.

The table of contents gives the absolute MSF location of the first information sector of each track. Con-
trol information (audio/data, method of audio encoding, etc.) for each track is aiso given in the TOC.
However, the TOC does not distinguish between the different modes of data tracks (.e. CD-ROM data
mode one vs. CD-ROM data mode two),

The MSF locations of the beginning of data tracks in the TOC are required to be accurate, however, the
TOC values for audio tracks have a tolerance of plus or minus 75 sectors. Information from the TOC can
be used to reply to a READ CD-ROM CAPACITY command. When this is done, the drive implementor

should consider the possible tolerances and return a value that allows access to all information sectors.

An index is a partition of a track. Pre-gap areas are encoded with an index value of zerc. Pause areas
at the beginning of audio fracks are also encoded with an index value of zero. The first information sec-
tor of a frack has an index value of one. Consecutive values up to 99 are permitted. Index information is
not contained in the TOC. Not all sectors are encoded with the index value in the Gi-sub-channel data
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(the requirement is @ out of 10). A sector without an index value is presumed to have the same index as
the preceding sector.

Tracks and indexes are not defined to be any particular length, (except for a minimum track length of
300 sectors.) A CD disc may be created with a single information track that has a single index; or with 69
information tracks, each with 99 indexes.

The sub-channel information which is part of each sector includes a track relative MSF location value giv-
ing the distance from the first information sector of the track. On the media, this value decreases during
the pre-gap crea (sectors with index values of 0) and increases for the rest of the track. The data,
returned by the READ SUB-CHANNEL command with MSF bit set to zero, converts this to a track reiative
logical block address (TRLBA). The TRLBA is continually increasing over the whole track, and pre-gap
areqs shall return negative values. When the MSF bit in the read sub-channel command is set to one, the
MSF track relative location value from the media is reported without change.

4.1.2 CD-ROM physical data format

The physical format of CD-ROM and CD-DA media uses a smaller unit of synchronization than the more
familiar magnetic or optical recording systems. The basic data stream synchronization unit is a smali
frame. This is not the same large frame (sector) as referred to in the MSF unit. Each small frame consists
of 588 bits. A sector on CD-ROM media consists of 98 small frarnes.

A CD-ROM small frame consists of;

a) 1 synchronization pattern{24+3 bits)

) 1 byte of sub-channel data(14+3 bits)

) 24 bytes of data (24 x (14+3) bits)
) 8 bytes of CIRC code (8 x (14+3) bits)Totat: 588 bits,

Data, sub-channe! and CIRC bytes are encoded with an eight-to-fourteen bit code; then three merging
bits are added. The merging bits are chosen 1o provide minimum low-frequency signal content and opti-
mize phase lock loop performaonce.
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4.1.2.1 Frame format for audio

Each small frame of an audio track on a two-channel CD-DA or CD-ROM media consists of six digitized
16-bit sampies of each audio channel. These 24 bytes of data are combined with o synchronization pat-
tern, CIRC bytes and a sub-channel byte to make a frame. Each frame takes approximately 136.05 us to
play. This gives a sampling rate of 44,1 khz for each channel. The sub-channel information creates the
higher level sector grouping for audio tracks.
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4,1.2.2 Sector format for data

The data bytes of 98 small frames comprise the physical unit of data referred 1o as a sector. (98 small
frames times 24 bytes per small frame equal 2 352 bytes of data per sector.)

A sector that contains CD-ROM data mode one data has the following format:

a) 12 bytes Synchronization field

b) 4bytes CD-ROM data header
Absolute M field in bed format
Absolute § field in bed format
Absolute F field in bed format
CD-ROM data mode field

c) 2048 bytes User data field

d) 4 bytes Error detection code

e} 8bytes Zero

f) 276 bytes Layered errcr correction code

A sector that contains CD-ROM Data Mode two data has the following format.

a) 12bytes  Synchronization field
b) 4 bytes CD-ROM dota header
Absolute M field in bed format
Absolute S field in bed format
Absolute F field in bcd format
CD-ROM data mode field
C) 2 336 bytes User data field (2048 bytes of mode 1 data
plus 288 bytes of auxiliary datka)

NOTE 4. Many drives are capable of returning CD-ROM data mode one data in a CD-ROM data mode 1wo format. This allows the
user 1o investigate the emor detection and error correction codes. However data encoded as CD-ROM data mode 1wo cannot be read as
CD-ROM data mode one data.

L T
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4.1.2.3 Sub-channel information formats

The sub-channet byte of each frame is assigned one bit for each of the 8 sub-channels, designated P Q,
R, S T U V. W Onlysub-channels P and Q are defined for CD-ROM media. The other sub-channel bits
are zero.

Sub-channel P is a simple flag bit that may be used for audio muting control and track boundary deter-
mination.

Sub-channel & has a higher level of structure. All the sub-channe! Q bits of a sector define the sub-chan-
nel Q information block. (For audio fracks, decoding the Q sub-channel is the only way to distinguish
sector boundaries.)

The sub-channet Q block consists of 98 bits, one bit from each small frame in a sector. Three formats are
defined for the sub-channel & information block. The first format provides location information and is
defined as follows:

a} 2 bits Sub-channel synchronization field

) 4 bits ADR field - defines the format

C) 4 bits Control field - defines the type of information in this sector
d) 8 bits Track number (in BCD)

e) 8 bits Index number (in BCD)

f 24 bits Track relative MSF address

Q) 8 bits Reserved (0)

h) 24 bits Absclute MSF address

)] 16 bits CRC error detection code

This format is required to exist in at least nine out of ten consecutive sectors.

The second ond third formats are optional. If used, they must exist in at least one out of 100 consecutive
sectors. They include the absolute frame byte of the MSF address to provide location information conti-

nuity.

e second format gives the catalogue number of the disc (UPC/EAN bar code number). This informa-
tion is constant over the whole media.

The third format gives the international Standard Recording Code (ISRC) for each track. The ISRC is
defined in IS0 3901. This format is not present on lead-in or lead-out tracks and may change only after
the frack number changes.

4.1.3  CD Audio error reporting

PLAY AUDIO commands with the immediate bit set in the audio control mode return status as soon as the
commanda has been validated (which may involve a seek to the starting address). The playback opera-
fion continues and may complete without notification to the initiator. Error termination of audio opera-
tions shall be reported to the initiator by returning immediate CHECK CONDITION status to the next
command (except for REQUEST SENSE and INQUIRY.) The deferred error sense data (see 8.2.3.2.) is used
1o indicate that the error is not due 1o the current command.

The status of the play operation may be determined by issuing a REQUEST SENSE command. The sense
key is set to NO SENSE and the oudio status (see 3.2.10) is reported in the additional sense code qualifier
field.

4.14  CD-ROM ready condition/not ready condition

The ready condition occurs after a cartridge is inserted and the drive has performed its initialization tasks.

X3T10/94-057-SCS1-3 Multimedia Commands 216 Page 15

R —

T—



X3T10/94-057-SCS81-3 Multimedia Commands

These may include reading the table of contents from the media.

A not ready condition may occur for the following reasons:

Q) There is no cartridge inserted.

D) The drive is unable to load or unload the cartridge.
c) The drive is unable to recover the table of contents.
) The controller cannot select the drive.

4.1.5 CD-ROM address reporting formats (MSF bit)

Several CD-ROM specific commands can report addresses either inlogical or in MSF format (see table 2).
The READ HEADER, READ SUB-CHANNEL and READ TABLE OF CONTENTS commands have this feature.

Table 2: MSF Address format

Bit 7 3 5 4 3 2 1 o
Byte
0 Reserved
1 M field
2 5 field
3 F field

An MSF bit of zero requests that the logical block address format be used for the CD-ROM absolute
address fietd or for the offset from the beginning of the current tfrack expressed as a number of logical
blocks in a CD-ROM track relative address field. This track relative logical block address (TRLBA) value is
reported as a negative vatue in twos-complement notation for transition areas that have decreasing
MSF encoded relative addresses.

An MSF bit of one requests that the MSF format be used for these fields. In certain transition areas, the rel-
ative MSF addresses are decreasing positive values. The absolute MSF addresses are always increasing
positive values (see entry in 3.4).

The M, §, and F fields are expressed as binary numbers. The values match those on the mediaq, except for
the encoding. The ratios of M field units to § field units and S field units to F field units are reported in the
mode parameters page (see 3.3.3).

4.1.6  Sensing support for CD-audio commands.

If any commands related to audic operations are implermented, then the PLAY AUDIO commaond shall
be implemented to allow a method for the initiator to determine if audio operations are supported. A
target responding to a PLAY AUDIO command which has a transfer length of zero, with CHECK CONDI-
TION status, and setting the sense key to ILLEGAL REQUEST does not support cudio play operations.

NOTE 5. The PLAY AUDIO command may be implemented without support for any of the other audio operations commands.

4.1.7  Error reporting

If any of the following conditions occur during the execution of a command, the target shall return
CHECK CONDITION status. The appropriate sense key and additional sense code should be set. The fol-
lowing list illustrates some error conditions and the applicable sense keys. The list does not provide an
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exhaustive enumeration of all conditions that may cause the CHECK CONDITION status.

Table 3: Sense key responses for error reporting

Condition ) Sense Key
Invalid Logical Block Address ILLEGAL REQUEST
Unsupperted option requested ILLEGAL REQUEST
Attempt to read a blank biock ILLEGAL REQUEST
Attempt to play a data block as audio ILLEGAL REQUEST
Targel reset or medium change since last command UNIT ATTENTION
Self diagnostic failed HARDWARE ERROR
Unrecavered read error METHUM ERROR/HARDWARE ERROR
Recovered read error RECOVERED ERROR
Overrun or other error that might be resolved by repeating the command | ABORTED COMMAND

In the case of an invalid logical block address, the sense data information field shall be set to the logical
block address of the first invalid address..

In the case of an attempt to read a blank or previously unwritten block, the sense data information field
shall be set to the logical block address of the first blank block encountered. The data read up te that
block shalt be transferred.

There are other special error situations for CD-ROM devices. In the following cases the sense key shall be
set to BLANK CHECK and the additional sense code set to END OF USER AREA ENCOUNTERED ON THIS
TRACK: a)a post-gap area is encountered (i.e. a block with CD-ROM Data Mode G)

b) a pre-gap area is encountered (i.e. a block with index equal to 0);
c) The information type (data vs. audio) changes.

When not performing audio playback, if the logical block address requested is not within a data track,
the command shall be terminated with CHECK CONDITION status. The sense key shall be set to BLANK
CHECK and the additional sense code set to ILLEGAL MODE FOR THIS TRACK. This applies to audio-com-
bined and audio media.

218
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4.2

Commands for CD-ROM devices

The commands which may be implemented common to some or all SCSI device types shal be as
shown in table 4. For a complete description of these commands reference "SCS81-3 Primary Com-

mands".

Page I8

Table 4;: Commands Common to all SCSI Devices

COMMAND NAME OPERATION TYPE
CODE
CHANGE DEFINITION 40H (4]
COMPARE 39n (1]
Copy i8H (1)
COPY AND VERIFY 3AH 0
INQUIRY 120 M
LOCK/UNLOCK CACHE I6H (]
LoG SELECT 4CH 4]
LOG SENSE 4DH (1]
MODE SELECT (6) 15H Q
MODE SELECT (10) S5H o
MODE SENSE (6} IAH o
MODE SENSE (10) 5AH 1]
PREFETCH 3dn (4]
PREVENT/ALLOW MEDIUM REMOVAL 1EH 0
READ (6) 08H 4]
READ (10) 281 M
READ (12) ABH o
READ BUFFER 3cH 0
READ LONG JEH 0
RECEIVE DIAGNOSTIC RESULTS 1CH 0
RELEASE 171 M
REQUEST SENSE 031 M
RESERVE 16H M
REZERO UNIT 011 0
SEARCH DATA EQuaL (10) k3l o
SEARCH DATA EQUAL (12) B1H 0
SEARCH DATA HIGH (10} M 0
SEARCH DaTA HIGH (12) BOH 0
SEARCH DATA Low (1) 32u 0
SEARCH DATA LOow (12) B2H 0
SEEK (6) OBH 0
SEEK (10) 2BH M
SEND DIAGNOSTIC 1DH )]
SET LiMrTs {10) 3m 0
SET LIMITS {12) B3H 0
START/STOP UNIT 1BH 0
SYNCHRONIZE CACHE AS5H o
TeST UNIT READY 00H M
VERIFY (1) 2FH 0
VERIFY (12) AFH 0
WRITE BUFFER 38H 0

Key: M = command implementation is mandatory

O= command implementation is optional
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The following command codes are vendor-specific: 02h, 05n, 06h, 0¢h, OCh, 0Dh, OEh, OFh, 10h, 11h, 13h,
14h, 19h, 20h, 21h, 22h, 23h, 24h, 26h, 27h, 22h, and COh through FFh, All remnaining command codes for
CD-ROM devices are reserved for future standardization.

Commands specific to CD-ROM devices are listed in table 5. These commands are described in the
immediately following subclauses of this document.

Table 5: Commands Specific to CD-ROM Devices

Command Name Operation Code Type
PAUSE/RESUME 4BH O
PLAY AUDIO (10) 45H 0
PLAY AUDIO {i2) ASH 0
PLAY AUDIO MSF 47H O
PLAY AUDIO TRACK/INDEX 48H O
PLAY TRACK RELATIVE {10} 49H O
PLAY TRACK RELATIVE {12) A9H 0
READ CD-ROM CAPACITY 25H M
READ HEADER 44H 0
READ SUBCHANNEL 42H &
READ TOC 43H O
Key M= command implementation is mandatory

O= command implementation is optional

2 Implerment any form of play audio means Play Audic (10) must be implemented?
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42,1 PAUSE/RESUME command

The PAUSE RESUME command (see table 6) requests that the device stop or start an audio play opera-
tion. This command is used with PLAY AUDIO commands issued while the immediate bit is set to one.

Table 6: PAUSE RESUME Command

BIT

5

4 3

2

OPERATION CODE { 48H )

LOGICAL UNIT NUMBER

RESERVED

RESERVED

RESERVED

RESERYED

RESERYED

RESERVED

RESERVED

RESERVED

RESUME

CONTROL

A resume bit of zero causes the drive to enter the hold frack state with the audic output muted after the
current block is plaoyed. A resume bit of one causes the drive to release the pause and begin play at the
biock following the last block played.

If an audio play operation cannot be resumed and the resume bit is one, the command is terminated
with CHECK CONDITION status. if the resume bit is zero and an audio play operation cannct be paused.
{no audic play operation has been requested, or the requested audio play operation has been com-
pleted). the command is terminated with CHECK CONDITION status,

It shall not be considered an error fo request a pause when a pause is already in effect, or to request a

resurne when a play operation is in progress.

Page 20
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4.2.2 PLAY AUDIO(10) command

The PLAY AUDIO command (see table 7) requests that the target begin an audic playback operation.
The command function (iImmed and SOTC bits) and the output of audio signals shall be gs specified by
the setings of the mode parameters (see 3.3.3.1.).

Table 7: PLAY AUDIO{(10) command

BIT 7 6 5 4 3 2 1 0
BYTE
1] OPERATION CODE ( 45H )
1 LOGICAL UNIT NUMBER RESERVED RELADR
2 {MSB)
3 STARTING LOGICAL BLOCK ADDRESS
4
5 (LSB)
6 RESERVED
7 {MSB)
TRANSFER LENGTH
8 (L.SB)
9 CONTROL

If any commands related to audio operations are implemented then the PLAY AUDIO command shall be
implemented to dllow a method for the initiator to determine if audio operations are supported. A tar-
get responding to a PLAY AUDIO command that has a transfer length of zero with CHECK CONDITION
status and setting the sense key to ILLEGAL REQUEST does not support audio ploy operations.

The logical block address field specifies the logical block at which the audio playback operation shail
begin.

The transfer length field specifies the number of contiguous logical blocks that shall be played. A transfer
length field of zero indicates that no audio operation shall occur. This condition shall not be consicered
an error,

If the logical block length is not equal to the sector size, the target may adijust the starting logical block
address and the transfer length. In such case, it is recommended that the target stort the audio play
cperation with the beginning of a sector whenever the starting logical address falls within that sector
(MSF unit). If the requested transfer length couses the end of an audic play operation to fall within a sec-
tor, the target may continue the play operation through the end of that sector.

If the starting address is not found, if the address is not within an audio track. or if a not ready condition
exists, the commaond shall be terminated with CHECK CONDITION stotus.

If the CD-ROM information type (data vs. cudio) changes, the sense key shall be set to BLANK CHECK
and the additional sense code set to END OF USER AREA ENCQOUNTERED ON THIS TRACK.

If the logical block address requested is not within an audio frack. the command shall be terminated

with CHECK CONDITION status. The sense key shall be set to BLANK CHECK and the additiong sense
code set to ILLEGAL MODE FOR THIS TRACK.
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4.2.2 .PLAY AUDIO(10) command

The PLAY AUDIO command (see table 7) requests that the target begin an audio playback operation.
The command function (Immed and SOTC bits) and the output of audio signals shall be as specified by
the settings of the mode parameters {see 3.3.3.1.).

Table 7: PLAY AUDIO(10) command

BIT 7 6 3 4 3 2 1 0
BYTE

1] OPERATION CODE { 454 }

1 LOGICAL UNIT NUMBER RESERVED RELADR

2 {M58)

STARTING LOGICAL BLOCK ADDRESS

5 {1.58)
[ RESERVED
7 {MSB)

TRANSFER LENGTH
8 {LSE}
9 CONTROL

If any commands related fo audic operations are implemented then the PLAY AUDIO command shall be
implemented to allow a method for the initiator to determine if audio operations are supported. A tar-
get responding to a PLAY AUDIO command that has a transfer length of zero with CHECK CONDITION
status and setting the sense key to ILLEGAL REQUEST does not support audio play operations.

The logicat block address field specifies the logical block at which the audio playback operation shall
begin.

The transfer length field specifies the nurnber of contiguous logical blocks that shall be played. A transfer
length field of zero indicates that no audio operation shall occur. This condition shall not be considered
Qan error.

If the ogical block length is not equal fo the sector size, the target may adjust the starting logical block
address and the fransfer length. In such case, it is recommended that the target start the audio play
operation with the beginning of a sector whenever the starting logical address falls within that sector
{MSF unit). If the requested transfer length causes the end of an audio play operation to fall within ¢ sec-
tor, the target may continue the play cperation through the end of that sector.

If the starting address is not found. if the address is not within an audio track. or if a not ready condition
exists, the command shall be terminated with CHECK CONDITICN status,

If the CD-ROM information fype (data vs. audio) changes. the sense key shall be set fo BLANK CHECK
and the additional sense code set to END OF USER AREA ENCCOUNTERED ON THIS TRACK.

If the logical biock address requested is not within an audio frack. the command shall be terminated
with CHECK CONDITION status. The sense key shall be sef to BLANK CHECK and the additional sense
code set to ILLEGAL MODE FOR THIS TRACK,
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42.3 PLAY AUDIO{12) command

The PLAY AUDIQ(12) command (see table 8) requests that the target to begin an audio playback cpera-
tion. The command function (immed and SOTC bits) and the ocutput of audio signats shall be as specified
by the seftings of the mode parameters (see 3.3.3.1.). See the PLAY AUDIO(10) command for a descrip-
tion of the fields in this command

Table 8: PLAY AUDIO(12) command

BIT 7 6 5 4 3 2 1 L
BYTE

0 OPERATION COUE ( A5H )

1 LOGICAL UNIT NUMBER RESERVED RELADR

2 (MSE}

LOGICAL BLOCK ADDRESS

5 {LsB)

o {MSB)

TRANSFER LENGTH

9 (LSB)
10 RESERVED
n CONTROL
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424 PLAY AUDIO MSF command

The PLAY AUDIO MSF command (see table 9) requests that the target to begin an audio playback oper-
ation. The command function Immed and SOTC bits) and the output of audio signals shall be as speci-
fied by the settings of the mode parameters (see 2.3.3.1).

Table 9: PLAY AUDIO MSF command

BT 7 6 5 4 3 2

BYTE

0 OPERATION CODE { 47H )

1 LOGICAL UNIT NUMBER RESERVED

2 RESERVED

3 STARTING M FIELD

4 STRARTING § FIELD

5 STARTING F FIELD

6 ENDING M FIELD

7 ENDING S FIELD

8 ENDING F FIELD

9 CONTROL

The starting M field, the starting S field, and the starting F field specify the absolute MSF address at which
the audio play operation shall begin. The ending M field, the ending § field, and the ending F field spec-
ify the absolute MSF address where the audio play operation shall end. All contiguous audio sectors

between the starting and the ending MSF address shall be played.

A starting MSF address equal to an ending MSF address causes no audic play operation to occur. This
shall not be considered an error. If the starting MSF address is less than the ending MSF address, the com-
mand shall be terminated with CHECK CONDITION status. The sense key shall be set to ILLEGAL REQUEST.

If the starting address is not found, if the address is not within an audio track, or if a not ready condition
exists, the command shall be terminated with CHECK CONDITION status. See 3.1.7 for a description of

arror reporting information.
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4.2.5 PLAY AUDIO TRACK INDEX command
The PLAY AUDIO TRACK INDEX command (see table 10) requests the target to begin an audio play oper-

ation. The command function {mmed and SOTC bits) and the output of audio signals shall be as speci-
fied by the settings of the mode parameters (see 3.3.3.1.).

Table 10: PLAY AUDIO TRACK INDEX command

BIT 7 [ 5 4 3 2 1 0

BYTE

0 OPERATION CODE (48H )

1 LOGICAL UNIT NUMEER RESERVED

2 RESERVED

3 RESERVED

4 STARTING TRACK

5 STARTING INDEX

6 RESERVED

7 ENDING TRACK

8 ENDING INDEX

9 CONTROL,

The starting track field specifies the track number of the starting audio track. The starting index field
specifies the index number within the track at which the audio play operation shall begin.

The ending track field specifies the track number of the ending audio track. The ending index field spec-
ifies the index number within the track after which the audio play operation shall stop. The audio play
operation shall terminate at the last block with an index number equal to the ending index. All contigu-
ous audio sectors between the starting and the ending address shall be plaved.

If the starting address is less than the ending address, the command shall be terminated with CHECK
CONDITION status. The sense key shall be set to ILLEGAL REQUEST.

If the starting address is not found, or if the address is not within an audio frack, or if a not ready condition
exists, the command shall be terminated with CHECK CONDITION status. See 3.1.7 for a description of
error reporting information.

NOTE 6: Valid values for the track and index ficlds are 1 10 99. A starting index value of one specifies that playback is to stan with the
first audio sector of the track following the (optional) pause. A last index value of 99 specifies that playback continues through the last
sector of the track.

If the ending track is greater than the iast information track on the media, the playback shail continue
until the last track is complete. If the ending index is greater than the largest index value on the ending
track, the playback shall continue unit this track is complete; then terminate. These conditions shall not
be considered errors.

If the starting index is greater than the largest index value on the starting frack, and the stop on track

crossing (§OTC) bit of the audio control MODE SELECT parameters page (see 3.3.3.1) is zero, the play-
back operation shall start at the beginning of the next track. This situation is not an error.
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If the starting index is greater than the largest index value on the starting track. and the stop on frack
crossing (SOTC} bit of the audio control MODE SELECT parameters page (see 3.3.3.1) is one, the playback
shall not begin. The target shall return CHECK CONDITION, and the sense key shall be set to ILLEGAL
REQUEST.

NOTE 7. The operation of the SOTC bit described above comes about because the user may nol be able to determine the largest index
value on a track, either from the table of contents or by other means. The SOTC bit one case allows the user 1o determine the largest
index. The SOTC bit zero case allows the user to set up play operations without complete knowledge of the media layout,

4.2.6 PLAY AUDIO TRACK RELATIVE(10) command

The PLAY AUDIO TRACK RELATIVE(10) command (see table 11) requests that the device begin an audio
playback operation. The starting address is specified as a track relative logical block address within the
specified starting frack. The command function ((mmed and SQTC bits) and the output of audio signals
shall be as specified by the seftings of the mode parameters (see 3.3.3.1)

Table 11: PLAY AUDIO TRACK RELATIVE (10) command

Bir 7 6 5 4 3 2 1 0
BYTE
0 OPERATION CODE (A9H )
1 LOGICAL UNIT NUMBER RESERVED
2 {MSB)
3 TRACK RELATIVE LOCIGICAL BLOCK ADDRESS
4
5 {L5B)
6 STARTING TRACK
7 (MSB)
TRANSFER LENGTH
8 (LSB)
9 CONTROL

The starting frack field specifies the track number of the starting audio track.

The frack relative togical block address (TRLBA) field specifies the two's complement starting logical
block address relative to the beginning of the first sector on the track with an index value of one. Nega-
tive values indicate a starting location within the audic pause area at the beginning of the requested
frack.

The transfer length field specifies the number of contiguous logical blocks that shall be cutput as audio
data. A transfer iength field of zero indicates that no audio playback operation shalt occur. This condi-
tion shall not be considered an error. Any other value indicates the number of logical blocks that shall be
output.

If the logicai block length is not equal fo the sector size the target may adjust the starting logical block
address and the fransfer length. In such case, it is recommended that the target start the audio play
operation with the beginning of a sector whenever the starting iogical address falis within that sector
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(MSF unif). If the requested transfer length causes the end of an audio play operation to falf within a sec-
tor, the target may continue the play operation through the end of that sector.

If the starting address is not found, or if the address is not within an audio track, or if a not ready condition
exists, the command is terminated with CHECK CONDITION status. See 3.1.7 for a description of error
reporting information.

The PLAY AUDIO TRACK RELATIVE()2) command (see table 12) requests that the device begin an audic
playback operation. The command function (Immed and SOTC bits) and the output of audio signals
shall be as specified by the settings of the mode parameters (see 3.3.3.1.). See the PLAY AUDIO TRACK

RELATIVE(1CY command for a description of the fields in this command

Table 12: PLAY AUDIO TRACK RELATIVE(12) command

Bir 7 3 5 4 3 2 1 0
BYTE
0 OPERATION CODE (A9H )
1 LOGICAL UNIT NUMBER RESERVED
2 {MSB)
3 TRACK RELATIVE LOCIGICAL BLOCK ADDRESS
4
(LSB)
5
6 {MSB}
7 TRANSFER LENGTH
8
{LSB)
9
10 STARTING TRACK
11 CONTROL
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4.2.7 READ CD-ROM CAPACITY command

The READ CD-ROM CAPACITY command (see table 13) provides a means for the initiator 1o request infor-
rmation regarding the capacity of the logical unit.

Table 13: READ CD-ROM CAPACITY command

BIT 7 6 5 4 3 2 i 0

BYTE

0 OPERATION CODE (25H)

1 LOGICAL UNIT NUMBER RESERVED RELADR

2 {MSB}

3 LOGICAL BLOCK ADDRESS

4

5 (LSE)

6 RESERVED

7 RESERVED

8 RESERVED 351]

9 CONTROL

This command has the same operation code (25h) as the READ CAPACITY command (see 92.7). The
general function is the same but the exact definitions of the returned logical block address is modified to
allow returning a possibly inexact value (but cne with a known error bound) based on CD-ROM table of
contents data. For many CD-ROM devices, this implementation allows a quicker response.

A partiat medium indicator (PMI) bit of zero indicates that the information returned in the READ CD-ROM
CAPACITY data shall be the logical block address and block length (in bytes) of the last valid logical
block of the logical unit for seek operations. The logical block address returned shall be greater than or
equal to the last readable or playable block. If greater, this address may be in a transition area beyond
the last valid logical block for read or audio piay operations. The value returned shall not be not be more
than 75 sectors (MSF units) greater than the logicat block address of the last readable or playable block.
(This value arises because the CO-ROM fable of contents lead-out track location has a +/- 75 sector tol-
erance when the lead-out frack is encoded as an aqudio track.) The logical block address in the com-
mand descriptor block shall be set to zero for this option.

A PMI bit of one indicates that the information returned shall be the logical block address and biock
length (in bytes} of the last logical block address after which a substantial delay in data transfer will be
encountered. This logical block address shall be greater than or equal to the logical block address spec-
ified in the command descriptor block. On CD-ROM mediq, this is interpreted as being the last readable
or playable logical block of the information area containing or immediately following the specified logi-
cal block address,

NOTE 8: This option may take several seconds to complete on CIH-ROM media.

See 9.1.10 for a description of the relative address bit (RelAdn).

X3T10/94-057-SCS1-3 Multimedia Commands Page 27

223



X3T10/94-057-SCSI-3 Multimedia Commands

Eight bytes of READ CD-ROM CAPACITY data (see table 14) shalt be sent during the DATA IN phase of the
command.

Table 14: READ CD-ROM CAPACITY data format

BIT 7 6 5 4 3 2 1 0

0 (MSB)

LOGICAL BLOCK ADDRESS

(LSB)}

{MSB)

BLOCK LENGTH
(LsB)

4.28 READ HEADER command

The READ HEADER command (see table 15) requests that the device return the CD-ROM data block
address header of the requested logical block.

Table 15: READ HEADER command

BiT 7 6 5 4 3 2 1 0
BYTE
0 OPERATION CODE (44H)
1 LOGICAL UNIT NUMBER RESERVED MSF RESERVED
2 {MSB}
3 LOGICAL BLOCK ADDRESS
4 .......... -
5 {LSR)
6 RESERVED
7 (MSB)
ALLOCATION LENGTH
8 (L5B)
9 CONTROL

See 3.1.5. for a description of the MSF bit.

The legical block address field specifies the logical block at which the read header operation shall
begin.

See the READ command for exception handling. If the logical block size is other than the physical block
size, it shall be mapped into the appropriate physical block from which the date would have been read.
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The READ HEADER data format (see table 16) defines the CD-ROM data block address header of the
requested logical block.

Table 16: READ HEADER data format

BIT ri 6 5 4 3 2 1 0
BYTE
0 CD-ROM DATA MODE
1 RESERVED
2 RESERVED
3 RESERVED
4 (MSB)
p ABSOLUTE CD-ROM ADDRESS
6
{LSB}
7

The CD-ROM data mode field specifies the CD-ROM data mode of the logical blocks in this sector of
dota. The values in this field are defined in table 17.

Table 17: CD-ROM data mode field contents

CDROM USER DATA FIELD AUXILIARY FIELD
MODE CONTENTS CONTENTS
{2048 BYTES) (288 BYTES)
O0H ALL BYTES ZERO ALL BYTES ZERO
O1n USER DATA L-EC SYMBOLS
021 USER DATA USER DATA
0O3H - FFH | RESERVED RESERVED

If the MSF bit is zero, the absolute address field gives the logical block address of the first logical block in
the physical sector where the data for the requested logical block address is found. If the MSF bit is one,
the absolute address field gives the MSF address of the sector where the data for the requested logical
block address is found. (See 3.1.5))

231
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429 READ SUB-CHANNEL command

The READ SUB-CHANNEL command (see table 18) requests that the farget return the requested sub-
channet data plus the state of audio play operations.

Table 18: READ SUB-CHANNEL command

BIT 7 6 5 4 3 2 1 0
BYTE
0 OPERATION CODE (42H )
1 LOGICAL UNIT NUMBER RESERVED MSF RESERYVED
2 RESERVED SUBQ RESERVED
3 SUB-CHANNEL DATA FORMAT
4 RESERVED
5 RESERVED
6 TRACK NUMBER
7 (MSB}
ALLOCATION LENGTH
8 (LSB)
9 CONTROL

NOTE 9: Sub-channel dara retumed by this command may be from the last appropriate sector encountered by a current or previous
media accessing operation. When there is no current audio play operaiion, the target may access the media to read the sub-channe] data.
The targel is responsible that the data returned are current and consistent. For example with sub-channel data format @, the International
Standard Recording Code (ISRC) data reported must have been read from the same track as the reported current position data.

See 3.1.5. for a description of the MSF bit,

The sub @ bit set to one requests that the target return the & sub-channel data. The sub Q bit set to zero
requests that no sub-channel data be returned. This shall not be considered an error,

NOTE 10: The other bits in this byte are reserved for future siandardization when they may be defined to request other sub-channel

data.

The sub-channel data format field specifies the returned sub channel data (see table 19). If this field is
00h, sub-Q channel data is returned. If this field is O1h, 02h or 03h, the requested sub-Q data item is

returned.

Table 19: Sub-channel data format codes

Format Code Returned Data

00h Sub-Q channel data

Olh CD-ROM current pasitton

02h Media Catalogue number (UPC/bar code)

03h Track International standard recording code (ISRC)
04h - efh Reserved

fOh - ffh Vendor specific
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The track number field specifies the track from which ISRC data is read. This field must have a value
between 0th and 63h ($9bcd), and is vaiid only when the sub-channel data format field is 03h. In this
case, the target returns ISRC data for this track.

"
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4.2.9.1 Sub-Q channel data format

The sub-CHANNEL command data formats consist of a four-byte header followed by a sub-channel
data block. The header contains the audic status byte and the sub-channel data length field. If the sub
Q bit is zero, the target shall not return the sub-channel data tlock; in this case, the sub-channel data

lengthis 0.

table 20 defines the sub-Q channel data format.

Table 20: Sub-Q channel data format

BIT 7 6 5 4 3 2 1 0
BYTE

SUB-CHANNEL DATA HEADER
0 RESERVED
1 AUDIO STATUS
2 {MSE}

SUB-CHANNEL DATA LENGTH

3 (LSB)

SUB-() CHANNEL DATA BLOCK
4 SUB-CHANNEL DATA FORMAT CODE (00H)
5 ADR CONTROL
6 TRACK NUMBER
7 INDEX NUMBER
8 (MSB)

ABSOLUTE CD-ROM ADDRESS
11 (LSB}
12 {MSB)
TRACK RELATIVE CD-ROM ADDRESS
15 (LSB)
16 MCVAL RESERVED
17 {MSB)
MEDIA CATALOGUE NUMBER {UPC/BAR CODE)
k] | (LB}
n TCVAL RESERVED
33 ({MSRH)
TRACK INTERNATIONAL STANDARD RECORDING CODE (ISRC)

47 (LSB}

The audio status field indicates the status of audio play operations. The audio status values are defined
tn table 21. Audio status values greater than zero are returned only to the initiator that requested the last
audio play operation. Audio status vatues 13h and 14h return information on previous audio operations;
they are returned only once after the condition has occurred. f another audio play operation is not

requested. the qudio status returned for subsequent READ SUB-CHANNEL commands is 15n,
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Table 21: Audio status codes

Status Description
00h Audio status byte not supported or not valid
11h Audio play operation in progress
12h Audio play operation paused
13h Audio play operation successfully completed
14h Audio play operation stopped due to error
15h No current audio status to return

The sub-channel data length specifies the length in bytes of the following sub-channel data block. A
sub-channel data length of zero indicates that no sub-channel data block is included in the returned
data.

NOTE 11: Usual values for sub-channel data length are 0, 12, 20, 28 and 44 byies. Sub-channel data length does not include the sub
channe] header.

The sub-Q channel data block consists of control data (bytes 4-5), current position data (bytes 6 - 15)
and identification data (bytes 16 - 47}. The control data and current position data is obtained from the @
sub-channel information of the current block. Identification data may be reported that was obtained
from a previous block. If identification data is reported, the data shall be valid for the sector addressed
by the current position data.

a) If an cudio play operation is proceeding in the background, position data for the last sector
played shall be reported.
b) In other cases, for instance after a READ command, the target may either report position data for

the last sector processed for that operation or may report position data from the sector ot the cur-
rent read head position.

NOTE 12: When the type of information encoded in the Q sub-channel of the current sector is the media catalog number or ISRC; the
track, index. and address fields should be extrapolated from the previous sector.

The ADR field gives the type of information encoded in the & sub-channel of this block, as shown in table
22,

Table 22: ADR sub-channel Q field

Adr code Description

Dh Sub-channel Q mode information not supplied
Gih Sub-channel Q) encodes current postion darta
{i.e.. track, index, absolute address, relative address)
2h Sub-channel Q encodes media catalogue number
3h Sub-channel () encodes ISRC
4h - th Reserved
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The control bits are defined in table 23.

Table 23: Sub-channel (@ control bits

Adr code Description

Oh Sub-channel {) mode information not supplied
QOlh Sub-channel Q encodes current postion data
(i.e., track. index, absolute address, relative address)
2h Sub-channel Q) encodes media catalogue number
3h Sub-channel Q) encodes ISRC
4h- th Reserved

The track number specifies the current frack number.
The index number specifies the index number in the current frack.

The absolute CD-ROM address field gives the current location relative to the logical beginning of the
current track. If the MSF bitis zero, this field is a track relative logical block address. (if the current block
is In the pre-gap area of a frack, this will be a negative value, expressed as a twos-complement number,
see 2.1.5). If the MSF bit is one, this field is the relative MSF address from the @-sub-channel.

A media catatogue valid (MCVal) bit of one indicates that the media catalogue number field is valid.
MCWval bit of zera indicates that the media catalogue number field is not valid.

The media cotalogue number field contains the identifying nurmber of this media according to the uni-
form product code values {(UPC/EAN bar coding) expressed in ASCI. Non-zero values in this field are con-
frolled by the Uniform Product Code Council 1) and the European Articte Number Council 2). A value in
this field of all ASCIl zeros indicates that the media catalog number is not supplied.

The track code valid (TCVal) bit of one indicates that the track ISRC field is valid. A TCVal bit of zero ingi-
cates that the track international standard recording code (ISRC) field is not valid.

The track ISRC field contains the identifying number of this media according to the ISRC standards (DIN-
31-621) expressed in ASCII.

1) The Uniform Product Code Council is located ot 8163 Old Yankee Road. Suite J, Dayton, Ohic 45459.
2) The European Arficle Number Councit is located at Rue des Colonies, 54-BTES, 1000 Brussels, Belgium.
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4.2.9.2 CD-ROM current position data format

Table 24 defines the CD-ROM current position data format,

Table 24: CD-ROM current position data format

BIT 7 6 5 4 3 2 1
BYTE
SUB-CHANNEL DATA HEADER
0 RESERVED
1 AUDIO STATUS
2 (MSB)
SUB-CHANNEL DATA LENGTH
3 (LSB)
CD-ROM CURRENT POSITION DATA BLOCK
4 SUB-CHANNEL DATA FORMAT CODE {01H)
5 ADR CONTROL
[ TRACK NUMBER
INDEX NUMBER
8 {MSB)
ABSOLUTE CD-ROM ADDRESS
11 (LSB)
12 {MSB)
TRACK RELATIVE CD-ROM ADDRESS
i5 (LSB}
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4.2.9.3 Media catalogue number data format

Table 25 defines the media catalogue number data format.

Table 25: Media catalogue number data format

Brr 7 6 5 4 3 1 1 0
BYTE
SUB-CHANNEL DATA HEADER
0 RESERVED
1 AUDIO STATUS
2 (MSE}
SUB-CHANNEL DATA LENGTH

3 (LSB)

MEDIA CATALOGUE NUMBER DATA BLOCK
4 SUB-CHANNEL DATA FORMAT CODE ((2H)
5 RESERVED
6 RESERVED
7 RESERVED
8 MCVAL RESERVED
9 {MSH)

MEDIA CATALOGUE NUMBER (UPC/BAR CODE)

23 {LSB)

If media catalogue number data is found, the MCval bit is set o one. If MCN data is not detected, the
MCwal bit is set to zero to indicate the media catalogue number field is invalid.

NOTE 13: Media catalogue number data returned by this command with sub-channel data format field code 02h may be from any
block that has UPC bar code Q sub-channel data. (This code is constant anywhere in every applicable disc.)
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4.2.9.4 Track international standard recording code data format

Table 26 defines the track international standard recording code data format.

Table 26: Track international standard recording code data format

BIT 7 & 5 4 3 2
BYTE

SUB-CHANNEL DATA HEADER

0 RESERVED
1 AUDIO STATUS
2 (MSB)

SUB-CHANNEL DATA LENGTH
3 {LSB)

TRACK ISRC DATA BLOCK

4 SUB-CHANNEL DATA FORMAT CODE (03H)
5 ADR CONTROL
[ TRACK NUMBER
7 RESERVED
8 TCVAL RESERVED
9 (MSB)
TRACK INTERNATIONAL STANDARD RECORDING CODE (ISRC)
23 (LSB)

If ISRC data is detected, the TCVal bit is set to one. IfISRC data is not detected, the TCVal bit is set to zero
to indicate the ISRC field is invalid.

NOTE i4: Track ISRC data returned by this command with sub-channel daia formar field 03h may be from any block in the specified
track that has TSRC data.

X3T10/94-057-SCS1-3 Multimedia Commands 2 3 3 Page 37



X3T10/94-057-SCSI-3 Multimedia Commands

42,10 READ TOC command

The READ TOC command (see table 27) requests that the target transfers data from the table of contents

to the initiator.

Table 27: READ TOC command

Bir 7 3 5 4 3 2 1 0
BYTE
1] OPERATION CODE (43H )
1 LOGICAL UNIT NUMBER RESERVED MSF RESERVED
2 RESERVED
3 RESERVED
4 RESERVED
5 RESERVED
[ STARTING TRACK
7 (MSB}
ALLOCATION LENGTH
8 (LSB)
9 CONTROL

See 2.1.5. for a description of the MSF bit,

The starting track field specifies the starting track numiber for which the data shall be returned. If this
value is zero, the table of contents data shall begin with the first track on the medium, The data are
returned in contiguous ascending track number order.

If the starting track field is not valid for the currently installed medium, the command shall be terminated
with CHECK CONDITION status. The sense key shall be set to ILLEGAL REQUEST and the additional sense
code set to INVALID FIELD IN CDB.,

NOTE 15 The maximum TOC data length possible on currently available CD-ROM media is 804 bytes, or 100 TOC track descrip-

fors.
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The format of the dota returned is specified in table 28.t

Table 28: READ TOC data format

Bir 7 6 5 4 3 2
BYTE
0 {MSB)
TOC DATA LENGTH

1 (LSB)
2 FIRST TRACK NUMEER
3 LAST TRACK NUMBER

TOC TRACK DESCRIPTOR(S)
0 RESERVED
1 ADR CONTROL
2 TRACK NUMBER
3 RESERVED
4 (MSB)

ABSULUTE CD-ROM ADDRESS

7 (LSB)

The TOC data block contains a four-byte header followed by zere or mare TOC frack descriptors,

The TOC data iength specifies the length in bytes of the following TOC data that is available 1o be trans-
ferred during the DATA IN phase. The TOC data length value does not include the TOC data length field
itseif,

The first frack number field indicates the first track number in the table of contents.

The last track number field indicates the last track number in the table of contents before the lead-out
track number.

NOTE 16: The first track number is not required 10 be one. A disc may start at any valid track pumber. The track numbers between
the first track number and the fast track number are required to be in contiguous ascending order, except for the lead-out track.

The ADR field gives the type of information encoded in the @ sub-channel of the block where this TOC
entry was found. The possible ADR values are defined in 3.2.10.1.

The control field indicates the attributes of the frack. The possible control field values are defined in
3.2.10.0.

The track number field indicates the track number for which the data in the TOC track descriptor is valid.
A track numiber of 0AAR indicates that the track descriptor is for the start of the iead-out area.

The absolute CD-ROM address contains the address of the first block with user information for that frack
number as read from the table of contents. An MSF bit of zero indicates that the absolute CD-ROM
address field contains a logical block address. An MSF bit of one indicates the absolute CD-ROM
address field contains an MSF address (see 3.1.5).

NOTE 17: The starting logical block address value recovered from the TOC has a tolerance of zero for data tracks and plus or minus
T5 CD sectors for audio tracks. This tolerance is multiplied by a factor dependent on the logical block length.
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4.3 Parameters for CD-ROM devices

4.3.1 Diagnostic parameters

This subclause defines the descriptors and pages for diagnostic parameters used with CD-ROM devices.

The diagnostic page codes for CD-ROM devices are defined in table29,

Table 29: Diagnostic page codes

Page Code Description ref doc.
00h supported diagnostic pages

01h - 3th reserved {for all device type pages)

40h - 7th reserved

80h - ffh vendor specific pages

4.3.2 Log parameters

This subclause defines the descriptors and pages for log parameters used with CD-ROM devices.
The log page codes for CD-ROM devices are defined in table 30.s
Table 30: Log page codes

Page Code Description ref doc.
01h Buffer over-runfunder-run page
03h Error counter page (read) page
(7h Last n error events page
06h Non medium error page
2h Reserved
04h - 05k Reserved
08h - 2fh Reserved

3fh Reserved

00h Supported log pages
30h - 3eh Vendor specific pages

4.3.3 Mode parameters

This subclause defines the descriptors and pages for mode parameters used with CD-ROM devices.

The mode parameter list, inciuding the mode parameter header and mode block descriptor are defined
in 8.3.3.

The medium-type code field is contained in the mode parameter header (see 8.3.3). table 31 defines
the medium type values for CD-ROM devices.
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Table 31: CD-ROM medium type codes

code Medium type description

00h Default {only one type supported)

0lh 120 mm CD-ROM data only

02h 120 mm CD-DA audio only

03h 120 mm CD-ROM data and audio combined
04h Reserved

05h 80 mm CD-ROM data only

06h 80 mm CD-DA audio only

07h 80 mm CD-ROM data and audio combined
08h - 7th Reserved

80h - ffh Vendor specific

The device-specific parameter field is contained in the mode parameter header (see 8.3.3). table 32
defines the device-speacific parameter field for CD-ROM devices.

Table 32: CD-ROM device specific parameter

BIT

6

5 4 3 2 L

RESERVED

DPOFUA RESERYED

EBC

When used with the MODE SELECT command, the DPOFUA bit is not used and the field is reserved.

When used with the MODE SENSE command, a DPOFUA bit of one indicates that the target supports the
DPO and FUA bits (see 9.2.6).

The enable blank check (EBC) bit is reserved.

The density code field is contained in the mode parameter block descriptor (see 8.3.3). table 33 defines
the density code vaiues for CD-ROM devices.

Table 33: CD-ROM Density codes

code data types to be transferred
00h default density code
Olh User data only (2048 bytes per logical sector)
02h User data plus auxilliary data field (2336 bytes per sector)
03k 4-byte tag field, user data plus avxilliary data
(2340 bytles per sector)
04h Audio information only (1/75th of a second per logical block
05h - 7th Reserved
80h - ifh Vendor specific
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NOTE 18: The number of bytes per sector specified by this parameler is used with the block length to map CD-ROM sectors to logical

biack addresses.

The mode page codes for CD-ROM devices are defined in table 34,

Table 34: Mode page codes

Page code description ref. doc.
08h Caching page
OEh CD-ROM audio control page
ODh CD-ROM page
OAh Control mode page
0Ozh disconneci-reconnect page
0Bh Medium types supported page
09%h Peripheral device page
0lh Read error recovery page
03h - 06h Reserved
0Ch Reserved
Oth - Ifh Reserved
07h Verify error recovery page
00h Vendor specific (does not require page format)
20h - 3Eb Vendor specific (page format required)
3Fh Return all pages (valid only for mode sense
command )
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4.3.3.1 CD-ROM audio control parameters

The CD-ROM audio control parameters page (see table 35) sets the playback modes and output con-
trols for subsequent PLAY AUDIO commands and any current audio playback operation.

Table 35: CD-ROM Audio control parameters page

BIT 7 6 5 4 3 2 1 0
BYTE
0 PS RESERVED PAGE CODE {0EH)
1 PARAMETER LENGTH (GEH)
2 RESERVED IMMED SOTC RESERVED
3 RESERVED
4 RESERVED
5 APRVAL | RESERVED FORMAT OF LBA'S / SEC.
6 {MSB)
LOGICAL BLOCKS PER SECOND OF AUDIO PLAYBACK

7 (L5B)
8 RESERVED OUTPUT PORT 0 CHANNEL SELECTION
9 QUTPUT PORT 0 VOLUME
10 RESERVED QUTPUT PORT 1 SELECTION
11 OQUTPUT PORT 1 YOLUME
12 RESERVED OQUTPUT PORT 2 CHANNEL SELCTION
13 OUTPUT PORT 2 VOLUME
14 RESERVED OUTPUT PORT 3 CHANNEL SELECTION
15 OUTPUT PORT 3 VOLUME

The parameters savable (P3) bit is only used with the MODE SENSE command. This bit is reserved with the
MODE SELECT cormmand. A PS bit of one indicates that the target is capable of saving the page in a
non-voiatile vendor-specific location.

An immediate (Immed) bit of zero indicates the target shall not send completion status until the audio
playback operation is terminated,

An Immed bit of one indicates the target shall send completion status as soon as the piayback operation
has been starfed.

NOTE 19: It is recommended that a Logical Unit type RESERVE be issued prior (o starting audic play operations with an [mmed bit
of one 1n any multiple initiator environment.

A stap on track crossing (SOTC) bit of zero indicates the target shall terminate the audio playback oper-
ation when the transfer length is satisfied. Mulfiple tracks shall be played as necessary. Periods of fime
encoded os audio pause/silence at the beginning of fracks, {index 0} shall also be played.

A stop on track crossing (SOTC) bit of one indicates the target shall terminate the audio playback opera-
tion when the beginning of a following track is encountered.,
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The audio playback rate valid (APRval) bit vaiue of one indicates that the format of logical blocks per
secend field and the logical blocks per second of audio playback field are valid.

The format of logical blocks addresses per second field gives the multiplier to be used with the logical
blocks per second of audio playback. This is defined in table 36.

Table 36: Multiplier for LBA’s

format of LBAs /Sec value

Multiplier for LBAs / Sec ficld

Oh
Th-7h
8h
Sh - Fh

1
reserved
1/256
reserved

NOTE 20: This field is provided as a means to return fractional (i.e. non-integral) values in the logical block addresses per second of
audio ptayback. This shall occur when logical block sizes that are not even multiples or divisions of the physical block size are used.

The logical blocks per second of audic playback field gives the relationship between time and the dura-
tion of play per logical block address. The value in this field is to be multipked by the value in format of

LBAs per second field.

NOTE 2!: The logical blocks per second of audio playback field and its companion format of LBAs per second field may not be sup-
ported by most current CD-ROM devices as o modifiable mode select parameter.

The ocutput port channel selection specifies the audio channels from the disc to which this output port
should be connected (see table 37). More than one output port may be connected to an audio chan-
nel. More than one audio channel may be connected to an output port.

Table 37: QOutput port channel selection

code description

0000b output port muted

0001h connect audio channel O to this output port
0010b connect audio channel 1 to this output port
0100b connect audio channel 2 to this output port
1000b connect audio channel 3 to this output port

The channet volurme control indicates the relative volume level for this audio output port. A value of zero
indicates the ocutput is muted, and a value of Frh indicates maximum velume level.

NOTE 22:  If volume controls are implemented, the default volume level should be no more than 25 % of the maximum level as a per-

sonal safety consideration.
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4.3.3.2 CD-ROM device parameters

The CD-ROM parameters page (see table 38) specifies parameters that affect oll CD-ROM data types.e
Table 38: CD-ROM parameters page

BIT 7 [ ] 4 3 2 1 0
BYTE
1] PS RESERVED PAGE CODE (ODH)
1 PARAMETER LENGTH {{6H)
p RESERVED
3 RESERVED INACTIVITY TIMER MULTIFLIER
4
NUMBER OF MSF - § UNITS PER MSF - M UNIT
5
6 (MSB)
NUMBER OF MSF - F UNITS PER MSF - § UNIT
7 (LSB)

The parameters savable (PS) bit is only used with the MODE SENSE command. This bit is reserved with the
MODE SELECT command. A PS bif of one indicates that the target is capable of saving the page in @
non-volatile vendor-specific location,.

The inactivity timer multiplier specifies the length of time that the drive shall remain in the hold trock state
after completion of a seek or read opergtion (see table 39).

NOTE 23: Higher values in this parameter may have an adverse effect on the drive MTBF, in some implementations.

Table 39: Inactivity timer multiplier values

Inactivity timer | minimum time in | Inactivity timer Minimum time
multiplier hold track state multiplier in
hold track state

0O0h Vendor-specific 08h 16 sec
0lh 125 ms 0%h 32 sec
02h 250 ms 0Ah 1 min
03h 500 ms OBh 2 min
04h 1 sec 0Ch 4 min
05h 2 sec 0Dh 8 min
06h 4 sec OEh 16 min
07h 8 sec OFh 32 min

The number of § units per M unit field gives the ratio of these MSF address values. For media conforming
to the CD-ROM and CD-DA standord, this value is 60.

The number of F units per $ unit field gives the ratio of these MSF address values. For media conforming to
the CD-ROM and CD-DA standard. this value is 75.
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4.3.3.3 Read error recovery parameters

The read etror recovery parameters page (see table 40) specifies the error recovery parameters the tar-
get shall use during any command that performs a data read operation to the media (e.g. READ, READ

TOC, etc.).

Table 40: Read error recovery parameters page

BIT
BYTE

6 5

4

3

2 1 0

RESERVED

PAGE CODE (01R)

PARAMETER LENGTH (B6H)

ERROR RECOVERY PARAMETER

READ RETRY COUNT

RESERVED

RESERVED

RESERVED

| x| | B | b

RESERYED

The parameters savable (PS) bit is only used with the MODE SENSE command. This bit is reserved with the
MODE SELECT command. A PS bit of one indicates that the target is capabie of saving the page in a
non-volatile vendor-specific location.

The error recovery parameter bits are defined in ©.3.3.6.

NOTE 24:  The implementation of error recovery procedures for CD-ROM devices is markedly different from those used for magnetic
medium disk drives. At least one level of error correction (i.e. CIRC) is required to transfer the data stream. Therefore, the perfonmance
of the drive may differ substantially from what would be expected by sending the same error recovery parameters to a magnetic

medium device,

The correlation of the error recovery parameter and the bit settings defined for CD-ROM devices is given
in table 41. The interpretation of these bit settings for CD-ROM devices is given in table 42. if the error

recovery parameter is set to any other value, the command shall be terminated with CHECK CONDITION
status. The sense key shall be set to ILLEGAL REQUEST and the additional sense code set to INVALID FIELD

IN PARAMETER LIST.
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Table 41: Error recovery bit settings

ERROR BIT SETTINGS
RECOVERY
PARAMETER
76543210
00n RROOROQOO
0lH RROCGROOI
OdH RROOR100
054 RROORI101
O6H RROCGR110
a7 RROORI111
10H RROIROOO
11H RROIROOI1
14H RROIRI100
150 RROIRIOL
200 RRIOROQOO
21H RRIOROO!1
24H RRIOR100
25H RRIORI101
26H RRIORI!I1O
27H RRIORII11
30H RRITROOO
31H RRIIROOI
34H RRIITR100
35H RRIIR10DI1
NOTE: RESERVED BITS (R)
SHALL BE SET TO ZERO
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Table 42: CD-ROM error recovery description

error code

description

00h

G1h

04h

05h

06h

The maximum error recovery procedures available are used. If an error occurs which is uncorreciable with the
error correction codes (ECC)on  the media, data transfer is terminated with CHECK CONDITION status. The
block with the error is not transferred. The sense key is set to MEDIUM ERROR. The information bytes give the
address of the bleck where the unrecovered error was detected. Recovered errors are not reported.

Only retries of the read operation and CIRC are used (layered error correction is not used). Only CIRC unrecov-
cred data errors are reponied. 1f an CIRC wnrecovered data error oceurs, data transfer is terminated with CHECK.
CONDITION status. The block with the error is not transferred. The sense key is set to MEDIUM ERROR. The
information bytes give the address of the block where the unrecovered error was detected. Recovered errors are
not reported.

The maximum error recovery procedures available are used. Recovered data errors are reported. If a recovered
data error occurs, data transfer is not terminated. However, when the data transfer has completed CHECK
CONDITION status is reported. The sense key is set to RECOVERED ERROR. The information byles give the
address of the last block where a recovered data error was detected.

If a data error occurs that is uncorrectable with the ECC information available on the media. data transfer is ter-
minated and CHECK CONDITION status is reported. The block with the ervor is not transferred. The sense key is
set to MEDIUM ERROR. The information bytes give the address of the block where the uncorrectable error was
detected.

Only retries of the read operation and CIRC are used (layered etror correction is not used). Recovered dala
errors are reported. If a recovered data error occurs, data transfer is not terminated. However. when the data trans-
fer has completed CHECK CONDITION status is reported. The sense key is set to RECOVERED ERROR. The
information bytes give the address of the last block where a CIRC recovered dataerror was detected.

If an unrecovered data error occurs, data transfer is terminated and CHECK CONDITION status is reported.
The block with the error is not transferred. The sense key is set to MEDIUM ERROR. The information bytes
give the address of the block where the unrecovered error was detected.

The maximum error recovery procedures are used. Recovered data errors are reported. [f a recovered data error
occurs data transfer is terminated and CHECK CONDITION status is reported. The block with the recovered
error is not transferred. The sense key is set to RECOVERED ERROR. The information bytes give the address of
the block where the recovered data error was detected.

If a data error occurs that is uncorrectabie with the ECC information on the medium, data transfer is terminated
with CHECK CONDITION status.  The block with the error is not transferred. The sense key is sel o
MEDIUM ERROR. The information bytes give the address of the block where the uncorrectable error was
detected.
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| Table 42-CD-ROM error descriptions (cont.)

error code

description

07h

10h

I1h

ldh

Only retries of the read operation are used (layer error correction is not used). CIRC recovered data errors are
reported.  If a CIRC recovered data error occurs, data transfer is terminated with CHECK CONDITION status.
The block with the recovered error is not transferred.  The sense key is set to RECOVERED ERROR. The infor-
mation bytes give the address of the block where the recovered data error was detected.

If an CIRC unrecovered data error occurs, dala transfer is terminated with CHECK CONDITION status. The
block with the error is not transferred. The sense key is set to MEDIUM ERROR. The information bytes give the
address of the block where the unrecovered error was detected.

If data transfer can be maintained. the maximum error recovery procedures available are used. (RC = 1) [f an error
occurs which is uncorrectable with the error correction codes (ECC) on the media, or is uncorrectable in time to
maintain data transfer, the data transfer is not terminated. However, when the data transfer has compleled,
CHECK CONDITION status is reporied. The sense key is set to MEDIUM ERROR. The information bytes give
the address of the block where the fiest unrecovered error was detected. Recovered errors are not reported.

If data transfer can be maintained, retries of the read operation and CIRC are used {layered error correction is not
used). (RC = 1.) Only CIRC unrecovered data ervors are reported. If a CIRC unrecovered data error occurs. data
transfer is not terminated. However, when the data transfer has completed, CHECK CONDITION status is
reporied. The sense key is set to MEDIUM ERROR. The information bytes give the address of the block where
the first unrecovered error was detected.  Recovered errors are not reported.

If data iransfer can be maintained, the maximum error recovery procedures available are used. (RC = 1.) Recov-
ered data errors are reported. If a recovered data error occurs, data transfer is not terminated.  However, when the
data transfer has completed, CHECK CONDITION status is reported. The sense key is set to RECOVERED
ERROR. Theinformationbytesgivetheaddressofthe block wherea recovered data ermor was detected.

If an data error occurs that is uncorrectable with the ECC information available on the media. or is uncorrectable
in time to maintain data transfer, the data transfer is not terminated. However, when the data transfer has com-
pleted CHECK CONDITION, status is reported. The sense key is set to MEDIUM ERROR. The information
byles give the address of the block where the first uncorrectabie eror was detected. Reporting unrecovered errors
takes precedence over reporting recovered errors.
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Table 42- CD-ROM Error Recovery description continued.

Error code

Description

I5h

20h

2lh

24h

If data transfer can be maintained, retries of the read operation and CIRC are used (layered error cotrection is not
used). (RC=1) Recovered data errors are reported. If a recovered data error occurs, data transfer is not tecmi-
nated. However, when the data transfer has completed CHECK CONDITION status is reported. The sense key
is set to RECOYERED ERROR. The information bytes give the address of the block where a CIRC recovered
data error was detected

[f an uwnrecovered data error occurs, data transfer is not terminated. However, when the data transfer has completed
CHECK CONDITION status is reported. The sense key is set to MEDIUM ERROR. The information bytes pive
the address of the block where the first unrecovered error was detected. Reporting unrecovered ermrors lakes prece-
dence over reporting recovered errors.

The maximum error recovery procedures available are used. 1f an eror occurs which is uncorrectable with Lhe
error correction codes (ECC) on the media, data transfer is terminated with CHECK CONDITION status. The
block with the error is transferred. The sense key is set to MEDIUM ERROR. The information byles give the
address of the block where the unrecovered error was detected. Recovered errors are not reported.

Only retries of the read operation and CIRC are used (layered error correction is not used). Only CIRC unrecoy-
ered data errors are reported.  1f a CIRC unrecovered data error occurs data transfer is terminated with CHECK
CONDITION status. The block with the error is transferred. The sense key is set to MEDIUM ERROR. The
information bytes give the address of the block where the unrecovered error was detected. Recovered errors are
not reported.

The maximum error recovery pracedures available are used. Recovered dala emors are reported. I a recovered
data error occurs data transfer is not terminated. However, when the data transfer has completed, CHECK
CONDITION status is reported. The sense key is set to RECOVERED ERROR. The information bytes give the
address of the last block where a recovered data error was detected.

If a data error occurs that is uncorrectable with the ECC information available on the media data transfer is termi-
nated and CHECK CONDITION status is reported. The block with the erroe is transferred.  The sensc key is set
to MEDIUM ERROR. The information bytes give the address of the block where the uncorrectable error was
detected.
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Table 42-CD-ROM Error Recovery descriptions (cont.)

Error code Description

2%h Only retries of the read operation and CIRC are used {ayered error correction is not used). Recovered data errors
arc reported.  If a recovered data error occurs, data transfer is not terminated. However, when the data transfer
has compicted, CHECK CONDITION status is reported.  The sense key is set to RECOVERED ERROR. The
information bytes give the address of the last block where an CIRC recovered data error was detected.

If an unrecovered data error occurs, data transfer is terminated and CHECK CONDITION status is reported.  The
block with the error is transferred. The sense key is set to MEDIUM ERROR.  The information bytes give the
address of the block where the unrecovered error was detected.

26h The maximom error recovery procedures are used. Recovered data errors are reported. If a recovered data crror
occurs, data transfer is terminated and CHECK CONDITION status is reported. The block with the recovered
error is transferred. The sense key is set to RECOVERED ERROR. The information bytes give the address of the
block where the recovered data error was detected.

If a data error occurs that is uncorrectable with the ECC information on the media, data transfer is terminated with
CHECK CONDITION status. The block with the error is transferred.  The sense key is set to MEDTUM ERROR.
The information bytes give the address of the block where the uncorrectable error was detected.

27h Only retries of the read operation are used (layer error correction is not used). CIRC recovered data errors are
reported. 1f a CIRC recovered data error occurs, data transfer is terminated with CHECK CONDITION siatus.
The block with the recovered error is transferred.  The sense key is set to RECOVERED ERROR. The informa-
tion bytes give the address of the block where the recovered data error was detected.
If a CIRC unrecovered data error occurs, data transfer is terminated with CHECK CONDITION status. The black
with the error is transferred. The sense key is set to MEDIUM ERROR. The information bytes give the address of
the block where the unrecovered error was detected.

30h Same as code 10H.

3th Same as code [1H.

34h Same as code 14H.

35h Samc as code 15H.

The read retry count field specifies the number of fimes that the controller shall attempt its read recovery
algorithm,.

A CIRC recovered data error is defined as a block for which the CIRC based error correction algorithm
was unsuccessful for a read attempt, but on a subsequent read operation no error was reported. The
number of subsequent read operations is limited to the read retry count. Layered error correction was
not used.

A CIRC unrecovered data error is defined as a block for which the CIRC based error correction algorithm
was unsuccessful on all read attempts up to the read retry count, Layered error correction was not used.

An L-EC recovered data error is defined as a block for which the CIRC based error correction algorithm
was unsuccessful, but the layered error correction was able to cormrect the block within the read retry
count.

An L-EC uncorrectable data error is defined as a block which could not be corrected by layered emor
correction within the read retry count.
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4.3.3.4 Verify error recovery parameters

The verify error recovery parameters page (see table 43) specifies the error recovery parameter the tar-

ge! shall use during verify operations.

Table 43: Verify error recovery parameters page

BiT 7 6
BYTE

5

4

3

2 1 0

0 PS RESERYED

PAGE CODE (07H)

PARAMETER LENGTH (06H)

ERROR RECOVERY PARAMETER

VERIFY RETRY COUNT

4 RESERYVED
5 RESERYED
6 RESERVED
7 RESERVED

The parameters savable (PS) bit is only used with the MODE SENSE command. This bit is reserved with the
MODE SELECT command. A PS bit of one indicates that the target is capabte of saving the page in a

non-volatile vendor-specific location,

The error recovery parameters for verify operations are as defined by the read error recovery parameters

(see2.3.3.3).
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