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Abstract

This standard defines the SCSI command set extensions to access multimedia features for all
classes of SCSI devices. The applicable clauses of this standard when used in conjunction with the
SCSI Primary Commands specification, SCSI Block Commands, and other applicable command set
documents pertaining to the subject device class, define the full standard set of commands available
for that device in the SCSI environment.
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Forward
(This foreward is not part of American National Standard NCITS ***-**** )

This standard defines the command set to access multimedia Features for all classes of SCSI devices.

The applicable clauses of this standard when used in conjunction with SCSI Primary Commands, SCSI

Block Commands, and other applicable command set documents pertaining to the subject device class,
define the full standard set of commands available for that device in the SCSI environment.

Requests for interpretation, suggestions for improvement and addenda, or defect reports are welcome.
They should be sent to the NCITS Secretariat, Information Technology Industry Council, 1250 | Street
NW, Suite 200, Washington, DC 20005-3922.

This standard was processed and approved for submittal to ANSI by National Committee for Information
Technology Standards (NCITS). Committee approval of this standard does not necessarily imply that all
committee members voted for approval. At the time it approved this standard, NCITS had the following
members:

To be supplied prior to forwarding to NCITS, Chair
To be supplied prior to forwarding to NCITS, Vice-Chair
To be supplied prior to forwarding to NCITS, Secretary

Organization REPreSENLEA..........uuvieiiiiiiiiee e Name of Representative

Entire list to be supplied prior to forwarding to NCITS
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Technical Committee T10 on Lower Level Interfaces, which developed and reviewed this standard, had
the following members:

John B. Lohmeyer, Chair
George O. Penokie, Vice-Chair

Ralph O. Weber, Secretary

Entire list to be supplied prior to forwarding to NCITS
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Multimedia Command Set - 3 (MMC-3)

1 Scope

This standard defines multimedia command set extensions for Device Type 5 devices. The commands
specified within this standard define standard access and control to those Features of the device that are
used in multimedia applications.

The SPC and these extensions are transport independent and may be implemented across a wide variety
of environments for which a SCSI transport protocol has been defined. To date these include Fibre
Channel, SCSI Parallel Interface, High Performance Serial Bus (IEEE 1394), Serial Storage Architecture,
and ATA/ATAPI.

The objective of this command set is to provide for the following:

A definition of the command formats and functions independent of delivery, protocol/signaling or
transport mechanism. Architectural constraints regarding command functions, over the various
transports, are addressed in the document specific to the physical transport.

Standardized access to common Features of SCSI devices employed in multimedia applications.

System software/firmware independence across device classes and physical interfaces. Thus,
different tape drives, optical media drives, and other devices can be added to the system 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 Op-codes are
provided for future standardization.

To provide compatibility such that properly conforming SCSI devices may inter-operate with
subsequent devices given that the system engineering is correctly done. SCSI protocol extensions
are designed to be permissive of rejections by conforming SCSI devices and thus allow the SCSI
device to continue operation without requiring the use of the extension.
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2 References

2.1 Normative References

The following standards contain provisions that, through reference in the text, constitute provisions of this
standard. At the time of publication, the editions indicated were valid. All standards are subject to revision
and parties to agreements based on this standard are encouraged to investigate the possibility of
applying the most recent editions of the standards listed below.

Copies of the following documents can be obtained from ANSI;

- Approved ANSI standards;

- approved and draft international and regional standards (ISO, IEC, CEN/CENELEC, ITUT);
- approved and draft foreign standards (including BSI, JIS, and DIN).

Contact ANSI Customer Service Department at 212-642-4900 (phone), 212-302-1286 (fax) or via the
World Wide Web at http://www.ansi.org, for further information.

Additional availability contact information is provided below as needed.

2.1.1 Approved references

The following approved ANSI standards, approved international and regional standards (ISO, IEC,
CEN/CENELEC, and ITUT), and may be obtained from the international and regional organizations that
control them.

ANSI Standard NCITS.336:2000  SCSI Parallel Interface 3 (SPI-3)

ANSI Standard X3.301:1997 SCSI-3 Primary Commands (SPC)

ANSI Standard X3.304:1997 SCSI-3 MultiMedia Command Set (MMC-1)

ANSI Standard NCITS.33:2000 SCSI-3 MultiMedia Command Set (MMC-2)

ANSI Standard NCITS.306:1998  SCSI-3 Block Command Set (SBC)

ANSI Standard NCITS.314:1998  SCSI-3 Medium Changer Commands (SMC)

ANSI Standard NCITS.325:1998  Serial Bus Protocol - 2 (SBP-2)

ANSI Standard NCITS.317:1998 AT Attachment with Packet Interface 4 (ATA/ATAPI-4)

ISO/IEC 3901 International Standard Recording Code (ISRC)

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

ISO/IEC 16448 120mm DVD Read-Only-Media (DVD-ROM)

ISO/IEC 16449 80mm DVD Read-Only-Media (DVD-ROM)

ISO/IEC 16824 120 mm DVD ReWritable Disc (DVD-RAM)

IEC 908:1987 Compact Disc Digital Audio System.

IEEE Std 1394a-2000 High Performance Serial Bus

Members of IEC and ISO maintain registers of currently valid International Standards.

2.1.2 References under development

At the time of publication, the following referenced standards were still under development. For
information on the current status of the document, or regarding availability, contact the relevant standards
body or other organization as indicated.

NCITS T10/1383-D SCSI-3 Medium Changer Commands 2 (SMC-2)
NCITS T10/1236D SCSI Primary Command Set - 2 (SPC-2)
NCITS T13/1321D AT Attachment with Packet Interface 5 (ATA/ATAPI-5)
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For more information on the current status of the above documents, contact NCITS Secretariat, 1250 Eye
Street, NW Suite 200, Washington, DC 20005, Phone Number (202) 737-8888. To obtain copies of these
documents, contact Global Engineering at (303) 792-2181 or NCITS Secretariat.

2.2 Other references

The following standards and specifications were also consulted:

System Description Compact Disc Digital Audio ("Red Book"), NV Philips and Sony Corporation. See
also IEC 908:1987, Compact Disc Digital Audio System

Compact Disc Read Only Memory ("Yellow Book"), NV Philips and Sony Corporation. See also ISO/IEC
10149, Information Technology-Data Interchange on Read-only 120 mm Optical Data Discs (CD-ROM).

CD-I Full Functional Specification ("Green Book"), NV Philips and Sony Corporation.

System Description Compact Disc Read Only Memory eXtended Architecture (CD-ROM XA), NV Philips
and Sony Corporation.

Multi-session Compact Disc Specification, NV Philips and Sony Corporation.

System Description Recordable Compact Disc Systems, part II: CD-R (Orange Book part 1), NV Philips
and Sony Corporation

System Description Recordable Compact Disc Systems, part lll: Compact Disc ReWritable (CD-RW), NV
Philips and Sony Corporation

System Description Recordable Compact Disc Systems, part lll Volume 2: CD-RW (Orange Book part I,
Vol. 2), NV Philips and Sony Corporation

CD-MRW Defect Management & Physical Formatting revision 1.0, Mount Rainier Promoters Group,
January 2001, published by Philips Electronics NV

Multimedia Command Set Modifications for the MRW Format, revision 1.0, Mount Rainier Promoters
Group, January 2001, published by Philips Electronics NV

Mt. Fuji4 Commands for Multi-Media devices T10/99-121R1
Mt. Fuji5 Commands for Multi-Media devices T10/00-361R2

Content Protection for Recordable Media Specification: Intel, IBM, Matsushita, Toshiba 2000, (CPRM-
licensing@4Centity.com)

DVD+RW 4.7 Gbytes Basic Formats Specifications, DVD+RW Promoters Group, revision 1.0, March
2001, published by NV Philips

Multimedia Command Set Modifications for DVD+RW Formats, DVD+RW Promoters Group, revision 1.0,
March 2001, published by NV Philips
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3 Terms and Definitions

3.1 Definitions

3.1.1 ADIP (ADdress In Pre-groove)
Address and recording information encoded in the wobble groove on DVD+RW media.

3.1.2 AGID (Authentication Grant ID)

A value used for resource control during key management. Individual key management threads are
identified through the use of AGID.

3.1.3 Appendable disc
A disc with a pointer, in the last session, that points to the next possible session.

3.1.4 ASC (Additional Sense Code)
Specifically, this refers to the value stored in byte 12 of the sense information as defined in SPC-2.

3.1.5 ASCQ (Additional Sense Code Qualifier)
Specifically, this refers to the value stored in byte 13 of the sense information as defined in SPC-2.

3.1.6 ATA (AT Attachment)

ATA defines the physical, electrical, transport, and command protocols for the internal attachment of
block storage devices.

3.1.7 ATAPI (AT Attachment Packet Interface)

A device that complies with NCITS.317:1998, the AT Attachment Packet Interface. In this document such
devices are referred to as devices implementing the Packet command Feature set.

3.1.8 ATIP (Absolute Time In Pre-groove)
Address and recording information encoded in the wobble groove on CD-R and CD-RW media.

3.1.9 BCA (Burst Cutting Area)

Provides a unique physical identification mark for individual DVD medium. This area is not directly
addressable by the user.

3.1.10 BCD (Binary Coded Decimal)

The number system used on the physical CD media. Numbers that use this notation have the 'bcd' suffix
attached. A byte has two four-bit values each with a value from 0 to 9. The maximum value is 99bcd (99
decimal).

3.1.11 Bootable CD
A CD that has boot records recorded is bootable.

3.1.12 Bordered Area
A recorded area of DVD-R media. See 4.5.3.2.

3.1.13 CD/DVD Media
Term that is used when referring to media that conforms to the CD, DDCD or DVD specifications.

3.1.14 CDB (Command Descriptor Block)
The structure used to communicate commands from an Initiator to CD/DVD Logical Units.
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3.1.15 CD (Compact Disc)
A family of related optical storage media.

3.1.16 CD-DA (Compact Disc-Digital Audio)
The standard for storing digital audio information. See IEC 908:1987.

3.1.17 CD-R (CD Recordable)
A CD that can be written only once.

3.1.18 CD-ROM (Compact Disc - Read Only Memory)

A standard for storing digitized audio and digital data. CD-ROM is used to describe media with digital data
rather than discs that encode audio only.

3.1.19 CD R/RW (either a CD-R, or a CD-RW, or both)

3.1.20 CD-RW (CD ReWritable)
A CD that can be re-written.

3.1.21 CD-Text
A method for storing text information on CD-DA disc

3.1.22 Challenge key
Data used during an authentication key exchange process.

3.1.23 Command Packet
"Command Packet" is a structure used to communicate commands from an Initiator to a CD/DVD device.
See Command Descriptor Block.

3.1.24 complete session

A session that contains a completed (written) Lead-in and Lead-out area. In DVD-R a complete session
contains a completed Border-In, and a Border-out.

3.1.25 control field

A 4-bit field in the Q Sub-channel data indicating the type of information encoded on the current track.
Indicates audio versus data and the type of audio encoding, etc. The control field is also found in the
Table of Contents entries.

3.1.26 CPPM (Content Protection for Prerecorded Media)
A system for protecting DVD-Audio content on DVD-ROM media

3.1.27 CPRM (Content Protection for Recordable Media)
A system for protecting audio-visual content on recordable DVD media

3.1.28 CIRC (Cross Interleaved Reed-Solomon Code)

The error detection and correction technique used on a CD. The CIRC bytes are present in all CD modes.
The error correction procedure that uses the CIRC bytes is referred to as the CIRC based algorithm.
3.1.29 CSS (Content Scrambling System)

An encryption system for content protection of DVD-video.

3.1.30 DA (Data Area)

On a MRW disc these are the primary zones of the disc where user data is stored. With the exception of
the last DA, each DA contains the same number of sectors. The last DA contains only the remaining
undedicated sectors prior to the space reserved for the STA.
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3.1.31 data mode
A byte in the header of CD data sectors. This indicates if data is present and if layered error correction
information is present. This is also applicable to DDCD data sectors.

3.1.32 DDCD (Double Density Compact Disc)
A family of related optical storage media with density double that of CD media.

3.1.33 DDCD-R (DDCD Recordable)
A DDCD that can be written only once.

3.1.34 DDCD-ROM (Double Density Compact Disc - Read Only Memory)
A standard for storing digital data.

3.1.35 DDCD R/RW (either a DDCD-R, or a DDCD-RW, or both)

3.1.36 DDCD-RW (DDCD ReWritable)
A DDCD that can be re-written.

3.1.37 Defect Management
A method for providing apparent error free media.

3.1.38 De-Icing

When an ECC block on a DVD-RW or DVD+RW medium is blank, no headers are present in any sector
of the ECC block. This means that no sector within that ECC block can be located. This has been
described as similar to sliding on ice until crashing into a written area. The process of insuring that each
ECC block is written at least once to insure the presence of headers is called De-Icing. In the case of
CD-RW, if there is no closed session, a read-only device cannot find the data groove.

3.1.39 Direct-overwrite

The process, or capability of writing over previously written data without an erase cycle.

3.1.40 Disc Key
A value used during the scrambling process of the title key data on DVD media.

3.1.41 DMA (Defect Managed Area)

A MRW disc contains a logical address space that is completely covered by the defect management
system of the MRW format. This logical address space is the Defect Managed Area. The primary
storage space of the DMA is the collection of DAs while the replacements for defective sectors from the
DA comes from the collection of SAs.

3.1.42 Double Sided

A medium with two independently addressed sides.

3.1.43 Dual Layer

Two surfaces that can be accessed from the same side. On dual layer Discs the data is recorded using
either OTP or PTP.

3.1.44 DVD

A family of related optical storage media and Logical Units.

3.1.45 DVD Control Data Zone

The DVD Control data zone is comprised of 192 ECC blocks in the Lead-in Area of a DVD medium. The
content of 16 sectors in each block is repeated 192 times. This area contains information concerning the
disc.
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3.1.46 DVD Disc Manufacturing Information

The DVD Disc Manufacturing Information is recorded in the DVD Control Data Zone and contains
information supplied by the disc manufacturer.

3.1.47 DVD ECC-Block

A self-contained block of data and error correction codes that are grouped into a sequential series of 16
DVD sectors.

3.1.48 DVD-R (DVD Recordable)
A DVD medium that can be written once.

3.1.49 DVD-RAM (DVD-Random Access Memory)
A DVD that can be re-written.

3.1.50 DVD-ROM (DVD-Read Only Memory)

A standardized medium defined by the DVD specification for recording digital data, including digital video
movie data.

3.1.51 DVD+RW (DVD ReWritable)
indicates a DVD that can be re-written.

3.1.52 DVD-RW (DVD Re-recordable)
indicates a DVD that can be re-written.

3.1.53 EAN (European Article Number)
Controlled by the EAN International located at 145 rue Royale B, 1000 Brussels, Belgium. See MCN.

3.1.54 ECC (Error Correction Code)
A code for detecting and correcting errors.

3.1.55 EDC (Error Detection Code)
A code for detecting an error.

3.1.56 EFM (Eight bit to Fourteen bit Modulation code)
EFM is the modulation code used in all CD recording.

3.1.57 Feature

A feature is an atomic unit of Logical Unit functionality. A feature associated with a given Logical Unit
defines only a small subset of related functionality normally associated with that Logical Unit.

3.1.58 Field

A Field is a group of two or more contiguous bits. Fields containing only one bit are referred to as the
"named" bit instead of the "named" field.

3.1.59 Fixed Packet Track

a track that contains a TDB indicating that the track is a fixed track, and has user packets of a fixed size
specified in the TDB.

3.1.60 Format

As a noun, "format" refers to a well-defined arrangement or layout of information on a medium. Within the
confines of MMC, the verb "format" refers to the FORMAT UNIT command and applies only to Rewritable
media.

3.1.61 Frame

A sector on CD media. Also the F field unit of a MSF CD address. The smallest addressable unit.
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3.1.62 GAA (General Application Area)

When a disc is formatted as a MRW disc, the GAA is a separately addressed LBA space. The GAA
contains of the first 2 MB of user data storage in the program area. This area is not covered by any MRW
defect management mechanism. The GAA exists a legacy link to CD-RW formats which have LBA = 0
assigned to 00:02:00.

3.1.63 Hex
Indicates a binary value represented in base 16. This value may extend across multiple bytes.

3.1.64 HMSF address (Hour/Minute/Second/Frame)

The physical address, expressed as a sector count relative to either the beginning of the medium
(absolute) or to the beginning of the current track (relative). As defined by the CD standards, each F field
unit is one sector; each S 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. Valid contents of S fields are binary values from 0 through
59. Valid contents of M fields are binary values from 0 through 60. Valid contents of H fields are binary
values from 0 through 2.

3.1.65 Hold Track State

When a CD/DVD device enters the hold track state the optical pick-up is maintained at an approximately
constant radial position on the media.

3.1.66 ID (Identification Data)
A 4-byte field in the header of DVD sectors that contains sector information and a physical sector number.

3.1.67 IED (ID Error Detection)
A code for detecting errors in an ID field.

3.1.68 Incomplete session
A session without Lead-in and Lead-out written.

3.1.69 Index
An index is a subdivision of a track.

3.1.70 Layer

The recorded information is in layers as seen from one side of a DVD Disc. There are single and dual
layer Discs.

3.1.71 Lead-in

On CD media it is the area that contains the TOC data and precedes each program area. The main
channel in the Lead-in area contains audio or data null information. This area is coded as track zero. The
Q Sub-channel in this area is coded with the Table of Contents information.

The DVD Lead-in area is the area comprising physical sectors 1.2 mm wide or more adjacent to the
inside of the Data area. The area contains the Control data and precedes the Data area.

3.1.72 Lead-out

On CD media it is the area that follows each program area. The main channel in the Lead-out area
contains audio or data null information. This area is coded as track AAh.

The DVD Lead-out area is the area comprising physical sectors 1.0 mm wide or more adjacent to the
outside of the data area in single layered disc for PTP (Parallel Track Path) disc. Or the area comprising
physical sectors 1.2 mm wide or more adjacent to the inside of the data area in layer 1 of
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3.1.73 OTP (Opposite Track Path)

3.1.74 L-EC (Layered Error Correction)
The second level of error correction used on CD data.

3.1.75 Logical Block
An Initiator addressable unit of data.

3.1.76 LBA (Logical Block Address)
The LBA defines a mapping mode to a linear address space.

3.1.77 Logical Unit
This is a physical or virtual peripheral device addressable through a target.

3.1.78 LUN (Logical Unit Number)
The address of a Logical Unit.

3.1.79 Magazine
This is a term for multiple disc unit/container.

3.1.80 MCN (Media Catalog Number)

This 13 BCD number is found in CD sub-channel in at least one out of every one hundred consecutive
CD frames. The number is typically registered with a public or private service. See EAN and UPC.

3.1.81 MDT (Main Defect Table)

A MRW disc stores its defect mappings and other format management information in this structure. The
MDT is written into an area of the disc lead-in called the MTA.

3.1.82 Medium
A single Disc: CD or DVD.

3.1.83 Method 1 Addressing

For all CD media, method 1 addressing is a linearization of MSF addresses. If absolute location MSF is
in the program area, then LBA =4 500*M + 75*S + F - 150. Method 1 logical sector numbering is not
defined for sectors outside of the program area.

3.1.84 Method 2 Addressing

For CD-R and CD-RW media, method 2 addressing is defined for the logical numbering of sectors on a
fixed packet written disk. Link, run-in, and run-out blocks are ignored in the logical sector numbering.

3.1.85 Method 3 Addressing

This is the LBA translation method for CD-MRW formatted media. Method 3 is an extension of method 2.
See 4.3.1.1.

3.1.86 Middle Area
Area comprising physical sectors 1.0 mm wide or more adjacent to the outside of the Data Area in

3.1.87 OTP (Opposite Track Path)
disc on both layers of DVD media.

3.1.88 MIP (Main Information Packet)

The Main Information Packet contains information describing the MRW format, status, and defect
management system. The MDT is written in the disc lead-in.



MMC-3 Draft Revision 10g

3.1.89 MRW (Mount Rainier reWritable)

This general optical media format is defined specifically for rewritable media for the purpose of providing
a defect management scheme without ignoring potential problems with legacy devices.

3.1.90 MRW Accessible

At some point during the background formatting process, the Logical Unit provides read/write access for
the initiator. Once the Logical Unit is capable of providing access, the media is MRW Accessible.
3.1.91 MSF address (Minute/Second/Frame)

The physical address expressed as a sector count relative to either the beginning of the medium
(absolute) or to the beginning of the current track (relative). As defined by the CD standards, each F field
unit is one sector; each S 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. Valid contents of S fields are binary values from 0 through
59. Valid contents of M fields are binary values from 0 through 74. This addressing term has been
replaced by the TIME address representation.

3.1.92 MTA (Main Table Area)

This is the MRW disc area in which the MIP and MDT are written.

3.1.93 OPC (Optimum Power Calibration)

a procedure performed by an optical storage device to calibrate laser power. Values from this calibration
are used for subsequent write operation.

3.1.94 OTP (Opposite Track Path)

A dual layer disc that has a Lead in, two separated user areas, Lead-out, and a Middle area. The physical
sector number (PSN) of layer 0 increases to the Lead-out and the one of layer 1 that is complement of
layer O address increases from the Lead-out to Lead-in.

3.1.95 output port
A means for connecting to data ports other than the Initiator interface.

3.1.96 PTP (Parallel Track Path)

A dual layer disc that has a Lead in, user area and Lead-out in each layer respectively. The ID sector
number of both layers increases to the Lead-out in parallel.

3.1.97 Packet
A packet is a set of recorded link, run-in, data, and run-out blocks. Typical packet is shown in Figure 11.

3.1.98 packet size
the number of Data Blocks in the packet.

3.1.99 packet track

a track written as a concatenation of a pre-gap, written as one or two packets, and some non-zero
number of user packets.

3.1.100 Physical Sector Number
A unique address assigned to a physical location and is not modifiable.

3.1.101 post-gap
A transition area located at the end of a data track.

3.1.102 pre-gap
A transition area located at the beginning of a data track.

10
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3.1.103 Profile

A profile is a collection of features. The profile is a well-defined way of describing the overall capabilities
of a specific Logical Unit. More complex Logical Units may exhibit more than one profile.

3.1.104 Program Area(s)
a logical address space.

3.1.105 PMA (Program Memory Area)
Contains information about the recordings on a Recordable disc.

3.1.106 Regional Code
A value used to identify one or more regions of the world. Currently there are six regions defined.

3.1.107 Region Playback Control (RPC)
Limits the playback of DVD-ROM content to specific regions of the world.

3.1.108 relative MSF field
See MSF address definition.

3.1.109 Rzone
An RZone is a logical subdivision of a DVD-R, similar to a Track on CD.

3.1.110 SA (Spare Area)

Each MRW DA is preceded by an associated 8 packet zone which is reserved as the primary spares
space for the DA that it precedes. Each of these is a Spares Area.

3.1.111  Scramble Flag
An indication that there is scrambled data on the media.

3.1.112 SDT (Secondary Defect Table)

The MRW format requires a back-up copy of the MDT in the program area of the disc. This back-up
copy is the SDT.

3.1.113 Sector

In case of CD media, "Sector" refers to the data contained in one frame. In the CD-ROM standard
(IEC/ISO 10149) the term block is used for this unit.

In the case of DVD media, Sector is the smallest user addressable part of the media. The user data
contained within a sector is 2 048 bytes.

3.1.114 Session
A contiguous area of the Disc that contains a Lead-in, Program Area, and Lead-out.

3.1.115 Single Sided
A single sided DVD disc has exactly one recorded or recordable side.

3.1.116 Small Frame
1/98 of a frame.

3.1.117  SIP (Secondary Information Packet)

The Secondary Information Packet contains information describing the MRW defect management
system. This is a back-up copy of the MIP.

11
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3.1.118 SK (Sense Key)

Specifically, this refers to the value stored in the low order 4 bits of byte 2 of the sense information as
defined in SPC-2.

3.1.119 STA (Secondary Table Area)
This is the MRW disc area in which the SIP and SDT are written.

3.1.120 Sub-channel

CD media have a main channel and a Sub-channel. The Sub-channel area has eight parts called P, Q, R,
S, T, U,V, and W. The Q Sub-channel contains information useful to the controller and Logical Unit, such
as the control field and MSF addresses. The data rate of each Sub-channel (P, Q, etc.) is 1/192nd of that
of the main channel.

3.1.121  TIME addressing

MSF (Minute, Second, Frame) addressing is used for physical sector addressing on CD media. HMSF
(Hour, Minute, Second, Frame) addressing is used for physical sector addressing on DDCD media. The
general term for physical addressing on either media is TIME addressing.

3.1.122 Title Key
A value used during the scrambling process of movie data on DVD media.

3.1.123 Table of Contents (TOC)

The TOC has information on the type of session and the starting address of the tracks. This information is
encoded in the Q Sub-channel in the Lead-in area.

3.1.124  Track Descriptor Block (TDB)
Contains information on the attributes of the current track.

3.1.125 Track
A track is logical sub-division of the media.

3.1.126  Track at Once
When a track, including its pre-gap, is written as a single packet.

3.1.127 transition area
Sectors at the beginning or end of tracks e.g. Pause Area, Pre-Gap, Lead-out, Post-Gap.

3.1.128 UPC (Uniform Product Code)

Controlled by the UC Council, Inc., located at 1009 Lenox Drive, Suite 202 Lawrenceville, NJ 08648.
See MCN.

3.1.129  user packet

A packet that contains only user data blocks as the data blocks. User data blocks consist of data
transferred to the device during a write command.

3.1.130 writable disc
A disc that is blank, appendable, or contains an incomplete session.

3.1.131 Yellow book

ISO/IEC 10149, Information Technology-Data Interchange on Read-only 120 mm Optical Data Discs (CD-
ROM).
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3.2 List of Acronyms

ADIP Address In Pre-groove

AGID Authentication Grant ID

ASC Additional Sense Code

ASCQ Additional Sense Code Qualifier

ATA AT Attachment

ATAPI AT Attachment Packet Interface

ATIP Absolute Time In Pre-groove

BCA Burst Cutting Area

BCD Binary Coded Decimal

CDB Command Descriptor Block

CD Compact Disc

Cbz Control Data Zone (on DVD media0
CD-DA CD - Digital Audio

CD-R CD - Recordable

CD-ROM CD - Read Only Memory

CD R/IRW a CD-R, a CD-RW, or both

CD-RW CD ReWritable

CPPM Content Protection for Prerecorded Media
CPRM Content Protection for Recordable Media
CIRC Cross Interleaved Reed-Solomon Code
DA Data Area

DDCD Double Density Compact Disc
DDCD-R DDCD Recordable

DDCD-ROM  DDCD - Read Only Memory
DDCD-R/RW a DDCD-R, a DDCD-RW, or both
DDCD-RW DDCD ReWritable

DVD Digital Versatile Disc

DVD-R DVD Recordable

DVD-RAM DVD-Random Access Memory
DVD-ROM DVD-Read Only Memory

DVD+RW DVD ReWritable

DVD-RW DVD Re-recordable

DZ Data Zone (on DVD media)

EAN European Article Number

ECC Error Correction Code

EDC Error Detection Code

EFM Eight bit to Fourteen bit Modulation code

13

GAA
HMSF

IED
L-EC
LBA
LSB
LUN
MCN
MDT
MIP
MRW
MSB
MSF
MTA
OPC
oTP
PTP
PMA
RPC
SA
SDT
siP
SK
STA
TOC
TDB
TAO
UPC
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General Application Area
Hour/Minute/Second/Frame
Identification Data

ID Error Detection

Layered Error Correction
Logical Block Address
Least Significant Bit
Logical Unit Number

Media Catalog Number
Main Defect Table

Main Information Packet
Mount Rainier reWritable
Most Significant Bit
Minute/Second/Frame
Main Table Area

Optimum Power Calibration
Opposite Track Path
Parallel Track Path
Program Memory Area
Region Playback Control
Spare Area

Secondary Defect Table
Secondary Information Packet
Sense Key

Secondary Table Area
Table of Contents

Track Descriptor Block
Track at Once

Uniform Product Code
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3.3 Keywords

Several keywords are used to differentiate between levels of requirements and options, as listed below.

3.3.1 expected

A keyword used to describe the behavior of the hardware or software in the design models assumed by
this standard. Other hardware and software design models may also be implemented.

3.3.2 may
A keyword that indicates flexibility of choice with no implied preference (equivalent to "may or may not").

3.3.3 may not
A keyword that indicates flexibility of choice with no implied preference (equivalent to "may or may not").

3.34 shall

A keyword indicating a mandatory requirement. Designers are required to implement all such mandatory
requirements to ensure interoperability with other standard conforming products.

3.35 should

A keyword indicating flexibility of choice with a strongly preferred alternative. Equivalent to the phrase ‘it
is recommended.”

3.3.6 obsolete

A keyword indicating items that were defined in prior version of this standard are intended to be removed
from future version of this standard.

3.3.7 mandatory
A keyword indicating items required to be implemented as defined by this standard.

3.3.8 optional

A keyword that describes Features that are not required for compliance to this standard. However, if any
optional Feature defined is implemented, it shall be implemented as defined by this standard.

3.3.9 reserved

A keyword referring to bits, bytes, words, fields and code values that are set aside for future
standardization. A reserved bit, byte, word or field shall be set to zero, or in accordance with a future
extension to this standard. Recipients are not required to check reserved bits, bytes, words or fields for
zero values. Receipt of reserved code values in defined fields shall be reported as error.
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3.4 Conventions

Various conventions are used through out this standard and are identified in this sub-clause.
Recommended error code tables defined within each command sub-clause uses the following:

Errors shown in mixed case indicate all errors, in that class, are valid.
Errors shown in uppercase refer to the identified specific error condition.

The string SK/IASC/ASCQ refers to the low order 4 bits of byte 2 and bytes 12, and 13 in the referenced
Logical Unit's sense data. SK/ASC/ASCAQ is used interchangeably with the names associated with the
coded values in those sense bytes.

Numbers that are not immediately followed by lowercase “b,” “h,” or “bcd” are decimal values.
Numbers immediately followed by lowercase “b” (xxb) are binary values.

Numbers immediately followed by lowercase “h” (xxh) are hexadecimal values.

Numbers immediately followed by lowercase “bcd” (xxbed) are binary coded decimal values.

Values indicated by a lower case “k” have a base value of 1000 units, i.e. 2kBytes = 2 000 Bytes. Values
indicated by an uppercase “K” have a base value of 1024 units, i.e. 2 Kbytes = 2 048 Bytes.
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4 Multi-Media Device Models

4.1 General

A multi-media device is defined primarily by the media it supports: CD, DDCD, DVD and each sub-case:
read-only, recordable, or rewritable. Additionally, the devices are also defined by specific capabilities with
each media type. Finally, multi-media devices may also carry additional capabilities such as integrated
media changers.

With each capability, there is modeling that describes it. This clause describes each multi-media device
model.

4.1.1 Logical Blocks

Blocks of data are stored on the medium along with additional information that the Logical Unit uses to
manage the storage and retrieval. The format of the additional information is unique and is hidden from
the Initiator during normal read or write operations. This additional information is often used to identify the
physical location of the blocks of data and the address of the logical block, and to provide protection
against the loss of the user data.

The address of the first logical block is zero. The address of the last logical block is [n-1], where [n] is the
number of logical blocks available on the medium. A READ CAPACITY command may be issued to
determine the value of [n-1]. If a command is issued that requests access to a logical block not within the
capacity of the medium, the command shall be terminated with CHECK CONDITION status and
SK/ASC/ASCQ values shall be set to ILLEGAL REQUEST/LOGICAL BLOCK ADDRESS OUT OF
RANGE.

The number of bytes of data contained in a logical block is known as the block length. Each logical block
has a block length associated with it. For all CD/DVD Logical Units, the Block Descriptor Length field in
the Mode Data Header shall be cleared to zero. Non-zero values for the Block Descriptor Length field of
the Mode Data Header has been made obsolete in this standard for all Logical Units. When accessing
the media with READ (10), READ (12), VERIFY (10), or VERIFY (12), the block length shall be 2 048
bytes.

The location of a logical block on the medium is not required to have a specific relationship to the location
of any other logical block. However, in a typical Logical Unit the logical blocks are located in an ascending
order. The time to access the logical block at address [x] and then the logical block at address [x+1] need
not be less than time to access [x] and then [x+100].

4.1.2 Datacache

Some Logical Units implement cache memory. A cache memory is usually an area of temporary storage
in the Logical Unit with a fast access time that is used to enhance performance. It exists separately from
the blocks of data stored and is normally not directly addressable by the Initiator. Use of cache memory
for write or read operations typically reduces the access time to a logical block and can increase the
overall data throughput.

During read operations, the Logical Unit uses the cache memory to store blocks of data that the Initiator
may request at some future time. The algorithm used to manage the cache memory is not part of this
specification. However, parameters are provided to advise the Logical Unit about future requests, or to
restrict the use of cache memory for a particular request.

Sometimes the Initiator may request that the blocks of data read from the medium instead of from the
cache memory. The force unit access (FUA) bit is used to indicate that the Logical Unit shall access the
physical medium. For a write operation, setting FUA to one causes the Logical Unit to complete the data
write to the physical medium before completing the command. For a read operation, setting FUA to one
causes the logical blocks to be retrieved from the physical medium.

Commands may be implemented by the Logical Unit that allow the Initiator to control other behavior of the
cache memory:
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« The MODE SENSE (10) Command defines a page for the control of cache behavior and handles
certain basic elements of cache replacement algorithms.

» The SYNCHRONIZE CACHE Command is used by the Initiator to guarantee that data in the cache
has been moved to the media.

4.1.3 Resets

Within this standard there are three resets identified. These resets are named:
- Power-On Reset

- Hard Reset

- Device Reset

These resets are used differently in each physical interface referenced. For more information on the use
in ATA/ATAPI, SPI, SBP-2, and FCP see the appropriate Annexes on implementation notes.

4.1.3.1 Power-On Reset

When power is applied, the Logical Unit executes a series of electrical circuitry diagnostics, resets Logical
Unit specific parameters (mode pages) to default values, and if media is present, may spin up and make
the Logical Unit ready for use. In addition, power management and key management are reset to their
default states.

4.1.3.2 Hard Reset

For each physical interface the detection of Hard Reset is different. The Logical Unit executes a series of
electrical circuitry diagnostics, resets Logical Unit specific parameters (mode pages) to default values,
and if media is present, may spin up and make the Logical Unit ready for use. In addition power
management and key management are reset to their default states. The behavior of the Logical Unit
when Hard Reset is received is the same as for Power On Reset.

Hard Reset is used to reset Logical Units or even a whole interface bus, not individual Logical Units.

4.1.3.3 Device Reset

For each physical interface the detection of Device Reset is different. The Device Reset is used to bring
a non-responding Logical Unit into an operable state. Device Reset is different from Power On or Hard
Reset. With the Device Reset the parameters being used by the Logical Unit are not set to the defaults.
In some cases this may not be possible and the Logical Unit may need to reset to the default conditions.
If a reset to default conditions occurs as a result of a Device Reset, a Unit attention condition and Power
Management Event Notification shall be generated. Logical Unit should:

* Reset Initiator interface circuitry.

*  Perform hardware initialization and device-internal diagnostics only if necessary.
» Do not revert to the default conditions, Logical Unit Number or TOC information.
» Stay in the current Power State.

* Not change Persistent Prevent state.

» Reset Key management to the default state.
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4.1.4 Errorreporting

If an initiator issues a command other than GET CONFIGURATION, GET EVENT/STATUS
NOTIFICATION, INQUIRY or REQUEST SENSE while a unit attention condition exists for that initiator,
the logical unit shall not perform the command and shall report CHECK CONDITION status unless a
higher priority status as defined by the logical unit is also pending.

If any of the conditions in Table 1 occur during the execution of a command, the target shall return
CHECK CONDITION status. The appropriate SK/ASC/ASCQ values should be set. The following list
illustrates some error conditions and the applicable sense keys. The list does not provide an exhaustive
enumeration of all conditions that may cause the CHECK CONDITION status.

Table 1 - Sense key responses for error reporting

Condition Sense Key
ILLEGAL REQUEST

ILLEGAL REQUEST

ILLEGAL REQUEST

ILLEGAL REQUEST

UNIT ATTENTION

HARDWARE ERROR

Invalid Logical Block Address

Unsupported option requested

Attempt to read a blank block

Attempt to play a data block as audio

Reset or medium change since last command

Self diagnostic failed

Un-recovered read error

MEDIUM ERROR/HARDWARE ERROR

Recovered read error

RECOVERED ERROR

Overrun or other error that might be resolved by

ABORTED COMMAND

repeating the 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 to that
block shall be transferred.

There are other special error situations for CD Logical Units. In the following cases the sense key shall be
set to ILLEGAL REQUEST and the ASC set to END OF USER AREA ENCOUNTERED ON THIS
TRACK:

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

When the command is other than an audio playback operation, and the Logical Block Address requested
is not within a data track, the command shall be terminated with CHECK CONDITION status and
SK/ASC/ASCQ shall be set to ILLEGAL REQUEST/ILLEGAL MODE FOR THIS TRACK. This applies to
audio-combined and audio media.

4.1.5 Deferred Errors

Error code 71h (deferred error) indicates that the CHECK CONDITION status returned is the result of an
error or exception condition that occurred during execution of a previous command for which GOOD
status has already been returned. Such commands are associated with use of the immediate bit, with
some forms of caching. CD/DVD Logical Units that implement these Features shall implement deferred
error reporting.

Returning CHECK CONDITION status to the Initiator as described below may indicate a deferred error.
Sense data associated with the CHECK CONDITION shall contain the deferred error sense information.
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If an I/O Command terminates with CHECK CONDITION status and the subsequent sense data returns a
deferred error, that /O command shall not have been executed. After the CD/DVD Logical Unit detects a

deferred error condition on a Logical Unit, it shall return a deferred error according to the rules described

below:

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

2. If a deferred error can be associated with a particular function or a particular subset of data, and the
error is either un-recovered or required to be reported by the mode parameters, a deferred error
indication shall be returned to the Initiator.

Deferred errors may indicate that an operation was unsuccessful long after the command performing the

data transfer returned GOOD status. If data that cannot be replicated or recovered from other sources is

being stored using buffered write operations, synchronization commands should be performed before the
critical data is destroyed in the Initiator. This is necessary to be sure that recovery actions can be taken if
deferred errors do occur in the storing of the data.

4.1.6 Removable medium

A disc has an attribute of being mounted or de-mounted on a suitable transport mechanism. A disc is
mounted when the Logical Unit is capable of performing read operations to the medium. A mounted disc
may not be accessible by an Initiator, if another Initiator has reserved it. A disc is de-mounted at any other
time (e.g. during loading, unloading, or storage).

An Initiator may check whether a disc is mounted by issuing a TEST UNIT READY command. In addition,
there now exists a REMOVABLE MEDIUM Feature. This allows the Initiator to prevent the removal of any
media, as well as sensing requests from the user to remove media.

The PREVENT ALLOW MEDIUM REMOVAL command allows an Initiator to restrict the de-mounting of
the disc. This is useful in maintaining system integrity. If the Logical Unit implements cache memory, it
shall ensure that all logical blocks of the medium contain the most recent data prior to permitting de-
mounting of the disc. If the Initiator issues a START STOP UNIT command to eject the disc, and is
prevented from de-mounting by the PREVENT ALLOW MEDIUM REMOVAL command, the
START/STOP UNIT command is rejected by the Logical Unit.

When the Persistent Prevent state is entered, the media shall remain locked in the Logical Unit, until the
Initiator issues an eject request, or a power on or hard reset condition occurs. The Persistent Prevent
state shall be maintained after the eject request. New media that is inserted into the Logical Unit shall be
locked in the Logical Unit after the Logical Unit reports the NEW MEDIA event. Prior to reporting the NEW
MEDIA event, the Logical Unit may eject media without an explicit eject command from the Initiator. This
allows the user to remove incorrectly inserted media without having to wait for Initiator intervention.

While in the Persistent prevent state, the Logical Unit shall generate Events upon receipt of a User Eject
request. The Logical Unit shall not eject the media on receipt of these requests if the Logical Unit has
already reported a NEW MEDIA event for this media. If a Logical Unit allows an eject between generating
and reporting the NEW MEDIA event, the Logical Unit shall remove the NEW MEDIA event(s) from the
Event queue. When the Initiator receives the Eject Request and determines that it is safe to eject the
medium, an eject command (START STOP UNIT command with LoEj bit set to one) will be issued. At
that time the Logical Unit shall eject the medium. The Persistent Prevent State shall be retained.

The Logical Unit shall only generate GET EVENT/STATUS NOTIFICATION (EJECT REQUEST) events
after reporting a GET EVENT/STATUS NOTIFICATION (NEW MEDIA) event, and prior to reporting a
GET EVENT/STATUS NOTIFICATION (MEDIA REMOVAL) event for the given media.

To maintain compatibility with existing BIOS implementations and operating systems, the Logical Unit
shall default to Persistent Prevent disabled. When the Initiator enables the support using the PREVENT
ALLOW MEDIUM REMOVAL command, the Logical Unit shall respond as described in this specification.
When the Initiator disables this Feature, the Logical Unit shall default to normal operating modes. A
power on or hard reset shall cause the Logical Unit to the default Persistent Prevent state.
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If the Logical Unit is unable to maintain media status information across a reset or power cycle, the
Logical Unit shall generate a NEW MEDIA event.

Commands shall be processed exactly the same as they would be if Persistent Prevent was not enabled.
For compatibility reasons, a unit attention condition shall be generated. Execution of the GET
EVENT/STATUS NOTIFICATION command does not include terminating with CHECK CONDITION
status when a unit attention condition is pending. For example, if the user inserts a new medium and the
Logical Unit is accessed with a command, a unit attention condition shall be generated, but the Logical
Unit shall also report the NEW MEDIA Event with the next available GET EVENT/STATUS
NOTIFICATION (Media Status) command.

4.2 CD Device Model

The CD device model is driven by the CD media organization and data formats.

4.2.1 Recorded CD Media Structure

A CD medium is an 80mm or 120mm disc with a continuously recorded physical track beginning near a
diameter of 50mm and spiraling outward to a diameter near 78mm or 118mm.

4.21.1 The CD Frame Structure

Data is recorded in a continuous stream of Small Frames. Each byte of a Small Frame is encoded with an
8 bit to 14bit modulation (EFM) code. Three merging bits are appended. The merging bits are chosen to
provide minimum low-frequency signal content and optimize phase lock loop performance. Each Small
Frame consists of 588 EFM bits (see Table 2). Small Frame is defined in clause 3.1.

Table 2 — Small Frame layout and definition

1 synchronization
pattern

(24 + 3 bits)

1 byte of Sub-
channel data

(14 + 3 bits)

12 bytes of main
channel data

(12 x (14 + 3) bits)

4 bytes of CIRC
code

(4 x (14 + 3) bits)

12 bytes of main
channel data

(12 x (14 + 3) bits)

4 bytes of CIRC
code

(4 x (14 + 3) bits)

588 bits

A CD frame consists of 98 contiguous Small Frames. This yields 24*98 = 2 352 bytes of main channel
data per frame and 98 bytes of Sub-channel data per CD frame. A recorded CD is a succession of CD
frames. For audio, the bounds of a Frame are defined by the Sub-channel bytes. For data, the bounds
are determined by the sync bytes in the main channel data.

The 98 Sub-channel bytes are separated into 2 bytes of synchronization and 96 bytes of data. Each CD
frame begins with the first Sub-channel sync byte and ends with the 96" Sub-channel data byte. A CD
frame is constructed from Small Frames as shown in Table 3. This is a logical representation since Small
Frames are physically interleaved. This means that precise CD frame boundaries do not exist.
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Table 3 — CD Frame Structure from Small Frames

mZ » XM

Small Frame 94

Sub-channel Data Byte 92

24 bytes main channel data

Small Frame 95

Sub-channel Data Byte 93

24 bytes main channel data

Small Frame 96

Sub-channel Data Byte 94

24 bytes main channel data

Small Frame 97

Sub-channel Data Byte 95

24 bytes main channel data

Small Frame 98

Sub-channel Data Byte 96

24 bytes main channel data

mzZ >» X0 M}z

=z

+1

Small Frame 1

Sub-channel Sync Byte 1

24 bytes main channel data

Small Frame 2

Sub-channel Sync Byte 2

24 bytes main channel data

Small Frame 3

Sub-channel data byte 1

24 bytes main channel data

Small Frame 97

Sub-channel data byte 95

24 bytes main channel data

Small Frame 98

Sub-channel data byte 96

24 bytes main channel data

m<Z >» X ™

N+2

Small Frame 1

Sub-channel sync byte 1

24 bytes main channel data

Small Frame 2

Sub-channel sync byte 2

24 bytes main channel data

Small Frame 3

Sub-channel data byte 1

24 bytes main channel data

Small Frame 4

Sub-channel data byte 2

24 bytes main channel data

Small Frame 5

Sub-channel data byte 3

24 bytes main channel data

4.2.1.2 Sub-channel

Each non-sync byte of Sub-channel is labeled according to bit position, See Table 4.

Table 4 — Sub-Channel byte layout

Small Frame Sub-channel Byte

R

S

T

u

Bit 7 Bit 6

Bit 5

Bit 4

Bit 3

Bit 2

Bit 1

Bit 0
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Over the 98 Small Frames, the Sub-channel is separated into bytes associated with the Sub-channel
letter. The Sub-channel sync bytes are not a part of Sub-channel data, so there are 96 bytes of Sub-
channel. For example, the P Sub-channel is separated into bytes as shown in Table 5.
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Table 5 — P-Sub-Channel Layout

Small P Bit P Byte
Frame
1 SYNC 0 -
2 SYNC 1 -
3 7
4 6
5 5
6 4 0 . . .
7 3 . . .
8 2 . . .
9 1 83 7
10 0 84 6
11 7 85 5
12 6 86 4 10
13 5 87 3
14 4 1 88 2
15 3 89 1
16 2 90 0
17 1 91 7
18 0 92 6
. . . 93 5 11
. . . 94 4
. . . 95 3
96 2
97 1
98 0

The byte construction for other (Q - W) Sub-channels is identical.
P and Q Sub-channels provide information about the recording.

R-W Sub-channel is defined only for audio tracks. When used, it carries line graphics, MIDI Control, or
text. In that case, specific formatting of the resulting data defines the meaning. Consult the appropriate
format documents. For data tracks, R-W sub-channels shall be set to zeros.
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4.2.2 Physical Track Topology: Single Session Disc

CD players and readers follow the physical track by following the path of recorded EFM data. When there
is no EFM data, the player/reader is unable to follow the physical track.

The physical track is divided into 3 logical entities from the inner radius:

Lead-in Program Area Lead-out

Inner Radius p Outer Radius

Figure 1 — Single Session disc

LEAD-IN - The Lead-in is a zone of protection from unrecorded areas near the disc center. The Lead-in
also contains the table of contents (TOC) for the disc’s Program Area.

PROGRAM AREA - This is also known as the user area of the disc. For example, on an audio CD, this is
where the music is recorded.

LEAD-OUT - The Lead-out is a zone of protection from unrecorded areas toward the disc’s outer edge.

4.2.3 Physical track topology - Multi-Session Disc

A Session is the recorded sequence: Lead-in, program area, Lead-out. The multi-session allows a single
disc to have several concatenated sessions.

CD-ROM devices are not typically capable of reading through unrecorded areas on the medium. The CD-
ROM device needs EFM data in order to find and stay in the physical track. This means that to ensure
that a CD-ROM Logical Unit is capable of accessing all areas of a Program Area, the Program Area
needs the protection zones of Lead-in and Lead-out. On a recorded disc, sessions may appear as shown
in Figure 2.

Session 1 Session 1 Session 1 Session 2 Session 2
Lead-in (disc Program Lead-out Lead-in Program | ...
lead-in) Area Area
Last Last Last
_________ Session Session Session
Lead-in Program Lead-out
Area

Figure 2 — Multi-Session Recorded Disc

In order to assure readability by CD-ROM Logical Units, the recording system should always close the
session with the most recently added program area before attempting interchange.

Additional information is needed in order to locate all of the program areas. This is accomplished by using
Mode 5 Q in the Lead-in areas.

4.2.3.1 Tracks

The Program Area of the disc is divided into logically separated areas called tracks. There shall be at
least one track in the Program Area. There may be gaps between tracks, primarily to provide a zone of
digital silence between audio program selections. P Sub-channel is reserved for identifying these
transition areas between tracks. The normal value for P is 0. During a transition area, the value for P is 1.
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4.2.3.2 Frame Addressing

CD was originally developed for playing digital audio that has two channels of 16-bit samples at 44.1KHz.
The number of frames per second of play is 75:

4 bytes/Sample*44 100 Samples/second = 176 400 bytes/second
176 400 bytes/second / 2 352 bytes/frame = 75 frames/second

Given this, CD frames are addressed in terms of audio play time, i.e. Minute, Second, and Frame (MSF).
The traditional value of 60 seconds per minute is followed.

In all cases, when an address appears as part of the CD format, it is in MSF format using 2 bcd digits per
time unit. This limits the time addressing on the disc to 99bcd minutes. The representation for a time
based address is MM:SS:FF, where MM = minutes, SS = seconds, and FF = frames.

Addressing in the program area begins with 00:00:00. This advances up through the Lead-out.

The last frame in the Lead-in is 99:59:74 and decreases as the physical track is followed toward the
center of the disc. The Lead-in is typically 3 to 4 minutes in length.

4.2.3.3 Q Sub-channel

Since an audio CD frame has no address field built into the main channel, the address is carried in the Q
Sub-channel. Q Sub-channel may also carry information about the logical structure of the disc, disc
identification, and music track identification. The general format of a Q Sub-channel record is shown in
Table 6.

Table 6 — Q Sub-channel record format

Field name Definitions
SO, S1 Sub-channel Synchronization
CONTROL The Control Field has 4 bits that define the type of information in the
frame:

00x0b = 2 audio channels without pre-emphasis

00x1b = 2 audio channels with pre-emphasis of 50/15 us
10x0b = 4 audio channels without pre-emphasis

10x1b = 4 audio channels with pre-emphasis of 50/15 ps
01x0b = Data track, recorded uninterrupted

01x1b = Data track, recorded increment

11xxb = reserved

xx0xb = digital copy prohibited

xx1xb = digital copy permitted

The bits of the control field (except for the copy bit) may change during a
pause (X=00) of at least 2 seconds and during the Lead-in area only.

ADR 4 bits of identification for DATA-Q. This is also known as the Mode (ADR)
Q.
DATA Q 72 bits of data
CRC A 16 bit CRC for the Control, ADR, and DATA-Q Fields. On the disc the

CRC bits are inverted. The remainder has to be checked at zero.
Polynomial = P(X)=X"8+X"2+X%+1

Because the sync bits and the two bytes of CRC are overhead, the valid Q information length is actually
10 bytes.
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4.2.3.4 Q Sub-channel in the Program Area

During the program area 3 types of Q Sub-channel may be encountered, Mode-1 Q, Mode-2 Q, or Mode-
3Q.

4.2.3.4.1 ADR=1(0001b) - Mode-1Q

Mode 1Q occupies at least 9 out of 10 successive CD frames. Mode-1 Q in the program area is also
referred to as current position Q. The Mode-1 Q format during data and audio tracks is shown in Figure 3.

ADR DATA-Q
0001 | TNO | INDEX | MIN | SEC | FRAME | ZERO | AMIN | ASEC | AFRAME

Figure 3 — Q Sub-channel Mode-1 Format recorded in Program Area

TNO = 01 to 99bcd is the track number

INDEX = 00 to 99bcd is the Index to TNO. An audio track may be divided into
up to 99 sections, identified by a non-zero index. The first indexed
area in a track shall be 01. Most audio discs have only one indexed
area per track. The pre-gap is the part of a track-to-track gap that
belongs to the following track. In a track’s pre-gap, the track number
is that of the following track and the INDEX is 00.

MIN, SEC, FRAME = Is the relative time within the track encoded as 6 BCD digits. This is
00:00:00 at track start and advances through the track. During the
pre-gap the time decreases.

ZERO = 8 bits of zero (00000000b)
AMIN, ASEC, AFRAME

Is the program area absolute time address expressed in 6 BCD
digits.

4.2.3.4.2 ADR=2 (0010b) — Mode-2 Q

Mode-2 Q is optional. If Mode-2 Q is present, it shall occupy 1 out of each 100 successive frames. The
Mode-2 Q data format is shown in Figure 4.

ADR DATA-Q
0010 | N1 | N2 [ N3 [ N4 [ N5 | N6 | N7 | N8 | N9 [N10[N11[N12[N13 | ZERO | AFRAME

Figure 4 — Q Sub-channel Mode-2 Format

The DATA-Q field is 52 bits long, organized as 13 nibbles (N1 — N13), each carrying a single BCD digit.
The resulting BCD string is the Media Catalog Number (MCN). The catalog number does not change on a
disc. In case no catalog number is encoded according to the UPC/EAN code, N1 - N13 are all zero, or
Mode-2 can be deleted from the disc.

The ZERO field contains 12 bits of zero. (000000000000b)

AFRAME is as defined in Q Sub-channel Mode-1 (two BCD digits running from 00 to 74). During the
Lead-in (TNO = 00), these 8 bits are zero.
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4.2.3.4.3 ADR=3(0011b) - Mode-3Q

Mode-3 Q is optional. If Mode-3 is present, it occupies at least 1 out of 100 successive sub-coding blocks.
Mode-3 is used to give a unique number to an audio track. This is done by means of the International
Standard Recording Code (ISRC). The ISRC, as recorded on the media, is defined in Figure 5. If no
ISRC is used, Mode-3 shall be deleted. During the Lead-in and Lead-out, Mode-3 is not present on the
disc. The ISRC may only change immediately after the Track Number (TNO) has been changed. The
Mode-3 data format is shown in Figure 5.

ADR DATA-Q
0011 [ ]| |u|is]o]olie]|i7]i8]ie|1no]in1]|n2]zero |AFRAVME

Figure 5 — Q Sub-channel, Mode-3 Format

The Country-Code is given in fields |1 through I2, the owner-code in fields I3 - 15, The year of recording in
fields 16 - I7 and the 18 through 112 contain the serial number of the recording. The characters I1 - |5 are
6-bit cells, coded as shown in Table 7. The characters 16 - 112 are coded in 4 bit BCD numbers.

I1 - 112 define the ISRC.
The ZERO Field contains 4 bits of zero. (0000b)

AFRAME is defined in Q Sub-channel Mode-1 Q (two BCD digits running from 00 to 74). During the Lead-
in area (TNO = 00), these 8 bits are zero.

Table 7 — ISRC 6 bit character codes (in hexadecimal)

CHAR CODE CHAR CODE
0 00 | 19
1 01 J 1A
2 02 K 1B
3 03 L 1C
4 04 M 1D
5 05 N 1E
6 06 O 1F
7 07 P 20
8 08 Q 21
9 09 R 22
A 11 S 23
B 12 T 24
C 13 U 25
D 14 \Y, 26
E 15 w 27
F 16 X 28
G 17 Y 29
H 18 Y4 2A
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4.2.3.5 Q Sub-channel in the Lead-out Area

Q Sub-channel in the Lead-out area is similar to Q Sub-channel in the program area. The differences are:
Mode-1 Q Sub-channel: TNO = AAh, INDEX = 01bcd

Mode-2 Q Sub-channel: No differences.

No other Q Sub-channel modes are allowed in the Lead-out area.

4.2.3.6 Q Sub-channel in the Lead-in Area

Q Sub-channel in the Lead-in area is referred to as the Table of Contents (TOC).

Three modes of Q are allowed in the Lead-in area: Mode-1 Q, Mode-2 Q, and Mode-5 Q.
4.2.36.1 Mode-1Q

The Mode-1 Q format during the Lead-in is shown in Figure 6. TNO is always 00 during the Lead-in and
ZERO is always 00 during the Lead-in. Variations of Mode-1 Q are defined by the value of POINT.

ADR DATA-Q
0001 [TNO=00 | POINT | MIN | SEC | FRAME | ZERO=00 | PMIN | PSEC | PFRAME

Figure 6 — Q Sub-channel Mode-1 Format recorded in Lead-in
POINT = 01bcd — 99bcd is the track number of the track being defined.
MIN, SEC, FRAME
PMIN, PSEC, PFRAME

Running time in the Lead-in, encoded as BCD

Track start time, encoded as BCD

POINT = AOh
MIN, SEC, FRAME = Running time in the Lead-in, encoded as BCD
PMIN = Track number of the first track in the program area, encoded as BCD
PSEC = Program area format: 00h - CD-DA or CD-ROM
10h - CD-I
20h - CD-ROM-XA
PFRAME = 0
POINT = A1h
MIN, SEC, FRAME = Running time in the Lead-in, encoded as BCD
PMIN =  Track number of the last track in the program area, encoded as BCD
PSEC, PFRAME = 0,0
POINT = A2h
MIN, SEC, FRAME = Running time in the Lead-in, encoded as BCD
PMIN, PSEC, PFRAME =  Start time of Lead-out, encoded as BCD
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4.2.3.6.2 Mode-2Q
Mode-2 Q Sub-channel is defined the same in the Lead-in, program area and Lead-out.
4.2.3.6.3 Mode-5Q

Mode-5 Q Sub-channel provides additional information about CD-R and CD-RW recordings. The format
of a Mode-5 Q Sub-channel is shown in Figure 7. TNO is always 00 during the Lead-in. Variations of
Mode-5 Q are defined by POINT.

ADR DATA-Q
0101 | TNO [ POINT | MIN | sEc |FRAME | zERO | PMIN | PSEC | PFRAME

Figure 7 — Q Sub-channel Mode-5 Format recorded in Lead-in
POINT=01...40 (Audio only: This identifies a specific playback skip interval)
MIN, SEC, FRAME =  Skip interval stop time in 6 BCD digits
ZERO = 00
PMIN, PSEC, PFRAME Skip interval start time in 6 BCD digits

POINT = BOh (multi-session disc)
MIN, SEC, FRAME

the start time for the next possible session’s program area. A final
session is indicated MIN, SEC, FRAME = FFh:FFh:FFh or when the
Mode-5 point BO is absent.

ZERO = the number of different Mode-5 pointers present.
PMIN, PSEC, PFRAME

the maximum possible start time of the outermost Lead-out

POINT=B1h (Audio only: This identifies the presence of skip intervals)

MIN, SEC, FRAME = 00, 00, 00

ZERO = 00

PMIN = the number of skip interval pointers

PSEC = the number of skip track assignments in POINT=B2, B3, and B4
PFRAME = 00

POINT=B2h, B3h, B4h (Audio only: This identifies tracks that should be skipped during playback)

MIN 01-99bcd, track number to skip upon playback

SEC 00-99bcd, track number to skip upon playback,
00 if no skip track is specified

FRAME 00-99bcd, track number to skip upon playback,
00 if no skip track is specified

ZERO 00

PMIN 00-99bcd, track number to skip upon playback,
00 if no skip track is specified

PSEC 00-99bcd, track number to skip upon playback,
00 if no skip track is specified

PFRAME 00-99bcd, track number to skip upon playback,

00 if no skip track is specified

Note: Skip intervals are seldom written by recorders and typically ignored by readers.
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POINT = COh (Together with POINT=BOh, this is used to identify a multi-session disc)
MIN, SEC, FRAME =  ATIP values from Special Information 1, ID=101 (See )
ZERO = 00

PMIN, PSEC, PFRAME Start time of the first Lead-in area of the disc

4.2.3.7 CD Main Channel Block Formats

Although some are rarely used, there are 6 main channel frame formats defined. Audio blocks are
recorded unmodified. Data blocks are given a synchronization field at the beginning of the block. The
pattern is shown in Figure 8.

[ oon | Fen | Fen | Fen | Fen [ Fen | Fen | Fen | Fen | Fen | FFn | oon |

Figure 8 — Synchronization Field pattern

The synchronization field is followed by a 4 byte header defined in Table 8. After the sync pattern the
remaining bytes of the data block are scrambled with a feedback mechanism. This is done with a 15-bit
shift register fed back according to the polynomial X'*+X+1.

Table 8 — Sync Pattern Block Header

Header Offset Header Byte Content
0 Minute Program area time of block, minute component (00-79 bcd)
1 Second Program area time of block, second component (00-59 bcd)
2 Frame Program area time of block, frame component (00-74 bcd)
3 Mode Bits 1, 0 = Data Mode, Bits 7 -.5 = block indicator field, Bits
4 - 2 = Reserved. When Bits 7 — 5 = 000 indicates user data.

Mode byte Format is shown below:

Bits 7, 6, 5 =000 - User Data block
=001 -  Fourth Run-in block
=010 -  Third Run-in block
=011 - Second Run-in block
=100 -  First Run-in block
=101 -  Link block. Physical linking of EFM data
=110 - Second Run-out block
=111 -  First Run-out block

Bits 4, 3, 2 =000 - Reserved

Bits 1, 0 =00 Mode 0 Data

=01 - Mode 1 Data
=10 - Mode 2 Data
=11 - Reserved
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1.1.1.1.1 Block Format for Audio

Audio is streamed, so only user data resides within the frame. See the READ CD command description
for byte ordering.

4.2.3.7.1 Block Format for Mode 0 Data

Mode 0 is a rarely used format as it is zero filled in the entire user data area. Mode zero data (Table 9)
has the following format.

Table 9 — Mode Zero Data Format

Byte Offset Field Length Content
0 12 Data Block Sync pattern
12 3 Block MSF address (BCD)
15 1 Data mode =0
16 2 336 User data (each byte is zero)

4.2.3.7.2 Block Format for Mode 1 Data

Mode 1 data (Table 10) is most prevalent in CD-ROM applications. The sync pattern, header and user
data are protected by a 32-bit CRC. Two additional layers of error correction, P and Q, collectively called
Level 3 correction cover the header and user data. This is also referred to as Layered error correction (L-
EC or C3).

Table 10 — Mode 1 Data Format

Byte Offset Field Length Content
0 12 Data Block Sync pattern
12 3 Block MSF address (BCD)
15 1 Data mode = 01
16 2048 User data
2064 4 CRC (P = (X"5+X "5+ X%+ X")*(X"®+X2+X+1)) Bytes O -
2063
2068 8 Zero fill
2076 172 P parity symbols
2248 104 Q parity symbols

The coverage of the CRC is the sync pattern, Header, and the User Data.

The coverage of Level 3 P is Header, User Data, CRC, and the zero fill.

The coverage of Level 3 Q is Header, User Data, CRC, the zero fill, and the P parity.

30




MMC-3 Draft Revision 10g

4.2.3.7.3 Block Format for Mode 2 Data

Mode 2 data blocks have two types: formless and formed. Mode 2 formed blocks have two forms: form 1
and form 2.

4.2.3.7.3.1 Block Format for Mode 2 formless Data

The Mode 2 formless block format (Table 11) is rarely used. There is no defined CRC or additional
correction.

Table 11 — Mode 2 formless block format

Byte Offset Field Length Content
0 12 Data Block Sync pattern
12 3 Block MSF address (BCD)
15 1 Data mode = 2
16 2 336 User data

4.2.3.7.3.2 Block Format for Mode 2 form 1 Data

The Mode 2 form 1 block format (Table 12) is regularly used in recorder applications and Video CD

movies. The Mode 2 form 1 format is very similar to Mode 1 format. The differences are:

» The 8 zero fill bytes have been moved to between the header and user data as two copies of a 4 byte

sub-header.

* The CRC, P-parity, and Q-parity do not cover the block header. This assures the ability of relocating
data, including all parity symbols.

Table 12 — Mode 2 form 1 data format

Byte Offset Field Length Content

0 12 Data Block Sync pattern
12 3 Block MSF address (BCD)
15 1 Data mode = 2
16 4 Sub-header, first copy
20 4 Sub-header, second copy
24 2048 User data

2072 4 CRC (P = (X"*+X"+)2+X")*(X"®+X?*+X+1)) Bytes 16

- 2071
2076 172 P parity symbols
2248 104 Q parity symbols

The format of the sub-header is shown in Table 13.
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Table 13 — Mode 2 form 1 sub-header format

Sub-Header Byte Name Definition
Byte

0 File number Identifies the file to which the block belongs

1 Channel number Playback channel selection

2 Sub-mode Bit 7: End-of-File
Bit 6: Real-time block
Bit 5: Form (0 = Form 1, 1 = Form 2)
Bit 4: Trigger Block
Bit 3: Data Block
Bit 2: Audio Block (not traditional CD-DA audio)
Bit 1: Video Block
Bit 0: End-of-Record

3 Coding information

4.2.3.7.3.3 Block Format for Mode 2 form 2 Data

Mode 2 form 2 data (Table 14) is regularly used in Video CD movies. The data is optionally covered by

CRC within the last 4 bytes of the block.

Table 14 — Mode 2 form 2 data format

Byte Offset | Field Length Content
0 12 Data Block Sync pattern
12 3 Block MSF address (BCD)
15 1 Data mode = 2
16 4 Sub-header, first copy
20 4 Sub-header, second copy
24 2324 User data
2348 4 Optional CRC Bytes 16 - 2347

4.2.3.8 CD Recordable and CD ReWritable Media Structure

An unrecorded CD-R or CD-RW disc does not have any EFM present to find the physical track in the
traditional way of CD-ROM Logical Units. A blank CD-R or CD-RW is not smooth, it is pre-grooved and

the groove has a built-in wobble for the purpose of defining and finding the physical track.

The wobble is a 22.05kHz signal (at 1X) modulated with digital information. The time position within the
pre-groove is contained in each pre-groove frame of 42 bits. This is known as Absolute Time In Pre-

groove (ATIP) (Table 15).
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Table 15 — ATIP format

ATIP Frame Item Content
Sync (4 bits) Synchronization nibble
Minute (8 bits) Absolute disc time: Minute (BCD)
Second (8 bits) Absolute disc time: Seconds (BCD)
Frame (8 bits) Absolute disc time: Frame (BCD)
CRC (14 bits) CRC protection

In the area that is expected to be the disc’s Lead-in, additional information is interleaved between
positional ATIP frames. The additional information provided is:

» First possible start time for disc Lead-in (TOC)

e Last possible start time for disc Lead-out

» Special information about recording permissions

» Power and speed requirements for recording the medium
» CD-R vs. CD-RW medium

4.2.3.8.1 CD-R/RW Disc Management

CD-R/RW discs have two additional areas prior to the first Lead-in, the Power Calibration Area (PCA),
and the Program Memory Area (PMA). See Figure 9.

PCA - The Power Calibration Area (PCA) is present only for CD-R and CD-RW media for the purpose of
write power calibration. The PCA is divided into two areas: the test area and the count area. The test area
is divided into 100 calibration partitions. The count area is an accounting area for recording usage of the
test area.

PMA - The Program Memory Area is present only for CD-R and CD-RW media for the purpose of
accounting for the usage of user data areas on the medium. This information is contained only within the
Sub-channel of the PMA frames. The main channel content is not defined within the PMA.

Update the PMA means to update the PMA on the disc or to update the PMA Cache, that shall be written
to the PMA on the disc prior to the removing the disc from the Logical Unit. PMA Caching is vendor
specific.

26mm
Center PCeA Count\ / Special optical sensor used for this location

T T
PCA PMA | ToC(L1) P Lead-out| TOC
1 : 1 1

User Blocks 1

)
<«4——  First Session————  pp»l«— Second Session

Partially recorded Disc TOC information contained in the PMA

The PCA is used for Power Calibration
Note that it can be used only 100 times for CD-R Media

Figure 9 — CD-R and CD-RW medium
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4.2.3.8.2 PMA Q Sub-channel

The PMA is a temporary TOC to be used as a disc is being recorded in increments. The format of the Q
Sub-channel for PMA entries is similar to those in the Lead-in.

The PMA is recorded in groups of 10 frames called a PMA unity. If any of the frames in a unity is
recorded, then all frames in the unity shall be recorded. A given PMA entry shall appear either 5 or 10
times within a unity.

Q Sub-channel in the PMA has the general form shown in Figure 10.

ADR DATA-Q
0001-0110| TNO | POINT | MIN | sEc | FRAME | zERO | PMIN | PSEC | PFRAME

Figure 10 — PMA, Q Sub-channel
Mode-1 Q Sub-channel in the PMA is a TOC item:

TNO = 00

POINT = Track number encoded as two BCD digits.

ZERO = 00-09bcd is a label of the frame number in the PMA unity
MIN, SEC, FRAME = Track stop time in 6 BCD digits.

PMIN, PSEC, PFRAME = Track start time in 6 BCD digits.

Mode-2 Q Sub-channel in the PMA is a Disc Identification item (optional):

TNO = 00
POINT = 00
ZERO = 00-09bcd is a label of the frame number in the PMA unity
MIN, SEC, FRAME = Disc identification as a 6 BCD digit number.
PMIN = 00
PSEC = Sessions format:
00 - CD-DA or CD-ROM, 10 - CD-l, 20 - CD-ROM-XA
PFRAME = 00

Mode-3 Q Sub-channel in the PMA is a Skip track item (optional, audio only):

TNO = 00

POINT = 01-21bcd is the mode-3 index of this item

ZERO = 00-09bcd is a label of the frame number in the PMA unity
MIN = 01-99bcd track number to skip upon playback

Each of the following: = 00 if no skip track is specified

SEC, FRAME = 01-99bcd (each byte) track number to skip upon playback

PMIN, PSEC, PFRAME
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Mode-4 Q Sub-channel in the PMA is an unskip track item (optional, audio only):

TNO = 00

POINT = 01-21bcd is the mode-4 index of this item

ZERO = 00-09bcd is a label of the frame number in the PMA unity
MIN = 01-99bcd track number to unskip upon playback

Each of the following: = 00 if no unskip track is specified

SEC, FRAME = 01-99bcd (each byte) track number to unskip upon playback

PMIN, PSEC, PFRAME

Mode-5 Q Sub-channel in the PMA is a skip interval item:
TNO = 00
POINT 01-40bcd is the mode-5 index of this item
ZERO 00-09bcd is a label of the frame number in the PMA unity
MIN, SEC, FRAME Skip interval stop time in 6 BCD digits.
PMIN, PSEC, PFRAME Skip interval start time in 6 BCD digits.

Mode-6 Q Sub-channel in the PMA is an “unskip interval” item:
TNO = 00
POINT 01-40bcd is the mode-6 index of this item
ZERO 00-09bcd is a label of the frame number in the PMA unity
MIN, SEC, FRAME Unskip interval stop time in 6 BCD digits.
PMIN, PSEC, PFRAME

Unskip interval start time in 6 BCD digits.

4.2.3.9 Recording

Blank CD-R is not randomly writable. CD-RW is limited in its random write capability. Due to the
interleaved nature of CD frames, blank media shall be recorded in groups of frames with linkage for
appending new recording.

There are two methods for linking separate writes on CD-R or CD-RW:

Audio - Linkage occurs within a single frame time. This assures that locating the linkage frame by its Q at
a later time is nearly impossible.

Data - Since it is necessary to locate exact boundaries of user blocks, additional padding is inserted
around the linkage frame. The collection of the link block, the pad blocks, and the user blocks is called a
Packet. The format of the packet is shown in Figure 11.

Link Run-in | Run-in | Run-in | Run-in User Data Blocks Run-out | Run-out
Block | Block 1 | Block 2 | Block 3 | Block 4 Block 1 | Block 2

Figure 11 — Packet Format
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Bits 5, 6, and 7 of the block’s mode byte (see Table 16) uniquely identify blocks.
Table 16 — Block Identifier bits

Mode Byte Bits 7, 6, 5 Block

000 User Data

001 Run-in block 4

010 Run-in block 3

011 Run-in block 2

100 Run-in block 1

101 Link block

110 Run-out block 2
111 Run-out block 1

See 4.2.3.7 for a detailed definition of the Mode Byte. Main channel user data should be all zeros.
Only entire packets may be rewritten on CD-RW media.

There are 2 types of recording on CD-R: Uninterrupted and Incremental. Incremental recording requires
linking, whereas uninterrupted does not.

Disc At Once is the only type of uninterrupted recording and is a special case of Session At Once. The
recording begins at the start of the Lead-in and stops only when the last block of the Lead-out is written.
The PMA is not written. No linking is required.

There are 5 types of incremental recording:

Session At Once - The recording begins at the start of the Lead-in of the next session and stops only
when the last block of that session’s Lead-out is written. The PMA is constructed and written as a
separate write action. Linking between sessions is required.

Reserve Track - User data is not necessarily written. The PMA is written for the purpose of defining a new
track.

Track At Once - A single packet that includes the pre-gap of the track and all of the track’s user data.

Variable Packet - A variable number of user blocks is written between data linkage blocks. A variable
packet shall be a part of the user data area of a track.

Fixed Packet - A fixed number of user blocks is written between the user blocks. A fixed packet shall be a
part of the user data area of a track.

4.2.3.10 The Track Descriptor Block

The Track Descriptor Block (TDB) is required for Track at Once or Packet recording. When the TDB is
present, each block of the pre-gap of a track is a TDB. When a track is only reserved for Track At Once
recording, recording of the TDB is deferred until the track data is written. When a track is reserved for
either sort of packet recording, the TDB shall be written as a single packet upon reservation.

The TDB contains main channel information about the track recording and optionally contains a history of
tracks that preceded the TDB.

The TDB begins with an 8 byte header (Table 17). The TDB header is followed by one or more Track
Descriptor Units (TDU) (Table 18).
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Table 17 — Track Descriptor Block (TDB) header

Bit 7 6 5 4 3 2 1 0

Byte

0 54h (ASCII “T”)

1 44h (ASCII “D”)

2 49h (ASCII “I")

3 Pre-gap Length encoded BCD

4

5 Reserved Current

6 Lowest Track Number Listed (BCD)

7 Highest Track Number Listed (BCD)

8 One or more Track Descriptor Unit(s) (TDU)

n

Pre-gap length is given in number of blocks.

The Current bit, when set to 1, indicates that only the TDU for the current track is present. When cleared
to 0, indicates that a TDU for tracks with numbers smaller than or equal to the current track, are present.

Table 18 — Track Descriptor Unit (TDU) Format

Bit 7 6 5 4 3 2 1 0
Byte
0 Track Number (BCD)
1 Recording method
2 (MSB)
3 Fixed Packet Size in blocks (BCD)
4 (LSB)
5 Reserved
Reserved
15 Reserved

Recording method is coded as follows:

00h Audio track written TAO

80h Data track written TAO

90h incrementally written data track, variable packets

91h incrementally written data track, fixed packets

Fixed Packet size is filled with FFFFFFh whenever the recording method is not fixed packet.
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4.2.4 High Speed CD-RW media recording

High speed CD-RW is defined in System Description ReWritable Compact Disc Systems, part lll Volume
2: CD-RW (Orange Book part lll, Vol. 2). High Speed CD-RW recording speed ranges are from 4x to 10x
recording and also allows CAV recording. Upon CAV recording, write speed needs to be set for each
track. If the Logical Unit is not capable of recording continuous track in CAV, then the Logical Unit shall
use CLV mode with initial speed of CAV recording. For example, if the 4x-10x CAV recording is attempted
for TAO mode, but the Logical Unit does not support CAV for TAO mode, then the Logical Unit shall
choose 4x CLV recording for that track. This condition is not considered as an error.

High speed CD-RW media cannot be recorded using Logical Units that comply with only Orange Book
Part 3 volume 1. Upon write attempt to the High speed CD-RW media using Orange Book Part 3 volume
1 complying Logical Unit, some Logical Units return CHECK CONDITION Status and set SK/ASC/ASCQ
values to either ILLEGAL REQUEST/WRITE PROTECTED or MEDIUM ERROR/NO SEEK COMPLETE.
The recommended SK/ASC/ASCQ values for this case are ILLEGAL REQUEST/CANNOT WRITE
MEDIUM - INCOMPATIBLE FORMAT.

In order to minimize the impact to the large number of MMC-1 based CD-R/RW Logical Units and
software, extensions of SET CD SPEED Command and CD/DVD Capabilities & Mechanical Status Mode
Page (2Ah) are defined as an optional Feature. Also SET STREAMING Command and GET
PERFORMANCE Command for CD-R/RW implementation are defined.

Command Sequence example:

Upon media insertion, Initiator issues READ TRACK/RZONE INFORMATION Command to find the next
writable address. Then either CD/DVD Capabilities & Mechanical Status Mode Page (2Ah) or GET
PERFORMANCE Command are used to identify the Logical Unit’'s capability for the mounted media.

Host then issues either SET CD SPEED Command or SET STREAMING Command for the track to be
recorded. Also the Initiator sets an appropriate Write Parameters, and ready to write data.

4.2.5 CD Audio error reporting

Audio play commands (PLAY AUDIO (10), PLAY AUDIO (12), PLAY AUDIO MSF) with the immediate bit
set in the audio control mode page return status as soon as the command has been validated (that may
involve a seek to the starting address). The playback operation continues and may complete without
notification to the Initiator. Error termination of audio operations shall be reported to the Initiator by
returning CHECK CONDITION STATUS to the next command (except for REQUEST SENSE, INQUIRY,
GET CONFIGURATION, and GET EVENT/STATUS NOTIFICATION). The deferred error sense data is
used to indicate that the error is not due to 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, the ASC is set to NO ADDITIONAL SENSE DATA and the audio status
(see ) is reported in the additional sense code qualifier field.

4.2.6 CD ready condition/not ready condition

The ready condition occurs after a disc is inserted and the Logical Unit has performed its initialization
tasks. These tasks may include reading the Table of Contents from the media. Table 19 defines the Not
Ready Error reporting for each command. A not ready condition shall occur only for the following reasons:

a) There is no medium mounted.

The Logical Unit is unable to load or unload the medium.
The Logical Unit is unable to recover the Table of Contents.
The controller cannot select the Logical Unit.

As otherwise described in the command operation.

o 0O T
_ = —

D
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Table 19 — Not Ready Error Reporting (by command)

Command Name Operation Return Not Time-out
Code Ready Status

BLANK A1h Yes Group 2 Note 1
CLOSE TRACK/SESSION 5Bh Yes Group 2 Note 1
SYNCHRONIZE CACHE 35h Yes Group 2
FORMAT UNIT 04h Yes Group 2 Note 1
GET CONFIGURATION 46h No Not Allowed
GET EVENT/STATUS NOTIFICATION 4Ah No Not Allowed
GET PERFORMANCE ACh No Group 1
INQUIRY 12h No Not Allowed
LOAD/UNLOAD MEDIUM A6h Yes Group 1 Note 1
LOCK/UNLOCK CACHE 36h No Group 2

LOG SELECT/SENSE 4Ch,4Dh No Group 1
MECHANISM STATUS BDh No Group 1
MODE SELECT 55h, 15h No Group 1
MODE SENSE 5Ah, 1Ah No Group 1
PAUSE/RESUME 4Bh Yes Group 1

PLAY AUDIO 45h, A5h Yes Group 1

PLAY AUDIO MSF 47h Yes Group 1

PLAY CD BCh Yes Group 1
PREFETCH 34h Yes Group 1
PREVENT ALLOW MEDIUM REMOVAL 1Eh No Group 1

READ 28h, A8 Yes Group 1

READ BUFFER 3Ch No Group 1

READ BUFFER CAPACITY 5Ch No Group 1

READ CAPACITY 25h Yes Group 1

READ CD BEh Yes Group 1

READ CD MSF BY9h Yes Group 1

READ DISC INFORMATION 51h Yes Group 1

READ DVD STRUCTURE ADh Yes Group 1

READ FORMAT CAPACITIES 23h No Group 1

READ SUB-CHANNEL 42h Yes Group 1
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Table 18 (continued) — Not Ready Error Reporting (by command)

Command Name Operation Return Not Time-out
Code Ready Status

READ TOC/PMA/ATIP 43h Yes Group 1
READ TRACK INFORMATION 52h Yes Group 1
RECEIVE DIAGNOSTIC RESULTS 1Ch No Not Allowed
RELEASE 17h, 57h No Not Allowed
REPAIR TRACK 58h Yes Group 1
REPORT KEY Adh Yes Group 1
REPORT LUNS AOh No Group 1
REQUEST SENSE 03h No Not Allowed
RESERVE 16h, 56h No Not Allowed
RESERVE TRACK 53h Yes Group 2
REZERO UNIT 01h Yes Group 1
SCAN BAh Yes Group 1
SEEK 2Bh Yes Group 1
SEND CUE SHEET 5Dh No Group 1
SEND DIAGNOSTICS 1Dh No Not Allowed
SEND DVD STRUCTURE BFh No Group 1
SEND EVENT A2h Yes Group 1
SEND KEY A3h Yes Group 1
SEND OPC INFORMATION 54h No Group 1
SET CD SPEED BBh No Group 1
SET READ AHEAD A7h Yes Group 1
SET STREAMING B6h Yes Group 1
START STOP UNIT 1Bh Yes Group 1
STOP PLAY/SCAN 4Eh Yes Group 1
TEST UNIT READY 00h Yes Group 1
VERIFY 2Fh, AFh Yes Group 2
WRITE 2Ah, AAh Yes Group 1
WRITE AND VERIFY 2Eh Yes Group 1
Note 1: With the IMMED bit set, Time Out is not allowed and shall be completed within the Group 1
time.

4.2.7 Sensing support for CD-audio commands.

The preferred method of sensing support for CD audio is the implementation of the GET
CONFIGURATION command (sub-clause 5.5). For legacy implementations, if any commands related to
audio operations are implemented, then the PLAY AUDIO (10) command (sub-clause 5.11) shall be
implemented to allow a method for the Initiator to determine if audio operations are supported. A target
responding to a PLAY AUDIO (10) 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.
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42.8 The CD-MRW Format

The Mount Rainier Technical Group is an industry organization that has defined a defect managed format
for standard CD-RW media. The format is named CD-MRW (Mount Rainier RW). Details of the disc
format are found in CD-MRW Defect Management & Physical Formatting (see sub-clause 2.2).

From the perspective of the CD-RW System Description, the entire capacity of a MRW disc consists of a
single session containing a single track of 32 sector fixed packets.

Lead-in Track 1: 32 Sector Fixed packets Lead-out

Figure 12 — Track/Session Structure of a CD-MRW Disc

There are differences.

4.2.8.1 Additional Structure

The MRW disc does have this format, but the CD-MRW Defect Management & Physical Formatting
requires additional features, built upon the basic format (Figure 13).

A B A B ct1 | C2| ... Cn D A

“—Lead-in"»| 49— Program Area —— P4 | ead-out —P»

Lead-in, Part A TOC, no change

Lead-in, Part B TOC (in sub-channel Q) along with MTA (information is stored in main
channel). Prior to CD-MRW, the lead-in has always been recorded
track-at-once. With this new format, it is recorded as fixed packets. The
MTA use begins with the packet that precedes the pre-gap. When
needed, the MTA grows backward toward the disc center.

Program Area, Part A Track 1 pre-gap has a fixed size of 150 sectors. The TDB identifies the
track as a fixed packet track with packet size = 32.

Program Area, Part B The General Application Area (GAA) is a segment of the track that is
NOT covered by the defect management system. This is fixed at 32
packets (2 MB of user space).

Program Area, Parts Cx The Defect Managed Area (DMA) consists of DMA segments, Cx. Each
Cx consists of a spares area (SA) followed by a data area (DA). Each
SA shall contain 8 packets. Each DA within C1, C2, ..., Cn-1, shall
contain 136 packets for primary data. Cn may contain less than 136
packets, based upon disc capacity. The DMA is the logical
concatenation of all DAs.

Program Area, Part D STA: 33 packets reserved for secondary copies of the MTA structures.
Lead-out, Part A Lead-out, no change

Figure 13 — The Additional Structure of CD-MRW

The number of Cx is determined as follows: P = number of 32 sector fixed packets available in the
formatted track 1. The number of packets in all Cx is Pt = P — GAA size — STA size = P — 65. When Ptis
divided by 144 (=8 + 136), there is a quotient Q and remainder R.

If R <8, then Q = n, the DA size for each Cx is 136, and the lead-out begins R packets sooner.
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If R> 8, then Q =n—1, the DA for C1, C2,...Cn-1 is 136, the DA for Cn is R — 8 packets in length, and
the lead-out is not offset into the program area.

The Host’s primary address space is the DMA. By default, an LBA is presumed to refer to this address
space. Note that LBAs for the DMA do NOT match LBAs for a similarly formatted pre-MRW disc.

The GAA is available for compatibility with older systems. The GAA LBA spaceis 0, 1, 2, 3, ..., 1023d.
Note that LBAs for the GAA exactly match LBAs for a similarly formatted pre-MRW disc.

4.2.8.1.1 Addressing

When method 2 addressing is used, the LBA of the first sector of the DMA is (32 + 8)*32 = 1 280d. Table
20 shows the inequities with method 2 LBA references:

Table 20 — Method 2/Method 3 Addressing Comparison

Method 2 LBA MRW LBA Method 2 LBA MRW LBA Method 2 LBA MRW LBA
0 GAA O 1280 DMA 0 5888 DMA 4 352

1 GAA 1 1281 DMA 1 5889 DMA 4 353

2 GAA 2 1282 DMA 2 5890 DMA 4 354

1023 GAA 1023 5631 DMA 4 351 10 239 DMA 8 703

The GAA addressing is identical to traditional addressing. The new method of addressing sectors in the
DMA is named "method 3 addressing" in the CD-MRW Defect Management & Physical Formatting.

There is a small problem: there are two LBA spaces where formerly there was only one. The MRW Mode
Page is used a the method of specific address space selection. The host may toggle between address
spaces (DMA and GAA) by changing the logical unit’s reference in the MRW Mode Page.

4.2.8.1.2 Host Requests/Logical unit Responses

The host may view the MRW disc as a removable magnetic medium with a 2 048 byte sector size. This
means that the random read capability of MMC is to be maintained and expanded to include the MRW
disc.

Additionally, random write capability shall be added specifically for the MRW disc. Within the logical unit,
only the writing of 32 sector fixed packets is allowed. MMC-1 and MMC-2 logical units share this
restriction with their hosts. When MRW disc is present, the MRW compliant logical unit does not share
this restriction with its host. This is a simple matter of implementing a read/modify/write for packets.

4.2.8.1.3 GAA Contents

Since devices not compliant with this model will be able to present the GAA accurately, it is
recommended that the GAA be formatted as a ISO 9660 volume containing no directories and exactly
one file named: Read-me.ixt with the following contents:

This document is defined in size and content by the Mt. Rainier technical group, for the support of
the CD-MRW format.

If you have a system manufactured before 2002, you will need to contact your PC system or
operating system manufacturer for appropriate software to read this format. Links to supporting
software vendors can be found at www.mt-rainier.org.

If your system's optical drive carries the CD-MRW logo, and you are seeing this content, please
contact your PC system or optical drive manufacturer directly.
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4.2.8.1.4 Background Formatting

Most of the process for formatting a CD-RW disc into the MRW format is performed in background.
During this background formatting process, the disc is available for both read and write access within the
LBA Space as it exists after formatting has completed. The MRW capable drive shall perform the
necessary tasks to ensure this access.

The user may wish to remove the disc prior to format completion. This is allowed; however, it is required
that the medium is written in such a way as to ensure read compatibility with Multi-read capable, read-
only devices. This requires that the disc be closed. The format begins again when a host arranges for
the format to be restarted.

4.2.8.2 Streamed Writing

The CD-RW Defect Management & Physical Formatting revision 1.1 defines the method for streamed
writing on CD-MRW formatted discs. This simply disables the defect management system during the
streamed writing, thereby providing a writing method that yields fixed rate data flows principally for video
applications.

The WRITE(12) command is used to control and utilize the streamed write capability. A "streamed" bit in
the command descriptor block declares that the data should be written or read in a streamed way.

The READ (12) command is used to read streamed written data. A "streamed" bit in the command
descriptor block tells the drive to disable use of the defect management system and to ignore data errors.

4.2.8.3 Consequences of a Multi-Volume Format

The Mount Rainier format is multi-volume. This simply means that a single, physical medium represents
more than a single logical volume. In the case of Mount Rainier, the number of volumes is 2: the GAA
and the DMA.

4.2.8.3.1 LBA Spaces

The consequence is that two distinct LBA spaces must be provided and under normal, logical accesses,
action on one volume cannot modify data on the other volume. The MRW drive provides a simple
method to select between address spaces: the MRW Mode Page.

When a command references the media by LBA, the result is dependent upon the currently selected LBA
Space.

4.2.8.3.2 Features and Events

The feature sets associated with GAA and DMA are different. Some features are common, but some are
also different.

When a MRW formatted (or formatting) disc is mounted, the drive shall always default to the LBA Space
of the DMA. If the host chooses to select the GAA, then the drive shall generate a Morph Event and
change the set of features that are marked current. Table 21 shows the expected response to a request
for current features that are expected to be volatile.

Table 21: Currency of Features for GAA and DMA

Feature Currency With | Currency with
GAA DMA
Restricted Overwrite Yes No
Incremental Streaming Writable Yes Yes
Random Writable No Yes
Defect Management No Yes
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Some features will be current regardless of the LBA Space selection: Core, Morphing, Removable
Medium, Random Read, Multi-read, Formattable, and Real-time Streaming.
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4.3 DDCD Model

The Double Density CD (DDCD) Media Format is an extension of CD family whose capacity is more than
double. This capacity is achieved by using a conventional 780 nm laser and using a NA of 0.50 or 0.55,
and

- reduction of the track pitch (x 1.45)
- reduced minimum pit size (x 1.33)

Table 22 — Realization of higher density

Parameter Red Book CD DDCD Factor
Track pitch (um) 1.60 1.10 1.45
Length of optical n*0.278 n*0.208 1.33
marks (30n111)

Program area radius (120 mm disc) (120 mm disc) 1.06
(mm) 25-37.5 (180 mm disc) 24-37.5 (80 mm disc)
Total user bit rate/ (CD-ROM Mode 1) 0.284 (CD-ROM Mode 2) 1.00

Channel bit rate:

A DDCD medium is an 80 mm or a 120 mm disc with a continuously recorded physical track beginning
from a radius of 24 mm and spiraling outward to a radius 37.5 mm or 58 mm.

Like a conventional CD Drive/Media there are three types of DDCD Drive/Media, Read Only (DDCD-
ROM), Write Once (DDCD-R), and ReWritable (DDCD-RW). The capacities of these media are the same.
The DDCD Media Format is not backward compatible with current CD devices

4.3.1 DDCD Specifications

Comparing the new DDCD specifications with those of the conventional CD, some major specifications
are the same, such as the size of the disc. Other specifications indicate that some adaptations have to be
made to the media production process of the DDCD.

Error correction and physical addressing require some changes to the decoding/encoding equipment.
Table 23 shows some DDCD parameters.
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Table 23 — Main Parameters of DDCD

Parameter DDCD-ROM DDCD-R DDCD-RW

Capacity ( 120 mm disc ) [Mbytes] 1300 1300 1300
Capacity ( 80 mm disc ) [Mbytes] 400 400 400
Wavelength of laser diode [nm] 780 780 780
Reference NA  [for read] >0.50 >0.50 >0.50

[for write] 0.55 0.55
Data Bit length [um] 0.442 0.442 0.442
Channel Bit length [um] 0.208 0.208 0.208
Minimum Pit/Mark length [um] 0.62 0.62 0.62
Maximum Pit/Mark length [um] 2.29 2.29 2.29
Track pitch [um] 1.10 1.10 1.10
Sense of disc rotation seen from Counter Counter Counter
reading side clockwise clockwise clockwise
Thickness of the disc [mm] 1.2 1.2 1.2
User data per sector [bytes] 2048 2048 2 048
Error Correction Code CIRC* CIRC* CIRC*
Layered ECC Constraint Length 1sector 1sector 1sector
Correctable burst error length [mm] 3.16 3.16 3.16
Scanning velocity at 1X speed [m/s] 0.90 0.90 0.90
Channel bit rate [Mbps] 4.3218 4.3218 4.3218
User data bit r[itg;ttel;(s]speed 150 150 150
Note: CIRC* is different from the conventional CD. In the DDCD system, the delay parameter “D”
of CIRC is extended from 4 to 7 to improve burst error correction ability in case of higher
recording density. The maximum burst error correction ability of CIRC* is extended to 837
symbols.

Disc Structure

There are three address expressions used in the DDCD system; the Block address contained in the
sector header (Physical Sector Number), Subcode-Q channel (Subcode frame time number), and the
address referred to the blocks of the Initiator system (LBA: Logical Block Address).

The address used by the Initiator system starts from 0 to the end of the recorded information on the disc.
LBA 0 shall correspond with the sector header address of D300h and the Subcode-Q address of
0:12:00:16 (0 hour, 12 minutes, 00 second, 16 frame). Only the Data Area is generally addressable by
using LBA.

Subcode-Q areas are addressed in time based address. The representation for a time based address is
H:MM:SS:FF, where H = hours, MM = minutes, SS = seconds, and FF = frames. Hour field is 1 digit.
MM:SS:FF are 2 digits respectively. When the time based address includes the hours field selection
between LBA and H:MM:SS:FF is indicated by the appropriate TIME bit.

One Hour is subdivided into 60 Minutes. One Minute is 60 Seconds. One Second is 75 frames. See
Figure 14.
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4.3.1.2 Single Session Disc

A Session is a recorded sequence that includes a Lead-in Area, Program Area, and Lead-out Area. The
Lead-in / Lead-out Area is a guard area at inner / outer part of the disc. The Lead-in Area also contains
the table of contents (TOC) for Program Area. The Program Area is also known as the user area of the

disc.

MMC-3 Draft Revision 10g

Physi cal Sector Nunber
(ATl P/ Header Address)
A
PCA Lead-in| Pre
PNVA Program Area | Lead- out
Test |Count (TOC) Gap g
Recor dabl e/ ReW i t abl e —
D300h
D2EQh
A730h
9F60h
9632h /
Toward Quter Di aneter
t1 t2 13 14 tle
Subcode- Q Address T
0:12: 00: 16
0:12: 00: 00
0: 09: 30: 50
0:09:04:00_ [ —
Toward Quter Di aneter
LBA Vol une Space
y - >
Last LBA
End of program Area
0
Toward Quter Di aneter
Subcode- Q ATI P/ Header
tl Start of PCA 9632h
tl Start of PMA 0: 09: 04: 00 9F60h
t1 Start tine of Lead-in Area 0: 09: 30: 50 A730h
End tine of Lead-in Area
:12: 00: D2F0Oh
tl Start tine of Program Area 0:12:00: 00
tl Start time of the User data 0:12:00: 16 D300h
t1 | Last Possible start time of Encoded in ATIP| Encoded in ATIP
Lead- out Area

W

Figure 14— Physical and Logical Layout of DDCD-ROM/R/RW
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4.3.1.3 Multi-Session Disc

The multi-session allows a single disc to have several concatenated sessions. On a recorded disc,
session may appear as shown in Figure 15.

DDCD read only drives are not typically capable of reading through unrecorded areas on the medium.
The DDCD read only drive needs EFM data in order to find and stay in the physical track. This is to
ensure that a DDCD read only drive is capable of accessing all areas of a Program Area.

Sector 2352 bytes

e A
B |
| A — |
L 1 !
12 s | 8 2048 | 4V 172 Y 104
Sub . ,
EDC P-Parit -
Sync | Header Header User Data y | Q-Parity
0 11I 12 15116 23 24 2071 2072 2075 2076 2247 2248 2351
| -l
I Header -l
Sector Address (3 bytes)| Mode (1 byte)
02h
Session1 Session2 Last Last Last
Session1 Session1 | Session2 | p Session2 . Session .
; Program ; rogram | =IOl L Session Session
Lead-in Lead-out |Lead-in Lead-out ; Program
Area Area Lead-in Area Lead-out

Figure 15 — Multi-Session Recorded Disc

In order to assure readability with DDCD read only drives, the recording system shall always close the
session before attempting interchange.

Additional information is needed in order to locate all of the program areas.
This is accomplished by using SubCode-Q Mode 5 in the Lead-in areas.

4.3.1.4 Physical Sector

The physical format defined by the DDCD media standard provides 2 352 bytes per sector. For computer
data applications, 2 048 bytes is used for user data, 12 bytes for a synchronization field, 4 bytes for a
sector address, 8 bytes for an additional information and 276 bytes — the auxiliary field —for Layered ECC.

4.3.1.5 Sector Structure

A Sector, called Mode2 Sector, shall consist of 2 352 bytes arranged with 12 Sync bytes, 4 Header bytes,
8 Sub-header bytes, 2 048 User Data bytes, 4 Error Detection Code (EDC) bytes, 172 P-Parity bytes, and
104 Q-Parity bytes. The User Data bytes are identified from 24th to 2071st. The Header shall consist of 3
bytes of Sector Address and 1 Mode byte. The Mode byte shall be 02h to indicate Mode 2 Disc Type.
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Sector 2352 bytes
- -l
| wr]
- — - — — | |
| S e— |
L0 R
12 4 | 8 2048 | 4 | 172 | 104
Sub . ,
EDC P-Parit -
Sync | Header Header User Data arity | Q-Parity
0 11| 12 15116 23 24 2071 2072 2075 2076 2247 2248 2351
i Tl
I Header -
Sector Address (3 bytes)| Mode (1 byte)l
02h

Figure 16 — Sector format Mode 2

The physical format of DDCD media uses smaller unit of synchronization than the other magnetic or
optical recording systems.

The basic unit of the data stream synchronization is a small frame. This is different from large frame
(sector) as referred to in the HMSF unit. Each small frame consists of 588 bits. A sector on DDCD media
consists of 98 small frames.

A DDCD small frame consists of:

1. 1 synchronization pattern (24+3 bits)

2. 1 byte of sub-channel data (14+3 bits)

3. 24 bytes of data (24 x (14+3) bits)

4. 8 bytes of CIRC code (8 x (14+3) bits) Total:588 bits.

Data, sub-channel and CIRC bytes are encoded to 14-bit codes according to the EFM table; then three
merging bits are added. The merging bits are chosen to minimize DSV (Digital Sum Value) and provide
DC free characteristics.

The data bytes of 98 small frames comprise the physical unit of data referred to as a sector. 98 small
frames times 24 bytes per small frame equals 2 352 bytes of data per sector.

4.3.1.6 Sub-Channel Information Formats

The sub-channel 1 byte of each frame is assigned one bit for each of the 8 sub-channels, designated P,
Q,R,S, T, U, V,W. Sub-channel P and R to W are all reserved and set to zero. All the sub-channel Q
bits of a sector define the sub-channel Q information block. The sub-channel Q block consists of 98 bits,
one bit from each small frame in a sector.

The format provides the information of the location and is defined as follows (See Figure 17):
1. 2-bits sub-channel synchronization field

2. 4-bits ADR field (defines the format)

3. 4-bits control field (defines the type of information in this sector)

4. 8-bits Track number
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8-bits index number

28-bits reserved

28-bits Absolute HMSF address ( 4-bits Hour, 8-bits Minutes, 8-bits Seconds, 8-bits Frames)
16-bits CRC error detection code

| ADR | TNO | INDEX | Reserved | AHOUR | AMIN | AsEC | AFRAME | cRC |

Figure 17 — Sub-code-Q Model format recorded in Program Area

TNO =01 to 99 is the track number in BCD
INDEX = 00.
AHOUR, AMIN, ASEC, AFRAME = the absolute time address expressed in 7 BCD digits.

4.3.1.7 DDCD Ready Condition/Not Ready Condition

The Ready Condition occurs after the disc is inserted and the Logical Unit has performed its initialization
tasks. These tasks may include reading the lead-in information from the media. This “Ready” is different
from and should not be confused with the ATA Ready Status. A CHECK CONDITION status shall be
returned for the Not Ready Condition only for Commands that require or imply disc access.

A Not Ready Condition may occur for the following reasons:
1. There is no disc.
2. The Logical Unit is unable to load or unload the disc.
3. The Logical Unit is performing an extended operation as the result of an Immediate
mode Command such as FORMAT UNIT, BLANK, or CLOSE TRACK/SESSION commands
The Logical Unit shall spin up and make the disc ready for media accesses when a disc is detected.

After the Logical Unit becomes ready, the Logical Unit may enter the power state in which the Logical Unit
was when the previous medium was removed.

Any media access that occurs when the Logical Unit is not spinning shall spin the media up and not
generate an error. Any media access that is requested while a deferred operation is in progress (i.e.
writing from a write cache) shall not generate an error.

Note: Accesses to the media can be satisfied from the Logical Unit's cache and may not require the
media to be spinning.

Some commands are allowed to generate a CHECK CONDITION status with a NOT READY sense key
and others are not.

4.3.1.8 DDCD Address Reporting Format (TIME bit)

Several (conventional) CD specific Commands can return addresses either in logical block address or in
HMSF format. The READ SUBCHANNEL, and READ TOC/PMA/ATIP commands have this Feature.
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Table 24 — TIME Address Format
Bit 7 6 5 4 3 2 1 0

Byte

H Field
M Field
S Field
F Field

WIN|[F]|O

A TIME bit in the CDB specifies the format. The TIME bit of zero requests that the logical block address
format be used for the absolute address field.

A TIME bit of one requests that the HMSF format be used for these fields. The H, M, S, and F Fields are
expressed as binary numbers. The value of the H field shall be zero for CD media and shall not exceed 2
for DDCD media. The value of the M field shall not exceed 99 for CD media and shall not exceed 59 for
DDCD media. The value of the S field shall not exceed 59. The value of the F field shall not exceed 74.

4.3.1.9 Error Reporting

If any of the following conditions occur during the execution of a command, the DDCD Logical Unit shall
return CHECK CONDITION status. The appropriate SK/ASC/ASCQ shall be set. The following list
illustrates some error conditions and the applicable sense keys. The list does not provide an exhaustive
enumeration of all conditions that may cause the CHECK CONDITION status.

Table 25 — Error Conditions and Sense Key

Condition Sense Key
Invalid logical block address ILLEGAL REQUEST
Unsupported option requested ILLEGAL REQUEST
Attempt to read a blank block ILLEGAL REQUEST
Attempt to play a data block as audio ILLEGAL REQUEST
Device reset or medium change UNIT ATTENTION
Since last command
Self diagnostic failed HARDWARE ERROR
Un-recovered read error MEDIUM ERROR / HARDWARE ERROR
Recovered read error RECOVERED ERROR
Overrun or other error that might be resolved | ABORTED COMMAND
by repeating the command

In 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 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 to the error
block shall be transferred.

4.3.1.10 Recording for DDCD media

There are several kinds of writing method of recording data in DDCD media. Session At Once, Track At

Once, and Packet Writing are all used as methods of recording DDCD media. There is a special case of
Session At Once recording known as Disc At Once. Packet Writing can be further classified into Variable
Packet Writing and Fixed Packet Writing.
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4.3.1.11 DDCD Recordable and DDCD ReWritable Structure

An unrecorded DDCD-R or DDCD-RW disc does not have an EFM to find the physical track in the
traditional way of DDCD read only drives. A blank DDCD-R or DDCD-RW has pre-groove and it has the
built in wobble for the purpose of defining and finding the physical track.

The wobble is a 22.05KHz signal modulated with digital information. The position within the pre-groove is
contained in each pre-groove frame of 42 bits. This is known as an Absolute Time In Pre-groove (ATIP).

The ATIP frame shall consist of 42 bits.
The format of the ATIP frame is defined in Table 26.

Table 26 — ATIP format

Number of bits 4 3 21 14
Bit position 1234 567 0011 11111111 23333333333444
222222222 90123456789012
8901
23456789012345678
Data Sync Discriminator Physical frame address CRC remainder

In the area that is expected to be the disc’s Lead-in Area, the additional information is interleaved
between positional ATIP frames.

The additional information provided is:
- First possible start address for disc Lead-in (TOC)
- Last possible start address for disc Lead-out
- Special information about recording permissions
- Power and speed requirements for recording the medium
- DDCD-R vs. DDCD-RW medium

DDCD-R/RW discs have two additional areas prior to the first Lead-in; the Power Calibration Area (PCA),
and the Program Memory Area (PMA).

The Power Calibration Area (PCA) is present only in DDCD-R and DDCD-RW media for the purpose of
write power calibration. The PCA is divided into two areas: the test area and the count area. The test area
is divided into 1000 calibration partitions. The count area is a counting area for use of the test recording.

The Program Memory Area (PMA) is present only for DDCD-R and DDCD-RW media for the purpose of
counting for the use of user data area on the medium. This information is contained only within the
Subcode-Q channel of the PMA frames.
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The layout of a Packet on DDCD media is shown in Figure 18. Each packet starts with Link block followed
by three Run-in blocks. The User data blocks are placed directly after the Run-in blocks. Finally, three

Run-out blocks are located following the User data blocks. In the case of Fixed packet writing, the size of
each Packet in a Track is constant in length.

Packet
< >
User
Link Run-in Run-in Run-in Data Run-out Run-out Run-out
Blocks
Figure 18 — Packet Layout
Blocks are uniquely identified by bit 5, 6, and 7 of the block’s mode byte.
Table 27 — Block Identifier bits
Mode Byte, Bits 7, 6, 5 Block
000 User Data block
001 Third Run-in block
010 Second Run-in block
011 First Run-in block
100 Link block
101 Third Run-out block
110 Second Run-out block
111 First Run-out block
Track #n Track # (n+1)
- > i
Pre-gap Index =0 Index =1
-} g
Packet Packet Packet Packet
ot > > -t
N s 323</5/5lE user 333xI5/5IE user |3[3]3lx/Si5/S
£ TDBs |&|&|&|E LIL|E L LlE TDBs
5555 ééé@éé Data 55545503 Data 5554555

Figure 19 shows an example of the layout of a packet written Track.

Figure 19 — Example of Packet written Track layout
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4.4 DVD Model

The DVD Model is the description for the media types DVD-ROM, DVD-R/-RW, DVD-RAM and
DVD+RW.

Like CD Logical Units/Media there are multiple types of DVD Logical Units/Media:
Read Only (DVD-ROM)

Recordable (DVD-R)

Re-Writable (DVD-RAM, DVD-RW, DVD+RW).

The capacities of these different media vary. In addition, each of these media also has the possibility of
one or two sides, and DVD-ROM may have one or two layers per side. A DVD Logical Unit may be
capable of reading CD-ROM.

4.4.1 DVD Media Functionality

The DVD media is currently specified by the Physical sections of the DVD Forum Specifications.

» DVD Media can contain information on one side (Single Sided) or on both sides (Double Sided).
» DVD-ROM disc has two types of layer structure: single layer and dual layer.

« Each Layer on either side contains a spiral track. This track contains a Lead-in, Data Area, and a
Middle Area or a Lead-out.

» Dual Layer discs have two types of track path: Parallel Track Path and Opposite Track Path.
 One ECC BLOCK consisting of 16 sectors, and having 37 856 bytes.

* There is no Sub-channel, only main channel.

e Addressing from the Initiator is LBA (Logical Block Address) only.

» Information concerning error correction that has been performed is not usually returned to the
Initiator.

e Some data on DVD Media is used only inside of the DVD Logical Unit and is not transferred to the
Initiator.

* The Initiator Read & Write unit (User Data) is 2 Kbytes (2 048 Bytes).
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4.4.2 Track Structure

There are two types of track path for dual layer discs, either parallel or opposite. When the path is parallel
each track has its own Lead-in and Lead-out.

There are two addresses used in the DVD system, the Block address contained in the sector headers
(Physical Sector Number), and the address used to reference the blocks from the Initiator system (LBA).
The address used from the Initiator starts at 0 and progresses up through the end of the recorded
information on the disc. LBA 0 shall correspond with the sector address of 030000h on DVD-ROM media.
Only the Data Area is generally addressable using an LBA.

Figure 20 through Figure 26 show examples of LBA to Physical Sector Number translations for DVD
media.

| | Lead-in Area | DataArea —pp | L ead-out Area | | Layer O

Physical —
Sector
Number /

T /

02FFFFh 030000h End PSN (0)

| —

p Towards OD

End PSN (0): The end Physical Sector number of Data Area of Layer 0

030000h PSN P End PSN (0)

(inner) (outer)

Data Area of Layer 0

0 LBA P Last LBA

> Volume Space >

Figure 20 — Physical and Logical Layout of Single Layer DVD-ROM Media
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|| Lead-in Area DataArea —Pp Lead-out Area |Layerl

| Lead-in Area | DataArea —Ppp | Lead-out Area | Layer O

Physical
Sector

Number // 7/
— "

02FFFFh 030000h End PSN (0)

P Towards OD
End PSN (0): The end Physical Sector number of Data Area of Layer O

End PSN (1): The end Physical Sector number of Data Area of Layer 1

030000h PSN p End PSN (0) 030000h PSN p EndPSN (1)
(inner) (outer) | (inner) (outer)
DataAreaof Layer O DataAreaof Layer 1
0 LBA p LastLBA
2 Volume Space >

Figure 21 — Physical and Logical Layout of Parallel Track Path DVD-ROM Media
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-\ A/End PSN (1) / Addressin Layer 1

| | Lead-out Area | 4— DataArea | Middle Area | | Layer 1
]

LeadkinArea | DaaArea — P | MiddeArea | | Layvero

End PSN (0)

Physical

Sector e Lo 0 /‘
Number ressinLayer
/
/

02FFFFh 030000h End PSN (0)

P Towards OD

End PSN (0): The end Physical Sector number of Data Area of Layer O
End PSN (0): The number calculated so that each bit of the End PSN (0) isinverted.
End PSN (1): The end Physical sector number of Data Area of Layer 1

030000h PSN p End PSN (0)  End PSN (0) PSN p End PSN (1)
(inner) (outer) (outer) (inner)
Data Area of Layer O Data Area of Layer 1
0 LBA Pp LastLBA
<« Volume Space >

Figure 22 — Physical and Logical Layout of Opposite Track Path DVD-ROM Media
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R-Information ’I

|<—Area —}l{ Data Area
PCA | RMA | Leadin User Data Area L ead-out Layer 0

Physical
Sector
Number

End PSN (0)
30000h

*A

*B
*C 1

22.6mm 24mm 58mm max.
Diameter
P TowardsOD

End PSN (0): The end Physical sector number of Data Area of Layer O

*A = Lead-in Start Address 24FAOh: DVD-R 3.95GB
22FAOh: DVD-R 4.7GB/DVD-RW
*B = RMA Start Address ~ 223CO0h: DVD-R 3.95GB
203C0h: DVD-R 4.7GB/DVD-RW
*C = PCA Start Address ~ 20800h: DVD-R 3.95GB
1E800h: DVD-R 4.7GB/DVD-RW

030000h PSN P End PSN (0)
(inner) (outer)
Data Areaof Layer O
0 LBA P Last LBA
44— volume Space ——————————P>

Figure 23 — Physical and Logical Layout of DVD-R/-RW Media
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Defect Controls Defect Controls
Lead-in Area Data Area —pp» Lead-out Area Layer O
Physical |
Sector '
Number '
|
|
]
i
[l
/E
'
AN
02FFFFh 030000h 1000h

End PSN (0) = 265F5Fh

P Towards OD

End PSN (0): The end Physical sector number of Data Area of Layer 0

Defect Controls are non user addressable blocks, used for drive controlled defect management.
These blocks contain D efect management Areas (DM As). D efect controls begins 030000h, this
isthe data area for DVD-ROM and for DVD-R. The data area begins 031000h for DVD-RAM.

4 Data Area >

031000h PSN p End PSN (0) = 265F5Fh
(inner)
Primary Guard Guard Guard Suppt’le-
Spare uar vard f uard | yser Area 34 mentary
Aeea User Area 0 Area User Area 1 Area Area Spare
Area
Zone 0 »}4 Zone 1l —y‘ .47 Zone 34 —}(
Sectors assigned to | Sectors assigned to Sectors assigned to
Zone 0 Zonel Zone 34
0 LBA P LastLBA = 23051Fh
(in case of SSA of 0)
4 Volume Space

-DVD-RAM (Ver. 2.1) media contains 35 zones
- Each of these zones has equal radial size, except Zone 34, therefore the number of ECC blocks per zone
increase from 2 450 at the Inner Diameter to 6 608 at the Outer Diameter.

- The User Area may contain defective sectors which are replaced by sectorsin the Spare Area; therefore,
the number of users accessible sectorsin each zone is kept at a predetermined number.

Figure 24 — Physical and Logical Layout of DVD-RAM Ver. 2.1 Media
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Defect Controls / Defect Controls
Lead-in Area Data Area ——pp» -I—L ead-out Area Layer O
Physical 1
Sector '
Number 1
i
[}
[}
i
/E
[}
i
\ \
02FFFFh 030000h 031000h

End PSN (0) = 16B47Fh

p Towards OD

End PSN (0): The end Physical sector number of Data Area of Layer 0

Defect Controls are non user addressable blocks, used for drive controlled defect management.
These blocks contain Defect management Areas (DM Ass). Defect controls begins 030000h, this
isthe data area for DVD-ROM and for DV D-R. The data area begins 031000h for DVD-RAM.

« Data Area |

031000h PSN P End PSN (0) = 16B47Fh
(Tnner)
Spare |Guard Spare (Guard Guard Spare
....... U A 23
User Area 0 Area0 | Area | USerAreal Areal| Area Area serArea Area 23
Group 0 —>| |<_ Group 1 _>| '4— Group 23—
ZoneO > Zonel ——— P Zone23 —P»
Sectors assigned to | Sectors assigned to Sectors assigned to
Group 0 Group 1 Group 23
0 LBA pp Last LBA = 12998Fh

4 Volume Space >

- DVD-RAM media contains 24 zones

- Each of these zones has equal radial size, therefore number of ECC blocks per zone increase from 1662
at Inner Diameter to 4475 at Outer Diameter

- The number of sectorsin each Spare Area allocated per zone is proportional to the number of sectorsin
each User Area, approximately 5%

- The User Area may contain defective sectors which are replaced by sectorsin the Spare Area; therefore,
the number of users accessible sectorsin each zone is kept at a predetermined number.

Figure 25 — Physical and Logical Layout of DVD-RAM Ver. 1.0 Media
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Phvsical | | Lead-in Area | Data Area —> | Lead-out Area | |
ysic

Sector

Number Address —

— KN /

02FFFFh 030000h End PSN

P TowardsOD

End PSN: The end Physical Sector number of Data Area

Figure 26 — Physical and Logical Layout of Single Layer DVD+RW Media
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4.4.3 Recording for DVD-R

4.4.3.1 RZone Description

The DVD-R specification describes a logical entity called RZone. This standard describes Tracks as they
are implemented on CD. An RZone shall be treated as a Track, with the following differences from a CD
Track:

1. An RZone may only contain data (no CD Audio Tracks).
2. An RZone has a pre-gap of 0 or 16 sectors instead of 150.

3. An RZone post-gap size is determined by rounding to the ECC block size, and is 0 - 15 sectors in
length.

Note: Pre-gap, post-gap are not defined in the DVD-R specification. In this standard, pre-gap is Linking
Loss Area at the beginning of an RZone, post-gap is Linking Loss Area at the end of an RZone. Linking
Loss Areas are possible in the middle of an RZone.

4. CD track parameters such as Copy, Control, Data Mode, Packet, FP, and Packet Size either do not
apply or have constant values. For purposes of reporting, Copy = 0, Control = 5, Data Mode = 1, FP =0,
Packet Size = 16.

5. The link size is variable due to both user selection of 2k or 32k linking and Logical Unit padding of the
last write to an ECC boundary. As in CD, the Next Writable Address can always be obtained via the
READ TRACK INFORMATION command.

6. The maximum number of RZones is 2 302.
7. RZones do not contain sub-channel information.

Whenever this standard references a Track, and the medium is DVD-R, the translation above should be
applied.

4.4.3.2 Border-in/Border-out

The DVD-R specification describes entities called Lead-in, Lead-out, Border-in and Border-out. DVD-R
always has zero or one Lead-in and zero or one Lead-out. The Lead-in, if recorded, is always at the
beginning of the disc and the Lead-out, if recorded, is always at the end of the disc. No data can be
recorded beyond the Lead-out. The information recording area is a collection of Lead-in/Border-in,
Bordered Areas, and Border-out. This area, when written, is called a complete session.

If intermediate interchangeability is desired before recording the Lead-out, a Border-out is written in its
place. When additional recording is to be done, a Border-in is recorded between the last Border-out and
the new data.

If only a Border-in and Border-out are to be written (after incrementally recording data), the Initiator shall
set the Multi-session field of the Write Parameters Page to 11b. If set to 11b, and insufficient space
exists on the medium for another Border, the Logical Unit shall permanently close the medium by
recording a Lead-out. If it is desired to permanently close a disc, the Multi-session field shall be set to
00b or 01b. The Multi-session field is ignored on DVD-R when the Write Type is set to Session at Once,
and no next Border is possible. Within this standard Multi-session is used instead of Multi-Border,
incomplete session is used instead of incomplete Border, complete session is used instead of complete
Border for DVD-R Logical Units.

4.4.3.3 RMA Caching

RMA area is the Recording Management Area for DVD-R media. To Update the RMA means to update
the RMA on the disc or to update the RMA Cache, that shall be written to the RMA on the disc prior to the
removing the disc from the Logical Unit. RMA Caching is vendor specific.
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444 ECC Block

The user data is contained in ECC Blocks. Each ECC Block is made up of 16 sectors and is used to
provide error correction. To read any data, the whole ECC Block shall be read and error correction
applied. When the ECC Block is written during formatting or normal write operation, the user data and the
ECC information is encoded and written to sectors as a whole ECC Block (Figure 27).

208 rows of
Row Parity,
10 bytes each

Sector Data from 16 Sectors, 2064 bytes each organized
as 192 rows of 172 bytes each.

16 rows of Column Parity
172 bytes per row

Figure 27 — Data Organization within an ECC Block
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4.4.5 Sector Configuration

4.45.1 Physical Sector

The data recorded to the DVD media is in a format called “Data Unit 3,” which consists of 2 048 bytes of
User Data, 12 bytes of Data ID and others, 4 bytes of error detection code (EDC), 302 bytes of ECC and
52 bytes of SYNC. During the formation of the Data Unit 3, there are intermediate products which are
called “Data Unit 1” and “Data Unit 2" according to the stage of signal processing as shown in Figure 29.
The Data Unit 3 is identical among DVD-ROM, DVD-R/-RW, DVD-RAM, and DVD+RW. In the case of
DVD-ROM, DVD-R/-RW, and DVD+RW, only the Data Unit 3 is recorded. DVD-RAM media has other

fields in between the Data Unit 3 as shown in Figure 28.

\ \
\ Data Unit 3 Data Unit 3 Data Unit 3 \
' / 2418 2418 2418 /

\ \

Physical Sector of DVD-ROM, DVD-R/-RW, and DVD+RW media

Embossed Fidd
¢ >«

» Recording Field g

Header | Mirror Gap | Guard1| VFO3 PS Data PA3 | Guard2| Buffer
field fied fied fied fied field Unit3 | fidd field field

128 2 10+J/16[ 20+K 35 3 2418 1 55-K |25-J/14

Jisvaried randomly from O to 15 to shift recording position of Data Unit 3in aunit of 1 channel bit.
K isvaried randomly from O to 7 to shift recording position of Data Unit 3in aunit of 1 byte.

Physical Sector of DVD-RAM media

Figure 28 — Physical sector of DVD media and DVD+RW media
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Data Unit 3 Data Unit 2 Data Unit 1 User Data
< < A
2418 2 366 2 064 2 048
SYNC ECC Data ID and others
52 302 12
EDC
4

Figure 29 — Formation of Data Unit 3

The physical sector of DVD-RAM consists of Data Unit 3, preceding fields and succeeding fields to it and
embossed fields. The Data Unit 3 is identical with that for DVD-ROM. The Header field contains four
physical IDs. In the case of DVD-RAM, there are two sets of IDs; one that is contained in the Data Unit 1
and another that is pre-recorded. Addressing of sectors for DVD-RAM only uses the physical (pre-
recorded) ID. After formatting, it is possible for the ID in Data Unit 1 to contain an invalid address.

4452 DataUnit1l

The make-up of Data Unit 1 is shown in Figure 30.

! 172 Bytes
4 Bytes 2 Bytes 6 Bytes >‘
A Data ID IED CPR_MAI User Data 160 bytes (D0-D159)
User Data 172 Bytes (D160-D331)
User Data 172 Bytes (D332-D503)
.
12 Rows "
.
User Data 172 Bytes (D1 708-D1 879)
\ 4 User Data 168 Bytes (D1 880-D2 047) | EDC
4 Bytes

Figure 30 — Data Unit 1
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4.45.3 Data Configuration of Data ID Field
4 Bytes
Data ID IED
1Bte ~  3Byts = TTT———-
Sector Information Data Field Number
| —_
Ve T T T ——
T e
| 1 Bit 1 Bit 1 Bit 1 Bit 2 Bits 1 Bit T THBE
|
Sector Format Tracking Reflectivity Reserved or Area Type Data Type Layer
type Method Recording Type Number
0-CLVformat 0-Pit 0->40% See Table 29 00 - Data See Table 28 0 - Layer 0
1 - Zoned 1 - Groove 1-<40% 01 - Lead-in 1 - Layer 1
Format 10 - Lead-out
11 - Middle
Figure 31 — Data ID Field definition
Data Type bit definition is defined in the following table (Table 28).
Table 28 — Data Type bit definition
Media Type Data Type bit
0 1
ROM Read-only data N/A
RAM Embossed data Rewritable data
R Read-only data Next sector is Linking Data
-RW Re-Recordable data Next sector is Linking Data
+RW N/A Rewritable Data

Table 29 — Recording Type bit definition for DVD-RAM Ver.2.1 Media

Area

Definition

Embossed data zone

Reserved

Rewritable data zone

Lead-in area, Lead-out area

Reserved

Data area

Ob: General data®

1b: Real time data®

Notes:

1. The definition of the bit for other than DVD-RAM Ver.2.1 Media is Reserved.

2. General data: Linear replacement algorithm is applied to a Block containing the corresponding sector

if the Block is defective.

3. Real-Time data: Linear replacement algorithm is not applied to a Block containing the corresponding

sector even if the Block is defective.
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The Data Field Number consists of the PSN and other data. See Table 30.

Table 30 — Data Field Number for DVD Media

Area Media Type Description Data Field Number

Lead-in and ROM, R, Pre-recorded information, or | PSN
Lead-out -RW, RAM, written for DVD-R/-RW

+RW media
Data Area ROM, R, Pre-recorded information or | PSN = (LBA + 30000h)

-RW, +RW written for DVD-R/-RW

Media
RAM ECC Block written by the LBA + 31000h

Initiator

ECC Block not written by
the Initiator after formatting

Any of the following three cases
(1) Initialization pattern

(2) Unrecorded

(3) Old value of LBA + 31000h assigned before
previous re-formatting
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4.4.6 Data Structure of the Disc Lead-in Area

Figure 32 shows the structure of the lead-in area for each DVD media type.

DVD-RW, DVD-R ver 1.0, DVD+RW DVD-ROM DVD-RAM
DVD-R for General DVD-R
1D830h ver2.0 for Authoring
ver 2.0
22FAOh Initial Zone Initial Zone Initial Zone
All 00h All 00h All 00h Initial Zone Initial Zone
All 00h* All 00h*
2A480h L
Test, Guard, E
ID Zones A
2D600h System Reserved
Zone D
2E1FFh
2E200h Buffer Zone 0 :
All 00h N
2E400h | R/RW Physical format
information Zone
2F000h | Reference Code Zone | Reference Code Zone | Reference Code Zone Reference Code Reference Code A
(2 ECC blocks) (2 ECC blocks) Zone* Zone* R
(1 ECC block) E
2F010h Buffer Zone 1 A
All 00h*
2F020h Buffer Zone 1 Buffer Zone 1 Buffer Zone 1 Buffer Zone 1
All 00h All ooh All 00h All 00h*
2F200h Control Data Zone* Control Data Zone Control Data Zone Control Data Zone* Control Data Zone*
(192 ECC Blocks) (192 ECC Blocks) (192 ECC Blocks) (192 ECC Blocks) (192 ECC Blocks)
2FEOOh Extra Border Zone Buffer Zone 2 Buffer Zone 2 Buffer Zone 2 Buffer Zone 2*
All 00h All 00h All 00h* All 00h
30000h DATA DATA DATA DATA Defect Controls
AREA AREA AREA AREA*
31000h DATA
AREA
NOTE: * = Data in these areas is embossed. For DVD-R for Authoring Ver.2.0 media, Buffer Zone 1 may contain

manufacturer specific authoring Information. Otherwise, Buffer Zone 1 contains all 00h data. For DVD-R for
General Ver.2.0, Control Data Zone is pre-recorded or embossed Reference Code Zone contains repetition
of the Data Symbol “172” with added scrambled data Control Data Zone comprises repetition of 16 sectors

(one ECC Block).

Figure 32 — Data Structure of Disc Lead-in Area
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4.4.6.1 Control DataZone

The Control Data Zone contains 192 ECC Blocks. Each of the ECC Blocks (16) Sectors contains one of
four distinct types of data. See Table 31 for a generic descriptor.

For DVD-RW media, the Control Data Zone is embossed. Logical Unit may use RW-Physical format
information Zone or Extra Border Zone instead of Control Data Zone.

For DVD-R for General Ver.2.0 media, the Control Data Zone is pre-recorded or embossed. And Disc
Manufacturing Information field contains all 00h data.

Table 31 — Control Structure of Control Data Block

Sector Description
Number

0 Physical Format Information

1 Disc Manufacturing Information
2

Reserved

14
15

4.4.6.2 Control Zone Sector Descriptions

Table 32 shows the format of the Physical Format Information descriptor.

Table 32 — Common Part of Physical Format Information

Bit 7 6 5 4 3 2 1 0
Byte
Book Type Part Version
Disc Size Maximum Rate
Reserved Number of Layers Track Layer Type
Path
3 Linear Density Track Density
Data Area Allocation
15
16 BCA(1!:Iag Reserved
17-2047 Medium Unique Data
Note: For DVD-RW/DVD-R for General Ver.2.0 media, BCA Flag is defined as NBCA Flag.
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The Book Type field is described in Table 33.
Table 33 — Book Type Field

Book Type Value Definition
0 DVD-ROM
1 DVD-RAM
2 DVD-R
3 DVD-RW
9 DVD+RW
Others Reserved

Table 34, Table 35, Table 36, Table 37, and Table 38 define the format unique descriptors for each media
type.

Table 34 — DVD-ROM Unique Part of Physical Format Information

Bit 7 6 5 4 3 2 1 0
Byte
32-2047 Reserved

Table 35 - DVD-R Ver 1.0/-R for Authoring Ver.2.0 Unique Part of Physical Format Information

Bit 7 6 5 4 3 2 1 0
Byte
32~35 Start PSN of the current Border-out
36~39 Start PSN of the next Border-in
40-2047 Reserved

Table 36 — DVD-RW/-R for General Ver.2.0 Unique Part of Physical Format Information

Bit 7 6 5 4 3 2 1 0
Byte
32~35 Start PSN of the Extra Border Zone (= 02FE10h)
36~39 Start PSN of Physical format information blocks in Extra Border Zone (= 02FFAOh)
40-2047 Reserved
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Table 37 — DVD-RAM (Ver.1.0) Unique Part of Physical Format Information

Bit 7 6 5 4 3 2 1
Byte
32 Disc Type Identification
33-47 Reserved
48 Velocity 1
49-65 Write conditions at Velocity 1
66-479 Reserved for write conditions at velocity of Velocity 2 to Velocity 24
480-2047 Reserved
Table 38 — DVD-RAM (Ver. 2.1) Unique Part of Physical Format Information
Bit 7 6 5 4 3 2 1
Byte
32 Disc Type Identification
33-499 Reserved
500 Velocity
501-548 Write conditions at Velocity
549-596 Disc Manufacturer's name
597-612 Disc Manufacturer’'s supplementary information
613-2047 Reserved
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Table 39 — DVD+RW Unique Part of Physical Format

Bit 7 6 5 4 3 2

Byte

32 Recording Velocity

33 Maximum read power at reference velocity

34 Pinp at reference velocity

35 p at reference velocity

36 €1 at reference velocity

37 €2 at reference velocity

38 Vtarget at reference velocity

39 Maximum read power at maximum velocity

40 Pino at maximum velocity

41 p at maximum velocity

42 €1 at maximum velocity

43 €2 at maximum velocity

44 Viarget at maximum velocity

45 Maximum read power at intermediate velocity

46 Pinp at intermediate velocity

47 p at intermediate velocity

48 €1 at intermediate velocity

49 €2 at intermediate velocity

50 Viarget at intermediate velocity

51 Tiop first pulse duration

52 Tmp Multi pulse duration

53 dTtop first pulse lead time

54 dtera erase lead time at reference velocity

55 dTera erase lead time at intermediate velocity

56 dTera erase lead time at intermediate velocity
57-2047 Reserved
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4.4.6.3 DVD-R/-RW Physical format information Zone

The R/RW-Physical format information Zone is defined only for DVD-RW and DVD-R for General Ver.2.0
media. The R/RW-Physical format information Zone contains 192 ECC blocks. Each DVD-R/-RW
Physical format information consists of 16 sectors and is repeated 192 times.

The structure of RIRW-Physical format information is shown in Table 40.

Table 40 — DVD-R/-RW Physical Format Information Zone

Sector Description
Number
0 Reserved
1 Manufacturing Information
2 Physical Format Information
3 Reserved
15

The contents of the Physical Format Information in DVD-R/-RW Physical format information Zone is same
as the contents of Physical Format Information in Control Data Zone except Data Area Allocation field
and unique part of Physical Format Information (byte 32 - byte 2047).

The definition of the Data Area Allocation field in DVD-R/-RW Physical format information is shown in
Table 41.

Table 41 — Data Area Allocation Field in DVD-R/-RW Physical Format Information

Byte Disc at Once Incremental Write/Restricted Overwrite
4 00h 00h
5 Starting PSN of Data Area (030000h) Starting PSN of Data Area (030000h)
6
7
8 00h 00h
9 End PSN of Data area Last Recorded Sector Number of the last Track in
the Session (1)
10
11
12 00h 00h
13 000000h 000000h
14
15
Note: When the Lead-in or Border-in is recorded in the Restricted Overwrite mode, and when the last

session is in an Intermediate state, this field shall be set to 30000h
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The definition of the Unique Part of Physical Format Information fields in DVD-R/-RW Physical format
information Zone is shown in Table 42. When the Lead-in is recorded in the Disc at once recording mode,
this field contains all 00h data.

Table 42 — Unique Part of Physical Format Information in DVD-R/-RW Physical format information

Bit 7 6 5 4 3 2 1 0
Byte
32-35 Start PSN of the current Border-out
36 -39 Start PSN of the next Border-in
40 -2047 Reserved

4.4.7 ExtraBorder Zone
The Extra Border Zone is defined for DVD-RW and DVD-R for General Ver.2.0 media.
The structure of Extra Border Zone is shown in Figure 33.

The structure of Extra Border Zone is similar to Border Zone. However, the length of Extra Border Zone is
only 32 ECC blocks and there are no Next Border Markers and Stop Blocks.

02FEOOh 02FFAOh 030000h
«4— 25ECC L 6ECC—»r
Iy
l————— | B I
. BSGA
5 copies of latest RMD 5 copies of control
o data structures
32K Linking Loss Area 32K Linking Loss Area

Figure 33 — Structure of Extra Border Zone
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Table 43 — Data Area Allocation Definition

Byte Single Opposite DVD-R DVD-R DVD-RW/ DVD-RAM DVD+RW
Layer/ Track Path Ver.1.0 Ver.1.0 DVD-R for
Parallel DVD-ROM Incremental General
Track Path ,[A):J/t[r)mRrifr?r Ver.2.0
g
DVD-ROM Vver.2.0
(DAO)
4 00h 00h 00h 00h 00h 00h 00
5 Starting Starting Starting Starting PSN | Starting Starting Starting PSN of
6 PSN of Data | PSN of Data | PSN of Data | of Data Area | PSN of Data | PSN of Data | Data Area
Area Area Area (030000h) Area Area (030000h)
7 (030000h) (030000h) (030000h) (030000h) (031000h)
8 00h 00h 00h 00h 00h 00h 00h
9 End PSN of | End PSN of | End PSN of |Last Recorded | Last End PSN of | If CDZ PSN <
10 |DataArea |DataArea |DataArea |Sector Number | address of |DataArea |2FOFFh, then this
of g}‘e E"St Track | Data value shall be the
11 Inthe session | Recordable PSN of last
area'" recorded sector in
DZ. Otherwise, this
value may be either
the PSN of last
recorded sector in
DZ, or the last
possible PSN in the
DZ.
12 00h 00h 00h 00h 00h 00h 00h
13 000000h End PSN in | 000000h 000000h 000000h 000000h 000000h
Layer 0
14
15

Note: For DVD-R for General Ver.2.0 media, this field is defined as “Outer limit of Data Recordable area”.

For DVD-RAM, the end PSN is the PSN for the last spare sector of the last zone. It should not be used for
counting user capacity.

For DVD+RW, the end PSN should not be used for counting user capacity.

4.4.8 DVD Ready Condition/Not Ready Condition

The Ready Condition occurs after a disc is inserted and the Logical Unit has performed its initialization
tasks. These may include reading the Lead-in information from the media. This “Ready” is different from
and should not be confused with the ATA Ready Status. A CHECK CONDITION status shall be returned
for the Not Ready Condition only for commands that require or imply a disc access.

A Not Ready Condition may occur for the following reasons:

a. There is no disc mounted.

b. The Logical Unit is unable to load or unload the disc.

c. The Logical Unit is performing an extended operation as the result of an Immediate Mode command
such as FORMAT UNIT or BLANK.

The Logical Unit shall spin up and make the disc ready for media accesses when a new disc is detected.
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Any media access that occurs when the Logical Unit is not spinning shall spin the media up and not
generate an error. Any media access that is requested while a deferred operation is in progress (i.e.
writing from a write cache) shall not generate an error. Any media access that is requested while the
Logical Unit is processing an Immediate command, e.g. BLANK or FORMAT UNIT with the Immediate bit
set, may result in a Not Ready Condition.

Note: Accesses to the media can be satisfied from the Logical Unit's cache and may not require the
media to be spinning.

449 DVD Content Protection

The DVD Content Protection is made up of two basic concepts. The first is to scramble the content of the
data such that unscrambling is required in order to make the content usable. The capability to unscramble
the content is provided only under conditions that require products that follow rules governing the
copying, playback, and output of the content. The second basic concept is to use an “Authentication”
process to exchange protected information (such as cryptographic Keys) required for the unscramble
operation. This process ensures the integrity of such information during transfer from the Logical Unit to
the Initiator.

4.49.1 Content Protection for Read Only DVD

The DVD-Video Content Scrambling System (CSS) is used to protect DVD-Video content on Read Only
Discs. Content Protection for Prerecorded Media (CPPM) is used to protect DVD-Audio content on Read
Only Discs. For discs containing CSS or CPPM protected content (or both), the same authentication
process is used. Thus, Logical Units that support CSS authentication also support CPPM without
modification. Any read by the Host to a disc that contains CSS scrambled content and a sector with a
Title Key present, when the Authentication Success Flag (ASF) is set to zero shall be terminated with a
CHECK CONDITION status, 5/6F/03 READ OF SCRAMBLED SECTOR WITHOUT AUTHENTICATION.
For more information on the Authentication process, see Figure 33. For more information on the
Authentication Success Flag, see Figure 34.

Note: Although CSS and CPPM use the same authentication process for transferring the Disc Key or
Album ID, CPPM protected sectors do not contain a Title Key. Thus for CPPM, the TITLE KEY Format is
not used, and the Authentication Success Flag is not relevant.

For CSS protected content (DVD-Video) only, playback of the content is limited to specific regions of the
world, as described in 4.4.9.4.

4.49.2 Content Protection for recordable and rewritable DVD

Content Protection for Recordable Media (CPRM) is used to protect audio and video content on
recordable and rewritable DVD discs. The interface between the Initiator and Logical Unit for CPRM is
similar to that for CPPM, with the following differences:

» CPRM uses a “MEDIA IDENTIFIER” to bind protected content to the disc on which it is recorded.
Before encrypting or decrypting such content the Initiator reads the MEDIA IDENTIFIER value using
the READ DVD STRUCTURE command with Format code 06h.

e The CPRM "MEDIA KEY BLOCK" is located in the Lead-in area, and is read by the Initiator using the
READ DVD STRUCTURE command with Format code 07h.

The CPRM “MEDIA IDENTIFIER” and “MEDIA KEY BLOCK” are protected during transfer to the Initiator
using the same Authentication process used for CSS and CPPM, with the addition of a Message
Authentication Code (MAC) algorithm described in the CPRM specification. For more information on the
authentication process, see Figure 35.
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4.49.2.1 Authentication Process

REPORT KEY
(Request AGID for
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Power-on reset,
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Error, Authentjcation Failed
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(Key 1)

Wait for Initiator Authentication
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(Key2)

REPORT KEY
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Note: Initiator must reset a non-responding authenti cation processin the Logical Unit by invalidating the
corresponding AGID. The Initiator may detect logt grants by refusal of the Start Authentication Process operation
This diagram assumesthe appropriate CSS/CPPM/CPRM media isloaded.

Figure 34 — Device Key Exchange and Authentication State Diagram
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Hard Reset, Eject
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Figure 35 — Authentication Flag Sequence
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4.49.3 Region Playback Control (RPC)

The copy management capability used for Copy Protected DVD-ROM Media limits the playback of
content to specific regions of the world. This capability is called Region Playback Control (RPC) or
Regionalization.

4.49.4 Playback limitations by World Region

The use of Regionalization is limited to Discs that employ CSS. There are two places that contain region
information, one in the Logical Unit and another for each media that contains CSS Scrambled Title(s).
When the region in the Logical Unit and that of the CSS Title are different, the system shall prevent the
playback of that title (movie).

When a REPORT KEY command is received, by a Logical Unit, in the Bus Key Established state, (see
Figure 34), with a Format Code of 04h (Title Key), and the region code of the current media is not
playable in the current region set in the Logical Unit, the command shall be terminated with CHECK
CONDITION status and SK/ASC/ASCAQ shall be set to ILLEGAL REQUEST/MEDIA REGION CODE IS
MISMATCHED TO LOGICAL UNIT REGION. A regionalized CSS media shall be deemed not playable if
the region of the Logical Unit is not set.

If the Region Code Mismatch error is generated, the Authentication Success Flag (ASF) shall be cleared
to zero.

The Logical Unit reports the current RPC State when processing the REPORT KEY command with
Format Code 08h.

4.49.5 Region Code Setting

Two methods have been defined for setting the region code in the DVD Logical Unit. Each method has
the same end result, specifying which region shall be used to determine if it is allowable to play a disc that
has a region code included within the information on the disc in this Logical Unit.

The Logical Unit has the following four Region States according to the Logical Unit Region setting (see
Figure 36):

1. NONE state - The Logical Unit Region has not been set. The Initiator shall set the initial Logical Unit
Region value in the Logical Unit. The region setting counter shall be set to 5. The Logical Unit shall
respond to the REPORT KEY command, Key Format 01000b, with successful command completion and
a Region Mask value of FFh.

2. SET state - The Logical Unit Region has been set and the change of the Region is acceptable. The
region setting counter shall initially be 4, and decrement to 2.

3. LAST CHANCE state - The Logical Unit Region has been set and the change of the Region is
acceptable. In order to change the Logical Unit Region using a command method, an inserted disc shall
have the same single region with the requested Region. The region setting counter shall be 1.

4. PERMANENT state - The Logical Unit Region has been set and the change of the Region is not
acceptable. The region setting counter shall be 0. However, the Logical Unit Region can be re-initialized
by the vendor to become the NONE state.

4.4.9.6 Initial Setting

In the NONE state, the Logical Unit Region is not set and the Initiator shall set the initial Logical Unit
Region value in the Logical Unit. The region setting counter shall be set to 5. The Logical Unit shall
respond to the REPORT KEY command, Key Format 01000b, with successful command completion and
a Region Mask value of FFh.
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The Initiator shall set a preferable region, the value of which is specified in the Preferred Logical Unit
Region Code field of the SEND KEY command with Key Format = 000110b. On execution of this
command, the Logical Unit ignores the region code of the inserted medium.

After the successful execution of setting the Logical Unit Region, the Logical Unit shall enter the SET
state. The region setting counter shall be decremented to 4.

4.49.7 Changing of the Logical Unit Region

In the SET state, the Logical Unit Region has been set and may be changed by one of the two methods
specified. After the successful execution of changing the Logical Unit Region, the region setting counter
shall be decremented. When the region setting counter is 2 and a successful execution of changing of the
Logical Unit Region, the Logical Unit shall enter into the LAST CHANCE state.

In the LAST CHANCE state, the Logical Unit Region may be changed by one of the two methods
specified. See 4.4.9.7.1, and 4.4.9.7.2. When using the command method with a disc, the inserted disc
shall have the same single Region Code value as the Preferred Logical Unit Region Code specified in the
SEND KEY command. After the successful execution of the Logical Unit Region change, the region
setting counter shall be zero and the Logical Unit shall enter into the PERMANENT state.

In the PERMANENT state, the user cannot change the Logical Unit Region.
4.49.7.1 Changing the Logical Unit Region with a CSS enabled Disc

To set the Logical Unit Region, the procedure shall be executed as follows;
1. Insert a disc having the requested Region,

2. Issue a SEND KEY command with the Key Format = 000110b. The requested Region Code value shall
be specified in the Preferred Logical Unit Region Code field.

When the Logical Unit receives the SEND KEY command correctly, the Logical Unit Region is changed to
the requested region. If the disc does not have the same region code value as the Preferred Logical Unit
Region Code specified in the SEND KEY command, then the command shall be terminated with CHECK
CONDITION status and SK/ASC/ASCAQ values are set to ILLEGAL REQUEST/MEDIA REGION CODE IS
MISMATCHED TO LOGICAL UNIT REGION.

4.49.7.2 Setting Disc method for changing the Logical Unit Region

Inserting a special disc that contains a specific region code may set the Logical Unit Region. This special
disc does not require any command intervention.

4.49.8 Limits on Logical Unit Region Changes

Any of the methods defined in this specification may be used up to five times to change a Logical Unit’s
region. If the new region is the same as the old region, the region setting process shall be treated as if it
had not occurred.

If an attempt by the user is made to change the Logical Unit Region more than five times, the SEND KEY
command shall terminate with CHECK CONDITION status, sense key set to ILLEGAL REQUEST and
ASC set to LOGICAL UNIT REGION MUST BE PERMANENT/REGION RESET COUNT ERROR.

For more information on the region code setting process, see Figure 36.
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Figure 36 — Region State Diagram
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4.5 Changer Model

The changer is a Feature of a CD/DVD device. It shall support two (2) additional commands,
MECHANISM STATUS (sub-clause 5.9) and LOAD/UNLOAD MEDIUM (sub-clause 5.8).

A changer device provides a storage area for more than one CD/DVD Disc. This storage area contains
multiple areas called slots. Each slot can contain just one disc. Once a disc has been placed into a given
slot, it becomes locked in that position. This standard provides no capability to move a disc from one slot
to another. Thus when a Disc has been moved from a given slot into the playing position, it can only be
moved back into the slot that it came from. This shall be followed even if power is lost while a Disc is in
the playing position or while it was being moved.

There are two basic types of changer mechanisms, one that has individually addressable eject and load
capability and another that uses a magazine to hold the discs. In the former, individual discs can be
changed, while in the latter all the stored discs shall be changed at one time.

Any time a disc or magazine is removed or installed from the changer, the device shall generate a Unit
Attention Condition. After the Initiator detects the unit attention condition on a known changer device, the
Initiator may issue a MECHANISM STATUS Command. This provides the Initiator with information on
what disc is present or was changed.

Changer Mechanism using individual Disc
Load and Unload

Load/Unload CD Mechanism

[ ]

: , Commad

I 1 \ Q
Changer Mechanism using \

Cartridges

Eject Command

CD Mechanism

T O

Load/Unload
Command

Figure 37 — Media Changer Mechanism Model
4.5.1 Side definition

As part of the DVD specifications, there is a type of media supported that includes data on more than one
side of the Disc. This allows devices that are capable of automatically changing sides. For CD/DVD
Devices, there is an optional capability to select each side of the Disc. Although this would not normally
be thought of as a changer type of operation, the two sides to the Disc are independent and changer like
functions are a good match for selecting sides. When the Logical Unit supports this functionality, each
physical slot has two logical slots. For example, referencing slot 0 would be one side of the Disc, and slot
1 would then be the other side.
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There are two fundamental techniques used to select each side of DVD media. The first is the most
space efficient. It simply moved the Pick Up (laser unit used to read the disc) to the other side. This does
add complexity to the laser mechanism to be able to position it on either the bottom or top of the media.
The second approach is to flip the media over.

For a Logical Unit that supports changing sides (see Table 361), the number of Slots reported shall be
even, and every other slot shall be an alternating side.

45.1.1 Side Changing Only Logical Unit

A Logical Unit that is capable of changing the side of the Disc, but does not have separate Slots from the
playing position, reports that it has a Mechanism type that is not a changer, but also reports Side Change
Capable. This style of Logical Unit still uses the LOAD/UNLOAD MEDIUM command to change the
currently selected side. The Logical Unit shall report two slots available.

When the Logical Unit can only change sides, and not discs, it does not perform any action. This appears
to the Initiator as a Logical Unit with a Delayed Load type of operation.

A DVD Logical Unit that supports changing sides is not able to report if there is actually data on both
sides until each side has been read.
45.1.2 Attention Conditions for Sided Discs

Devices that support changing sides shall set SK/ASC/ASCQ to UNIT ATTENTION/NOT READY TO
READY CHANGE - MEDIUM MAY HAVE CHANGED (06h/28h/00h) for changes that involve disc
loading.

45.1.2.1 Error Conditions for Sided Discs

Devices that support changing disc sides shall set SK/ASC/ASCQ to NOT READY, NO REFERENCE
POSITION FOUND (02h/06h/00h) to report when the currently selected side does not contain valid data.
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4.5.1.3 Initialization

The Changer shall perform its initialization routine at power on or hard reset.

“Initializing Changer” is a process that refers to gathering the information that is necessary to respond to
the MECHANISM STATUS command. If a changer is in the process of initializing when it receives a

MECHANISM STATUS command, it responds immediately and provides no slot table information (only
the Header).

No
Cartridge
Present

Power On
Initialization

Cartridge L oaded

Reset
(State is Initializating)

Eject Cartridge

Command Reset and

Load Disc 0 Disc Ois “UNIT ATTENTION”
present IfaDiscisadded or
removed
Disc 0 Disc 0
is present not present

Read TOC &
Make Disc
Ready to use
Idle but no Disc, Device
will beNOT READY but
the ChangerState is
“Ready”

W ait for
Disc Change
or a Load

Command
“UNIT ATTENTION” ‘

If aDisc isadded or removed

Generatean “UNIT ATTENTION”
for the ready to not ready

Eject Single Disc
Command

Move Disc
to external
Position

Command

Unload
Complete

Move
current Disc
from Playing

Unload
Command

L oad Position to
Command Storage Move
Specified Slot
Unload into the

(Stateis Unload in Progress Play Position

L oad
(State is Load in Progress

Figure 38 — Changer State Diagram
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45.2 Changer Addressing

Several Changer specific commands use addresses called “Slots.”

If any commands related to Changer operations are implemented, then all the Changer commands shall
be implemented. To determine if a Logical Unit is a changer type device, the Embedded Changer Feature
shall be reported in response to an appropriate GET CONFIGURATION command.

There is a legacy method to determine if a Logical Unit is a changer type device. The Loading Mechanism
Type field in the CD/DVD Capabilities & Mechanical Status Mode Page contains one of the two changer
type codes (See Table 148) for individual disc or magazine implementations.

4.5.3 Automatic Load and Unload Operations

After initialization is complete the changer shall have Disc 0 loaded into the play position. This enables
drivers that are not changer aware to work with a changer device as if it were a normal single CD/DVD
device. This also ensures compatibility with a Bootable CD/DVD. In support of this goal the changer shall
also load and unload (Eject) default Disc 0 if the changer supports loading and unloading (Ejecting)
individual Discs unless otherwise commanded by the use of one of the changer specific Load/Unload
commands.

When a LOAD/UNLOAD command is received and a Disc is present in the Playing position, it shall be
unloaded automatically before the specified Load operation is performed.

4.5.4 Delayed Disc load operation

CD/DVD Changer Devices may either move a disc into the playing position immediately upon receipt of a
LOAD command, or delay the loading of the disc until a media access command is received. It is
recommended that the device not load discs into the playing position until data from a disc that is not
cached is requested from the Initiator.

Note that Initiator drivers should expect to encounter load mechanism delays on media accesses in
addition to the spin up and seek delays normally introduced with these commands.

If the device supports delayed loading and the selected disc is not in the play position, then the
commands listed in Table 44 shall move the selected disc into the play position when data that has not
been cached has been requested by the Initiator.

Table 44 — Commands that may not cause delayed loads to occur

Commands
Play Audio (10)
Play Audio MSF
Read (10)
Read (12)
Read CD
Read CD MSF
Read CD-ROM Capacity
Read Sub-channel
Read TOC
Scan

If the device supports delayed loading and the selected disc is not in the play position, then the following
commands shall load the selected disc into the play position before execution of the command (See

Table 45).
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Table 45 — Commands that may cause delayed loads to occur

Command

Seek
Start Stop Unit (LoEj = 1)

If the device supports delayed loading and the selected disc is not in the play position, then the following
commands shall not move the selected disc into the play position. (See Table 46)

Table 46 — Commands that should not cause delayed loads to occur

Command

Stop Play/Scan

Start Stop Unit (LoEj=0)
Test Unit Ready

Inquiry

Mechanism Status
Mode Select

Mode Sense

Prevent Allow Medium Removal

Request Sense
Set CD Speed

4.5.5 Prevent/ Allow processing

There are two techniques for Prevent / Allow: either all the discs shall be prevented from being ejected by
the user or each disc individually shall be prevented. If the device reports support for Software Slot
Selection, then each slot shall be individually controlled by the Prevent / Allow command. Note that
changer devices that use a Magazine and not individually controlled slots should not report the Software
Slot Selection capability.

4.5.6 Error Reporting for Changers

If any of the following conditions occur during the execution of a command, the Changer shall return
CHECK CONDITION status. The appropriate SK/ASC/ASCQ values shall be set. Table 47 lists some
error conditions and the applicable sense keys. The list does not provide an exhaustive enumeration of all
conditions that may cause the CHECK CONDITION status.
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Table 47 — Error Conditions and Sense Keys for Changer Mechanisms

Condition Sense Key
Invalid Slot Number ILLEGAL REQUEST
Unsupported option requested ILLEGAL REQUEST
Load or Unload to invalid slot or no Disc in source ILLEGAL REQUEST

location

Device Reset or medium change since last command | UNIT ATTENTION
Self diagnostic failed HARDWARE ERROR

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

Attempts to eject a Disc if the changer type is magazine and there is a Disc in the playing position shall
be rejected with a CHECK CONDITION status and SK/ASC/ASCQ values shall be set to ILLEGAL
REQUEST/MECHANICAL POSITIONING OR CHANGER ERROR.

4.6 Real-Time Stream Recording/Playback Model

The Real-Time Stream recording/playback is one of the most important applications for recordable optical
discs. It is also expected as a bridge between PC peripherals and consumer devices such as DVD
Player. However, optical disc drives, especially consumer players, have low access performance
comparing with hard drives from the viewpoint of data rate or seek delay. In addition, dispersion of
recorded Streaming data on recordable optical discs may further degrade the performance leading to the
poor quality of data playback. In order to address the issue, streaming data should be arranged
continuously on a disc in order to guarantee the minimum bit rate for Real-Time Stream
recording/playback.

One of factors to make dispersion of Streaming data may be attributed to defects. When a recordable
optical disc is handled without a cartridge on consumer players, more defects due to contamination may
be encountered during stream recording than used with a cartridge only. On the other hand, because of
Real-Time requirement, a Logical Unit may not be allowed as much time and efforts to overcome defects
encountered during Stream recording as it has during conventional data recording. The Real-Time
Stream recording/playback model specifies new methods to handle defective sectors on a recordable
optical disc.

4.6.1 Stream recording operation

A defect management scheme like Linear Replacement Algorithm is applied when the Logical Unit
encounters such a defective sector during the conventional WRITE operation. This is one of the solution
to make the disc defect free, and it is applied to many optical discs.

But for Stream recording/playback application, such a defect management makes the access speed be
spoiled for Real-Time operation, because the alternative good block locates physically away from the
defective one. If this scheme is applied to Stream recording system, the system is required to have
enough buffer memory to maintain the recording transfer rate. The playback picture may be jerky if a long
distance seek operation is required to read the alternative block in the Spare Area during playing back a
Streaming data from the media.

To solve this problem, the Logical Unit commanded to write data using Stream recording shall not replace
a defective block with the other block even if the Logical Unit encounters a defective block during Stream
recording operation.
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Figure 39 — Example of Data Allocation in case of Linear Replacement

The Logical Unit that returns Real-Time Streaming Feature with Version field of 1 and SW bit of 1 shall

supports the following functions.

An example of data allocation on a disc is shown in Figure 40. When the Stream recording operation is
executed the Logical Unit shall continue recording without reporting error even if a defective block is
found on the Stream recording operation. The Streaming data recorded to the defective block may not be

read correctly.

The Initiator shall use WRITE (12) command with Streaming bit set to one to execute the Stream
recording operation. The Logical Unit shall not execute Linear Replacement operation for defective block.
The Logical Unit's performance shall be at least 1x speed even if this prevents the Logical Unit from retry

or verify operation.

The Logical Unit shall not report CHECK CONDITION status except fatal error, even if a defective block is
found on Stream recording operation. The Logical Unit returns a fatal error when the Stream recording

operation can not be continued because of critical error such as hardware error.

Streaming data
to be recorded - —_— —

T C
Data allocaton ) Write \4—»[ Write
on the media _ \ f
Recording operation is continued
even if a defective block is found

Figure 40 — An example of data allocation on the Stream recording operation

4.6.2 Stream playback operation

Using Real Time Stream playback operation may result in erroneous data. If the data is not correctable,
the Logical Unit on conventional READ operation performs error recovery operations. In case of Stream

playback operation, the highest priority should be given to continuity of data.

In order to distinguish the data attribute to be read, Streaming data or other normal data, Streaming bit is

defined to the READ (12) command. If the Logical Unit receives the READ (12) command with Streaming
bit set to one, the data should be read out continuously without reporting uncorrectable read error, even if
erroneous blocks are detected. The Logical Unit shall transfer the required size of data on the erroneous

block without reporting error, though the transferred data may contain error. Read Ahead operation

should be applied on Stream playback operation in order to secure continuity.
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Note: The cached data that contains an erroneous portion shall not be returned by the READ (12)
command when the Streaming bit cleared. In such cases, cached data in a buffer memory is discarded
and attempts to read with the conventional READ operation.

4.6.3 Error Handling on Stream recording/playback operation

An erroneous block encountered on Stream recording/playback operation should be handled according
Table 48. The defective block may be registered in defect list but the linear replacement algorithm shall
not be applied on Stream recording/playback operation.

Table 48 — Error Handling on Stream recording/playback operation

Sector Status Command Description
|Good block Read No Error
\Write No Error
Read with Stream=1 |No Error
\Write with Stream=1 |No Error
IDefective block registered in |Read No Error
defect list and replaced
\Write No Error

Read with Stream=1

No Error (Defect list is ignored, Null (00h) data shall be returned for Blocks
listed in a defect list)

\Write with Stream=1

Ignore defect list and keep recording (The data written on the
defective block is not guaranteed)

|Defective block registered in |Read No Error? (NULL (00h)or partially corrected data may be returned)m
defect list, but not replaced
or defective block with
JRecording Type bit set to 1
\Write No Error (The defective block should be replaced and the data

should be written to an alternative block)

Read with Stream=1

No Error (Erroneous data may be returned)

\Write with Stream=1

No Error (The data should be written to the defective block without
error reporting, and the defective block should still be registered in
defect list)®

Defective block which is not
registered in defect list

Read

Report Error (Erroneous data shall not be returned)

\Write

No Error (The defective block should be replaced and the data
should be written to an alternative block)

Read with Stream=1

No Error (Erroneous data may be returned)

\Write with Stream=1

No Error (The data should be written to the defective block without
error reporting, and the defective block should be registered in defect

list)®

Notes:

(1) Legacy Logical Unit that may not comply with this specification may return erroneous data and continue reading
(2) In response to the VERIFY command, the Logical Unit shall report an error.

(3) This is defined to be able to playback on a legacy system that uses the conventional READ command.

(4) The defective block should be registered in defect list, but linear replacement shall not be applied.
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5 Commands for Multi-Media Devices

5.1 Overview

Some commands that may be implemented are not described in this standard, but can be found in other
SCSI standards. For a complete description of these commands, SCSI Primary Commands, SCSI Block
Commands, and others should be referenced.

The commands described in this clause are defined uniquely for Multi-Media Logical Units or have a
unique behavior when executed by a Multi-Media Logical Unit.

Table 49 — Commands for Multi-Media Logical Units

Command Name Op Code Reference
BLANK Ath 5.2
CLOSE TRACK/SESSION 5Bh 53
ERASE (10) 2Ch SBC
FORMAT UNIT 04h 5.4
GET CONFIGURATION 46h 5.5
GET EVENT/STATUS NOTIFICATION 4Ah 5.6
GET PERFORMANCE ACh 5.7
INQUIRY 12h SPC-2
LOAD/UNLOAD MEDIUM A6h 5.8
MECHANISM STATUS BDh 59
MODE SELECT (10) 55h SPC-2
MODE SENSE (10) 5Ah SPC-2
PAUSE/RESUME 4Bh 5.10
PLAY AUDIO (10) 45h 511
PLAY AUDIO (12) A5h 5.12
PLAY AUDIO MSF 47h 5.13
PREVENT ALLOW MEDIUM REMOVAL 1Eh SPC-2
READ (10) 28h SBC
READ (12) A8h SBC
READ BUFFER 3Ch SPC-2
READ BUFFER CAPACITY 5Ch 5.15
READ CAPACITY 25h 5.16
READ CD BEh 517
READ CD MSF B9h 5.18
READ DISC INFORMATION 51h 5.19
READ DVD STRUCTURE ADh 5.20
READ FORMAT CAPACITIES 23h 5.21
READ SUB-CHANNEL 42h 5.22
READ TOC/PMA/ATIP 43h 5.23
READ TRACK INFORMATION 52h 5.24
REPAIR TRACK 58h 0
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Table 49 (continued) — Commands for Multi-Media Logical Units

Command Name Op Code Reference
REPORT KEY Adh 5.26
REQUEST SENSE 03h SPC-2
RESERVE TRACK 53h 5.27
SCAN BAh 5.28
SEEK (10) 2Bh SBC
SEND CUE SHEET 5Dh 5.29
SEND DVD STRUCTURE ADh 5.30
SEND EVENT A2h 5.31
SEND KEY A3h 5.32
SEND OPC INFORMATION 54h 5.33
SET CD SPEED BBh 5.34
SET READ AHEAD A7h 5.35
SET STREAMING B6h 5.36
START STOP UNIT 1Bh SBC
STOP PLAY/SCAN 4Eh 5.37
SYNCHRONIZE CACHE 35h 5.38
TEST UNIT READY 00h SPC-2
VERIFY (10) 2Fh SBC
WRITE (10) 2Ah 5.39
WRITE (12) AAh 5.40
WRITE AND VERIFY (10) 2Eh 5.41
WRITE BUFFER 3Bh SPC-2
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5.2 BLANK Command

CD/DVD-RW discs have two properties not available with CD/DVD-R: direct-overwrite and the ability to
erase. The BLANK command (Table 50) provides the ability to erase any part of a CD/DVD-RW disc.

Table 50 - BLANK Command
Bit 7 6 5 4 3 2 1 0

Byte

Operation Code (A1h)
Reserved IMMED | Reserved | Blanking Type

(MSB)

Start Address/Track Number

(LSB)

Reserved

Reserved

Reserved

Olo(N|[O|O|BA]J]W|N|F]|O

Reserved

Reserved

[En
o

11 Control Byte

Note: The erasing action performed in this command is a Logical Erase, in that the data is overwritten
with Mode 0 data on CD media

The IMMED bit allows execution of the Blank command as an immediate operation. If IMMED is zero,
then the requested operation is executed to completion prior to returning status. If IMMED is one, then
status is returned once the operation has begun.

Blanking Type identifies the method and coverage of blanking. The codes for Blanking Type for CD-RW
are defined in Table 51.

Start Address/Track Number is the LBA that a range, for erasure, begins:
a) When Blanking Type is Blank a Track Tail, this field indicates the start LBA.
b) When Blanking Type is Blank a Track, this field indicates the track.

When the Logical Unit changes status (NOT READY, READY) a Class 1 Event shall be generated.
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Table 51 — Blanking Types CD-RW

Value Name Description
000b Blank the | The entire disc is to be erased. The Start Address parameter is ignored. This
disc is used for clearing a complete disc. The PCA may be excluded. At completion
of the operation, the area from the start time of Lead-in through the last
possible start time of Lead-out plus 6 750 blocks and the entire PMA shall be
blank.
001b Minimally | Erases only the PMA, first session TOC and the pre-gap of the first track. The
blank the | Start Address parameter is ignored. This is used for blanking a disc quickly.
disc After completion of this command the disc is treated as a blank disc. Caution
shall be exercised when using this command as the program area still contains
user data.
010b Blank a Erases the track specified in the Start Address/Track Number field. This
Track command erases the track only, it does not erase the TOC or the PMA. The
track to be erased shall be in the incomplete session.
011b Un-reserve | This is valid only when the last recorded track is incomplete, reserved, or is
a Track complete and in an incomplete session. If the last track is incomplete the track
and PMA entry for incomplete track is erased. If the track is reserved or
complete, the track and PMA entry of the track is erased. The Start
Address/Track Number parameter is ignored.
100b Blank a Erase the area between the LBA specified Start Address/Track Number field
Track Tail [and the end of the track that includes the LBA specified. The LBA specified
shall be the first user data block within a packet. This blank type is valid for
only a Packet track. This may be used to prepare for writing a packet track to a
CD-RW disc with the same write process as a CD-R. The track to be erased
shall be in an incomplete session.
101b Unclose the | Erases the Lead-in and Lead-out of the last session. The last session shall be
last session | complete when this command is issued.
110b Erase If the last session is complete, its Lead-in, program area, and Lead-out shall be
Session erased. If the last session is incomplete, its program area shall be erased. If
the last session is empty, the complete session immediately preceding the
empty session shall be erased. If the empty session is the only session on the
disc, erasing shall not be considered an error.
111b Reserved

The Blanking Types for DVD-RW media is defined in Table 52.
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Table 52 — Blanking Types for DVD-RW media

Value

Name

Description

000b

Blank the
disc

The entire disc is to be erased. The area from the RMA through the end of Last
address of Data Recordable Area plus 3 ECC blocks except RMA Lead-in and
six RMD blocks at the beginning of RMA shall be erased. The Start Address or
Track Number parameter is ignored. If a disc is to be erased that is already
fully blanked, no error shall be reported.

001b

Minimally
blank the
disc

This operation is used for blanking a disc quickly. Lead-in and the entire RMA
except RMA Lead-in and six RMD blocks at the beginning of RMA shall be
erased. The Start Address or Track Number parameter is ignored. Caution
should be exercised when using this command since the data area still
contains user data. If a disc is to be erased that is already fully/minimally
blanked, no error shall be reported.

010b

Reserved

011b

Un-reserve
a Track

This operation is valid only when the last session is incomplete state.

If the last track is invisible, the track that immediately precedes the invisible
track and its RMD entry are erased.

If the last track is incomplete, the incomplete track is erased. The Start Address
or Track Number parameter is ignored.

100b

Blank a
Track Tail

This blanking type is valid for only a incrementally recorded track. The track to
be erased shall be in an incomplete session. Erase the area between the LBA
specified Start Address or Track Number field and the end of the track that
includes the LBA specified. When the track that is to be erased is complete
track and if the next track is recorded, the last ECC block of the complete track
shall be remained as BSGA to guarantee next track readable.

If attempting to erase a track that causes generation of fourth NWA, the
command shall be terminated with CHECK CONDITION status and
SK/ASC/ASCQ shall be set to ILLEGAL REQUEST/NO MORE TRACK
RESERVATIONS ALLOWED.

The LBA specified shall be the first user data block of an ECC block and shall
be an existing linking point of a track. If the start address sector is not a linking
point, the command shall be terminated with CHECK CONDITION status and
SK/ASC/ASCQ shall be set to ILLEGAL REQUEST/INVALID ADDRESS FOR
WRITE.

101b

Unclose the
last session

This blanking type is valid for only a incrementally recorded disc. This
operation is valid only when the last session is complete state. Erases the
Lead-in/ Border-in and Lead-out/Border-out of the last session. If the last
session is empty state, the complete session immediately preceding the empty
session shall be erased.

110b

Erase
Session

If the last session is complete state, its Lead-in/Border-in through the end of
the Lead-out/Border-out shall be erased. If the last session is incomplete state,
all track(s) in the incomplete session shall be erased. If the last session is
empty state, the complete session immediately preceding the empty session
shall be erased. If the disc is blank, erasing shall not be considered an error.

111b

Reserved
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During a Blanking operation that began with the IMMED bit set to one, the Logical Unit shall respond to
commands as follows:

a) In response to all commands except REQUEST SENSE, INQUIRY, GET CONFIGURATION, and GET
EVENT/STATUS NOTIFICATION, the Logical Unit shall return CHECK CONDITION status and set
SK/ASC/ASCQ to NOT READY/LOGICAL UNIT NOT READY/OPERATION IN PROGRESS unless a
reservation conflict exists, in that case RESERVATION CONFLICT status shall be returned.

b) In response to the INQUIRY, GET CONFIGURATION, GET EVENT/STATUS NOTIFICATION
commands, the Logical Unit shall respond as commanded.

c) Inresponse to the REQUEST SENSE command, unless an error has occurred, the Logical Unit shall
return a SK/ASC/ASCAQ values set to NOT READY/LOGICAL UNIT NOT READY/OPERATION IN
PROGRESS, with the sense key specific bytes set for progress indication. See ANSI X3.301:1997,
SPC standard for sense key specific field location.

Recommended error reporting is defined in Table 53.

Table 53 — Recommended errors for BLANK Command

Error Reference
Deferred Errors A2
General Errors Table A.2
Media Access Errors Table A.3
Write Errors Table A4
ERASE FAILURE Table A.1
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5.3 CLOSE TRACK/SESSION Command

The CLOSE TRACK/SESSION command, Table 54, allows closure of either a track or a session. If the
Multi Session field in the Write Parameters Page (05h) is set to 11b and there is not sufficient space for
the next Session, the Session to be closed shall be closed and next Session shall not be allowed. For
CD, the Session is closed without the BO pointer. For DVD-R/-RW, the Session is closed with Lead-out
and the Start PSN of the next Border-in field of Lead-in/Border-in set to 0. In the case of insufficient
space for the next Session, legacy CD-R/RW Logical Units may generate an error in the above case. In
this case, the Initiator shall change the Multi-Session field in the Write Parameters Page (05h) and retry
the Command.

Table 54 — CLOSE TRACK/SESSION Command Descriptor Block

Bit 7 6 5 4 3 2 1 0
Byte

Operation Code (5Bh)

Reserved IMMED

Reserved Session Track

Reserved

(MSB) Track Number

(LSB)

Reserved

Reserved

Reserved

Olo|N|lojo|r~|lW[IN|FL|O

Control Byte

The IMMED bit allows execution of the close function as an immediate operation. If IMMED is zero, then
the requested close operation is executed to completion prior to returning status. If IMMED is one, then
status is returned once the close operation has begun.
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The Session and Track bits (Table 55) have the following meanings:

Table 55 — Session and Track Bits Definitions

Session

Track

Close Actions

0

Optional behavior for DVD+RW media is defined. If a background format is in progress and De-Icing is
not completed, the format De-Icing operation shall be stopped at some DVD+RW ECC block boundary.
No further writing shall occur. If the medium mounted is DVD+RW and there is no background format in
progress, then no operation shall occur and this shall not be considered an error.

If the medium is not DVD+RW or if the optional behavior is not supported, the Logical Unit shall terminate
the command with CHECK CONDITION status and set SK/ASC/ASCAQ values to ILLEGAL
REQUEST/INVALID FIELD IN CDB.

Close the track associated with the track number in the CDB.

For CD, if this is the incomplete track, the Logical Unit shall pad with all zero main data to the
minimum length of 4 seconds. No other padding shall be done.

If this is the partially recorded or empty reserved track, the Logical Unit shall pad the track. In
the case of an empty track, the Logical Unit shall write the track according to the write
parameter page. If the write parameter page is inconsistent with the PMA, CHECK
CONDITION status shall be returned and SK/ASC/ASCQ shall be set to ILLEGAL
REQUEST/ILLEGAL MODE FOR THIS TRACK.

For a partially recorded reserved track, the Logical Unit shall continue writing in the same
mode as the data already recorded. For DVD-R/-RW, if this is the Partially Recorded
Reserved Track or the Empty Reserved Track, the Logical Unit shall pad the Track with 00h
bytes. If the Track status is Invisible, no close operation is to be done. In the case of an
Incomplete Track, no padding is to be done and cached RMD shall be written into the RMA.

For all other media types, this command shall be terminated with CHECK CONDITION status
and SK/ASC/ASCAQ values shall be set to ILLEGAL REQUEST/INVALID FIELD IN CDB.

Close Session. If all Tracks in the last Session are not complete, generate a CHECK
CONDITION status and set SK/ASC/ASCQ values to ILLEGAL REQUEST/SESSION
FIXATION ERROR - INCOMPLETE TRACK IN SESSION. Or if an empty or partially
recorded, reserved Tracks exist in the incomplete Session, generate CHECK CONDITION
status and set SK/ASC/ASCQ values to ILLEGAL REQUEST/EMPTY OR PARTIALLY
WRITTEN RESERVED TRACK. Behavior of the closing operation is dependent on the Multi-
Session field in the Write Parameters Page (05h). Closing an empty Session not produce an
error and a write to the media shall not occur.

If a MRW background format is in progress, the format operation shall be stopped and the
disc shall be structured for removal according to the MRW format. In particular, if a lead-out
is required for access by a read-only device, then a lead-out shall be written.

If a DVD+RW background format is in progress, the format operation shall be stopped and the disc shall
be structured for removal according to the DVD+RW 4.7 Gbytes Basic Formats Specifications for the
specific purpose of providing DVD-ROM read compatibility. In general, this means that a [partial] lead-in
shall be written, a [temporary] lead-out shall be appended and all unrecorded gaps between lead-in and
lead-out shall be format written.

For DVD-RW media, when the last session is in the intermediate state, Lead-in and/or Border-
out are recorded to make the session complete. (if the session is to be closed that is the first
one, Lead-in and Border-out shall be recorded. If the session is to be closed that is second or
later one, only the Border-out shall be recorded.)

For DVD-RW media, if the disc is in restricted overwrite mode and the last session is
complete state and Lead-out is not written, Lead-out shall be appended after the last Border-
out. If the last session is intermediate state, Border-out and Lead-out is recorded. If the disc is
not formatted, the Logical Unit shall report CHECK CONDITION status and set
SK/ASC/ASCQ values to ILLEGAL REQUEST/INVALID FIELD IN CDB. For all other media
this condition is Reserved, not valid.

If a Session or Track is to be closed that is already closed, no error shall be reported.

If Session bit is set to zero and Track bit is set to one, the Track Number field indicates the number of
tracks to close. Byte 4 and Byte 5 of the CDB shall be ignored if the Session bit is set to one.
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For a CD to close the incomplete track, the following steps are required:
1. If necessary, the track is padded with all zero main data to the minimum length of 4 seconds.
2. The PMA is consulted in order to locate the largest track number recorded, ‘N’.

3. The boundaries of the track are determined and a PMA entry is written for track N+1. Closing a Track
shall cause cached information for the specified Track to be committed to the medium prior to closing.

For CD Closing a Session shall cause the Lead-in and Lead-out to be written for the incomplete Session.
Closing a Session when the last session is closed shall not be considered an error. Closing a session
when the last session is empty shall cause no actions to be performed and shall not be considered an
error. For DVD-R/-RW, closing an incomplete or intermediate Session shall cause the Lead-in or Border-
in and Border-out to be written for the incomplete or intermediate Session. If the Multi-Session field in the
Write Parameters Page (05h) is set to 00b, a Lead-out shall be appended to last Border-out. Once the
Lead-out has been written for DVD media, data can not be further appended to the medium.

During a Close Track/Session operation that began with the IMMED bit set to one, the Logical Unit shall
respond to commands as follows:

a) In response to all commands except REQUEST SENSE, INQUIRY, GET CONFIGURATION, and GET
EVENT/STATUS NOTIFICATION the Logical Unit shall return CHECK CONDITION status and set
SK/ASC/ASCQ to NOT READY/LOGICAL UNIT NOT READY/LONG WRITE IN PROGRESS or NOT
READY/LOGICAL UNIT NOT READY/OPERATION IN PROGRESS unless a reservation conflict
exists, in that case RESERVATION CONFLICT status shall be returned.

b) In response to the INQUIRY, GET CONFIGURATION, GET EVENT/STATUS NOTIFICATION
commands, the Logical Unit shall respond as commanded.

c) Inresponse to the REQUEST SENSE command, unless an error has occurred, the Logical Unit shall
return with SK/ASC/ASCQ values set to NOT READY/LOGICAL UNIT NOT READY/LONG WRITE IN
PROGRESS or NOT READY/LOGICAL UNIT NOT READY/OPERATION IN PROGRESS
(02h/04h/07h), with the sense key specific bytes set for progress indication. See ANSI X3.301:1997,
SPC standard for sense key specific field location.

Closing a Track or Session shall cause a Class 1 Event when the command is issued if the Logical Unit
becomes NOT READY. A Class 1 Event shall occur if the medium returns to READY or if the medium
becomes un-writable. Other Class 1 Events may occur due to closing a Track or Session.

Recommended error reporting is defined in Table 56.

Table 56 — Recommended errors for CLOSE TRACK/SESSION Command

Error Reference
Deferred Errors A1
General Errors Table A.2
Media Access Errors Table A.3
Write Errors Table A.4
Fixation Errors Table A.5
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54 FORMAT UNIT Command

The FORMAT UNIT command (Table 57) formats a medium into Initiator addressable logical blocks per
the Initiator defined options.

The medium may be certified and control structures created for the management of the medium and
defects. There is no guarantee that the medium has not been altered.

Table 57 — Format Unit Command

Bit 7 6 5 4 3 2 1 0

Byte

0 Operation Code (04h)

1 Reserved FmtData | CmplList | Format Code

2 Reserved

3 (MSB) Interleave Value

4 (LSB)

5 Control Byte

A FmtData bit of zero indicates that there is no parameter list. A FmtData bit of one indicates that a
parameter list is available from the Initiator. For CD-RW, DDCD-RW, DVD-RAM, DVD-RW, and DVD+RW
FmtData shall be set to one.

The CmplList bit is used in conjunction with the DCRT (Table 60) bit to determine usage of the existing
G1-list, G2-list and SDL to construct new G1-list and G2-list (Table 58) on DVD-RAM media. A CmplList
bit of zero indicates that the parameter list provided is in addition to those already available to the Logical
Unit. A CmplList bit of one indicates that the parameter list is complete and the Logical Unit is to ignore
any existing parameters. On CD-RW, DDCD-RW, DVD-RW, and DVD+RW media, CmpList bit shall be
set to zero.

Table 58 — DVD-RAM Defect List Handling

CmpList | DCRT | Certification PDL SDL Remarks
P-list G1-list G2-list
0 0 Yes Preserved | New from Disposed Disposed | Slow initialization
Certification
0 1 No Preserved | Preserved | Old + New | Disposed | Change linear
from SDL replacement to slipping,
quickly
1 0 Yes Preserved | Old plus Disposed Disposed | Create new defect list by
(Partial) New from disposing all except P-list
Obsolete Certification and G1-list
1 1 No Preserved | Preserved | Disposed Disposed | Return to original slipping
at the latest certification,
quickly

A formatted CD-RW, DDCD-RW, or DVD-RW session shall consist of a single, fixed packet track. The
packet size specified in the Write Parameters Page defines the packet size for the format operation.

If the WRITE TYPE field in the Write Parameters Page is not packet (00b), the FORMAT UNIT command
shall terminate with a CHECK CONDITION and set SK/ASC/ASCQ values to ILLEGAL
REQUEST/COMMAND SEQUENCE ERROR. If the FP bit in the Write Parameters Page is not set to
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one (Fixed Packet), the FORMAT UNIT command shall terminate with a CHECK CONDITION and set
SK/ASC/ASCQ values to ILLEGAL REQUEST/COMMAND SEQUENCE ERROR.

The Format Code identifies the parameter list format. For DDCD-RW / CD-RW Format Descriptor, the
Format Code shall be set to seven (111b), for other Format Descriptor the Format Code shall be set to
one (001b).

The Interleave Value field identifies the value to be used when formatting. Interleave Value shall be zero.

During the operation of the FORMAT command that began with the IMMED bit set to one, the Logical
Unit shall respond to other commands as follows:

a) In response to all commands except REQUEST SENSE, INQUIRY, GET CONFIGURATION, and GET
EVENT/STATUS NOTIFICATION the Logical Unit shall return CHECK CONDITION status and set
SK/ASC/ASCQ to NOT READY/LOGICAL UNIT NOT READY/FORMAT IN PROGRESS unless a
reservation conflict exists, in that case RESERVATION CONFLICT status shall be returned.

b) In response to the INQUIRY, GET CONFIGURATION, GET EVENT/STATUS NOTIFICATION
commands, the Logical Unit shall respond as commanded.

c) In response to the REQUEST SENSE command, unless an error has occurred, the Logical Unit shall
return a SK/ASC/ASCAQ values set to NOT READY/LOGICAL UNIT NOT READY/FORMAT IN
PROGRESS, with the sense key specific bytes set for progress indication.

During the execution of the FORMAT UNIT command, the Logical Unit shall perform a medium defect
management algorithm if the Defect Management Feature is current. The FORMAT UNIT command for
DVD-RAM media may not provide a method to receive defect location information from the Initiator.

A format data (FmtData) bit of one indicates that the FORMAT UNIT parameter list (see Table 59) shal |
be transferred to the Logical Unit. The data sent to the Logical Unit consists of a Format List Header,
followed by an initialization pattern descriptor (that may have zero length), followed by zero or one Format
descriptors. The Format descriptor shal | be one of Formattable Capacity Descriptors returned by the
READ FORMAT CAPACITIES command.

The FORMAT UNIT command parameter list (Table 59) consists of three descriptors: the Format List
Header, the Initialization Pattern Descriptor, and the Format Descriptor.

Table 59 — Format Unit Parameter List

Bit 7 6 5 4 3 2 1 0
Byte
0-3 Format List Header
4-—n Initialization Pattern Descriptor (present if IP = 1)
n+1 to Format Descriptor
n+8

The Format List Header (Table 60) provides several format control bits. Logical Units that implement
these bits give Initiators additional control over the formatting operation. If the Initiator attempts to select
any function not implemented by the Logical Unit, the Logical Unit shall terminate the command with
CHECK CONDITION status and SK/ASC/ASCQ values shall be set to ILLEGAL REQUEST/INVALID
FIELD IN PARAMETER LIST.

If the Initialization Pattern Descriptor is to be included in parameter data sent to the Initiator, the IP bit
shall be set to one, and the data shall begin at a byte offset of 4. If the IP bit is set to zero, the
Initialization Pattern Descriptor shall not be included in the Format Unit Parameter data sent to the Logical
Unit, and the Format Descriptor shall begin at byte offset 4.

Table 60 — Format List Header
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Bit 7 6 5 4 3 2 1 0
Byte
0 Reserved
1 Fov | DPRY | DCRT | sTPF | 1P | Tryout | IMMED Vs
2 (MSB) Format Descriptor Length
3 (LSB)

A Format Options Valid (FOV) bit of zero indicates that the Logical Unit shall use its default settings for
the DPRY, DCRT, STPF, IP, Try-out, IMMED, and VS bits (see below). When the FOV bit is zero, the
Host shall set these bits to zero. If any of these bits are not zero, the Logical Unit shall terminate the
command with CHECK CONDITION status and set SK/ASC/ASCQ values to ILLEGAL
REQUEST/INVALID FIELD IN PARAMETER LIST. The default value for VS is vendor specific.

The Initiator shall set these bits to zero. If any of these bits are not zero, the Logical Unit shall terminate
the command with CHECK CONDITION status and SK/ASC/ASCQ shall be set to ILLEGAL
REQUEST/INVALID FIELD IN PARAMETER LIST.

A FOV bit of one indicates that the Logical Unit shall examine the setting of the DPRY, DCRT, STPF, IP,
and Try-out bits. When the FOV bit is one, the DPRY, DCRT, STPF, IP, and Try-out bits are defined as
follows:

A Disable Primary (DPRY) bit, when set to zero, indicates that the Logical Unit shall not use portions of
the medium identified as defective in the primary defect Plist for Initiator addressed logical blocks. Logical
Units that support CD-RW, DDCD-RW, DVD-RAM, DVD-RW, or DVD+RW media do not permit the
Initiator to set this bit to one. If set to one, the Logical Unit shall terminate the command with CHECK
CONDITION status and SK/ASC/ASCAQ values shall be set to ILLEGAL REQUEST/INVALID FIELD IN
PARAMETER LIST.

A Disable Certification (DCRT) bit, when set to zero, indicates that the Logical Unit shall perform a
vendor-specific medium certification operation. This may include the generation of a G1-list (C-list) or a
Defect Status bitmap (DS #n bits) in the Format 3 RMD on DVD-RW media. A DCRT bit of one indicates
that the Logical Unit shall perform no vendor-specific medium certification process or format verification
operation while executing the FORMAT UNIT command.

For CD-RW media, use of the DCRT bit is specific to the format type selected.
The STPF bit shall be reserved.

An Initialization Pattern (IP) bit of zero indicates that an initialization pattern descriptor is not included and
that the Logical Unit shall use its default initialization pattern. An IP bit of one indicates that an
initialization pattern descriptor is sent to the Logical Unit as part of the FORMAT UNIT parameter list (See
sub-clause 5.4.1).

For CD-RW media, the IP bit is reserved.

A Try-out bit of one indicates that the Logical Unit shal | not alter the media format, but shal | examine
whether the specified FORMAT command can be performed without error, based on available information
before starting the formatting.

For CD-RW media, the Try-out bit is reserved.

An immediate (IMMED) bit of zero indicates that status shal | be returned after the format operation has
completed. An IMMED bit value of one indicates that the Logical Unit shall return status as soon as the
command descriptor block has been validated, and the entire Format Descriptor has been transferred.

If the IMMED bit is set to one, and a REQUEST SENSE command is issued during the formatting
operation, the Logical Unit shal | return a sense key of NOT READY and an ASC of LOGICAL UNIT
NOT READY, FORMAT IN PROGRESS, unless an error has occurred. The sense key specific bytes shall
be set to the percentage of the operation that has completed. The sense key specific field contains a
value from 0 to FFFFh, where FFFFh indicates the formatting is completed.
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The Vendor Specific (VS) bit is vendor-specific.

The Format Descriptor Length field in the Format list header specifies the total length in bytes of the
Format descriptors that follow and does not include the initialization pattern descriptor or initialization
pattern, if any.

The Format Descriptor Length shal | be set to 8. Any other value in this field shall cause CHECK
CONDITION status to be returned and SK/ASC/ASCQ values shall be set to ILLEGAL
REQUEST/INVALID FIELD IN PARAMETER LIST.

5.4.1 Initialization Pattern

The initialization pattern option specifies that the logical blocks contain the specified initialization pattern.
The initialization pattern descriptor (Table 61) is sent to the Logical Unit as part of the FORMAT UNIT
parameter list.

Table 61 — Initialization Pattern Descriptor

Bit 7 6 5 4 3 2 1 0
Byte
0 IP Modifier SI Reserved
1 Pattern Type
2 (MSB) Initialization Pattern Length
3 (LSB)
4
Initialization Pattern
n

The IP Modifier field specifies the type and location of a header that modifies the initialization pattern (see
Table 62).

Table 62 — IP Modifier Field

IP Modifier Descriptor
00b No header. The device server shall not modify the initialization pattern.
01b The device server shall overwrite the initialization pattern to write the logical block address in the

first four bytes of the logical block. The LBA shall be written with the most significant byte first.

10b The device server shall overwrite the initialization pattern to write the logical block address in the
first four bytes of each physical block contained within the logical block. The lowest numbered
logical block or part there of which occurs within the physical block is used. The LBA shall be
written with the most significant byte first.

11b Reserved

The Initialization Pattern Type field (Table 63) indicates the type of pattern the device server shall use to
initialize each logical block within the application client accessible portion of the medium. All bytes within
a logical block shall be written with the initialization pattern. The IP Modifier field modifies the Initialization
Pattern.
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Table 63 — Initialization Pattern Type

Initialization Pattern Description
Type
00h Use default pattern1
01h Repeat the initialization pattern as required to fill the logical block.?
02h — 7Fh Reserved
80h - FFh Vendor Specific
Notes:

1. If the initialization pattern length is not zero the device server shall terminate the command with CHECK
CONDITION status and SK/ASC/ASCAQ shall be set to ILLEGAL REQUEST/INVALID FIELD IN PARAMETER
LIST.

2. If the initialization pattern length is zero the device server shall terminate the command with CHECK
CONDITION status and SK/ASC/ASCAQ shall be set to ILLEGAL REQUEST/INVALID FIELD IN PARAMETER
LIST.

A Security Initialize (Sl) bit of one indicates that the device server shall attempt to write the initialization
pattern to all areas of the media including those that may have been reassigned. A Sl bit of one shall take
precedence over any other FORMAT UNIT field. The initialization pattern shall be written using a security
erasure write technique. Application clients may choose to use this command multiple times to fully erase
the previous data. Such security erasure write technique procedures are outside the scope of this
standard. The exact requirements placed on the security erasure write techniques are vendor-specific.
The intent of the security erasure write is to render any previous user data unrecoverable by any analog
or digital technique.

An Sl bit of zero indicates that the device server shall initialize the application client accessible area of the
media. The device server is not required to initialize other areas of the media. However, the device server
shall format the medium as defined in the FORMAT UNIT command.

When the Sl bit is one, the device server need not rewrite (format) header and other information not
previously accessible to the application client. If any area of the medium that previously was accessible to
the application client cannot be written, the device server shall terminate the command with CHECK
CONDITION status and the sense key shall be set to MEDIUM ERROR with the appropriate ASC for the
condition.

The Initialization Pattern Length field indicates the number of bytes contained in the initialization pattern.

If the length exceeds the current logical block size the device server shall terminate the command with
CHECK CONDITION status and SK/ASC/ASCAQ values shall be set to ILLEGAL REQUEST/INVALID
FIELD IN PARAMETER LIST. The IP Modifier field modifies the pattern.

The Format descriptor specifies an eight-byte entry.
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5.4.2 CD-RW Format Descriptor, Format Code 111b
If the Format Code, in the CDB, is 111b the CD-RW Format Descriptor defined in Table 64 shall be sent.

Table 64 — CD-RW Format Descriptor

Bit 7 6 5 4 3 2 1 0

Byte

0 SESS Grow Reserved

1 Reserved

2 Reserved

3 Reserved

4 (MSB)

5 Format Size

6

7 (LSB)

If both the Grow and Session bits are set to zero the format operation shall format (Format Size) user
data blocks. Format Size shall be integrally divisible by the Packet Size field in the Write Parameters
Page. The first formatted user data block shall be LBA 0. Existing information on the disc may be
overwritten. After the format, a single session containing a single, fixed packet track exists on the
medium.

If the Grow bit is set to zero and the Session bit is set to 1 the format operation shall create a new session
that contains (Format Size) user data blocks. Format Size shall be integrally divisible by the Packet Size
field in the Write Parameters Page. If the last session on the disc is not complete when this command is
issued, a CHECK CONDITION status shall be generated.

A Grow bit of 1 indicates that the final session shall be "grown" to (Format Size) from its original size. This
is accomplished by appending packets to the existing session, writing a new Lead-out, and updating the
PMA and Lead-in to change the track size to reflect the new size. Data in existing packets shall not be
affected. If the Format Size is smaller than the existing size, a CHECK CONDITION status shall be
returned. The order of updating the PMA, Lead-in, Lead-out, and data area is not specified.

The session bit shall be ignored when the Grow bit is set.
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5.4.3 Format Code 001b

If the Format Code, in the CDB, is 001b the Format Code 1 Format Descriptor defined in Table 65 shall
be sent.

Table 65 — Format Code 001b Format Descriptor

Bit 7 6 5 4 3 2 1 0

Byte

0 (MSB)

1 Number of Blocks

2

3 (LSB)

4 Format Type Reserved

5 (MSB)

6 Type Dependent Parameter

7 (LSB)

The Format descriptor specifies an eight-byte entry.

The Format Type field specifies the type of formatting. Contents of the Number of Blocks field and the
Type Dependent Parameter field depend on the type of formatting.

5.4.3.1 Format Type = 00h (Full Format)

Formatting for the entire media is specified. The Number of Blocks field specifies the number of
addressable blocks for the entire disc and the Type Dependent Parameter field specifies the Block
Length.

On CD-RW media, the whole media shall be formatted using Write Parameter Mode Page information.

For DVD-RAM media, the defect list handling is specified by the combination of the CmpList bit and the
DCRT bit as shown in Table 58. In the case that the CmplList bit is set to zero and the DCRT bit is set to
one, the Number of Blocks field shall be ignored and the number of addressable blocks shall be retained.
In other cases, the Number of Blocks field specifies the number of addressable blocks for the whole disc.
The Type Dependent Parameter field specifies the Block Length.

On DVD-RW media, this format operation is always available. The area from the beginning of the RMA to
the end of the Lead-out shall be recorded. There is only one session on the medium and the number of
track is one after this operation. The Disc Status field of Format 3 RMD shall be set to 13h when the
operation is completed.

5.4.3.2 Format Type = 01h (Spare Area Expansion)

In order to keep more Spare area, this formatting is used. Eventually the capacity of the formatted area is
reduced. Therefore, this formatting type is just available with the case of reduction of formatted capacity.

The Logical Unit shall ignore the defect list handling specified by the combination of the CmpList bit and
the DCRT bit. The defect list entries and the written user data within the range of the area that is specified
by this command shall be preserved through the execution of this command. The number of Blocks field
specifies the number of addressable blocks for the whole disc and the Type Dependent Parameter field
specifies the Block Length. Neither field is changeable from the values reported by the READ FORMAT
CAPACITIES command in sub-clause 5.21.
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5.4.3.3 Format Type = 04h (Zone Reformat)

The Zoned formatting for a zone of the media is specified where the size of zone is not constant across
zones. The defect list handling is specified by the combination of the CmpList bit and the DCRT bit as
shown Table 58. The Number of Blocks field specifies the number of addressable blocks for the zone and
the Type Dependent Parameter field specifies the Zone number of the zone to be formatted. If a spare
sector is used as a replacement for another zone so that the zoned formatting cannot be preformed, the
command shal | be terminated with a CHECK CONDITION status, SK/ASC/ASCQ values shall be set
to MEDIUM ERROR/ZONED FORMATTING FAILED DUE TO SPARE LINKING, and the sense key
specific bytes set to zone number of the first zone that has a spare linking into the designated zone.

The discarding of G1-list, G2-list, and SDL is only applicable to defects within the zone being reformatted.

5.4.3.4 Format Type = 05h (Zone Format)

The Zoned formatting for a zone of the media is specified where the size of zone is constant for each
zone, e.g. floppy media where each track is labeled a zone. The Number of Blocks field specifies the
number of addressable blocks for the zone and the Type Dependent Parameter field specifies the Zone
number of the zone to be formatted. The zone number shall be in the range of 0 to the Type Dependent
Parameter reported in READ FORMAT CAPACITIES command in sub-clause 5.21.

5.4.3.5 Format Type = 10h (CD/DVD-RW Full Format)

Formatting to create a session on CD/DVD-RW media is specified. The created session shall become the
only session on the medium. The Number of Blocks field specifies the number of addressable blocks for
the new session and the Type Dependent Parameter field specifies the Fixed Packet Size for CD or set to
ECC block size (16) for DVD-RW. The number of blocks field may be adjusted to a value less than or
equal to the values reported by the READ FORMAT CAPACITIES command, sub-clause 5.21. The
Logical Unit shall round the Number of Blocks up to be an integral multiple of the packet size for CD or
set to ECC block size (16) for DVD-RW. The Packet Size field shall not be adjusted. In the case of CD
media, if a different Fixed Packet Size is desired, the Initiator shall modify the Write Parameters Page.

On DVD-RW media, this format operation is always available. The track number in the created session is
one after this operation. The Disc Status field of Format 3 RMD shall be set to 12h when the operation is
completed.

5.4.3.6 Format Type = 11h (CD/DVD-RW Grow Session)

In the case of CD-RW, formatting to expand the last session is specified. The Number of Blocks field
specifies the number of addressable blocks to be enlarged and the Type Dependent Parameter field
specifies the Packet Length. The Number of Blocks field may be adjusted to a value greater than the
existing Session size and less than or equal to the values reported by the READ FORMAT CAPACITIES
command. The Logical Unit shall round the Number of Blocks up to be an integral multiple of the packet
size. The Packet Size field shall not be adjusted.

In the case of DVD-RW, formatting to expand the last session and enter the last session program area
into intermediate state is specified. The Number of Blocks field specifies the number of addressable
blocks to be added to current session capacity and the Type Dependent Parameter field is set to ECC
block size (16). The Logical Unit shall round the Number of Blocks up to be an integral multiple of the
ECC block size.

This format operation is available only when a disc is in restricted overwrite mode and the last session is
in a complete state. Growing of session operation shall start from the next sector of End Sector Number
of Track #n field that is corresponded to the last track. End PSN of Data Area and Start PSN of the
current Lead-out/Border-out field of Lead-in/Border-in shall be changed to reflect the expanded session.
The number of sessions and tracks does not change after this operation.
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5.4.3.7 Format Type = 12h (CD/DVD-RW Add Session)

Formatting to add a new session to a CD/DVD-RW media is specified. The Number of Blocks field
specifies the number of addressable blocks for the new session and the Type Dependent Parameter field
specifies the Fixed Packet Size for CD or set to ECC block size (16) for DVD-RW. The Number of Blocks
field may be adjusted to a value less than or equal to the values reported by the READ FORMAT
CAPACITIES Command, 5.21.

The Logical Unit shall round the Number of Blocks up to be an integral multiple of the packet size for CD
or the ECC block size for DVD. The Packet Size field shall not be adjusted. On CD media, if a different
Fixed Packet Size is desired, the Initiator shall modify the Write Parameters Page.

On DVD-RW media, this format operation is available only when a disc is in restricted overwrite mode and
the last session is in a complete state. Start PSN of the next Border-in field in the previous Border-
in/Lead-in shall be updated.

5.4.3.8 Format Type = 13h (DVD-RW Quick Grow the last Session)

Formatting to expand the last session and enter the last session into intermediate state of a DVD-RW
medium is specified. The Number of Blocks field specifies the number of addressable blocks to be added
to current session capacity and the Type Dependent Parameter field is set to ECC block size (16). The
Logical Unit shall round the Number of Blocks up to be an integral multiple of the ECC block size.

This format operation is available only when the disc is in restricted overwrite mode and the last session
is complete state. Growing of session operation shall start from the next sector of End Sector Number of
Track #n field that is corresponded to the last track.

The number of sessions and tracks does not change after this operation. The Disc Status field of Format
3 RMD shall be set to 13h when the operation is completed. End PSN of Data Area field in Lead-
in/Border-in of the last session shall be set to 30000h. And Start PSN of the current Border-out and Start
PSN of the next Border-in field in Lead-in/Border-in of the last session shall be set to 00h.
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5.4.3.9 Format Type = 14h (DVD-RW Quick Add Session)

Formatting to add a new intermediate state session to an existing session on DVD-RW media is specified.
At least one or more sessions shall exist on a medium and the last session shall not be intermediate state
before start this operation.

The area from the beginning of Border-in that follows the last Border-out, user data blocks and 32 ECC
blocks with Lead-out attribute is recorded. Start PSN of the next Border-in field in the previous Border-
in/Lead-in shall not be changed to reflect the intermediate state session that is added.

If FORMAT UNIT command with this Format Type is issued when the last session is already intermediate
state, the command shall be terminated with CHECK CONDITION status and SK/ASC/ASCQ values shall
be set to ILLEGAL REQUEST/INVALID FIELD IN PARAMETER LIST.

The Number of Blocks field specifies the number of addressable blocks for the new session and the Type
Dependent Parameter field is set to ECC block size (16). The Number of Blocks field may be adjusted to
a value less than or equal to the values reported by the READ FORMAT CAPACITIES command. The
Logical Unit shall round the Number of Blocks up to be an integral multiple of the ECC block size.

5.4.3.10 Format Type = 15h (DVD-RW Quick)

Formatting to create an Intermediate State session on DVD-RW media is specified. The created session
shall become the only session on the medium. The Number of Blocks field specifies the number of
addressable blocks for the new session and the Type Dependent Parameter field is set to ECC block size
(16). The Number of Blocks field may be adjusted to a value less than or equal to the values reported by
the READ FORMAT CAPACITIES command. The Logical Unit shall round the Number of Blocks up to be
an integral multiple of the ECC block size for DVD.

This format operation is always available. If a disc is to be formatted that is blanked, new intermediate
state session is created at the beginning of the disc and the recording mode is changed to restricted
overwrite mode. The number of track in the created session is one after this operation. The Disc Status
field of Format 3 RMD shall be set to 13h when the operation is completed.

5.4.3.11 Format Type = 20h (Full Format, DVD+RW 3.0 GB) (OBSOLETE)

Formatting for the whole media is specified. The Number of Blocks field specifies the maximum number of
addressable blocks for the whole disc and the Type Dependent Parameter field specifies the sparing
parameters SL and Sl. The Logical Unit shall verify that SL and Sl are usable values (i.e. values that do
not cause overflow of the SDL).

If the Multi-Session Field (Table 349) in the Write Parameter Page is 11b, the Logical Unit shall erase the
remaining area of the disc.
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5.4.3.12 Format Types = 24h, (MRW Full Format)

The CD-RW disc shall be formatted according to the CD-MRW Defect Management & Physical
Formatting Specification (sub-clause 2.2).

The Number of Blocks parameter shall have the value OxFFFFFFFF. If the field contains any other value,
the Logical Unit shall terminate the command with CHECK CONDITION status and set SK/ASC/ASCQ
values to ILLEGAL REQUEST/INVALID FIELD IN PARAMETER BLOCK. The number of blocks
formatted shall be exactly the number of blocks reported by the READ FORMAT CAPACITIES command
for type 24h.

The Type Dependent Parameter has the meaning of “New format” when it has the value 000000h. The
Type Dependent Parameter has the meaning of “Restart format” when it has the value 000001h.

For a New Format operation, the medium format shall be performed to create a single track, single
session of fixed packets of size = 32, mode 2 form 1 data. Defect management tables are initialized as a
part of the formatting process.

Much of the formatting is performed in background. The initiator may suspend a background format
process by issuing the CLOSE TRACK/SESSION command with Session = 1 and Track = 0.

For a Restart Format operation, the Logical Unit shall continue formatting a suspended background
format process. If there is no suspended background format to continue, the Logical Unit shall terminate
the command with CHECK CONDITION status and set SK/ASC/ASCQ values to ILLEGAL REQUEST/
COMMAND SEQUENCE ERROR.

Certification of the format is based upon current medium status as shown in Table 66.

Table 66 — Use of DCRT when MRW Formatting

Current Disc Status DCRT =0 DCRT =1
Physically Blank Write entire surface format, Write entire surface format,
verify MRW structures and user | verify only MRW structures
areas

Written, but not MRW Formatted | Write format, verify MRW structures and user areas. The CD-

(includes logically blank) MRW DM&PF Specification requires certification of the user area.

MRW formatted Reinitialize MRW structures, verify MRW structures and user
areas. The CD-MRW DM&PF Specification requires certification
of the user area.

In all cases when:

* DCRT is cleared to zero,

» the initiator requests to WRITE the sector at LBA = N, and

« sector N has not yet been verified by the format operation,.

The WRITE command shall be treated as a WRITE and VERIFY command.

5.4.3.12.1 Background Formatting: New Format

If the IMMED bit is cleared to zero, formatting begins with the MTA initialization. Once that has
completed, the FORMAT UNIT command terminates with GOOD status and continues the format in
background. Once MTA initialization has been completed, the disc is MRW available.

If the IMMED bit is set to one, the FORMAT UNIT command terminates with GOOD status and proceeds
with all format-writing functions performed in the background. If any media accessing command is issued
prior to the disc being MRW available, the Logical Unit shall terminate the command with CHECK
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CONDITION status and set SK/ASC/ASCQ values to NOT READY/LOGICAL UNIT NOT
READY/FORMAT IN PROGRESS .

Once the formatting process has achieved MRW available, format progress may be tracked. If no error
has occurred, then in response to a TEST UNIT READY command, the Logical Unit shall terminate the
command with GOOD status and SK/ASC/ASCQ values shall be set to NO SENSE/LOGICAL UNIT NOT
READY/FORMAT IN PROGRESS. The sense key specific bytes shall be set as a progress indicator
(Table 67).

Table 67 — Sense Key Specific Bytes in Sense Data

Bit 7 6 5 4 3 2 0
Byte
15 SKSV Reserved
16 (MSB) Progress Indication
17 (LSB)

The progress indication field is a percent complete indication in which the returned value is the numerator
that has 65536 (10000h) as its denominator. The progress indication shall be based upon the total
operation.

Once the background format operation has completed, the CD-RW Logical Unit shall post a Background
Format Completed Media Event. The response to a TEST UNIT READY command shall then be: the
command shall be terminated with GOOD status and SK/ASC/ASCQ values shall be set to NO
SENSE/NO ADDITIONAL SENSE INFORMATION, and SKSV shall be cleared to zero.

5.4.3.12.2 Stopping and Restarting a Background Format
If a format is executing in background:
*  Only issuing the CLOSE TRACK/SESSION command may stop the formatting process.

e The inactivity timer (CD-ROM Mode Page) is disabled. This ensures that lack of initiator activity does
not allow a spin down during background formatting.

» If the initiator sends a SCSI command which requires that the medium spin down, the CD-RW Logical
Unit shall terminate the command with CHECK CONDITION status and set SK/ASC/ASCQ values to
NOT READY/LOGICAL UNIT NOT READY/FORMAT IN PROGRESS. Example: START STOP
UNIT command is issued with Start = 0.

« If the initiator/Logical Unit physical interface provides a command layer with commands that can
cause the medium to spin down, then those commands shall be terminated with the appropriate error
status. For example, if the interface is ATA and the command is IDLE or SLEEP, then the command
shall be terminated with the status register ERROR bit set to true.

e If any other command is issued to the CD-RW Logical Unit, it shall be executed normally.

Whenever a CD-RW disc is mounted, the CD-RW Logical Unit shall examine the disc structures. The
state of formatting is reported in the Disc Information Block (Table 162).

The initiator may restart a suspended background format at any time. If the format has already
completed, this shall not be considered an error.

The initiator may choose to write to the disc while an incomplete format is NOT in progress. If the initiator
writes to any LBA which is beyond the start of the current, temporary lead-out, the Logical Unit shall
restart the format automatically. If the Logical Unit performs an automatic restart, the initiator shall be
informed with the BGformatRestarted event.
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5.4.3.12.3 Recovering an Incomplete Format

The background format can be stopped in a controlled way as described in 5.4.3.12.2, above. A Hard
Reset or loss of power can also stop a background format operation, but not in a controlled way. This can
produce a disc which is partially formatted, however, it may also contain recoverable data.

An initiator operated recovery application can be produced in order to recover data from the disc. Since
the defect management system may be corrupted, it is recommended that the READ CD MSF be used for
data recovery.

The CD- MRW Def ect Managenent & Physical Formatting specification describes a method for
check-pointing the background format progress. If the MTA is not corrupted, then a format restart restarts
the formatting operation from the last checkpoint. If the MTA is corrupted and either the MIP or the MDT
is unrecoverable, then a new format is required.
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5.4.3.13 Format Type = 26h (Full Format, DVD+RW)

DVD+RW Basic Format, Mandatory when the Write bit in the DVD+RW Feature Descriptor is set to one.
The Number of Blocks field shall be set to either the value returned by the READ FORMAT CAPACITIES
command or OXFFFFFFFF. The drive shall accept either value. If any other value is sent by the host,
then the drive shall terminate the command with CHECK CONDITION status and set sense bytes (Sense
Key/ASC/ASCQ) to ILLEGAL REQUEST/ILLEGAL VALUE IN PARAMETER BLOCK. Implementation of
background format is mandatory.

The Type Dependent Parameter has the meaning of “New format” when it has the value 000000h. The
Type Dependent Parameter has the meaning of “Restart format” when it has the value 000001h.

Much of the formatting is performed in background. The initiator may suspend a background format
process by issuing the CLOSE TRACK/SESSION command. See sub-clause 5.3.

For a Restart Format operation, the Logical Unit shall continue a suspended background format. If there
is no suspended background format to continue, the Logical Unit shall terminate the command with
CHECK CONDITION status and set SK/ASC/ASCAQ values to ILLEGAL REQUEST, COMMAND
SEQUENCE ERROR.

DCRT has no meaning when formatting type 26h. The device ignores DCRT.
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5.4.3.13.1 Background Formatting for Format Type 26h

The background formatting process is best illustrated in Figure 41.

Format unit command,

new format

Perform Partial

format

Blank or
incomplete
format

De-ice data zone
DVD+RW Status = 2

lose Track/Session
Format Restart

Write partial
lead-in

Close w/oTemp

Alead-o/

DVD+RW
Status = 1

Close/w/Temp
lead-put

De-ice
complete

Fill gaps and
Write Temp
Lead-out

Send BGformat complete
event and set DVD+RW
Status =3

Figure 41 — Background Process Flow

5.4.3.13.2 Background Formatting: Getting Started

According to the DVD+RW 4.7 Ghytes Basic Format Specifications: “The disc shall be considered
partially formatted if the lead-in has been recorded from the Inner Disc Test Zone up to the Data Zone.”

Once the disc has completed the partial formatted state, the format operation may continue in

background. That is, the FORMAT UNIT command shall terminate.
All format write functions shall write only complete DVD+RW ECC blocks.
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5.4.3.13.3 Background Formatting: Stopping the Format
If a format is executing in background:
» The formatting process may be stopped by issuing the CLOSE TRACK/SESSION command.

» If the initiator sends a SCSI command block which requires that the medium spin down, the Logical
Unit shall terminate the command with CHECK CONDITION status and set SK/ASC/ASCQ values to
NOT READY, LOGICAL UNIT NOT READY, FORMAT IN PROGRESS. Example: START STOP
UNIT command is issued with Start = 0.

» If the initiator/Logical Unit physical interface provides a command layer with commands that can
cause the medium to spin down, then those commands shall be terminated with the appropriate error
status. For example if the interface is ATA and the command is IDLE or SLEEP, then the command
shall be terminated with the status register ERROR bit set to true.

e If any other command is issued to the Logical Unit, it shall be executed normally.

Whenever a DVD+RW disc is mounted, the Logical Unit shall examine the disc structures. The state of
formatting is reported in the Disc Information Block as returned by the READ DISC INFORMATION
command.

5.4.3.13.4 Background Formatting: Restarting

If an incompletely formatted disc is mounted in a write-capable DVD+RW Logical Unit, formatting shall not
continue automatically at that time.

The initiator may explicitly restart the format by sending the format command again with restart specified
in the type dependent parameter of the format descriptor.

The initiator may implicitly restart the format by sending a write command requesting that some LBA
beyond the currently formatted region be written. In this case, the Logical Unit shall post the
BGformatRestarted media event.

The FDCB (See DVD+RW 4.7 Gbytes Basic Format Specifications ) should be consulted in order to
correctly restart the background format.

5.4.3.13.5 Background Formatting: Progress Reporting

If the IMMED bit is set to one, then the FORMAT UNIT command terminates with GOOD status and
proceeds with all format writing functions performed in the background. If any media accessing command
is issued while the initial areas are being formatted, the DVD+RW Logical Unit shall terminate the
command with CHECK CONDITION status and set SK/ASC/ASCQ values to NOT READY, LOGICAL
UNIT NOT READY, FORMAT IN PROGRESS.

Regardless of the setting of IMMED, once the partial formatting has completed, background formatting
begins. The initiator may monitor format progress. The response to a TEST UNIT READY command
shall be: the command shall be terminated with GOOD status and SK/ASC/ASCQ values shall be set to
NO SENSE/LOGICAL UNIT NOT READY/ FORMAT IN PROGRESS, unless an error has occurred. The
sense key specific bytes (Table 68) shall be set as a progress indicator.

Table 68 — Sense Key Specific Bytes in Sense Data

Bit 7 6 5 4 3 2 1 0
Byte
15 SKSV Reserved
16 (MSB) Progress
17 Indication (LSB)
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The progress indication field is a percent complete indication in which the returned value is the numerator
that has 65 536 (10000h) as its denominator. The progress indication shall be based upon the total
operation.

Once the background format operation has completed, the DVD+RW Logical Unit shall post a
Background Format Completed Media Event. The response to a TEST UNIT READY command shall
then be: the command shall be terminated with GOOD status and SK/ASC/ASCQ values shall be set to
NO SENSE, NO ADDITIONAL SENSE, NO ADDITIONAL SENSE QUALIFIER, and SKSV shall be
cleared to zero.

5.4.3.13.6 Background Formatting: Formatting Concurrently with Writing

Once the partial format has completed, the initiator may issue a write to any address that exists after
formatting has completed. It is possible for the Logical Unit to locate and write the data as requested.

Suppose some write request is made to a DVD+RW ECC block that is completely blank. When this
occurs, the data shall be placed into the correct ECC block buffer positions and un-addressed sector
positions within the buffer shall be zero filled. For example, suppose a write command requests to write
only the fifth and sixth sectors within a DVD+RW ECC block. The Logical Unit shall load a 16-sector
buffer as shown in Table 69.

Table 69 — Writing User Data During Format Operation

ECC Block Sector Data Content ECC Block Sector Data Content
ECC Block Sector 0 Zero fill ECC Block Sector 8 Zero fill
ECC Block Sector 1 Zero fill ECC Block Sector 9 Zero fill
ECC Block Sector 2 Zero fill ECC Block Sector 10 | Zero fill
ECC Block Sector 3 Zero fill ECC Block Sector 11 | Zero fill
ECC Block Sector 4 User Data ECC Block Sector 12 | Zero fill
ECC Block Sector 5 User Data ECC Block Sector 13 | Zero fill
ECC Block Sector 6 Zero fill ECC Block Sector 14 | Zerofill
ECC Block Sector 7 Zero fill ECC Block Sector 15 | Zerofill

The difficulty is simply that this allows the blank area to become fragmented.

Note: All blank areas shall be written either with initiator data or format patterns. The Logical Unit shall fill
all blank fragments.

5.4.3.13.7 Background Formatting: Formatting Concurrently with Reading

If the initiator attempts to read the media, the result shall be identical to the case where format has
completed. Thus, written sectors shall return the data written in the sector. If the sector has not yet been
de-iced, then the Logical Unit shall return all zeros in the place of sector data.

5.4.3.13.8 Background Formatting: Early Eject

When the initiator wishes to stop the background format, it shall first notify the Logical Unit with the
CLOSE TRACK/SESSION command.

When track = 0 and session = 0, the Logical Unit shall stop the format at an ECC block boundary and
record the formatting state in the FDCB. At that point, background formatting shall be stopped.

When track = 0 and session = 1, the Logical Unit shall first perform all ECC block format writes necessary
to bring the disc to a state where exactly 2 zones exist: the inner zone is entirely written and the outer
zone is entirely blank. A temporary lead-out is appended to ensure that the disc is readable in DVD read-
only devices. The Logical Unit shall record the formatting state in the FDCB. Finally, the lead-in is
updated to mark the restart point for the format continuation.
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5.4.3.14 Format Type = 28h (DDCD-RW quick format).

When the Intermediate bit is set to 1, the new formatting operation, which realizes quasi fast formatting,
shall be performed. At the first formatting operation, a specified small area is formatted quickly. Additional
formatting operations are performed when necessary. The new format operation creates a single track
of fixed packets of size = 32, mode2form1 data, with the following actions:

1. A PMA entry is updated for the single track.

2. The Lead-in area is not recorded.

3. The Pre Gap of the track is recorded.

When ejecting, the last formatted address is recorded in the medium.

As long as a Session on a DDCD-RW(ReWritable) disc is not finalized, the Recording Management Area
(RMA) is used for intermediate storage. The RMA contains information about the Packet recording state
on the DDCD-RW, this information is encoded as main data in the Lead-in Area.

In the Format UNIT command, the Number of Blocks field specifies the number of addressable blocks to
be enlarged and the Type Dependent Parameter field specifies the Packet Length. The Number of Blocks
field shall be adjusted to a value greater than the existing Track size and less than or equal to the value
reported by the Read Format Capacities command. The Logical Unit shall round the Number of Blocks up
to be an integral multiple of the Packet Length.

Recommended error reporting is defined in Table 70.

Table 70 — Recommended errors for FORMAT UNIT Command

Error Reference
Deferred Errors A1
General Errors Table A.2
Media Access Errors Table A.3
Write Errors Table A4
FORMAT COMMAND FAILED Table A.1
CANNOT FORMAT MEDIUM - INCOMPATIBLE MEDIUM Table A.1
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5.5 GET CONFIGURATION Command
This command is intended to provide information to the initiator about the overall capabilities of the device
and, specifically, the current capabilities of the device.

The GET CONFIGURATION command, Table 71, requests that the device respond with the configuration
of the device and medium.

The configuration of the device, is described by the Logical Unit supported Features. The currently
defined Features are listed in Table 370. The maximum number of Features is 65 536; and the maximum
number of bytes that a device may return, to describe its set of supported Features, is 65 534. Feature
lists longer than 65 534 bytes require multiple commands.

Persistent Prevent may be used to control when changes occur. If a Persistent Prevent is in place, the
configuration should not change except under initiator control.

Table 71 — GET CONFIGURATION Command Descriptor Block
Bit 7 6 5 4 3 2 1 0

Byte

OPERATION CODE (46h)
Reserved

Reserved RT

(MSB) Starting Feature Number

(LSB)

Reserved

Reserved

Reserved

(MSB) Allocation Length

(LSB)

O[N] W|N|FL]|O

Control

The RT (Requested Type) (Table 72) field indicates the set of Feature Descriptors desired from the
Logical Unit.

Table 72 — RT Field definition

RT Field

Description

Starting Feature Number (SFN) Usage

00b

Indicates that the Logical Unit shal | return the
Feature Header and all Feature Descriptors
supported by the Logical Unit whether or not
they are currently active.

01b

Indicates that the Feature Header and only
those Feature Descriptors that have their
Current bit set shall be returned.

The first Feature Descriptor returned shall have
a Feature number greater than or equal to the
SFN.

10b

Indicates that exactly one Feature Header and
zero or one Feature Descriptors be returned. If
the Logical Unit does not support the indicated
Feature, no Feature Descriptor is returned.
Note: this may be used to request Feature 0,
which is a list of Profiles.

The SFN specifies the Feature Descriptor that
shall be returned.

11b

Reserved
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The Starting Feature Number field indicates the first Feature number to be returned. All supported
Feature numbers higher than the Starting Feature Number shall be returned.

The Allocation Length field specifies the maximum length in bytes of the Get Configuration response data.
An Allocation Length field of zero indicates that no data shall be transferred. This condition shall not be
considered an error.

5.5.1 GET CONFIGURATION response data

The GET CONFIGURATION response Data (Table 74) consists of a header field and zero or more
variable length feature descriptors.

Table 73 — GET CONFIGURATION response data format

Bit 7 6 5 4 3 2 1 0
Byte
0-7 Feature Header
8-n Feature Descriptor(s)

The Feature Header field to be returned is shown in Table 74.

Table 74 — Feature Header

Bit 7 6 5 4 3 2 1 0
Byte
0 (MSB)
1 Data Length
2
3 (LSB)
4 Reserved
5 Reserved
6 (MSB) Current Profile
7 (LSB)

The Data Length field indicates the amount of data available given a sufficient allocation length following
this field. This length shall not be truncated due to an insufficient Allocation Length. If the Data Length is
greater than 65 530 bytes, multiple GET CONFIGURATION commands with different Starting Feature
Numbers are required for the initiator to read all configuration data. This field is adjusted as appropriate
for the given Starting Feature Number.

The Current Profile field shall indicate the Logical Unit’s current Profile. The Logical Unit shall choose the
most appropriate current Profile from the list of Profiles (see Table 372) with their CurrentP bit set. If there
are no Profiles currently active, this field shall contain zero.

The Feature Descriptor(s) generic format returned is defined in Table 75. Each individual Feature
description is defined in the appropriate sub-clause.
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Table 75 — Feature Descriptor generic format

Bit 7 6 5 4 3 2 1 0
Byte
0 (MSB) Feature Code
1 (LSB)
2 Reserved | Version Persistent Current
3 Additional Length
4-n Feature Dependent Data

The Feature Code field contains the code number assigned to the Feature.
Version field, see sub-clause 6.4.2.1.

Persistent bit, see sub-clause 6.4.2.2.

Current bit, see sub-clause 6.4.2.3.

5.5.2 Features

Features are the smallest set of commands, pages, and behavior that may be implemented. A list of
features is shown in Table 370.

A Feature Descriptor shall describe features supported by a Logical Unit. All feature descriptors shall be
a multiple of four bytes long. The format of a Feature Descriptor is shown in Table 369.

The Feature Code field shall identify a Feature supported by the Logical Unit.

The Version field is reserved and shall be set to zero unless otherwise specified within the Feature
description. Future versions of a Feature shall be backward compatible; incompatible changes are to be
included in a different Feature.

The Persistent bit, when set to zero, shall indicate that this Feature may change its current status. When
set to one, shall indicate that this Feature is always active. The Logical Unit shall not set this bit to one if
the Current bit is, or may become, zero.

The Current bit, when set to zero, indicates that this Feature is not currently active and that the Feature
Dependent Data may not be valid. When set to one, this Feature is currently active and the Feature
Dependent Data is valid.

The Additional Length field indicates the number of Feature specific bytes that follow this header. This
field shall be an integral multiple of 4.

5.5.3 Profile List

This Feature identifies Profiles supported by the Logical Unit. Profiles are defined as collections of
Features and provide a method to quickly determine the Logical Unit’s type. This Feature is always
current, even if none of the Profiles listed is current. See Table 371, Table 372 and

Table 373 for definitions and description of the Profile List.

The Profile Descriptors are shown in Table 372. All Profiles supported by the Logical Unit shall always be
reported. Profile descriptors are returned in the order of preferred operation most desirable to least
desirable. E.g. a DVD-ROM that could also read CD-ROM would list the DVD-ROM Profile first and the
CD-ROM Profile second. The Profile Number identifies a Profile to which the Logical Unit conforms. See

Table 373.

The Current bit, when set to one, shall indicate that this Profile is currently active. If no medium is present,
no Profile should be active. Multifunction devices shall select the most appropriate Profile(s), if any, to set
as current. The most appropriate current Profile is also reported in the Feature Header, see Table 368.

118



Recommended error reporting is defined in Table 76.

MMC-3 Draft Revision 10g

Table 76 — Recommended Errors for GET CONFIGURATION Command.

Error Reference
Deferred Errors A1
General Errors Table A.2
Media Access Errors Table A.3
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5.6 GET EVENT/STATUS NOTIFICATION Command

The GET EVENT/STATUS NOTIFICATION command, Table 77, requests the Logical Unit to report
events and statuses as specified in the Notification Class Request field and provides asynchronous
notification. Two modes of operation are defined here. They are polling and asynchronous modes.

In polling mode, the Initiator should issue GET EVENT/STATUS NOTIFICATION commands at periodic
intervals with an IMMED (Immediate) bit set to one. The target shall complete this command with the
most recently available event status requested. The Logical Unit shall support polling mode.

In asynchronous mode, the Initiator should issue a single GET EVENT/STATUS NOTIFICATION
command with an IMMED (immediate) bit of O requested. If the Logical Unit does not support
Asynchronous Mode, the command shall fail as an illegal request. If the Initiator requests Asynchronous
Mode using a request that is not queued or overlapped, the command shall fail as an illegal request.

When Asynchronous Event Status reporting is supported, the target shall not complete a GET
EVENT/STATUS NOTIFICATION command with an IMMED bit of 0 until a change in event status of the
requested class occurs. The target shall complete the GET EVENT/STATUS NOTIFICATION command
as soon as possible after the event occurs. The event is reported as outlined below.

Only one class of event per GET EVENT/STATUS NOTIFICATION command shall be reported. The
priority of event reporting shall be by Event Class number. The lower the Class Number the higher the
priority.

This command shall not return CHECK CONDITION status to report a unit attention condition. Any
pending unit attention condition for which a corresponding event is reported shall not be cleared for the
target.

Table 77 — GET EVENT/STATUS NOTIFICATION Command
Bit 7 6 5 4 3 2 1 0

Byte

Operation Code (4Ah)
Reserved Reserved IMMED

Reserved

Reserved

Notification Class Request

Reserved

Reserved
(MSB) Allocation Length

(LSB)

|Vl |W|N|F|O

Control

The Allocation Length field indicates the maximum number of bytes that shall be transferred from the
Logical Unit. If Allocation Length is 4 or less, then the Logical Unit shall transfer Event Header only and
shall not clear the event. An event shall be considered reported even if the result data was truncated due
to an insufficient Allocation Length if Event Descriptor is transferred at least one byte. An Allocation
Length of zero shall not be considered an error.

Implementers Note: The Initiator should set Allocation Length field to 8 or greater to retrieve Event
Data correctly.
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Notification Class Request field specifies that the Logical Unit report event(s) from the event classes
requested in this field. Table 78 defines the codes listed in this field.

Table 78 — Notification Class Request field definition

Bit Definition

Reserved

Operational Change Request/Notification

Power Management

External Request
Media
Multi-Initiator

Device Busy

N|[ojla|ldh|lw|IN]|—~]|O

Reserved

If a Logical Unit does not support any of the requested event classes, the Logical Unit shall terminate the
command successfully, returning only the Event Status Notification Response (see Table 79), and
indicating a returned Class of 0.

Initiators that manage media event status may or may not be linked to other entities that manage power
states. This notification field provides a way that power and media event status notifications can be
independently managed by the responsible entities. If a driver manages media, power management and
Device Busy events, the driver can issue this command with Notification Class Request field set to
01010100b to request the Logical Unit to report power management, media, and device busy events.

Table 79 — Event Status Notification Response

Bit 7 6 5 4 3 2 1 0
Byte
0-3 Event Header
4-n Event Data

The Event Header returns the data defined in Table 80.

Table 80 — Event Header Return Data

Bit 7 6 5 4 3 2 1 0
Byte
0 (MSB) Event Data Length
1 (LSB)
2 NEA | Reserved Notification Class
3 Supported Event Classes

The Event Data Length field specifies the amount of data that follows the Event Status Notification
Header. The amount of data reported shall be the number of bytes following the Event Data Length field.

The No Event Available (NEA) bit, when set to one, shall indicate none of the requested notification
classes are supported. When set to zero, it shall indicate that at least one of the requested notification
classes is supported.

The Notification Class field specifies the class of notification by number. See Table 81.

121



MMC-3 Draft Revision 10g

Supported Event Classes field specifies the event classes that the Logical Unit supports as per the
Notification Class Field. If an Event Class is supported, the corresponding bit shall be set to one.

Table 81 — Notification Class Field

Field Description

000b No requested Event Classes are supported

001b Operational Change Request/Notification

010b Power Management

011b External Request
100b Media

101b Multiple Initiators
110b Device Busy
111b Reserved

The data returned, with a class code 001b, is defined in Table 82.

Table 82 — Operational Change/Notification Returned Data

Bit 7 6 5 4 3 2 1 0
Byte
Reserved Operational Event
Persistent Reserved Operational Status
Prevented
(MSB) Operation Request/Report
(LSB)

Persistent Prevented bit reports the current state of the persistent prevent for the Logical Unit. See sub-
clause 6.4.3.4.

Operational Status field (Table 84) reports the device’s ability to respond to the Initiator.

Table 83 — Operational Event format

Code Status Description
Oh NoChg No changes in the Logical Unit Operational state performed or
requested
1h Operational Change Request The Logical Unit The unit requests to change operational state
(morph request)
2h Logical Unit has changed The Logical Unit has changed Operational state
Operational state
3h-Fh | Reserved Reserved

If a new Event occurs before an existing Event is reported to the Initiator, the new event shall replace the
old Event if the new Event has a higher Code than the old Event. Otherwise, the new Event shall be
deleted.
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Table 84 — Operational Status Format

Code Status Description
Oh Available The Logical Unit is ready for operation
1h Temporarily busy The Logical Unit is performing a task that should self-terminate
2h Busy/Reserved The Logical Unit is performing operations that are likely take an indefinite
amount of time to terminate or the Logical Unit is reserved by another
Initiator.
3h-Fh | Reserved Reserved

Operational Event field reports Logical Unit requests to change state and notifications of changes in
device state. If a persistent prevent is in place, any action request that can be reported before performing
the action shall not be performed by the Logical Unit, and the device shall notify the Initiator of the
requested action. In all other cases, the Logical Unit shall notify the Initiator of actions that change Device
State. An example of an action that shall be reported after the action is taken is termination of a format
operation due to completion of formatting. Upon reporting operational change notification to the Initiator,
this field is reported as Oh on subsequent GET EVENT/STATUS NOTIFICATION commands until a new
change in operational state occurs.

Operation Request/Report field (Table 85) reports the operation requested or operation that has been
performed. The request usually originates from another Initiator.

Table 85 — Operational Request/Report Format

Code Event Description

Oh NoChg No changes in operational state performed or requested

1h Change An unspecified event has changed the Feature list

2h Add Change The Feature list may have added Current Features (No
Features became non-Current)

3h Reset The Logical Unit has been reset

4h Firmware Changed The Logical Unit's Microcode may have changed

5h Inquiry change The Logical Unit’s identification information may have
changed

6h - FFFFh Reserved

Event Oh requires no Initiator action. The Initiator should respond to Events 1h through 5h with a GET
CONFIGURATION command to determine the Logical Unit configuration.

The data returned, with a class code 010b, is defined in Table 86.

Table 86 — Power Management Status Returned Data

Bit 7 6 5 4 3 2 1 0
Byte
0 Reserved Power Event
1 Power Status
2 Reserved
3 Reserved

Power Event field (Table 87) reports the current change in the power status. This field is set to a new
power event if a change in the Power State occurs. Upon reporting the current power status change to
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the Initiator, this field is reported as Oh on subsequent GET EVENT/STATUS NOTIFICATION commands
until a new change in the power state occurs.

If the Logical Unit is commanded to go the same state that it is currently in, the next GET
EVENT/STATUS NOTIFICATION (Power Management Class) command shall report a Power Change
Successful event.

Table 87 — Power Event Field

Code Event Description
Oh NoChg No changes in power state, or in power state transition
1h PwrChg-Successful The Logical Unit successfully changed to the specified power
state
2h PwrChg-Fail The Logical Unit failed to enter the last requested state, and
is still operating at the power state specified in the Power
Status field.
3h-Fh |[Reserved

The Power Status field (Table 88) indicates the state of the Logical Unit. The Logical Unit shall be set to
Standby (3h) by a Hard reset, a power-on reset or a Device reset (issued from a Sleep state) .

Table 88 — Power Status Field

Code Status Description
Oh Reserved.
1h Active The Logical Unit is in Active state
2h Idle The Logical Unit is in Idle state
3h Standby The Logical Unit is in Standby state
4h Sleep The Logical Unit is about to enter Sleep state
5h-Fh | Reserved

The data with a class code 011b is defined in Table 89.

Table 89 — External Request Descriptor

Bit 7 6 5 4 3 2 1 0
Byte
Reserved External Request Event
Persistent Reserved External Request Status
Prevented
(MSB) External Request
3 (LSB)

The External Request Event field reports external requests to change state and notifications of changes
in Logical Unit state. If a Persistent Prevent is in place for the Initiator, the Logical Unit shall not perform
the requested action. If a Persistent Prevent is not in place for the Initiator, the Logical Unit shal | notify
the Initiator of actions that change Logical Unit state. Upon reporting operational change notification to the
Initiator, this field is reported as Oh on subsequent GET EVENT/STATUS NOTIFICATION commands
until a new External Request occurs. The External Request Events are listed in Table 90.
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Table 90 — External Request Event Format

Code Event Description

Oh NoChg No changes in the Logical Unit Operational state performed or
requested

1h Logical Unit Key Down A front, back, or remote button has been depressed

2h Logical Unit Key Up A front, back, or remote button has been released

3h External Request Notification The Logical Unit has received a command from another Initiator
that would require an action that may interfere with the Persistent
Prevent owner’s operation.

4h - Fh | Reserved

The Initiator may respond to Events 1-3 with no action, an appropriate action, or with a SEND EVENT
command. The Initiator may respond to Event 4 with a GET CONFIGURATION command. Events 1 and
2 should occur in pairs.

The Persistent Prevented bit reports the current state of the persistent prevent for the Logical Unit. This
bit shall be set to 1 if any Initiator has performed a persistent reservation.

The External Request St at us field reports the Logical Unit’s ability to respond to the Initiator.

Table 91 — External Request Status Codes

Code Status Description
Oh Ready The Logical Unit is ready for operation
1h Other Prevent Indicates that another Initiator has an active Persistent Prevent. The
Persistent Prevented bit shall be set to one.
2h - Fh | Reserved Reserved

The External Request field reports the operation requested or operation that has been performed. The
request usually originates from the unit’s own user interface (i.e. front panel buttons) or from another

initiator.
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Table 92 — External Request Codes

Code Status Description
Oh No Request | No requests are pending
1h Overrun The Request Queue has overflowed, External Request Events may be lost.
2h - 100h Reserved
101h Play The play button was pressed or another initiator requested a play operation.
102h Rewind/back | The rewind/back button was pressed or another initiator requested a
rewind/back operation.
103h Fast Forward | The fast/forward button was pressed or another initiator requested a
fast/forward operation.
104h Pause The pause button was pressed or another initiator requested a pause.
105h Reserved
106h Stop The stop button was pressed or another initiator requested a stop.
107h — 1FFh Reserved
200h — 2FFh ASCII Button | A front panel button was pressed or equivalent action requested by another
Host. The button has an associated ASCII value. The ASCII value shall be
the least significant 8 bits of the Code.
300h - EFFFh Reserved

FOOOh - FFFFh

Vendor Unique

The data returned, with a class code 100b, is defined in Table 93.

Table 93 — Media Event Descriptor

Bit 7 6 5 4 3 2 1 0
Byte
0 Reserved Media Event
1 Media Status
2 Start Slot
3 End Slot
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The Media Event field is defined in Table 94.
Table 94 — Media Event Format

Code Event Description
Oh NoChg Media status is unchanged
1h EjectRequest The Logical Unit has received a request from the user

(usually through a mechanical switch on the Logical Unit) to
eject the specified slot or media.

2h NewMedia The specified slot (or the Logical Unit) has received new
media, and is ready to access it.

3h MediaRemoval The media has been removed from the specified slot, and the
Logical Unit is unable to access the media without user
intervention.

4h MediaChanged The user has requested that the media in the specified slot
be loaded.

5h BGformatCompleted A MRW or DVD+RW background format has completed.

Since MRW and DVD+RW Logical Units are capable of
generating multiple media events concurrently, such Logical
Units shall be capable of queuing media events.

6h BGformatRestarted A MRW or DVD+RW background format has been
automatically restarted by the Logical Unit

7h -Fh Reserved

Note: All Logical Units capable of generating more than one media event, shall be capable of queuing media
events. Events shall be reported in FIFO order.

The Media Status byte is defined in Table 95.
Table 95 — Media Status Byte Definition

Bit 7 6 5 4 3 2 1 0
Byte
0 Reserved Media Door or
Present Tray
open

The Media Present status bit indicates if there is media present in the Logical Unit. A bit of 1 indicates
that there is media present in the Logical Unit. This bit is reported independently from the Door or Tray
Open bit. If the Logical Unit does not support the capability of reporting the media state while the door or
tray is open, it shall set this bit to zero when the door or tray is open.

Door or Tray Open bit indicates if the Tray or Door mechanism is in the open state. A bit of 1 indicates
the door/tray is open.

Start Slot field defines the first slot of a multiple slot Logical Unit the media status notification applies to.
For Logical Units that do not support multiple slots, this field shall be reserved.

End Slot field defines the last slot of a multiple slot Logical Unit the media status notification applies to.
For Logical Units that do not support multiple slots, this field shall be reserved.

The slot numbers are defined in the MECHANISM STATUS command, see sub-clause 5.9.
The data returned, with a class code 110b, is defined in Table 100.
Multi-Initiator Class Events notify the Initiator of requests for control by other Initiators.

127



MMC-3 Draft Revision 10g

Table 96 — Multiple Initiator Descriptor

Bit 7 6 5 4 3 2 1 0
Byte
Reserved Multiple Initiator Event
Persistent Reserved Multiple Initiator Status
Prevented
2 (MSB) Multiple Initiator Priority
(LSB)

The Multi-Initiator Event field reports requests for control of and reporting of changes in Logical Unit state.
If a Persistent Prevent is in place for that Initiator, the Logical Unit shall not perform the action requested.
If a Persistent Prevent is not in place for that Initiator, the Logical Unit shall notify the Initiator of actions
that change the Logical Unit state. Upon reporting Multi- Initiator Events to the Initiator, this field is
reported as Oh on subsequent GET EVENT/STATUS NOTIFICATION commands until a new Multi-
Initiator Event occurs. The Multi-Initiator Events are listed in Table 99.

Table 97 — Multiple Initiator Event Format

Code Event Description
Oh NoChg No changes in the Logical Unit Operational state performed or
requested
1h Control Request Another Initiator has requested Logical Unit control.
2h Control Grant Another Initiator has received Logical Unit control.
3h Control Release Another Initiator has released Logical Unit control.
4h — Fh Reserved

The Initiator may respond to Events 1-3 with no action or an appropriate Persistent Prevent or Persistent
Allow.

The Persistent Prevented bit reports the current state of the Persistent Prevent for the Logical Unit.
The Multiple Initiator Status (Table 98) filed reports the Logical Unit ability to respond to the Initiator.

Table 98 — Multiple Initiator Status Codes

Code Status Description
Oh Ready The Logical Unit is ready for operation
1h Other Prevent Indicates that another Initiator has an active Persistent Prevent. The
Persistent Prevented bit shall be set to one.
2h - Fh Reserved Reserved
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The Multiple Initiator Priority (Table 99) reports the other initiator’s relative priority.

Table 99 — Multiple Initiator Priority Codes

Code Status Description
Oh No Request No requests are pending
1h Low There are no tasks pending on the Initiator for this Logical Unit.
2h Medium There are no critical tasks pending on the Initiator for this Logical Unit.
3h High There are critical tasks pending on the Initiator for this Logical Unit
4h - Reserved
FFFFh

Device Busy Events are used to notify the Initiator of commands that are executing but that require an
abnormally long time to complete. Response data is defined in Table 100.

Table 100 — Device Busy Event Descriptor

Bit 7 6 5 4 3 2 1 0
Byte
0 Reserved Device Busy Event
1 Device Busy Status
2 (MSB) Time
3 (LSB)
The Device Busy Event field code is defined in Table 101.
Table 101 — Device Busy Event Format
Code Event Description
Oh NoChg No command has timed out.
1h Busy Event A time-out has occurred
2h - Fh Reserved
The Device Busy Status byte is defined in Table 102.
Table 102 — Device Busy Status Format
Code Status Description
Oh No Event The Logical Unit is ready to accept any command.
1h Power The Logical Unit is in the process of waking up from a low-power state.
2h Immediate The Logical Unit is in the process of completing an earlier command.
3h Deferred The Logical Unit is in the process of completing a deferred operation.
4h - Fh Reserved

The Time field is the predicted amount of time remaining for the Logical Unit to become not busy, in units
of 100ms.

This type of event is usable in two environments. The first is in a queued environment. The GET
EVENT/STATUS NOTIFICATION command may be issued in a non-immediate mode prior to executing
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commands or in the immediate mode while commands are being executed. The second environment is
where immediate commands and deferred writing are performed; this command may be issued in the
immediate mode to obtain status. If a normal command is issued while the device is busy, this command
cannot be issued until the normal command completes. Therefore, if queuing is not used, the GET
EVENT/STATUS NOTIFICATION command should precede any command that may time out.

If a GET EVENT/STATUS NOTIFICATION command with the Device Busy class bit set, is queued, the
Logical Unit shall complete the command after a time-out as defined in the time-out section has occurred.
However, instead of generating a unit attention condition, the only action is to complete this command. If
this event is to be used via polling in the immediate mode, the Logical Unit should disable the Logical Unit
time-outs.

If Report Status Notification is not supported or not enabled, the Logical Unit shall return CHECK
CONDITION status and set SK/ASC/ASCQ values to ILLEGAL REQUEST/INVALID FIELD IN CDB.

If the IMMED bit is set to one, and there is no Event to report the command shall return good status.

If the IMMED bit is set to zero (and the Logical Unit supports tagged command queuing) and there is NO
event to report, the GET EVENT/STATUS NOTIFICATION command shall be queued by the target until
there is an Event to report.

If the IMMED bit is set to zero and the target does not support tagged command queuing, the target shall
return CHECK CONDITION and set SK/ASC/ASCQ values to ILLEGAL REQUEST/INVALID FIELD IN
CDB.

Recommended error reporting is defined in Table 103.

Table 103 — Recommended Errors for GET EVENT/STATUS NOTIFICATION Command.

Error Reference
Deferred Errors A.2
General Errors Table A.2
Media Access Errors Table A.3
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5.7 GET PERFORMANCE Command

The GET PERFORMANCE command, Table 104, provides a method for the Initiator to profile the
performance of the Logical Unit. The command also provides a means for the Initiator to get current
status and events that occurred during Stream recording/playback operation. Performance parameters
are reported separately for read and write.

Table 104 — GET PERFORMANCE Command Descriptor Block

Bit 7 6 5 4 3 2 1 0

Byte

0 Operation Code (ACh)

1 Reserved Data Type

2 (MSB)

3 Starting LBA

4

5 (LSB)

6 Reserved

7 Reserved

8 (MSB) Maximum Number of Descriptors

9 (LSB)

10 Type

11 Control

The Data Type field definition are dependent upon the Type field value, see Table 105.

The Type field specifies which type of data (see Table 105) shall be transferred. When the Type field is
set to 00b, it indicates the Performance data shall be transferred. When the Type field is set to 01b, it
indicates the Unusable Area data shall be transferred. When the Type field is set to 02h, it indicates the
Defect Status data shall be transferred. When the Type field is set to 03h, it indicates the Write Speed
Descriptor shall be transferred. The other values are reserved.

Table 105 — Type field values description

Type field Definition Data Type field Reference
value (Bytel0)
bit 4-3 bit 2 bit 1 bit 0
00h Performance | Tolerance | Write Except 5.7.1
01h Unusable Area | Reserved Unusable Area Type 5.7.2
02h Defect Status | Reserved Reserved 5.7.3
Data
03h Write Speed Reserved Reserved 574
04h - FFh Reserved
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5.7.1 Performance (Type field = 00h)

The command reports its characteristics of reading/writing performance.

The command can report two forms: the nominal performance and exception locations that may cause
seek delays to occur. These performance parameters are reported separately for read and write.

The corresponding parameter field allocation is specified in Table 105.

The Tolerance field, when set to 10b, shall indicate that the descriptors returned shall have a 10%
tolerance for the nominal performance and 20% for the exception list. All other values are reserved for
future standardization.

The Write bit, when set to zero, shall indicate that the performance parameters for reading shall be
returned. When set to one, the performance parameters for writing shall be returned.

The Except field, when set to 00b, shall indicate that the nominal performance parameters be returned.
When set to 01b, the entire performance exception list, qualified by the Starting LBA, shall be returned.
When set to 10b, only performance exceptions that cause the performance to fall outside the nominal
shall be reported. For example, slipped sectors not included in the 10b list shall be included in the 01b
list. An Except field of 11b is reserved.

The Starting LBA field is valid only when Except = 01b. If Except = 01b, the Starting LBA field shall
indicate the starting point for returning performance data. All performance data shall be for logical block
addresses equal to this field or greater.

The Maximum Number of Descriptors shall indicate the maximum number of descriptors that the Logical
Unit returns.

The performance response (Table 106) shall contain a Performance header and Performance
descriptors.

Table 106 — Performance response format

Bit 7 6 5 4 3 2 1 0
Byte
0-7 Performance Header
8-n Performance Descriptor(s)

The Performance Header is defined in Table 107.

Table 107 — Performance Header

Bit 7 6 5 4 3 2 1 0

Byte

0 (MSB)

1 Performance Data Length

2

3 (LSB)

4 Reserved Write ‘ Except

5 Reserved

6 Reserved

7 Reserved
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The Performance Data Length field shall specify the amount of result data not including the Performance
Data Length. This value is not modified when the allocation length indicated by the Maximum Number of
Descriptors is insufficient to return all of the data available.

The Write bit, when set to zero, shall indicate that the result data is for read performance using the
nominal command for the data type. When set to one, shall indicate that the result data is for write
performance.

The Except bit, when set to zero, shal | indicate that the result data is for nominal performance (see
Table 108). When set to one, shall indicate that the result data is for exception conditions (Table 109).
Performance Descriptors shall be returned for the current medium. If no media is present, Performance
Descriptors for the fastest medium shall be returned.

The Performance Descriptors (Table 108) for nominal performance are intended to give the Initiator an

approximation of Logical Unit performance. All numbers are nominal. On CD media, all sectors shall be
reported as 2 352 byte sectors. The descriptor includes a Start LBA value, a Start Performance value in
increments of 1 000 Bytes/second, an End LBA value, and an End Performance value in increments of
1 000 Bytes/second.

Table 108 — Performance Descriptor — Nominal Performance

Bit 7 6 5 4 3 2 1 0

Byte

0 (MSB)

1 Start LBA

2

3 (LSB)

4 (MSB)

5 Start Performance

6

7 (LSB)

8 (MSB)

9 End LBA

10

11 (LSB)

12 (MSB)

13 End Performance

14

15 (LSB)

The Start LBA field contains the first logical block address of the extent described by this descriptor.
The Start Performance field contains the nominal Logical Unit performance at the Start LBA.

The End LBA field contains the last logical block address of the extent described by this descriptor.
The End Performance field contains the nominal Logical Unit performance at the End LBA.
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Table 109 — Performance Descriptor - Exceptions

Bit 7 6 5 4 3 2 1 0

Byte

0 (MSB)

1 LBA

2

3 (LSB)

4 (MSB) Time

5 (LSB)

The LBA field shall indicate that there is a seek delay between (LBA - 1) and LBA.

The Time field shall indicate the expected additional delay between (LBA - 1) and LBA from nominal, in
units of tenths of milliseconds (100 microseconds). This seek delay may be due to linear replacement,

zone boundaries, or other media dependent Features. The expected additional delay should represent
the typical time expected for the type of exception described.

Note: A block replaced by linear replacement may cause two exceptions to appear in the Exception
Descriptor list - one between the non-replaced area and the beginning of the replaced block,
and one from the end of the replaced block back to the non-replaced area.

5.7.2 Unusable Area Data (Type=01h)

This command reports data to the Initiator that how the physically unusable areas are allocated on the
mounted writable media. If the mounted media is not a writable media, the Logical Unit shall terminate the
command with CHECK CONDITION status and set SK/ASC/ASCQ values to ILLEGAL
REQUEST/INVALID FIELD IN CDB.

The corresponding parameter field allocation is specified in Table 105.
The Unusable Area Type field specifies the type of the unusable area to be transferred. See Table 110.

Table 110 — Unusable Area Type values

Unusable Area Type value Description
000b Zone boundary information
001b PDL information
010b SDL information

Others Reserved

The Starting LBA field in Table 104 shall indicate the starting point for returning Unusable Area data. All
Unusable Area data shall be for logical block addresses equal to this field or greater.

The Maximum Number of Descriptors field shall indicate the maximum number of descriptors that the
Logical Unit returns.

The Unusable Area data shall be formatted as listed in Table 111. The Unusable Area data contains a
header (Table 112), followed by zero or more Descriptors. Each Descriptor contains information about an
Unusable Area such as an entry of defect list and Zone boundary.
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Table 111 — Unusable Area Data

Bit 7 6 5 4 3 2 1 0
Byte
0-7 Unusable Area Header
8-n Unusable Area Descriptor(s)

Each Unusable Area Descriptor shall be transferred to the Initiator in ascending order of the Starting
Logical Block Address.

Table 112 — Unusable Area Header

Bit 7 6 5 4 3 2 1 0

Byte

0 (MSB)

1 Unusable Area Data Length

2

3 (LSB)

4 Reserved

5 Reserved

6 Reserved

7 Reserved

The Unusable Area Data Length field shall specify the amount of result data not including the Unusable
Area Data Length. This value is not modified when the allocation length indicated by the Maximum
Number of Descriptors is insufficient to return all of the data available.

Table 113 — Unusable Area Descriptor

Bit 7 6 5 4 3 2 1 0

Byte

0 (MSB)

1 LBA

2

3 (LSB)

4 (MSB)

5 Number of Unusable Physical Blocks

6

7 (LSB)

The LBA field shall specify the first LBA of the unusable area if the Unusable Area Type field in CDB is
set to 010b. The LBA field shall specify the LBA just before the unusable area when the Unusable Area
Type field in CDB is set to 000b or 001b.

The Number of Unusable Physical Blocks field shall specify number of physical blocks included in the
specified unusable area. When the Unusable Area Type field in CDB is set to 000b, this field is reserved.
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5.7.3 Defect Status data (Type=02h)

This command reports Defect Status data to the Initiator that is created by certification on the Restricted
Overwrite media. If the mounted media is not a Restricted Overwrite media or if the Logical Unit does not
support certification, this command shall be terminated with CHECK CONDITION status and
SK/ASC/ASCQ values shall be set to ILLEGAL REQUEST/INVALID FIELD IN CDB.

The Data Type field in CDB shall be set to 0.

The Starting LBA field in CDB shall indicate the starting point for returning Defect Status data. All Defect
Status data shall be for logical block addresses equal to this field or greater.

The Maximum Number of Descriptors field shall indicate the maximum number of descriptors that the
Logical Unit returns.

The Defect Status data shall be formatted as listed in Table 114. The Defect Status data contains a
header, followed by zero or more Descriptors. Each Descriptor contains information about an Defect
Status such as a Defect Status bitmap on DVD-RW media. A Defect Status Descriptor size shall be 2 048
bytes.

Table 114 — Defect Status Data

Bit 7 6 5 4 3 2 1 0
Byte
0-7 Defect Status Header
8-n Defect Status Descriptor(s)

Each Defect Status Descriptor(s) shall be transferred to the Initiator in ascending order of the Starting
LBA. If the certified areas are non-contiguous and scattered, separate descriptors, to exclude the void
areas shall return the Defect Status Descriptor(s).

Table 115 — Defect Status Header

Bit 7 6 5 4 3 2 1 0

Byte

0 (MSB)

1 Defect Status Data Length

2

3 (LSB)

4 Reserved

5 Reserved

6 Reserved

7 Reserved

The Defect Status Data Length field shall specify the amount of data that follows the Defect Status Data
Length field. If there is no Defect Status data on the media, Defect Status Data Length field shall be set to
4 and no Defect Status Descriptor shall be transferred.
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Bit 7 6 5 4 3 2 1 0
Byte

0 (MSB)

1 Start LBA

2

3 (LSB)

4 (MSB)

5 End LBA

6

7 (LSB)

8 Blocking Factor

9 Reserved First Bit Offset

10 DS #8 DS #7 DS #6 DS #5 DS #4 DS #3 DS #2 DS #1

2047 DS # DS # DS # DS # DS # DS # DS # DS #

16 304 16 303 16 302 16 301 16 300 16 299 16 298 16 297

The Start LBA field contains the start Logical Block Address of the certified sector where the following
Defect Status (DS #n bits) starts. The returned Logical Block Address shall be the first sector of a Block
that contains logical blocks specified by the Blocking Factor field.

The End LBA field contains the end Logical Block Address of the certified sector where the following
Defect Status (DS #n bits) ends. The returned Logical Block Address shall be the last sector of a Block
that contains logical blocks specified by the Blocking Factor field.

The Blocking Factor field shall indicate the number of logical blocks per DS #m bit. In the case of DVD-
RW, this filed shall be set to 16 as an ECC Block.

The First Bit offset field shall indicate the start valid bit number in the byte 10. The lower bits in the byte
10 are invalid. For example, if First Bit offset field contains 3, bit 3 of byte 10 has the defect status of the
block that contains the Logical block specified Start LBA field. From bit 2 to bit 0 are invalid in this case.

DS #n bit contains the certification result of the block #m. When DS #n bit is set to 0, indicate that the
block has no defect and is able to read and write the block safely. When DS #n bit is set to 1, indicates
that the block has defect and might not be able to read and write the block safely.

5.7.4 Write Speed (Type=03h)

This command reports a list of possible Write Speed descriptors. If recordable media is mounted, Logical
Unit shall report the list of speeds that are available for the Blocks of the current mounted medium. If no
recordable media is mounted, Logical Unit shall report the most appropriate list of speeds such as the list
for CD-R media or just maximum recording speed. Logical Unit shall report Write Speed descriptors in
descending order of the Write Speed value. If the Logical Unit supports both CLV and CAV on the media,
then the Logical Unit shall report all CLV descriptors first. Initiator should detect a possible Write Speed
descriptor by this command, then set the Write Speed via SET STREAMING command. To apply this
descriptor to SET STREAMING command, the Start LBA field is set to 0, the Read Time field and the
Write Time filed are set to 1000 (1sec).
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Table 117 — Write Speed Descriptor

Bit 7 6 5 4 3 2 1 0

Byte

0 Reserved WRC RDD Exact MRW

1 Reserved

2 Reserved

3 Reserved

4 (MSB)

5 End LBA

6

7 (LSB)

8 (MSB)

9 Read Speed

10

11 (LSB)

12 (MSB)

13 Write Speed

14

15 (LSB)

The Write Rotation Control (WRC) field specifies the type of the medium Rotation Control. See Table 118.

Table 118 — Write Rotation Control values

WRC value Description
00b Media default rotation control
01b CAV

Others Reserved

Media default rotation control is the rotation control defined by the media specification originally. Media
default rotation control is as follows:

* CD-R/RW CLV

* DVD-R/-RW CLV

* DVD-RAM ZCLV

* DVD+RW CAV

If default rotation control is CAV, this field shall be set to 0.
RDD bit shall be set to 0.

Exact bit of one indicates that the Logical Unit can perform the recording operation specified by Write
Speed Descriptor on the whole media mounted. If the Logical Unit is uncertain, this bit shall set to 0.

The MRW bit indicates that this Write Speed Descriptor is suitable for mixture of read and write (e.g.
overwrite mode).

The End LBA field shall indicate the medium capacity if a medium is mounted. The value shall be same
as the value reported by READ CAPACITY command. If no medium is mounted, the Logical Unit shall
report the maximum capacity of the most appropriate media.
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The Read Speed field shall indicate the lowest read performance data of all Blocks in kilobytes per

second.

The Write Speed field shall indicate the lowest write performance data of all Blocks in kilobytes per

second.

Recommended error reporting is defined in Table 119.

Table 119 — Recommended errors for GET PERFORMANCE Command

Error Reference
Deferred Errors A.2
General Errors Table A.2
Media Access Errors Table A.3
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5.8 LOAD/UNLOAD MEDIUM Command

The LOAD/UNLOAD MEDIUM command (Table 120) requests the Logical Unit Changer to load or unload
a Disc. A new LOAD/UNLOAD MEDIUM command issued before the changer enters the READY STATE
(00Db), see Table 126, shall cause the changer to stop any LOAD/UNLOAD MEDIUM command in
progress and begin processing the new LOAD/UNLOAD MEDIUM command.

Table 120 — LOAD/UNLOAD MEDIUM Command
Bit 7 6 5 4 3 2 1 0

Byte

OPERATION CODE (A6h)
Reserved Reserved | IMMED
Reserved

Reserved
Reserved LoUnlo | Start
Reserved

Reserved

Reserved
SLOT

Reserved

O[N] |W|N|F|O

[En
o

Reserved

[
[

Control

An Immediate (IMMED) bit of one indicates that the Logical Unit shall return status as soon as the
command descriptor block has been validated. An IMMED Bit of zero indicates that the status shall not be
returned until the operation has been completed.

The Load/Unload (LoUnlo) bit and the Start bit encoding is shown in Table 121
Table 121 — Load/Unload Operations

LoUnlo Start Operation to be Performed

0 0 Abort any prior Changer command (Stop)

Reserved

Unload media. The Slot Parameter is ignored for this operation.

0
1
1

alo| -

Load the Media from specified Slot and initialize or select the Slot
specified for use with future Media Access commands

The SLOT field indicated the Slot to be loaded or unloaded. Changer should always initialize (Load) Slot
0 on power-on reset or Hard reset.

Any attempt to Load or Unload a Disc when the Device does not support that capability shall result in a
CHECK CONDITION status returned and SK/ASC/ASCQ values shall be set to ILLEGAL
REQUEST/INVALID FIELD IN CDB.

A load request, when the slot does not contain a Disc or the Play Position does not contain a Disc shall
be terminated with CHECK CONDITION statue, and SK/ASC/ASCQ values shall be set to ILLEGAL
REQUEST/INVALID FIELD IN CDB. An unload request, when the Play Position does not contain a Disc
shall be terminated with CHECK CONDITION status and SK/ASC/ASCQ values shall be set to ILLEGAL
REQUEST/INVALID FIELD IN CDB.
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A load request, when the slot does not contain a Disc shall be terminated with CHECK CONDITION
status and SK/ASC/ASCAQ values shall be set to NOT READY/MEDIUM NOT PRESENT. When this error
is returned there are two possible actions by the CD Changer Device. If the Logical Unit reports Software
Slot Selection (SSS) = 1, (see Table 361), then the slot specified shall be selected for use. If the Logical
Unit reports SSS = 0 then the previously used slot shall continue to be selected for use.

If the Logical Unit is capable of caching data then a delayed load of a disc into the playing position can be
supported. If delayed loading of a disc into the playing position is supported, the Logical Unit shal | have
previously cached the Lead-in data from that disc. If the medium is DVD then the caching of the Lead-in
information shal | be performed. If the medium is CD then the caching of the TOC shal | be
performed. If the Logical Unit has not read the Lead-in for a disc that is being loaded into the playing
position, then delayed loading shal | not be performed and the disc shal | be loaded into the playing
position immediately. If the loading of the Disc into the playing position is delayed, then the Logical Unit
shal | report that the Disc is ready, even though the Disc is not spinning and installed in the playing
position. In all cases the behavior seen by the Initiator (other than a longer subsequent media access
latency) shal | not be different between delayed and immediate loading of a disc

A unit attention condition shall not be generated when discs are loaded or unloaded from the playing
position.

Recommended error reporting is defined in Table 122.

Table 122 — Recommended errors for LOAD/UNLOAD MEDIUM operation

Error Reference
Deferred Errors A2
General Errors Table A.2
MECHANICAL POSITIONING ERROR Table A.1
INVALID ELEMENT ADDRESS Table A.1
MEDIA LOAD OR EJECT FAILED Table A.1
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59 MECHANISM STATUS Command

The Mechanism Status command (Table 123) requests that the Logical Unit respond with the current
status of the device, including any Changer Mechanism that adheres to this standard. This command is
intended to provide information to the Initiator about the current operational state of the Logical Unit. The
Logical Unit takes operational direction from both the Initiator and the user. Movement of media in/out of
the Logical Unit as well as Play operation may be due to external controls or Initiator commands. This
command provides a method that allows the Initiator to know what has transpired with the changer
mechanism.

Table 123 — MECHANISM STATUS Command Descriptor Block
Bit 7 6 5 4 3 2 1 0

Byte

Operation code (BDh)
Reserved Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved
(MSB) Allocation Length
(LSB)
Reserved

|Vl |W|N|F]|O

[EnY
o

[N
[N

Control

The Allocation Length field specifies the maximum length, in bytes, of the Mechanical Status Parameter
list, see Table 124, that shall be transferred from the Logical Unit to the Initiator. An Allocation Length
field of zero indicates that no data shall be transferred. This condition shall not be considered an error.

The Mechanism Status Parameter list returned contains a header (Table 125) followed by zero or more
fixed-length Slot Tables (Table 128). If the Logical Unit does not support the changer commands, then the
number of slot tables returned to the Initiator shall be zero.

Table 124 — Mechanism Status Parameter List

Bit 7 6 5 4 3 2 1 0
Byte
0-7 Mechanism Status Header
8-n Slot Table(s)
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Table 125 — Mechanism Status Header

Bit 7 6 5 4 3 2 1 0

Byte

0 Fault Changer State Current Slot (Low order 5 bits)

1 Mechanism State Door open | Reserved | Current Slot (High order 3 bits)

2 (MSB)

3 Current LBA

4 (LSB)

5 Number of Slots Available

6 (MSB) Length of Slot Table(s)

7 (LSB)

The Fault bit, bit 7, indicates that the changer failed to complete the operation reported in the Changer
State field.

The Changer State field (Table 126) indicates the current state of the changer.
Table 126 — Changer State Field

Changer State Definition
Oh Ready
1h Load in Progress
2h Unload in Progress
3h Initializing

The Current Slot field (an 8-bit field) indicates the Current Slot selected. Changers compatible with a
bootable device specification should always initialize (Load) Slot zero on power-on reset or hard reset.
This value shall only be changed when a LOAD/UNLOAD command is processed. Operations initiated by
a user shall not cause this value to change. If the Logical Unit is not a changer, then this field is reserved.

The Mechanism State field (Table 127) encodes the current operation of mechanism.

Table 127 — Mechanism State Field

Mechanism Definition
State
Oh Idle
1h Playing (Audio or Data)
2h Scanning
3h Active with Initiator, Composite or Other

Ports in use (i.e. READ, PLAY CD, SCAN
during PLAY CD)

4h-6h Reserved
7h No State Information Available
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The Slot Table response data format is defined in Table 128. Each slot shall respond with the status
defined.

The Door open bit, when set to one, indicates that the Door(s) or Tray(s) is open or the magazine is not
present.

The Current LBA value returns the location that was last used while reading or playing. Once a Read or
Play operation has been completed the value of this field may be undefined. While a Read or Play is in
progress this field shall contain the LBA of the current block being processed.

The Number of Slots Available field indicates the number of slots available. The maximum number of
slots is 256.

The Length of Slot Tables field specifies the length in bytes of the all the slot information that follows (e.g.
for a 2 slot Logical Unit this value would be 8).

Table 128 — Slot Table Response Format

Bit 7 6 5 4 3 2 1 0
Byte
0 Disc Reserved | Reserved | Reserved | Reserved | Reserved | Reserved | Change -
Present Mandatory
(Optional)
Reserved CWP_V CWP
Reserved
3 Reserved

The Disc Present bit, bit 7, indicates that there is a Disc in this slot. The reporting of this information is
optional after a reset or Disc change. If this Feature is not supported, this bit shall be set to one after a
reset condition or when a medium has been changed. When the Logical Unit is given a load command for
a slot that contains no Disc, the bit corresponding to that slot shall then contain a 0 for any following
response. If this bit is valid after a reset or medium change, then this capability shall be reported in the
CD Capabilities and Mechanical Status Page (see Table 361).

The Change bit, bit 0, indicates that the Disc in that slot has been changed since the last time the disc
was loaded.

CWP_V, if set to one, indicates that the Media Cartridge Write Protection (CWP) of the Cartridge in that
slot has been checked and CWP bit is valid. If set to 0, the CWP bit is invalid.

CWP, if set to 1, indicates that the CWP status is active on the Cartridge. If CWP_V is set to 0, CWP bit is
invalid and shall be set to 0.

Recommended error reporting is defined in Table 129.

Table 129 — Recommended errors for Mechanism Status Command

Error Reference
Deferred Errors A2
General Errors Table A.2
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5.10 PAUSE/RESUME Command

The PAUSE/RESUME command (Table 130) requests that the Logical Unit stop or start a playback
operation. This command is used with PLAY AUDIO commands that are executing in immediate mode.

Table 130 - PAUSE/RESUME Command Descriptor Block
Bit 7 6 5 4 3 2 1 0

Byte

OPERATION CODE (4Bh)
Reserved Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved Resume

Olow(N|[Oo|O|B]J]W|N|F]|O

Control

A Resume bit of zero causes the Logical Unit to enter the hold track state with the audio output muted
after the current block is played. A Resume bit of one causes the Logical Unit to release the pause/scan
and begin play at the block following the last block played/scanned.

If an audio play operation cannot be resumed and the Resume bit is one, the command is terminated with
CHECK CONDITION status and SK/ASC/ASCQ values shall be set to ILLEGAL REQUEST/COMMAND
SEQUENCE ERROR. If the Resume bit is zero and an audio play operation cannot be paused, (no audio
play operation has been requested, or the requested audio play operation has been completed), the
command is terminated with CHECK CONDITION status and SK/ASC/ASCQ values is set to ILLEGAL
REQUEST/COMMAND SEQUENCE ERROR.

It shall not be considered an error to request a Pause when a pause is already in effect, or to request a
Resume when a play operation is in progress.

Table 131 — Recommended errors for PAUSE/RESUME Command

Error Reference
Deferred Errors A2
General Errors Table A.2
COMMAND SEQUENCE ERROR Table A.1
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5.11 PLAY AUDIO (10) Command

The PLAY AUDIO (10) command (Table 132) requests that the Logical Unit begin an audio playback
operation. The command function and the output of audio signals shall be as specified by the settings of
the mode parameters.

If any command related to audio operations is implemented then the PLAY AUDIO (10) command shall
be implemented.

Table 132 — PLAY AUDIO (10) Command
Bit 7 6 5 4 3 2 1 0

Byte

Operation Code (45h)
Reserved | Reserved RelADR
(MSB)
Starting Logical Block Address

(LSB)
Reserved
(MSB) Play Length
(LSB)
Control

|l N[fojlO|b|W|IN|F|O

The RelAdr bit shall be set to zero.

The Starting Logical Block Address field specifies the logical block that the audio playback operation shall
begin. PLAY AUDIO commands with a starting logical block address of FFFF FFFFh shall implement
audio play from the current location of the optics. PLAY AUDIO commands with a starting LBA address
of 0000 0000h shall begin the audio play operation at 00:02:00 MSF.

The Play Length field specifies the number of contiguous logical blocks that shall be played. A Play
Length field of zero indicates that no audio operation shall occur. This condition shall not be considered
an error.

If the starting address is not found, the command shall be terminated with CHECK CONDITION status
and SK/ASC/ASCAQ values shall be set to ILLEGAL REQUEST/LOGICAL BLOCK ADDRESS OUT OF
RANGE . If the address is not within an audio track, the command shall be terminated with CHECK
CONDITION status and SK/ASC/ASCQ values shall be set to ILLEGAL REQUEST/ILLEGAL MODE FOR
THIS TRACK .

If the logical block address requested is not within an audio track and the Play Length is non-zero, the
command shall be terminated with CHECK CONDITION status and SK/ASC/ASCQ values shall be set to
ILLEGAL REQUEST/ILLEGAL MODE FOR THIS TRACK.

If the CD Sub-channel mode type (data vs. audio) is other than audio or changes within the transfer
length the command shall be terminated with CHECK CONDITION status and SK/ASC/ASCQ values
shall be set to ILLEGAL REQUEST/END OF USER AREA ENCOUNTERED ON THIS TRACK.
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The PLAY AUDIO and SCAN commands continue to play while the logical unit may process other
commands. Some commands can be accepted without disrupting the audio operations, while others
cause the Play operation to stop.

The Logical Unit shall accept and perform the commands as specified. If a PLAY or SCAN operation is
executing such that the IMMED bit in the CD Audio Control Mode Page was set to one when the
command started, execution of a new command takes precedence. When the new command can be
executed to completion without disturbing execution of the PLAY or SCAN, it shall be done. Otherwise,
the PLAY or SCAN shall be terminated in order that the new command can be executed. The following
commands shall be executed without disturbing the PLAY or SCAN command:

- REQUEST SENSE

- READ SUB-CHANNEL, current position
- PAUSE/RESUME

- INQUIRY

- READ CAPACITY

All other commands that may effect the termination of PLAY or SCAN are implementation specific.

Table 133 — Recommended errors for PLAY AUDIO (10) Command

Error Reference
Deferred Errors A2
General Errors Table A.2
Media Access Errors Table A.3
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5.12 PLAY AUDIO (12) Command

The PLAY AUDIO (12) command (Table 134) requests that the Logical Unit begin an audio playback
operation. The command function and the output of audio signals shall be as specified by the settings of
the mode parameters, including the SOTC bit.

Table 134 — PLAY AUDIO (12) Command Descriptor Block

Bit 7 6 5 4 3 2 1 0

Byte

0 OPERATION CODE (A5h)

1 Reserved Reserved RelADR

2 (MSB)

3 Logical Block Address

4

5 (LSB)

6 (MSB)

7 Play Length

8

9 (LSB)

10 Reserved

11 Control

See PLAY AUDIO (10) command for bit and field description in the CDB.
Recommended error reporting is defined in Table 135.

Table 135 - Recommended errors for PLAY AUDIO(12) Command

Error Reference
Deferred Errors A.2
General Errors Table A.2
Media Access Errors Table A.3
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5.13 PLAY AUDIO MSF Command

The PLAY AUDIO MSF command (Table 136) requests that the Logical Unit begin an audio playback
operation. The command function and the output of audio signals shall be as specified by the settings of
the mode parameters including the SOTC bit described on page 120.

Table 136 — PLAY AUDIO MSF Command Descriptor Block
Bit 7 6 5 4 3 2 1 0

Byte

OPERATION CODE (47h)

Reserved Reserved

Reserved
Starting M Field
Starting S Field
Starting F Field
Ending M Field
Ending S Field
Ending F Field

Control

O[N] W|N|F]|O

The Starting M Field, the Starting S Field, and the Starting F Field specify the absolute MSF address that
the audio play operation shall begin. The Ending M Field, the Ending S Field, and the Ending F Field
specify 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.

If the Starting Minutes, Seconds, and Frame Fields are set to FFh, the Starting address is taken from the
Current Optical Head location. This allows the Audio Ending address to be changed without interrupting
the current playback operation.

A starting MSF address equal to an ending MSF address causes no audio play operation to occur. This
shall not be considered an error. If the starting MSF address is greater than the ending MSF address, the
command shall be terminated with CHECK CONDITION status and SK/ASC/ASCQ values shall be set to
ILLEGAL REQUEST/INVALID FIELD IN CDB.

If the starting address is not found the command shall be terminated with CHECK CONDITION status and
SK/ASC/ASCQ values shall be set to ILLEGAL REQUEST/LOGICAL BLOCK ADDRESS OUT OF
RANGE. If the address is not within an audio track the command shall be terminated with CHECK
CONDITION status and SK/ASC/ASCQ values shall be set to ILLEGAL REQUEST/ILLEGAL MODE FOR
THIS TRACK or ILLEGAL REQUEST/INCOMPATIBLE MEDIUM INSTALLED. If a not ready condition
exists, the command shall be terminated with CHECK CONDITION status and SK/ASC/ASCQ shall be
set to the appropriate values.

Recommended error reporting is defined in Table 137.

Table 137 — Recommended errors for PLAY AUDIO MSF Command

Error Reference
Deferred Errors A2
General Errors Table A.2
Media Access Errors Table A.3
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5.14 READ (12) Command

The READ (12) command (Table 216) requests that the Logical Unit transfer data to the Initiator. The
most recent data value written in the addressed logical block shall be returned. Any read by the Initiator to
a Logical Block with a Title Key present in the sector (DVD-ROM Media Only), when the Authentication
Success Flag (ASF) is set to zero shall be blocked. The command shall be terminated with CHECK
CONDITION status and SK/ASC/ASCQ values shall be set to ILLEGAL REQUEST/READ OF
SCRAMBLED SECTOR WITHOUT AUTHENTICATION.

Table 138 — READ (12) Command Descriptor Block

Bit 7 6 5 4 3 2 1 0

Byte

0 OPERATION CODE (A8h)

1 Reserved | bpoO) | Fua | Reserved RELADR

2 (MSB)

3 Logical Block Address

4

5 (LSB)

6 (MSB)

7 Transfer Length

8

9 (LSB)

10 Streaming | Reserved

11 Control

The Disable Page Out (DPO) bit is not used by Logical Units and shall be set to zero. A DPO bit of zero
indicates the retention priority field in the Cache Page shall determine the priority, if supported. All other
aspects of the algorithm implementing the cache memory replacement strategy are vender specific.

A Force Unit Access (FUA) bit of one indicates that the Logical Unit shall access the media in performing
the command. Read commands shall access the specified logical blocks from the media (i.e. the data is
not directly retrieved from the cache). In the case where the cache contains a more recent version of a
logical block than the media, the logical block shall first be written to the media.

An FUA bit of zero indicates that the Logical Unit may satisfy the command by accessing the cache
memory. For read operations, any logical blocks that are contained in the cache memory may be
transferred to the Initiator directly from the cache memory.

The Transfer Length field specifies the number of contiguous logical blocks of data that shall be
transferred. A Transfer Length of zero indicates that no logical blocks shall be transferred. This condition
shall not be considered an error. Any other value indicates the number of logical blocks that shall be
transferred.

The Streaming bit of one specifies that the Stream playback operation shall be used for the command
(see 4.6.2). The Streaming bit of zero specifies that the conventional READ operation shall be used for
the command. If the Streaming bit is set to one, the cache control Mode parameter may be ignored.

When the Streaming bit is set to one, the FUA bit shall be set to zero. If both the Streaming bit and the
FUA bit is set to one, the Logical Unit shall terminate the command with CHECK CONDITION status and
SK/ASC/ASCAQ values shall be set to ILLEGAL REQUEST/INVALID FIELD IN CDB.
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Recommended error reporting is defined in Table 217.

Table 139 — Recommended errors for READ (12) Command

Error Reference
Deferred Errors A2
General Errors Table A.2
Media Access Errors Table A.3
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5.15 READ BUFFER CAPACITY Command

The READ BUFFER CAPACITY command (Table 140) checks the total length of buffer and the length of
blank area.

Table 140 - READ BUFFER CAPACITY Command Descriptor Block
Bit 7 6 5 4 3 2 1 0

Byte

Operation Code (5Ch)
Reserved Reserved BLOCK

Reserved

Reserved

Reserved

Reserved

Reserved
(MSB) Allocation Length

(LSB)

O|lo|N|lOoO|JO|~|W[IN]|FL,]|O

Control

The Logical Unit reports the length of the buffer during Session at Once Recording or Track at Once
Recording or Disc at once recording.

The BLOCK bit, if set to one, indicates that the Initiator is requesting buffer data returned in blocks.
An Allocation Length of zero is not an error.
The READ BUFFER CAPACITY data (Table 141) is sent in response to this command.

Table 141 — READ BUFFER CAPACITY data when BLOCK bit of CDB =0

Bit 7 6 5 4 3 2 1 0

Byte

0 (MSB) Data Length

1 (LSB)

2 Reserved

3 Reserved

4 (MSB)

5 Length of the Buffer

6

7 (LSB)

8 (MSB)

9 Blank Length of Buffer

10

11 (LSB)

The Data Length field defines the number of data bytes to be transferred by the Logical Unit. The Data
Length value does not include the Data Length field itself.
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The Length of Buffer indicates the whole capacity of the buffer in bytes.
The Blank Length of Buffer indicates the length of unused area of the buffer in bytes.

If the READ BUFFER CAPACITY command is issued in a condition except Session at Once recording or
Track at Once recording, or Disc at Once recording, the Blank Length of Buffer field may be invalid.

Table 142 - READ BUFFER CAPACITY data when BLOCK bit of CDB =1

Bit 7 6 5 4 3 2 1 0

Byte

0 (MSB) Data Length

1 (LSB)

2 Reserved

3 Reserved BLOCK

4 Reserved

5 Reserved

6 Reserved

7 Reserved

8 (MSB)

9 Available Length of Buffer

10

11 (LSB)

The Data Length field indicates the number of data bytes to be transferred by the Logical Unit. The Data
Length value does not include the Data Length field itself.

The Block bit, if set to one, indicates the current number of blocks is being returned. If set to zero, the
Initiator shall assume legacy behavior of number of bytes being returned.

The Available Length of Buffer field indicates the number of blocks of buffer currently available to be
written to by the Initiator. The Logical Unit shall be able to immediately accept at least this much data for
writing. If the Available Length of Buffer becomes zero, the Logical Unit shall begin writing. The Logical
Unit may begin writing before the Available Length of Buffer reaches zero.

Table 143 — Recommended errors for READ BUFFER CAPACITY Command

Error Reference
Deferred Errors A.2
General Errors Table A.2
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5.16 READ CAPACITY Command

The READ CAPACITY command (Table 144) provides a means for the Initiator to request information
regarding the capacity of the Logical Unit. This command shall not report the correct capacity of the
recorded data for CD-R, CD-RW and DVD-R/-RW media that does not have a Lead-out in the last
Session or last Border-out. For CD-ROM, the returned logical block address is modified to allow returning
a possibly inexact value (but one with a known error bound) based on the Table of Contents data.

Table 144 — READ CAPACITY Command Descriptor Block
Bit 7 6 5 4 3 2 1 0

Byte

OPERATION CODE (25h)
RESERVED | Reserved RelAdr
(MSB)
Logical Block Address

(LSB)
Reserved

Reserved
Reserved PMI

Control

Olo|N|lOoO|O|(~|W|IN]|FPL]|]O

The RelAdr, PMI bits, and Logical Block Address field shall be set to zero for multimedia Logical Units.

Eight bytes of READ CAPACITY response data (Table 145) shall be returned in response to the
command.

Table 145 — READ CAPACITY Response Data format

Bit 7 6 5 4 3 2 1 0
Byte
0 (MSB)
. Logical Block Address
3 (LSB)
(MSB)
Block Length in Bytes = 2 048d
7 (LSB)

The returned Logical Block Address shall be the last sector in the last complete session.
The Block Length shall be reported, in bytes, as 2 048d. A block length of 512 is obsolete.

For CD media other than MRW format, the last logical block shall be determined by converting the last
recorded Lead-out to an LBA and subtracting one. If the resulting address points to a run out block
(because the session was recorded with packets or track at once in data mode), the Logical Unit shall
subtract 2 from the LBA to point to the actual last user data block. If no complete session exists on the
medium, this field shall be set to zero.
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If the mounted medium is a DVD+RW disc, then the value returned is the LBA that represents the last
block of the user space. If a background format is in progress, then the LBA shall be reported as if the
format had completed.

If the mounted medium has the MRW format, then the LBA value returned is the LBA that represents the
last block of the LBA space selected in the MRW Mode Page. If a background format is in progress, then
the LBA shall be reported as if the format had completed.

Recommended error reporting is defined in Table 146.

Table 146 — Recommended errors for READ CAPACITY Command

Error Reference
Deferred Errors A2
General Errors Table A.2
Media Access Errors Table A.3
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5.17 READ CD Command

The READ CD command (Table 147) provides a single standard, universal way of accessing CD data.
This command is generic to all types of CD data formats.

This command returns any of the defined CD data streams, including the headers, EDC, ECC, user data
and CD-DA data. Each type of data is enabled via the fields in the READ CD command descriptor block.
These fields, (byte 9) indicate the information from the CD is to be returned in the data stream. If a bitis
cleared, then that particular information is not returned. If all the fields contain zero then no information is
returned. This condition shall not be considered an error.

Table 147 — READ CD Command Descriptor Block

Bit 7 6 5 4 3 2 1 0
Byte
0 OPERATION CODE (BEh)
1 RESERVED Expected Sector Type Reserved RelADR
2 (MSB)
3 Starting Logical Block Address
4
5 (LSB)
6 (MSB)
7 Transfer Length
8 (LSB)
9 SYNC Header Codes User Data EDC & Error Field Reserved
ECC
10 Reserved Sub-channel Selection Bits
11 Control

The Expected Sector Type field (Table 148) is used as a filter or mask to select the types of data format
information returned to the Initiator. A transfer operation is terminated as soon as data is encountered
that does not match one of those specified in the sector type field of the command. If the requested data
is not of the type/types requested, the command shall be terminated with a CHECK CONDITION status
and SK/ASC/ASCQ values shall be set to ILLEGAL REQUEST/ILLEGAL MODE FOR THIS TRACK. The
sector/sectors that do not match shall not be transferred to the Initiator.
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Table 148 — Expected Sector type field bit definitions

Sector | Definition Description
Type
000b | All types No checking of the data type is performed. The Logical Unit shall always terminate a
(mandatory) [ command at the sector where a transition between CD-ROM and CD-DA data occurs.
001b | CD-DA Only IEC 908:1987 (CD-DA) sectors shall be returned. If any other format is encountered,
(optional) the command shall be terminated with CHECK CONDITION status.
010b | Mode 1 Only Yellow Book (see Table 350) sectors with a user data field of 2 048 bytes shall be
(mandatory) | returned. All other data formats encountered return an error.
011b | Mode 2 Only Yellow Book (see Table 350) sectors with the expanded user data field (2 336 bytes)
formless shall be returned. If any other format is encountered, the command shall be terminated with
(mandatory) | CHECK CONDITION status.
100b | Mode 2 Only sectors (see Table 350) that have a user data field of 2 048 bytes shall be returned. If
form 1 any other format is encountered, the command shall be terminated with CHECK
(mandatory) | CONDITION status.
101b | Mode 2 Only sectors (see Table 350) that have a user data field of 2 324 shall be returned. If any
form 2 other format is encountered, the command shall be terminated with CHECK CONDITION
(mandatory) | status.
NOTE: 4 spare bytes are included making the total data length returned 2 328 bytes/sector.
110b- | Reserved
111b

The RELADR bit shall be set to zero.
The Starting Logical Block Address field specifies the logical block that the read operation shall begin.

The Transfer Length field specifies the number of contiguous logical blocks of data that shall be
transferred. A Transfer Length field of zero indicates that no transfer of data shall occur. This condition
shall not be considered an error.

The Sync bit, set to one, indicates that the Sync field from the sector shall be included in the data stream.
The Sync bit, set to zero indicates the Sync field shall not be included in the data stream.

The Header Code field (Table 149) is encoded to select Header/Sub-header information that should be
included in the returned data stream.

Table 149 — Header Code field definition

Header Definition Description
Code
00b none No header information shall be returned.
01b header only Only the four-byte header shall be returned in the data stream.
10b sub-header only Only the mode 2 form 1 or form 2 sub-header shall be returned.
11b All headers Both header and sub-header shall be returned.

The User data bit, when set to one, indicates that the user data part of a CD sector shall be returned in
the data stream. When set to zero, user data shall not be returned to the Initiator. The setting of the Mode
Select Block Size does not apply to this command. If the current track is an audio track, then audio data
shall be returned. Otherwise, the normal user data shall be returned.

The EDC and ECC bit, when set to one, indicates that the EDC and ECC (L-EC) field shall be included in
the data stream. For Mode 1 CD format, this includes the 8 bytes of pad data.
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The Error field (see Table 150) is an encoded field that indicates that if any of the C2 and/or Block error

data is included in the

data stream.

If the Logical Unit does not support the C2 pointers, and the Error field is not zero, the C2 data field shall

be zero filled.

Table 150 — READ CD, Error field definition

Error Definition
Field

Description

00b [ none No error information is returned.
01b | C2 error The C2 error, Pointer bits (2 352 bits or 294 bytes) is included in the data stream. There is
block data one bit for each byte in error in the sector (2 352 total). The bit ordering is from the most
significant bit to the least significant bit in each byte. The first bytes in the sector are the first
bits/bytes in the data stream.
10b [ C2and Both the C2 error bits (2 352 bits/294 bytes) and the Block Error Byte are included in the
Block Error | data stream. The Block Error Byte is the logical or of all the C2 Error bit bytes. The Error
Bits Byte shall be padded with a byte (undefined) to ensure an even number of bytes in the data

stream. The Block error byte shall be first in the data stream followed by the pad byte.

11b [ Reserved

Reserved for future enhancement.

The Sub-channel data selection field (see Table 151) indicates that CD Sub-channel information is to be
included in the data stream. This may be the Q information and/or the “Raw” Sub-channel information. If
the field is set to a nonzero value, then that Sub-channel data shall be included in the data stream to the

Initiator.

Table 151 — READ CD, Sub-channel Data Selection Field definition

Sub-channel data Definition Description Type
selection value
000b No Sub-channel data | No Sub-channel data shall be returned. Mandatory
001b RAW RAW P-W Sub-channel data shall be Optional
returned.
010b Q Q data shall be transferred. Optional
011b Reserved
100b P-W R-W data shall be transferred. Optional
101b-111b Reserved

In the case of R-W the Logical Unit may return the data de-interleaved and error corrected, RAW or
padded with zeroes depending on the R-W supported and R-W de-interleaved and error corrected bits in

the CD capabilities an

d Mechanism status page. In the case of RAW the Logical Unit returns the P-W

Sub-channel data that is not de-interleaved. See Table 155 and for P-W data formats.

If the Starting Logical
requested, and there i
the current location of

Block Address is set to FFFF FFFFh, Sub-channel data is the only information
s currently a PLAY AUDIO command in process, the actual address used is from
the audio play.
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If Q (010b) is selected, then sub-channel data for each sector shall be transferred in a 16-byte structure
as shown in Table 152.

Table 152 — Formatted Q Sub-channel response data

Byte Description
0 Control (4 MS bits), ADR (4 LS bits)
1 Track number
2 Index number
3 Min
4 Sec
5 Frame
6 ZERO
7 AMIN
8 ASEC
9 AFRAME
10 CRC or 00h (CRC is optional)
11 CRC or 00h (CRC is optional)
12 00h (pad)

13 00h (pad)
14 00h (pad)
15 Bits 6-0 shall be cleared to zero, Bit 7 may (optionally)

contain the P Sub-channel value. If P sub-channel
reporting is not supported, then bit 7 shall be cleared to
zero.

The lengths of the data returned from a READ CD command vary, based on the type of sector that is
being read and the requested fields to be returned to the Initiator. Many combinations are possible, but
most are not very useful. Table 153 specifies how the Logical Unit responds to many of the requests.
Requests for transfers not specified in the Table 153 shall not be supported and treated as illegal. lllegal
values cause the command to be terminated with a CHECK CONDITION status and SK/ASC/ASCQ shall
be set to ILLEGAL REQUEST/INVALID FIELD IN CDB. The definition of sector formats is shown in Table
148.
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Table 153 — Number of Bytes Returned Based on Data Selection Field

Data to be transferred Byte? CD-DA | Mode 1 | Mode 2 | Mode 2 | Mode 2
9 Form 1 | Form 2

User Data 10h 2352 |2048" [2336' |2048 |2328'
User Data + EDC/ECC 18h (1on)" |2336 |(10h)' [2328 |(10h)
Header 20h (10n)’ 4 4 4 4
Header Only + EDC/ECC 28h (10h)1 lllegal lllegal lllegal lllegal
Header & user data 30h (1on)'  |2052" [2340" |llegal |lllegal
Header & User Data + EDC/ECC 38h (10h)1 2 340 (30h)1 lllegal lllegal
Sub Header Only 40h (10h)1 0 0 8 8
Sub Header Only + EDC/ECC 48h (10h)1 lllegal lllegal lllegal lllegal
Sub Header & user data 50h (1on)' | @on)"  |@on)' [2056" |2336'
Sub Header & user data + EDC/ECC 58h (1on)' | (18h)" [(10n)' [2336 (50h)"
All Headers Only 60h (10h)" 4 4 12 12
All Headers Only + EDC/ECC 68h (10h)1 lllegal lllegal lllegal lllegal
All Headers & user data 70h (1on)' | (@3oh)" |@oh)' [2060" |2340
All Headers & user data + EDC/ECC 78h (10h)" (38h)’ (30h)" 2340 2 340
Sync & User Data 90h (10h)1 lllegal lllegal lllegal lllegal
Sync & User Data + EDC/ECC 98h (10h)1 lllegal lllegal lllegal lllegal
Sync & Header Only AOh (on)' |16 16 16 16
Sync & Header Only + EDC/ECC A8h (10h)1 lllegal lllegal lllegal lllegal
Sync & Header User Data BOh (1Oh)1 2 064 2 352 lllegal lllegal
Sync & Header User Data + EDC/ECC B8h (10h)1 2 352 (BOh) lllegal lllegal
Sync & Sub Header Only COh (10h)1 lllegal lllegal lllegal lllegal
Sync & Sub Header Only + EDC/ECC C8h (10h)1 lllegal lllegal lllegal lllegal
Sync & Sub Header & User Data DOh (10h)1 lllegal lllegal lllegal lllegal
Sync & Sub Header & User Data + EDC/ECC | D8h (10h)1 lllegal lllegal lllegal lllegal
Sync & All Headers Only EOh (10h)1 16 16 24 24
Sync & All Headers Only + EDC/ECC E8h (10h)1 lllegal lllegal lllegal lllegal
Sync & All Headers & user data FOh (1Oh)1 2 064 2 352" 2072 2 352"
Sync & All Headers & user data + EDC/ECC | F8h (on)t  |2352" [(Fon)' [2352" |(Foh)'
Repeat 10h - F8h and Add Error Bits 02h +294° +294 +294 +294 +294
Repeat 10h - F8h and Add Block & Error Bits | 04h +296 +296 +296 +296 +296
Notes:
1. Data should be returned as if Byte 9 contained this value.
2. Value of Byte 9 in the READ CD command Descriptor Block, in hexadecimal.
3. “+”indicates the addition of the specified number of bytes to the stream of the data.

Values enclosed in () indicate that the amount of data is the same as the Flag byte setting specified by
the contents of the parenthesis.

The CD-DA audio data includes 16 bits of information for each channel, and shall be formatted as follows
when an audio track is read. See Table 154.
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Bit 7 6 5 4 3 2 0
Byte
0 Left Channel (Lower Byte) (LSB)
1 (MSB) Left Channel (Upper Byte)
2 Right Channel (Lower Byte) (LSB)
3 (MSB) Right Channel (Upper Byte)
2348 Left Channel (Lower Byte) (LSB)
2349 (MSB) Left Channel (Upper Byte)
2350 Right Channel (Lower Byte) (LSB)
2351 (MSB) Right Channel (Upper Byte)

If the CD Logical Unit does not support the CD-DA Stream-Is-Accurate capability (See Table 361), then
the digital audio data shall be read as a continuous stream. If the Logical Unit stops while streaming, a
non-recoverable error shall be generated. The next read command shall be terminated with CHECK
CONDITION status and SK/ASC/ASCAQ values shall be set to ABORTED COMMAND/READ ERROR -
LOSS OF STREAMING. This is due to the 1-second uncertainty of the address. (i.e. there is no header in
CD-DA data). Reissuing the command may not return exactly the same data as the previous try. When
the Logical Unit supports the stream accurate capability, no error shall be generated, only some time
delay for rotational latency.

The format for P-W raw data is described in Table 155.

Table 155 — P-W RAW data format

Bit 7 6 5 4 3 2 0
Byte
P-W (0)
P-W (1)
95 P-W (95)
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R-W raw data (bits 0-5, Table 156) is returned in the format and order found on the media. It is the
responsibility of the initiator to de-interleave and perform error detection and correction on the RAW data
to make it usable to higher level applications.

Table 156 — P-W Data de-interleaved and error corrected

Bit 7 6 5 4 3 2 1 0
Byte
0 P Q PACK (0)
1 p Q PACK (1)
23 P Q PACK (23)
24 P Q PACK (0)
25 P Q PACK (1)
47 P Q PACK (23)
48 P Q PACK (0)
49 P Q PACK (1)
71 P Q PACK (23)
72 P Q PACK (0)
73 P Q PACK (1)
95 P Q PACK (23)

Logical Units that cannot return P or Q code with PACK data shall return undefined data in the
unsupported P or Q bits. Each PACK is generated after 2 contiguous Sub Channel data frames
consisting of 24 bytes with 6 bits of PACK data per byte. Each 96 byte Packet consists of 4 Packs of 24
bytes each.

The basic RAW format is shown in Figure 42 below. The data is synchronized with the Sub-channel sync
patterns SO and S1. Each group of 6 bits (R-W) is called a “symbol.” The symbol following the Sub-
channel patterns SO and S1, is the first symbol of the first pack in a packet.
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5.17.1 Description of Sub-channels R-W

98 Bytes — P [Q[RW
. 96 Bytes (RAW)

96 six-bit symbols

Formatted Q

Build a Data Packet *

* the technique for building a data
packet is beyond the scope of this

standard.
PACKET PACKET
Sync 4 Groups of 24 words Sync 4 Groups of 24 words
L2 |24 [[24 [ 24 || 24 | L2 |24 [[24 [[2a || 24 |
PACK PACK PACK PACK PACK ACK PACK PACK
Mode & EDC/ECC EDC/ECC
Iltem Parity Q0/1 User Data Parity PO-P3
Lol ] [2] 16 4
Instruction

Figure 42 — Read CD Sub-channel, R-W (100b)
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To guard the data in the sub-coding channels R-W, a (24, 20) Reed-Solomon Error Correction Code is
used. To improve the burst error correction capability, eight way interleaving is added to this error
correction system.

The first two symbols in a pack have additional protection with a (4, 2) Reed Solomon Error Correction
Code. The first symbol of a pack contains a mode-switch of 3 bits and a 3 bit subdivision of mode, called
“‘item.” The defined mode-item combinations are listed in Table 157.

Table 157 — Sub-channel R-W: Allowed mode/item combinations

Mode Item Description
000b 000b The Zero mode
001b 000b The LINE GRAPHICS mode
001b The TV GRAPHICS mode
111b 000b The USER mode
All others Reserved for future use

The R-W information is returned as part of the “raw” Sub-channel data. The lower 6 bits of each of the
bytes contain the R-W data. This data follows the format shown in Figure 42. If the Q information needs to
be taken from the raw data then it shall not be interleaved.

5.17.2 CD-TEXT

When the Starting Logical Block Address is set to FO00 0000h and P-W raw data is selected, the Logical
Unit returns P-W raw data from the Lead-in area. If there is no data recorded in the Lead-in area, the
command shall be terminated with CHECK CONDITION status and set the values of SK/ASC/ASCQ to
ILLEGAL REQUEST/ILLEGAL MODE FOR THIS TRACK or ILLEGAL REQUEST/INCOMPATIBLE
MEDIUM INSTALLED.

If the Starting Logical Block Address is set to FFFF FFFFh after the above command, the Sub-channel
data shall be returned from the current location within the Lead-in area. It is the responsibility of the
initiator to convert this data to CD-TEXT format without losing streaming.

Recommended error reporting is defined in Table 158.

Table 158 — Recommended errors for READ CD Command

Error Reference
Deferred Errors A.2
General Errors Table A.2
Media Access Errors Table A.3
READ ERROR - LOSS OF STREAMING Table A.1
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5.18 READ CD MSF Command

The READ CD MSF command described in Table 159 provides a single standard command format for
accessing CD data via MSF addressing. This command is generic to all types of CD data formats.

This command returns any of the defined CD data streams, including the headers, EDC, ECC, user data
and CD-DA data. Each type of data is enabled via the fields in the READ CD MSF command descriptor
block. These fields indicate the information from the CD is to be returned in the data stream. If the bit is
cleared, then that particular information is not returned. If all the fields contain zero then no information is
returned. This condition shall not be considered an error.

Table 159 — READ CD MSF Command Descriptor Block
Bit 7 6 5 4 3 2 1 0

Byte

OPERATION CODE (B9h)

Reserved Sector Type Reserved

Reserved
Starting M Field
Starting S Field
Starting F Field
Ending M Field
Ending S Field
Ending F Field

SYNC Header Codes User Data EDC & Error Fields Reserved
ECC

10 Reserved Sub-channel Selection Bits
11 Control

| N[f[ofO|d|W|IN|~]|O

The Starting M field, the Starting S field, and the Starting F field specify the absolute MSF address where
the Read operation shall begin. The Starting MSF shall not begin earlier than the start of the first lead-in
on the disc.

The Ending M field, the Ending S field, and the Ending F field specify the absolute MSF address where
the Read operation shall end. The Ending MSF shall not end later than 1.5 minutes beyond the
maximum start address of the last lead-out of the disc.

All contiguous sectors between the starting and ending MSF addresses shall be read.

Implementers Note: Reading across some CD structural boundaries may result in data errors.

If the starting address is not found, the command shall be terminated with CHECK CONDITION status
and set the values of SK/ASC/ASCQ to ILLEGAL REQUEST/ INVALID FIELD IN CDB.

A starting MSF address equal to an ending MSF address prevents a read operation. This shall not be
considered an error. If the starting MSF address is greater than the ending MSF address, the command
shall be terminated with CHECK CONDITION status and set the values of SK/ASC/ASCQ to ILLEGAL
REQUEST/ INVALID FIELD IN CDB.

For descriptions of Sector Type field see Table 148.
For a description of all fields in byte 9, and Sub-channel Selection Bits (byte 10), see sub-clause 5.17
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Recommended error reporting is defined in Table 160.

Table 160 — Recommended errors for READ CD MSF Command

Error Reference
Deferred Errors A2
General Errors Table A.2
Media Access Errors Table A.3
READ ERROR - LOSS OF STREAMING Table A.1
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5.19 READ DISC INFORMATION Command

The READ DISC INFORMATION command (Table 161) provides information about all discs. The
parameters returned by the Logical Unit are specific to the media that is currently installed in the Logical
Unit. In the case of a DVD-ROM Logical Unit, the disc information returned may be for the last closed
Session. In the case of media that does not have logical Tracks, the number of Tracks and Sessions is
considered one. If this command is required by an implemented Feature, the command shall always
function, even if that Feature’s Current bit becomes zero.

Table 161 — READ DISC INFORMATION Command
Bit 7 6 5 4 3 2 1 0

Byte

Operation Code (51h)
Reserved

Reserved

Reserved

Reserved

Reserved

Reserved
(MSB) Allocation Length

(LSB)

|Vl |W|N|F|O

Control Byte

The number of Disc Information bytes returned is limited by the Allocation Length parameter of the
Command Packet. An Allocation Length of zero shall not be considered an error. If the Allocation Length
is greater than the amount of available Disc Information Data (Table 162), only the available data is
transferred.

If a field or bit is not applicable to the installed medium, the default parameters in the Write Parameters
Page shall be returned in the corresponding field.
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Table 162 — Disc Information Block

Bit 7 6 5 4 3 2 1 0
Byte
0 (MSB) Disc Information Length
1 (LSB)
2 Reserved Erasable | State of last Session | Disc Status
3 Number of First Track on Disc
4 Number of Sessions (Least Significant Byte)
5 First Track Number in Last Session (Least Significant Byte)
6 Last Track Number in Last Session (Least Significant Byte)
7 DDV | DBC.V URU Reserved | DBt | BG Format Status
8 Disc Type
9 Number of Sessions (Most Significant Byte)
10 First Track Number in Last Session (Most Significant Byte)
11 Last Track Number in Last Session (Most Significant Byte)
12 (MSB)
13 Disc
14 Identification
15 (LSB)
16 (MSB)
17 Last Session Lead-in Start Time
18 HMSF
19 (LSB)
20 (MSB)
21 Last Possible Start Time for Start of Lead-out
22 HMSF
23 (LSB)
24 (MSB)
Disc Bar Code
31 (LSB)
32 Reserved
33 Number of OPC Table Entries
34-n OPC Table Entries
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The Disc Information Length is the number of bytes available in both the recording information area and
the appended OPC table. Disc Information Length excludes itself.

Disc Status field indicates the status of the disc and is shown in Table 163. A Logical Unit that does not
have the ability to write the inserted medium (ex. CD/DD/DVD-ROM) returns COMPLETE (10b) status.
For DVD-RW media, if State of Last Session field value is 10b, the returned value of the Disc Status field
value shall be 01b.

Table 163 — Disc Status

Status Definition
00b Empty disc
01b Incomplete disc (Appendable) M

10b Complete Disc (eg. Not Appendable. C/DD/DVD-ROM, complete CD-R,
CD-RW, DDCD-R/RW, DVD-R/-RW, or write protected Random Writable
media)

11b Others (non-write protected Random Writable media)

(1) When a disc is in DVD-RW restricted overwrite mode and the last session is
Intermediate state, this status code is returned.

The State of Last Session field is defined in Table 164. For media that does not use Sessions this field
shall be 11h.

Table 164 — State of Last Session

Session Definition

State

00b Empty Session

01b Incomplete Session M

10b Reserved / Damaged Session (Only for DVD-R/-RW media)
11b Complete Session (only possible when Disc Status is Complete)

(1) When a disc is in DVD-RW restricted overwrite mode and the last session is Intermediate State, this
status code is returned.

The Erasable bit, when set to one, indicates that CD/DVD-RW, DVD-RAM or DVD+RW medium is
present. Otherwise, such a medium is not present

The Number of First Track identifies the first track number:
For non-CD media, this field shall be set to 1. For CD/DD media,
a) If Disc Status is set to 00 (Empty Disc), the Number of First Track field shall be 1.

b) If there are no entries in the PMA and the first track is an Incomplete Track, the Number of First Track
field shall be equal to 1.

c) If the only session on the disc is an Incomplete Session, the Number of First Track field is from the
PMA.

d) Otherwise, the Number of First Track field contains the track number for the first TOC entry in the first
Session. The Number of Sessions (bytes 4 & 9) on the disc refers to all complete sessions plus any
incomplete or empty sessions. A Blank Disc shall always have a session count equal to one.

First Track Number in Last Session (bytes 5 & 10) is the track number of the first track in the last session.
In order for Tracks in the last Session, that may be open, to be scanned by the READ TRACK
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INFORMATION command, the First Track Number in Last Session is identified. This is inclusive of the
invisible track.

Last Track Number in Last Session (bytes 6 & 11) is the track number of the last track in the last session.
In order for Tracks in the last Session, that may be open, to be scanned by READ TRACK
INFORMATION command, the Last Track Number in Last Session is identified. This is inclusive of the
invisible track.

The DID_V (Disc ID Valid) bit, when set to one, indicates that the Disc Identification field is valid.

The DBC _V (Disc Bar Code Valid bit, when set to one, indicates that the Disc Bar Code field (bytes 24
through 31) is valid.

The URU (Unrestricted Use Disc) bit, when set to one, indicates that the mounted DVD-R, CD-R/RW disc
is defined for unrestricted use. For DDCD, the Unrestricted Use Disc bit shall be set to one. When the
Unrestricted Use Disc bit is set to zero, the mounted DVD-R, CD-R/RW disc is defined for restricted use.
To record data to the mounted disc, the appropriate Initiator Application code shall be set through the
Write Parameters Page. For DDCD, Initiator Application code is not treated. Initiator Application code of
the Write Parameters Page is ignored by the DDCD Logical Unit.

An Initiator Application Code of zero may be used to indicate a restricted use disc - general purpose.
Logical Units that cannot determine the state of the URU bit from the medium shall set this bit to one.

The BG format status is represented by bits 0 and 1 of byte 7. The value gives the background format
status of the mounted disc (See Table 165).

Table 165 — Background Format Status Codes

BG format Meaning
status

00b There are 3 cases:
The disc is neither CD-RW nor DVD+RW.

If disc is CD-RW: Background format is not in progress and the disc does NOT have the MRW
format.

If disc is DVD+RW: Disc is not formatted and background format is not in progress.

01b A background format was started but is not currently running and is not complete.

10b A background format is in progress. A format has been started or restarted and is not yet
completed.

11b Formatting has completed. A fully formatted MRW disc or a fully formatted DVD+RW disc is

currently mounted.

If the disc is formatted as a MRW disc (state = 01b, 10b, or 11b), then bit 2 of byte 7 (Dbit) is a copy of
the “dirty bit” from the defect table. If Dbit is cleared to zero, then the MRW structures are current. If Dbit
is set to one, then the MRW structures may not be current. When BG format status = 00b, Dbit shall be
cleared to zero.

In addition, when the BG format status indicates that a format is in progress the following values are specified
as if the format had completed:

Byte 2 shall indicate that the last session is closed and no new sessions may be added.
Byte 3, Number of First Track on Disc shall be set to 1.

Byte 4, Number of Sessions shall be set to 1.

Byte 5, First Track Number in Last Session shall be set to 1.

Byte 6, Last Track Number in Last Session shall be set to 1.

Bytes 9, 10, and 11 shall be cleared to zero.

Bytes 16 through 19 shall be the disc lead-in start address as found in lead-in ATIP.

170



MMC-3 Draft Revision 10g

For DD/CD, the Disc Type field specifies the type of data on the whole disc. A disc has only one disc
type. The Disc Type shall be obtained from the PMA or from the AO/PSEC field in the TOC of the first
session in that there is at least one data track, or is recorded together with disc ID in PMA.

In the case of a session that contains no data track (only audio), AO/PSEC field in the TOC of the session
is always 00h regardless of actual Disc Type. For DDCD, the Disc Type shall be set to 20h. For CD discs,
the Disc Type shall be determined from the following sequences:

1) Disc ID (Disc Type) as written in PMA,;

2) From the first Complete Session that includes at least one data track;

3) From the first Session of a Complete Disc;

4) The Disc type is NOT decided, the Disc Type field of Disc Information shall contain FF. (undefined).

Table 166 — Disc Type Field - PMA

Disc Type Disc Type
Code
00h CD-DA or CD-ROM Disc
10h CD-I Disc
20h CD-ROM XA Disc
DDCD
FFh Undefined
All Other Reserved
Values

For CD/DD, the Disc Identification number recorded in the PMA is returned. The Disc Identification
Number is recorded in the PMA as a six-digit BCD number. It is returned in the Disc Information Block as
a 32 bit binary integer.

The Last Session Lead-in Start Time field is valid only for CD/DD-R/RW media. Otherwise, this field shall
be set to 0. This field is an address given in TIME format as defined in sub-clause 4.2.1. This field shall
specify the location of the next Lead-in to be recorded. If the disc is empty as specified in the Disc Status
field or has no Complete Session, then the Lead-in Start Time is returned as specified by ATIP. If the last
Session, is second or greater, Empty or Incomplete, this field shall specify the Lead-in Start Time of the
Last Session. If the Disc Status is Complete, the Last Session Lead-in Start Time shall be
FFh/FFh/FFh/FFh TIME format as specified in sub-clause 4.2.1.

The Last Possible Start Time for Start of Lead-out field is valid only for CD/DD-R/RW media. Otherwise
this field shall be set to 0. This field is returned as the address, encoded in the ATIP and is returned in
TIME format as specified in sub-clause 4.2.1. If the disc is a Complete Disc, the Last Possible Start Time
for Start of Lead-out shall be FFh/FFh/FFh/FFh HMSF.

The Disc Bar Code field contains the hexadecimal value of the bar code if the Logical Unit has the ability
to read Disc Bar Code and a bar code is present. See Table 361.

For DDCD, the Disc Bar Code is not exist. The Disc Bar Code field shall be set to 0.

An OPC (Optimum Power Calibration) Table is attached only if the values are known for the disc. Since
OPC values are likely to be different for different recording speeds, each table entry is associated with a
recording speed. The Number of OPC Table Entries indicates that [8 x (Number of OPC Table Entries)]
bytes follow the first part of the Disc Information. This number shall be the same for all values of
Allocation Length. The Number of OPC Table Entries shall always be zero for discs that OPC has not yet
been determined. For DVD-R/-RW, the use of OPC table entries is vendor- specific.
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Table 167 — OPC Table Entry

Bit 7 6 5 4 3 2 0

Byte

0 (MSB) Speed

1 (kBytes per second) (LSB)

2

3

4 OPC

5 Values

6

7

Speed is in kbytes per second. See SEND OPC command sub-clause 5.33

The OPC Value field is associated with the speed specified in the speed field, and its content is vendor

specific.

Recommended error reporting is defined in Table 168.

Table 168 — Recommended errors for READ DISC INFORMATION Command

Error Reference
Deferred Errors A2
General Errors Table A.2
Media Access Errors Table A.3
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5.20 READ DVD STRUCTURE Command

The READ DVD STRUCTURE command, Table 169, requests that the DVD Logical Unit transfer data
from areas on the DVD Media to the Initiator. There are several control structures on the DVD media,
including the Lead-in and Burst Cutting Area (BCA). The Lead-in area for DVD media contains
information about the media as well as information used by the Logical Unit to allow it to recover
information from the media. The BCA for DVD media is optional, contents are specified by the media
manufacture.

Table 169 — READ DVD STRUCTURE Command

Bit 7 6 5 4 3 2 1 0

Byte

0 Operation Code (ADh)

1 Reserved Reserved

2 (MSB)

3 Address

4

5 (LSB)

6 Layer Number

7 Format

8 (MSB) Allocation Length

9 (LSB)

10 AGID Reserved

11 Control

The Address field definition is dependent upon the value in the Format field (Table 170).

The Layer Number field specifies the layer number for the response data returned by the READ DVD
STRUCTURE command.

The Format field, Table 170, indicates the type of information that is requested by the Initiator.

The number of data bytes returned in response to a READ DVD STRUCTURE command is limited by the
Allocation Length field of the CDB. An Allocation Length field of zero shall not be considered an error.

The AGID field is described in the REPORT KEY command. This field is used only when the Format field
contains 2h, 6h or 7h with Address field of 00000000h, for all other values it is reserved.

Requests for Format FFh shall always be fulfilled, even if there is no medium or an incompatible medium
installed.

When a READ DVD STRUCTURE command is issued for non-DVD media, with format codes 00h - BFh,
the command shall be terminated with CHECK CONDITION status and SK/ASC/ASCQ shall be set to
ILLEGAL REQUEST/CANNOT READ MEDIUM- INCOMPATIBLE FORMAT. When the Logical
Unit/media combination does not support the specified Format code, the command shall be terminated
with CHECK CONDITION status and SK/ASC/ASCQ shall be set to ILLEGAL REQUEST/INVALID FIELD
IN CDB.
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Table 170 — Format Code definitions for READ DVD STRUCTURE Command

Format Returned Layer Byte Address Field Description
Code Data Usage Explanation
00h Physical Layer Number | Reserved Returns information in the DVD Lead-in
area. Multi-session DVD-R/-RW returns
information in the last Border-in.
01h Copyright Layer Numbe