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1.0 Introduction

This document provides a command set for a variety of multimedia devices. Previous standards contained descriptions
applicable to only one interface, such as ATAPI or SCSI. This specification documents how to command a logical unit
regardless of the type of interface used. However, while every attempt was made to make the command sets common
across interfaces, different operating behavior of various transports led to implementation differences. These differences
are highlighted in annexes.

This document was based on ATAPI CD-ROM command set specification that was known as SFF8020i. The number of
supported media types are broadened in proportion to the appearance of wide variety of optical media. This document
has been developed by proposal basis and that the media types described by this version of this specification are listed as
shown in Table 1.

Table 1 - Media types that are described in this specification

CD-ROM Yellow Book

CD-R Orange Book Part IT
CD-RW Orange Book Part II1
DVD-ROM Ver. 1.0

DVD-RAM Ver. 2.2

DVD-R SL Ver. 2.1 (for General)
DVD-R DL Ver. 3.0

DVD-RW SL Ver. 1.2

DVD-RW DL Ver. 2.0

HD DVD-ROM Ver. 1.1

HD DVD-RAM Ver. 1.0

HD DVD-R SL Ver. 1.0

HD DVD-R DL Ver. 2.0

HD DVD-RW SL Ver. 1.0

HD DVD-RW DL Ver. 2.0

For the other media types such as DVD+R/+RW or BD, see MMC for its specific command descriptions.

DVD is the successor to CD. DVD logical units are capable of storing large amounts of data, and in some cases will be
able to play movies. Logical units conforming to this specification will be backward compatible with CD logical units.
This specification combines the capabilities and command set of the CD with the capabilities of DVD.

HD DVD is the successor to DVD. Interface between a host and a HD DVD logical units is designed to keep the good
compatibility with DVD as possible. The followings are the basic concept of HD DVD.

e HD DVD-ROM is based on DVD-ROM.

 HD DVD-R is based on DVD-R.

e HD DVD-RAM is based on DVD-RAM.

e HD DVD-RW is based on DVD-RW.

1.1 Abstract

This document defines a standard method for interfacing a storage device to a host using various transports including
ATAPI, SCSI, and IEEE 1394.
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1.2 Scope

This document is intended to be used with external standards for the transport of commands and data. It also lists several
peer command set standards as normative references. In the event of a conflict between one of the base documents and
this document, the interpretation of this document shall prevail only if this document acknowledges that a conflict exists
between the documents.

1.3 Audience

This document is intended for use by computer system, host software, storage peripheral, and interface chip set vendors.

1.4 Normative references

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

e ANSIINCITS 430-2007 SCSI Multi-Media Commands - 5 (MMC-5)

e« DVD/HD DVD Book, DVD Forum

e Serial ATA Revision 2.6, Serial ATA International Organization

e ISO/IEC 10149:1989, Information technology - Data Interchange on Read-only 120 mm Optical Data Disks.
e [EC908:1987, Compact Disc Digital Audio System.

e ANSIINCITS 397-2005 Package Information Technology - AT Attachment with Packet Interface - 7 - (ATA/ATAPI-
7) Volumes 1-3

1.5 Informative references
e ANSIINCITS 408-2005 Information Technology - SCSI Primary Commands - 3 (SPC-3)

1.6 Prerequisites and related documents

The reader is expected to have a basic understanding of the ATA/SCSI hardware and software interfaces as well as the
ATA/SCSI documents. Specifically, the following documents are required for understanding and implementing an ATA
Multi-Media logical unit because this document is based on them:

¢ CBEMA, ATA (AT Attachment) ANSI Draft Standard, Revision 9482K, December 2, 1994, Document Number
X3T10/948, Computer and Business Equipment Manufacturer’s Association. This is referred to as the ATA
Document.

e ANSI X3T9.2/375R, Small Computer System Interface
¢ Red, Yellow, Green, Orange Books and CD-ROM XA Specification.

1.7 Layout of the document

This document is broken into several sections as shown in Table 2.
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Table 2 - Layout of the document

Section 1.0, "Introduction” on page 49

Introduction, scope, purpose etc.

Section 2.0, "Conventions" on page 55

Describes conventions used in the document, and a definitions
of terms and signals.

Section 3.0, "CD model" on page 73

Description of command and media supported by Multi-Media
logical units. This section provides a tutorial on the technology
of CD as well as specific requirements for a logical unit that
supports the CD media.

Section 4.0, "DVD model" on page 85

Description of command and media supported by Multi-Media
logical units. This section provides a tutorial on the technology
of DVD as well as specific requirements for a logical unit that
supports the DVD media.

Section 5.0, "HD DVD model" on page 299

Description of command and media supported by Multi-Media
logical units. This section provides a tutorial on the technology
of HD DVD as well as specific requirements for a logical unit
that supports the HD DVD media.

Section 6.0, "Hybrid disc model" on page 459

Description of operations for Hybrid disc supported logical units

Section 7.0, "AACS content protection” on page 463

Description of AACS content protection and authentication pro-
cess.

Section 8.0, "SecurDisc content protection” on page 469

Description of SecurDisc content protection and authentication
process.

Section 9.0, "Real-Time Stream recording/playback model" on
page 473

Description of real-time streaming recording/playback on opti-
cal media.

Section 10.0, "Logical unit assisted software defect management
model" on page 479

Description of software defect management with enhanced
defect reporting capable logical unit.

Section 11.0, "Changer Model" on page 493

Description of the requirements and operation of logical units
that is able to select from a number of internally stored media.

Section 12.0, "Write protection model" on page 499

Description of the operations for write protection for the Multi-
Media logical unit.

Section 13.0, "Power management model" on page 501

Description of the requirements for power management for the
Multi-Media logical unit.

Section 14.0, "Timeout and Reset models" on page 509

Description of the requirements for timeouts and resets for the
Multi-Media logical unit.

Section 15.0, "Features" on page 517

Description of specific functionality that is implemented in
groupings.

Section 16.0, "Profiles" on page 527

Description of Groupings of Features that may be supported.

Section 17.0, "Packet commands" on page 539

Description of packet based commands for Multi-Media logical
units.

Appendix A - "Error Reporting and Sense Codes (Normative)"
on page 919

Descriptions of error behavior and Sense Key, ASC, and ASCQ
assignments

Appendix B - "ATAPI Implementation Notes (Normative)" on
page 941

Overview of the Packet Interface and how the “Layering” of
Packets and ATA occurs.

Appendix C - "SCSI Implementation Notes (Normative)" on
page 953

Integration notes for logical units that make use of the SCSI
interface.

Appendix D - "IEEE 1394 Implementation Notes (Normative)"
on page 959

Implementation notes for using this command set with IEEE
1394.

Appendix E - "Example Event Implementation Notes (Informa-
tive)" on page 963

Notes on using and implementing the GET EVENT/STATUS
NOTIFICATION command.

Appendix F - "Command Implementation Notes (Informative)"
on page 965

Notes on using and implementing the READ DISC INFORMA-
TION and READ TRACK INFORMATION commands.
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Table 2 - Layout of the document (continued)

. ———— = S T = .
Appendix G - "CD-Text Format in the Lead-in Area (Informa- -Description of the CD-Text format.
tive)" on page 975

Appendix H - "Mt. Fuji revision history (Informative)" on Revision history of the Mt. Fuji documents
page 979

Appendix I - "Sample Applications of Events (Informative)" on Application of Events
page 995

Appendix J - "UDF Key Structure (Informative)" on page 1005 Notes on how to use this command set to read UDF written
media.

1.8 Patents

The developers of this specification have requested that holders of patents that may be required for the implementation of
the specification, disclose such patents to the publisher. However, neither the developers nor the publisher have
undertaken a patent search in order to identify which, if any, patents apply to this specification.

No position is taken with respect to the validity of any claim or any patent rights that may have been disclosed. Details of
submitted statements may be obtained from the publisher concerning any statement of patents and willingness to grant a
license under these rights on reasonable and nondiscriminatory terms and conditions to applicants desiring to obtain such
a license.

1.9 Change history

- Mt.Fuji Ver. 7 Revision 0.6 created and distributed August 1, 2006. All modifications are applied to and based on
Mt.Fuji Ver. 6 Rev. 1.0 document.
- HD DVD-R DL commands and model section are added.
- A keyword “Restricted” is newly defined.
- Numerical notation of decimal number is changed to ISO style.

- Mt.Fuji Ver. 7 Revision 0.7 created and distributed May 07, 2007.
- Descriptions for DVD-R Ver. 1.0, DVD-R for Authoring Ver. 2.0 and DVD-RAM Ver. 1.0 are removed.
- AS-MO related descriptions are obsolete. See INF-8090i Rev 6.1 for its descriptions.
- AS-MO Profile is obsolete.
- MO Erasable Profile is obsolete.
- MO Write Once Profile is obsolete.
- The Sector Erasable Feature is obsolete.
- HD DVD-RW model section is added and related commands, Profile, Feature are added or updated.
- Add Session/Border and Quick Add Border format operations are obsolete.
- Zone Reformat operation is obsolete.
- Zone Format operation is obsolete.
- AACS model section is updated to support Bus Encryption and related commands, Profile, Feature are updated.
- Load bit is added to Removable Medium Feature Descriptor.
- A recommendation for host during direct overwriting on DVD-RW media is added.
- Key Class for “Security Service-A” is obsolete.
- EBP bit of WRITE command is obsolete and replaced by TSR bit.
- 2/04/07 error is added to the returned error codes for the case that read/write command is terminated due to busy
state of the logical unit.
- 5/6F/08 error is added.
- Change history (Mt. Fuji 4 ~ Mt. Fuji 6) is added to the History section.

- Mt.Fuji Ver. 7 Revision 0.8 created and distributed May 28, 2007.
- DVD-RW DL model section is added and related commands, Profile, Feature are added or updated.
- DVD-Download SL and CSS Managed recording model section is added and related commands, Profile, Fea-
ture are added or updated.

- Mt.Fuji Ver. 7 Revision 0.9 created and distributed July 25, 2007.
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- AACS Bus Encryption model section and related commands are modified to keep up with the latest version of
AACS specification.

- SecurDisc model section is added and related commands, Feature are added or updated.

- Structure of the Scramble Extent information of SEND DISC STRUCTURE command is re-defined as Scram-
ble Content Allocation information to differentiate Title Set Zone information from Scramble Extent informa-
tion entries.

- CSS Managed recording model section is updated to clarify some points.

- Reference of DVD-RAM specification is changed from ver. 2.1 to ver. 2.2.

- Mt.Fuji Ver. 7 Revision 0.91 created and distributed September 04, 2007.
- Power Management Feature is added to the “Logical units Not Conforming to a Standard” Profile.
- Other misc. clarification and corrections have been made.

- Mt.Fuji Ver. 7 Revision 0.92 created and distributed October 02, 2007.
- Non-removable disk Profile is obsolete. See INF-8090i Rev 6.1 for its descriptions.
- The Format Code 86h is added to the READ DISC STRUCTURE Command and related AACS model section is
revised.
- Other misc. clarification and corrections have been made.

- Mt.Fuji Ver. 7 Revision 0.93 created and distributed October 25, 2007.
- Description about Physical Interface Asynchronous Notification is added in section 17.5 on page 631 is added.
- B-13, "SATA Asynchronous Notification" on page 949 is added.
- Other misc. clarification and corrections have been made.

- Mt.Fuji Ver. 7 Revision 0.94 created and distributed November 15, 2007.
- Definition and some description about Physical Interface Asynchronous Notification are revised.
- Other misc. clarification and corrections have been made.

Mt.Fuji Ver. 7 Revision 0.95 created and distributed January 29, 2008.
- 13.2, "Interface Power management timer adjustment” on page 507 is added.
- Other misc. clarification and corrections have been made.

Mt.Fuji Ver. 7 Revision 0.99 created and distributed March 18, 2008.

- Set Minimum Performance bit (SMP) bit of is added and SET READ AHEAD Command is removed in/from Feature
0107h: Real-Time Streaming Feature (ADh).

- Structure Length field is removed from Table 642 - Structure List entry on page 771.

- Description of Last Layer Jump Address field for DVD-RW DL media is revised.

- Additional explanation about host usage of Table 480 - Performance Descriptor - Nominal Performance on page 645 and
additional implementation examples F-2 "GET PERFORMANCE command Performance (Type field = 00h)" on page 971
are added.

- Other misc. clarification and corrections have been made.

Mt.Fuji Ver. 7 Revision 1.00 created and distributed April 18, 2008.
- Clarification is added for 17.24.36, "DISC Structure List (Format Code = FFh)" on page 770.
- Other misc. clarification and corrections have been made.

Mt.Fuji Ver. 7 Revision 1.00 correction May 14, 2008.
- Change the document status on cover page (page 1) from Draft to Final.
- Issue a comment file that has comments for the Mt.Fuji Ver. 7
<ftp.avc-pioneer.com/Mtfuji_7/Spec/comment_fuji7.pdf>

Mt.Fuji Ver. 7 Revision 1.01 for Draft for Review created August 25, 2008.
- Update 1.4, "Normative references" on page 50.
- Update 2.2, "Definitions" on page 55 for SATA.
- Update Table 499 - INQUIRY Data Format on page 656 to be consistent with SPC-4.
- Change “DVD Download” to “DVD-Download”.
- Add a description about DVD-Download Dual Layer disc format.
- Add command descriptions of DVD-Download Dual Layer disc.
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- Add an implementation recommendation of SATA COMRESET in 74.2.4, "Mapping of reset functions” on
page 514 and B-6.2, "Reset Usage" on page 942.
- Other misc. clarification and corrections have been made.

Mt.Fuji Ver. 7 Revision 1.09 for Draft for Review created September 19, 2008.
- H-6, "Changes from Mt. Fuji 6 to Mt. Fuji 7" on page 989 is added.
- Device Reset description is added in Table 841 - SATA Reset Function Mapping on page 943.
- Other misc. clarification and corrections have been made.

Mt.Fuji Ver. 7 Revision 1.10 Final created and distributed October 8, 2008.

Mt.Fuji Ver. 7 Revision 1.11 Final created and distributed November 13, 2008.
- A note about host retry operation at the CHECK CONDITION Status, 3/02/00 NO SEEK COMPLETE of READ
(10) command and READ (12) command is added.
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2.0 Conventions

2.1 Document conventions

This document was written for both the drive firmware designer and host software designers. Media specific information
is given when it is helpful to the software designer, as it is assumed that the firmware designers have access to the
appropriate media standards. All such information is informative, and where a conflict occurs between this
documentation and the media documentation, the media documentation shall prevail.

A complete set of commands is documented. However, logical units are not required to implement all commands. The
specific requirements for implementing commands is listed within the Features of the GET CONFIGURATION
command. If a command is implemented, it shall be implemented as defined.

Certain words and terms used in this document have specific meaning beyond the normal English meaning. These words
and terms are defined either in this section or in the text where they first appear and are indicated with an initial capital.
Names of signals, commands, status, and sense keys are in all uppercase (e.g., REQUEST SENSE). Lower case is used
for words having the normal English meaning.

Fields containing only one bit are usually referred to as the <name> bit instead of the <name> field. Numbers that are not
immediately followed by a lower case b or h are decimal. Numbers immediately followed by a lower case b are in
binary, and numbers immediately followed by a lower case h are in hexadecimal. The notation “Hex” may appear in the
headings of tables, indicating that all numbers in the column are written in hexadecimal. (NNh for Hexadecimal, where
NN refers to two hexadecimal digits 0-9, A-F.) All Sense Key information (written as N/NN/NN) is in Hexadecimal.

The representation of decimal number and decimal sign used in this specification is ISO style (i.e., each group of three
digits from decimal sign are separated by a space and a comma is used as the decimal sign). Table 3 shows the example
of decimal number representation.

Table 3 - Decimal number representation

2048 20482 A sector size is 2 048 bytes.
I 65536 65 536 An ECC block size on HD DVD media is 65 536 bytes. I
I 8.54 8,54 The capacity of DVD-ROM Dual Layer disc is 8,54 gigabytes. I

a. As an exception, if a 4-digit represents year, the digit is not separated by a space (e.g., June 15, 2048).

2.2 Definitions
2.2.1 AACS (Advanced Access Content System)

A system for protecting audiovisual content stored on the prerecorded or recordable optical media for consumer use with
PC and CE devices.

2.2.2 Absolute M/S/F Field
See “MSF Address.”

2.2.3 AES

Advanced Encryption Standard (AES) is a cryptographic algorithm that uses symmetric block cipher. AES is defined by
Federal Information Processing Standards Publication 197.

2.2.4 AGID (Authentication Grant ID)

A value used for resource control during key management. Individual key management threads are identified through the
use of AGID.
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2.2.5 ATA (AT Attachment)

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

2.2.6 ATAPI (AT Attachment Packet Interface)

A device which complies with INCITS 317:199x, the AT Attachment Packet Interface. In this document such devices are
referred to as devices implementing the Packet command feature set.

2.2.7 Audio Sector
See “Sector.”
2.2.8 BCA (Burst Cutting Area)

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

2.2.9 BCD (Binary Coded Decimal)

The number system used on the physical CD-ROM and CD-DA media. Numbers that use this notation have the “bcd”
suffix attached. A byte has two 4-bit values, each of which may have a value from 0 to 9. The maximum value is 99bcd
(99 decimal). BCD is only used on the physical CD media.

2.2.10 Block

The term “Block” refers to data sent to/from the host. The Block is data addressed by a Logical Block Address (LBA).
Generally the amount of data in a Block is controlled by the command.

2.2.11 Block SYNC (SY0)

First frame SYNC (SYO) of the first sector of an ECC block.

2.2.12 Book

Term that is used to indicate a book that specifies a CD, DVD or HD DVD standard.
2.2.13 Bordered Area

A contiguous area of a disc that contains user data which is located between Lead-in/Border-in Area and Lead-out/
Border-out Area.

2.2.14 Border-in Area
The area that contains the pointer to the next Border Zone and is located immediately following Border-out.
2.2.15 Border-out Area

The area that follows each Bordered Area and contains the latest RMD copies and so on. This area is used to avoid
pickup overrunning for DVD/HD DVD logical units.

2.2.16 Border recording

A method that is used for interchange of DVD-R media between DVD-R logical unit and DVD read-only logical unit
with Border Zone during Incremental recording mode or Layer Jump recording mode. For HD DVD, a method that is
used for interchange of HD DVD-R media between HD DVD-R logical unit and HD DVD read-only logical unit with
Border Zone.

2.2.17 Border Zone

A generic term that is named for Border-out and Border-in.
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2.2.18 B-RMZ
The RMZ located in the Border-in Area.
2.2.19 BSGA (Block SYNC Guard Area)

A BSGA is an ECC block that is located at the beginning of a recorded area. The BSGA is required where the recorded
area immediately follows an unrecorded area. The BSGA is used to guarantee that the following ECC block(s) is(are)
readable.

2.2.20 Bus Key
A cryptographic key shared by the host and the logical unit as a result of an authentication process.
2.2.21 CD-DA

Compact Disc-Digital Audio (CD-DA) is a standardized medium for recording digital/audio information. The “Red
Book” defines CD-DA media. See IEC 908:1987.

2.2.22 CD-R

Compact Disc-Recordable (CD-R) is a standardized medium defined by the “Orange Book Part 2.” The CD-R system
gives the opportunity to write once and read many times CD information. The recorded CD-R disc may be Red Book
compatible, so it is able to be played back on any conventional CD-player. The CD-R format gives the possibility for
both Audio and Data recording.

2.2.23 CD-ROM

Compact Disc-Read Only Memory (CD-ROM) is a standardized medium for recording digitized audio and digital data.
CD-ROM is used to describe media with digital data rather than discs that encode audio only. The ISO/IEC 10149
standard defines CD-ROM media.

2.2.24 CD-RW

Compact Disc-Rewritable (CD-RW) is a standardized medium defined by the “Orange Book Part 3.” The CD-RW
system gives the opportunity to write, erase, overwrite and read CD information. The recorded CD-RW disc has a lower
reflectivity than a “Red Book compatible' disc, so it shall be played back on CD-RW enabled (MultiRead) CD-players.
The CD-RW enabled CD-player can therefore read out CD-RW discs as well as CD-R and conventional CD discs. The
CD-RW format gives the possibility for both Audio and Data recording.

2.2.25 CD Control Field

The CD Control Field is a 4-bit field in the Q sub-channel data indicating the data type. It indicates audio versus data and
the type of audio encoding, etc. The control field is also found in the table of contents entries.

2.2.26 CD Data Mode

A byte in the header of CD data sectors. This indicates if data is present and the format of the data.
2.2.27 CD media

Term that is used when referring to media that conforms to the CD standards.
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2.2.28 CD Standard

Comprised of one or more of the following documents available from Sony and Philips:
¢ Red Book, CD -DA

¢ Yellow Book, (ISO/IEC 10149) CD-ROM

e Orange book part 2, CD-Recordable and part 3 CD-Rewritable

¢ White book, CD-Video

¢ Green Book, CD Interactive, CD-I

e CD-ROM XA

e  Enhanced Music CD Extra

e  Multi-session CD

2.2.29 CD Text

A method for storing text information on a CD-DA disc.

2.2.30 CDB (Command Descriptor Block)

The structure used to communicate commands from a host to a logical unit.
2.2.31 Cell

Term that is used in DVD-Video specification. The Cell is the basic presentation unit to be played back. See DVD Book
Part 3.

2.2.32 Challenge key
Data used during an authentication key exchange process.
2.2.33 Changer

“Changer” is a mechanical device which allows a single Multi-Media device to load and unload multiple media without
user intervention.

2.2.34 CIRC (Cross Interleaved Reed-Solomon Code)

CIRC is the error detection and correction technique used within small frames of CD audio or data. The CIRC bytes are
present in all CD-ROM data modes. The error correction procedure which uses the CIRC bytes is referred to as the CIRC
based algorithm. In most CD-ROM logical units, this function is implemented in hardware.

2.2.35 Command Packet

“Command Packet” is a structure used to communicate commands from a host to a logical unit. See Command
Descriptor Block.

2.2.36 COMRESET

SATA signal always originates from the host controller, and forces a hardware reset or Interface reset in the logical unit.
2.2.37 CPPM (Content Protection for Pre-Recorded Media)

A system for protecting DVD-Audio content on DVD-ROM media.

2.2.38 CPRM (Content Protection for Recordable Media)

A system for protecting audio-visual content on recordable DVD media.

2.2.39 CSS (DVD-Video Content Scramble System)

A system for protecting DVD-Video content on DVD-ROM media.
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2.2.40 Data Area

The area between the Lead-in Area and the Lead-out Area in which user data is recorded. In case of Border recording,
the Data Area contains Border Zones.

In case of the finalized DVD-R DL media and DVD-RW DL media, the Layer O part of Data Area is between the Lead-
in Area and Middle Area, and the Layer 1 part of Data Area is between the Middle Area and the Lead-out Area.

2.2.41 Data Recordable Area

The area that is available to record user data.

2.2.42 Data Sector

See “Sector.”

2.2.43 Defect Management

Methods for handling the defective areas on media. The defective areas may or may not be readable.
2.2.44 Disc at once recording

A method in which Lead-in, user data and Lead-out are recorded sequentially without interruption, and no pointer to a
next possible session exists.

2.2.45 Disc Key
A value used during the encryption/decryption process of title key data on DVD media.

2.2.46 Double Sided

DVD/HD DVD disc structure is two transparent substrates joined together such that the recorded Layers are on the
inside. A double sided disc has two recorded sides.

2.2.47 Drive Certificate Challenge

Data used during an AACS authentication process. This is used for the host to verify legitimacy of the logical unit.
2.2.48 Drive Key

Data used during an AACS authentication process. This is used, together with the Host Key to generate the Bus Key.

2.2.49 Drive Test zone

This zone is used mainly for the power calibration and located in Data Lead-in Area and Data Lead-out Area. This zone
is called PCA in the case of DVD-R.

2.2.50 Dual Layer

When there are exactly two recording Layers accessible from a given side of the media. L0 is closest to the read-out side
of the media and Layer 1 is further away.

2.2.51 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.

2.2.52 DVD Copyright Information

The DVD Copyright Information is recorded in the DVD Control Data Zone and contain information supplied by the
content provider.

2.2.53 DVD-R
DVD Recordable (DVD-R) is a standardized medium defined by the “DVD-Book” and ECMA-279.
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2.2.54 DVD-R DL

DVD-R Dual Layer media that comply with DVD Specifications for Recordable Disc for Dual Layer (DVD-R for DL)
part one Physical Specifications.

2.2.55 DVD-R SL

DVD-R Single Layer media that comply with DVD Specifications for Recordable Disc for General Part one Physical
Specifications.

2.2.56 DVD-RAM

DVD-Random Access Memory (DVD-RAM) is a standardized medium defined by the “DVD-Book” and ECMA-272.
The media is to be written and read many times over the recording surface of the disc using the phase-change rewritable
effect.

2.2.57 DVD-ROM
DVD-Read Only Memory (DVD-ROM) is a standardized medium defined by the “DVD-Book” and ECMA-267.

2.2.58 DVD-ROM DL
DVD-ROM Dual Layer media that comply with DVD Specification for Read only Disc part one Physical Specifications.
2.2.59 DVD-ROM SL

DVD-ROM Single Layer media that comply with DVD Specification for Read only Disc part one Physical
Specifications.

2.2.60 DVD-RW

DVD Re-recordable (DVD-RW) is a standardized medium defined by the “DVD-Book” and ECMA-338. The media
may be written and read many times over the recording surface of the disc using the phase-change rewritable effect.

2.2.61 DVD-RW DL

DVD-RW Dual Layer media that comply with DVD Specifications for Re-recordable Disc for Dual Layer (DVD-RW for
DL) Part 1 Physical Specifications.

2.2.62 DVD-RW SL

DVD-RW Single Layer media that comply with DVD Specification for Re-recordable Disc (DVD-RW) part one
Physical specifications.

2.2.63 DVD Disc Manufacturing Information

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

2.2.64 DVD media
Term that is used when referring to media that conforms to the DVD standards.
2.2.65 DVD Reference Code

The DVD Reference code is comprised of 2 ECC blocks (32 sectors) in the Lead-in Area and used for the adjustment of
the equalizer system of the drive hardware.
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2.2.66 DVD Standard

Comprised of one or more of the following documents available from the DVD Forum:
* DVD Specification for Read only Disc Part 1 Physical Specifications
* DVD Specification for Read only Disc Part 2 File system Specifications
* DVD Specification for Read only Disc Part 3 Video Specifications
* DVD Specification for Read only Disc Part 4 Audio Specifications
* DVD Specification for Recordable Disc Part 1 Physical Specifications
* DVD Specification for Recordable Disc Part 2 File system Specifications
* DVD Specifications for Recordable Disc for Authoring Part 1 Physical Specifications
* DVD Specifications for Recordable Disc for Authoring Part 2 File system Specifications
* DVD Specifications for Recordable Disc for General Part 1 Physical Specifications
* DVD Specifications for Recordable Disc for General Part 2 File system Specifications
* DVD Specifications for Recordable Disc for Dual Layer (DVD-R for DL) Part 1 Physical Specifications
* DVD Specification for Rewritable Disc Part 1 Physical Specifications
* DVD Specification for Rewritable Disc Part 2 File system Specifications
* DVD Specification for Re-recordable Disc (DVD-RW) Part 1 Physical Specifications
* DVD Specification for Re-recordable Disc (DVD-RW) Part 2 File system Specifications
* DVD Specifications for Re-recordable Disc for Dual Layer (DVD-RW for DL) Part 1 Physical Specifications
* DVD Specification for Rewritable/Re-recordable Discs Part 3 Video Recording (DVD-VR)

2.2.67 EAN (European Article Number)

Controlled by the GS1 (formerly known as EAN International) located at rue Royale 29, 1000 Brussels, Belgium.
2.2.68 ECC (Error Correction/Correcting Code)

Code for detecting and correcting errors in a data field.

2.2.69 ECC block

An ECC block is a self-contained block of data and error correction codes. On DVD media, this is a group of 16 DVD
sectors. On HD DVD media, this is a group of 32 HD DVD sectors.

2.2.70 EDC (Error Detection Code)

Code for detecting an error in a data field.

2.2.71 Field

A Field is a group of one or more contiguous bits.

2.2.72 FIS (Frame Information Structure)

The user payload of a frame in the transferred Serial ATA signal.
2.2.73 Fixed Middle Area

On DVD-R DL and DVD-RW DL discs, if the start PSN of Middle Area on L0 is the PSN of the next of the last sector of
the Data Recordable Area on LO specified by the pre-recorded or embossed Control Data Zone in the Lead-in Area, the
Middle Area is referred to as Fixed Middle Area.

2.2.74 Format
The arrangement or layout of information on media.
2.2.75 Frame

A sector on CD media. Also the F field unit of a MSF CD address. The smallest addressable unit in the main channel.
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2.2.76 Groove
The wobbled guidance track on recordable media. (e.g., CD-R and DVD-R).

2.2.77 Hardware Defect Management
A Defect Management that the defect list is managed by the logical unit. See 2.2.43 Defect Management.
2.2.78 HD DVD Control Data Zone

The HD DVD Control Data Zone is comprised of 192 ECC blocks in the System Lead-in Area of a HD DVD medium.
The content of 32 sectors in each Block is repeated 192 times. This area contains information concerning the disc.

2.2.79 HD DVD Disc Manufacturing Information

The HD DVD Disc manufacturing information is recorded in the HD DVD Control Data Zone and contain information
supplied by disc manufacturer.

2.2.80 HD DVD media
Term that is used when referring to media that conforms to the HD DVD standards.
2.2.81 HD DVD Reference Code

The HD DVD Reference code is comprised of 1 ECC block (32 sectors) in the Lead-in Area and used for the adjustment
of the equalizer system of the drive hardware.

2.2.82 HD DVD Standard

Comprised of one or more of the following documents available from the DVD Forum:
*  DVD Specifications for High Density Read-only Disc part one Physical Specifications
*  DVD Specifications for High Density Read-only Disc part two File system specifications
*  DVD Specifications for High Definition Video (HD DVD-Video)
*  DVD Specifications for High Density Recordable Disc part one Physical Specifications
*  DVD Specifications for High Density Recordable Disc part two File system specifications
*  DVD Specifications for High Density Rewritable Disc part one Physical Specifications
*  DVD Specifications for High Density Rewritable Disc part two File system specifications
*  DVD Specifications for High Definition Video Recording (HD DVD-VR)

2.2.83 Hold Track State

When a Multi-Media logical unit enters the hold track state the optical pick-up is maintained at an approximately
constant radial position on media. This allows a paused operation to be resumed without latency due to seeking.
However, rotational latency may be incurred.

2.2.84 Host Certificate Challenge

Data used during an AACS authentication process. This is used for the logical unit to verify legitimacy of the host.
2.2.85 Host Key

Data used during an AACS authentication process. This is used, together with the Drive Key to generate the Bus Key.

2.2.86 ID

A four byte field in the header of DVD/HD DVD sectors which contains sector information and a physical sector
number.

2.2.87 IED (ID Error Detection code)
Code for detecting errors in an ID field on DVD/HD DVD media.
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2.2.88 Incremental recording

Recording of the disc by several distinct recording actions (for example, at different times using different recording
logical units). For DVD-R, in this recording mode, the specified linking scheme either 2 KB link or 32 KB link is used.
For HD DVD-R, lossless linking scheme is used at any time.

2.2.89 Index

An index is a subdivision of a logical track. A track may have indices from 0 to 99. Index numbers within a track are
sequential.

2.2.90 Invalid

Invalid refers to a reserved or unsupported field or code value.

2.2.91 Last Recorded Address (LRA)

Last Recorded Address is the Logical Block Address of the last recorded user data Block in an RZone.
2.2.92 Layer

The recorded information is in Layers as seen from one side of a DVD/HD DVD Disc. There are Single and Dual Layer
discs. In the case of Dual Layer discs the data is recorded using either OTP or PTP. Layers are numbered sequentially,
starting from 0. See 2.2.155 Single Layer and 2.2.50 Dual Layer.

2.2.93 Layer Jump Address

The Layer Jump Address is the logical block address on a Layer that cause NWA transition to the other Layer in an
RZone during the Layer Jump recording. In the case of DVD-R Dual Layer discs, the end logical block address of User
Data Area on L0 and the logical block address that is located immediately before the Shifted Middle Area are also Layer
Jump Addresses.

2.2.94 Layer Jump recording

A kind of sequential recording to perform recording on Layer O and Layer 1 alternately on a Dual Layer medium. On
DVD-R Dual Layer discs, the Format 4 RMD is used to perform Layer Jump recording.

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

2.2.96 LBA Extent

The LBA Extent is a collection of the sectors to which consecutive LBAs are assigned. The LBA Extent is a part or
whole of the LBA Space.

2.2.97 LBA Space

The LBA Space is a collection of the sectors in between the LBA 0 to the maximum LBA of the medium. Only one
active LBA Space exists on mounted medium or the online Format-layer.

Typically, the LBA Space of the formatted or finalized random readable media is from LBA 0 to maximum LBA
reported by READ CAPACITY command. The LBA Space of the sequential recording media and the restricted
overwrite media in Intermediate state includes the sectors which will be able to be accessed by LBA by future writing.

2.2.98 Lead-in Area

The CD Lead-in Area is the area on a CD disc preceding the first track. The area 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 but is not directly addressable via the command set. The Q sub-channel in this area is coded with the Table of
Contents information.
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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.

The HD DVD Lead-in Area is the area consists of 3 parts; System Lead-in Area, Connection area and Data Lead-in Area.

2.2.99 Lead-out Area

The CD Lead-out Area is the area on a CD disc beyond the last information track. The main channel in the Lead-out
Area contains audio or data null information. This area is coded as track AAbcd but is not directly addressable via the
command set.

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 Layer discs and Dual Layer PTP (Parallel Track Path) discs, or area comprising physical sectors 1,2 mm
wide or more adjacent to the inside of the Data Area in Layer 1 of OTP (Opposite Track Path) discs.

The HD DVD Lead-out Area consists of 1 or 3 parts as follows:
« HD DVD-ROM (OTP) Lead-out Area consists of System Lead-out Area, Connection area and Data Lead-out Area.
« HD DVD-ROM (PTP)/R/RAM Lead-out Area consists of Data Lead-out Area only.

2.2.100 L-EC
Layered Error Correction (L-EC) is an error correction technique used with CD-ROM sectors.
2.2.101 Linking Loss Area

For DVD-R/-RW, area that is used for linking the new recording data after the previous recording data when Incremental
recording or Layer Jump recording mode are selected.

2.2.102 Link size

The minimum additional consumption of user data area except padding of unrecorded user data sectors in the last ECC
block that is performed at the end of the user data recording.

2.2.103 Logical Block
See “Block.”
2.2.104 Logical Track

A track is a logical sub-division of the CD media. A disc has from one to ninety-nine tracks. The data within a track is
always of the same type. A track may be either CD-ROM or CD-Audio. A disc may start at any track number.

2.2.105 logical unit

A physical or virtual peripheral device addressable through a device.
2.2.106 LPP (Land Pre-pit)

Pits embossed on land during the manufacture of a DVD-R disc substrate which contains address information.
2.2.107 L-RMZ

RMZ located in the Data Lead-in Area.

2.2.108 LUN (logical unit Number)

The address of a logical unit.

2.2.109 Magazine

A container for multiple discs or cartridges.

2.2.110 Medium

A single disc.
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2.2.111 Middle Area

Area comprising physical sectors 1,0 mm wide or more adjacent to the outside of the Data Area in OTP (Opposite Track
Path) disc on both Layers of Dual Layer media.

On DVD-R DL and DVD-RW DL media, the Middle Area represents either the Shifted Middle Area or the Fixed Middle
Area.

2.2.112 MMC

MMC (Multi-Media Commands) is one of SCSI-3 standards. MMC describes the command set for multi-media devices
such as CD, DVD based upon (but not necessarily compatible with) SCSI-2.

2.2.113 Morph
An Event that occurs whenever the data that would be reported by a GET CONFIGURATION command changes.
2.2.114 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 0O through 74. Valid contents of S fields are binary values from 0 through 59. Valid contents of M fields are
bed values from O through 79 in the user Data Area.

2.2.115 Multi-Media logical unit

A logical unit that conforms to MMC device model. The device type of the Multi-Media logical unit is 05h. The device
type is identified by the contents of the Peripheral Device Type field in the standard INQUIRY data.

2.2.116 Next Border Marker

The sector that is a flag to indicate whether the next Border-in Area, Bordered Area and Border-out Areas exist or not.
2.2.117 Next Writable Address (NWA)

Data appendable address during sequential recording and Restricted Overwrite mode with intermediate state.
2.2.118 One

“One” represents a true signal value or a true condition of value.

2.2.119 OPC (Optimum Power Calibration)

A process to determine the optimum recording power for a given disc/logical unit system.

2.2.120 OTP (Opposite Track Path)

An OTP disc has a Lead in, two separated user areas, Lead-out, and a Middle Area. The physical sector number (PSN) of
sectors in LO increases toward the Middle Area. The physical sector number (PSN) of sectors in Layer 1 are numbered
with the complement of the LO sector below it. The sector numbering in Layer 1 increases from the Middle Area to the
Lead-out Area.The relation between the Logical Block Address and the physical sector number is shown in

Figure 7 - Physical and logical layout of OTP DVD-ROM DL/-R DL/-RW DL/-Download DL media on page 89 and
Figure 124 - Physical and logical layout of Opposite Track Path HD DVD-ROM media on page 303.

2.2.121 Output Port
The Output Port is a means for connecting to data ports other than the host interface, e.g., Audio.
2.2.122 Packet

A recording unit which includes an integer number of contiguous sectors. For CD media, a Packet includes a Link block,
four Run-in blocks, two Run-out blocks and User Data blocks. For DVD/HD DVD media, a Packet includes ECC
block(s).
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2.2.123 Page

Several commands use regular parameter structures that are referred to as pages. These pages are identified with a value
known as a page code.

2.2.124 Pause Area

A “Pause Area” is a transition area at the beginning or end of a CD audio track encoded with audio silence. This
transition area is required where the CD audio track immediately precedes a CD data track.

2.2.125 PCA (Power Calibration Area)
Area used for Optimum Power Calibration. This area ends at the start of the RMA or PMA.

2.2.126 Phase-change

A physical effect in which a laser beam irradiated area of a recording film is heated so as to reversibly change from an
amorphous state to a crystalline state, and vice versa.

2.2.127 Physical Interface Asynchronous Notification

Physical Interface is a conductive device or electrical connector and its protocol joining the host and the device together,
i.e. ATAPI, SCSI, or IEEE 1394. Asynchronous notification is a mechanism for a device to send a notification to the host
that the device requires attention.

2.2.128 Physical Track

A concept of a continuous spiral where the physical track begins at a point in the spiral continuing for 360 degrees along
the spiral. A spiral contains multiple physical tracks.

2.2.129 PI error correction
An error correction process of user data in an ECC block using inner-code parity (PI) of the ECC block.

2.2.130 PMA (Program Memory Area)

PMA is the area for temporary storage of Table of Contents entries. This area starts right after the PCA and it ends at the
start of the Lead-in.

2.2.131 PO error correction
An error correction process of user data in an ECC block using outer-code parity (PO) of the ECC block.
2.2.132 Post-gap Area

Post-gap Area is a transition area at the end of a data track and is encoded with null information. This transition area is
required where the data track immediately precedes an audio track.

2.2.133 Pre-gap Area

Pre-gap Area is a transition area at the beginning of a data track and is encoded with null information. This transition
area is required where the data track immediately follows an audio track.

2.2.134 Pre-Groove
The wobbled guidance track on recordable media. (e.g., CD-R and DVD-R).
2.2.135 Program Area

Contains the user data on CD media.
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2.2.136 PSN (Physical Sector Number)

Each sector on DVD/HD DVD media is addressable by the logical unit using an address called the Physical Sector
Number or PSN. Not all of these sectors are addressable using an LBA. In the SCSI world this address is normally called
the Physical Block Address or PBA.

2.2.137 PTP (Parallel Track Path)

A PTP disc has a Lead in, user area and Lead-out in each layer respectively. The physical sector number (PSN) of both
layers increase to the Lead-out in parallel. The relation between the Logical Block Address and the physical sector
number is shown in Figure 6 - Physical and logical layout of PTP DVD-ROM Dual Layer media on page 88 and
Figure 123 - Physical and logical layout of Parallel Track Path HD DVD-ROM media on page 302.

2.2.138 RDZ (RMD duplication zone)

RDZ is the zone for recording the latest RMD. This zone starts right after the Guard track zone and ends at the start of
the L-RMZ.

2.2.139 Read/Modify/Write

Read/Modify/Write operation is a type of write operation and performs the following operation.
* Read data from a medium into a data buffer using the smallest writable unit (e.g., Packet/ECC block).
* Modify portions of that data with the data from the host.
* Write these data to the medium using the smallest writable unit.

2.2.140 Reed-Solomon code

An error detection and/or correction code which is particularly suited to the correction of errors which occur in bursts or
are strongly correlated.

2.2.141 Region Code

A value used to identify a region of the world for DVD. Currently, there are only six regions defined.
2.2.142 Relative M/S/F Field

See “MSF Address.”

2.2.143 RMA (Recording Management Area)

RMA is the area for recording RMD. This area starts right after the PCA and it ends at the start of the Lead-in.
2.2.144 RMD (Recording Management Data)

The data to be stored in RMA/RMZ/RDZ.

2.2.145 RMZ (Recording management zone)

RMZ is the zone for recording RMD. Three kinds of RMZ formats are defined, L-RMZ, B-RMZ and U-RMZ.
2.2.146 RPC (Regional Playback Control)

The technique used to prevent CSS movie content from being viewed outside the content provider’s specified region(s)
of the world.

2.2.147 RZone

The RZone is a collection of logical blocks with a defined sequence of recording. The RZone is a structure to manage a
data appendable point. The logical blocks on a layer in an RZone are contiguous.

In case of Layer Jump recording capable medium, LBA may be discontinuous at a Layer transition point in an RZone.
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2.2.148 Serial ATA (SATA)

SATA defines the physical, electrical, transport, and command protocols that has logical compatibility with ATA for the
block storage devices.

2.2.149 SBC

SBC (SCSI Block Commands) is one of SCSI-3 standards. SBC describes the command sets for block-oriented direct-
access devices such as magnetic disk drives.

2.2.150 Sector

For CD media, “Sector” refers to the data contained in one frame. In the CD-ROM standard document the term Block is
used for this unit. Equivalent to an MSF Frame.

For DVD/HD DVD media, “Sector” is the smallest addressable part of a medium.

2.2.151 SecurDisc

A system that allows to protect data on recordable optical media.

2.2.152 Sequential Recording

A method for recording sectors contiguously onto the media. The data appendable address is indicated by NWA.
2.2.153 Session

A contiguous area of a Disc that contains a Lead-in, a Program Area (PA), and a Lead-out.

2.2.154 Shifted Middle Area

On DVD-R DL and DVD-RW DL discs, if the start PSN of Middle Area on L0 is equal to or smaller than the PSN of the
last sector of the Data Recordable Area on LO specified by the pre-recorded or embossed Control Data Zone in the Lead-
in Area, the Middle Area is referred to as Shifted Middle Area.

2.2.155 Single Layer
There is exactly one recording layer accessible from a given side of the media.

2.2.156 Single Sided

The DVD/HD DVD disc mechanical structure of two transparent substrates joined together such that the recorded layers
are on the inside. Single sided discs have one recorded side and one unrecorded side.

2.2.157 SPC

SPC (SCSI Primary Commands) is one of SCSI-3 standards. SPC contains the definition of the basic commands for all
SCSI devices. SPC is used in conjunction with a standard for the specific device type.

2.2.158 Software Defect Management
A Defect Management that the defect list is managed by the host. See 2.2.41 Defect management.

2.2.159 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 drive, such as the control field and MSF
addresses.

2.2.160 SY0
See “Block Sync.”
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2.2.161 Terminator

The data to be recorded as a Data Lead-out Area.

2.2.162 Title Key

A value used during the encryption/decryption process of user data on DVD media.
2.2.163 TOC (Table Of Contents)

The table of contents has information on the type of disc and the starting address of the tracks. This information is
encoded in the Q sub-channel, in the Lead-in Area of CD media.

2.2.164 Track Relative Logical Address
An address of a Logical Blocks relative to the beginning of a logical track.
2.2.165 Transition Area

Sector at the beginning or end of logical tracks e.g., Pause Area, Pre-Gap, Lead-out, Post-gap that are coded with null
information are called transition areas. Where required by the media standards, these areas have minimum lengths. The
maximum lengths are not specified. Transition areas at the beginning of a logical track are encoded with index zero.

2.2.166 UPC (Universal Product Code)

Controlled by the GS1 US (formerly known as UC Council, Inc.,) located at 1009 Lenox Drive, Suite 202 Lawrenceville,
NJ 08648.

2.2.167 U-RMZ

RMZ located in the User Data Area.

2.2.168 User Data

The data that is normally transferred across the logical unit interface by and for read and write commands.
2.2.169 Volume

1. A side of a medium. 2. The perceived loudness of audio.

2.2.170 Write back cache

During write operation, the data that is to be written to the medium is first stored in the cache memory, then written to
the medium at a later time. The command may complete prior to the data being written to the medium.

2.2.171 Zero

Zero is a false signal value or a false condition of a variable.

2.3 Keyword definitions
Several keywords are used to differentiate between different levels of requirements and optionality, as follows:

2.3.1 expected

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

2.3.2 may

A keyword that indicates flexibility of choice with no implied preference.
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2.3.3 shall

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

2.3.4 should

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

2.3.5 obsolete

A keyword indicating items that were defined in prior version of this specification but have been removed from this
document.

2.3.6 restricted

A keyword indicating items that are not defined in this specification but are defined in SCSI standards. A restricted field
is treated as a reserved in this specification.

2.3.7 mandatory
A keyword indicating items required to be implemented as defined by this specification.
2.3.8 optional

A keyword that describes features which are not required to be implemented by this specification. However, if any
optional feature defined by the specification is implemented, it shall be implemented as defined by the specification.
Describing a feature as optional in the text is done to assist the reader. If there is a conflict between text and tables on a
feature described as optional, the table shall be accepted as being correct.

2.3.9 reserved

A key word referring to bits, bytes, words, fields and code values that are set aside for future standardization. Their use
and interpretation may be specified by future extensions to this or other specification. A reserved bit, byte, word or field
shall be set to zero, or in accordance with a future extension to this specification. The recipient shall not check reserved
bits, bytes, words or fields. Receipt of reserved code values in defined fields shall be treated as an error.

2.4 Symbols, abbreviations and acronyms

Table 4 - The list of symbols, abbreviations and acronyms

BB Buffer Block

Border Bordered Area
Border-in Border-in Area
Border-out Border-out Area

CDZ Control Data Zone
CE Consumer Electronics
DAO Disc-at-Once

DL Dual Layer

M Intermediate Marker
ISO International Organization for Standardization
LO Layer 0

L1 Layer 1

Lead-in Lead-in Area
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Table 4 - The list of symbols, abbreviations and acronyms (continued)

Lead-out Lead-out Area
L] Layer jump
LJB Layer Jump Block
LLA Linking Loss Area
LRA Last Recorded Address
LSB Least Significant Bit
MA Middle Area
MSB Most Significant Bit
NWA Next Writable Address
PC Personal Computer
R-PFI R-Physical Format Information
SAO Session-at-Once
SL Single Layer
TAO Track-at-Once
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3.0 CD model

Data transfer may begin with any of the consecutively numbered logical blocks. Data on CD logical units is addressed
the same as for (magnetic) direct-access logical units. Some CD logical units support a separate information stream (e.g.,
audio and/or video but referred to as audio in this Section) transmitted via a connection other than the ATA Bus. This
specification defines commands for controlling these other information streams for CD logical units.

CD logical units are designed to work with any disc that meets IEC 908. Many new logical units read CD data discs,
digital audio discs, and audio-combined discs (i.e., some Tracks are audio, some Tracks are data).

Note: Important notice to implementor of CD-R and CD-RW applications
There are still large number of logical units that can only record to CD-R and CD-RW media, and they are mostly
MMC-1 compatible. This specification defines many commands, but implementor of this specification need to be notified
that Legacy CD-R/-RW logical units may only recognize the MMC-1 command scheme.
Typical commands that are supported in this category of logical units are as follows:

BLANK

CLOSE TRACK/SESSION

FORMAT UNIT

INQUIRY

MODE SELECT

MODE SENSE

PREVENT ALLOW MEDIUM REMOVAL

READ BUFFER CAPACITY

READ DISC INFORMATION

READ TOC/PMA/ATIP

READ TRACK INFORMATION

REQUEST SENSE

RESERVE TRACK

SET CD SPEED

START STOP UNIT

SYNCHRONIZE CACHE (10)

TEST UNIT READY

WRITE (10)

3.1 CD media organization
The formats written on the CD-ROM and CD-DA (Digital Audio) media require special interfacing considerations.

Discs may contain either audio, data or a mixture of the two. Table 5 gives an example of an audio-combined disc to
illustrate the relationship between the logical block addresses reported and the MSF address encoded on the media.

Note: The term “Frame” is used in two different ways in the CD media standards. The intended meaning can only be
determined from the context. Whenever possible, this description replaces the larger data unit with the more familiar
term sector. The primary exception to this policy is the use of frame when referring to the MSF address. In the MSF
context, one frame (F field unit) equals one sector. On a typical two channel CD-DA media, each frame (F field unit) is
played in 1/75th of a second.
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Table 5 - Example mixed mode CD disc layout

Logical

Absolute MSF

Block ~ Track and | SectorisInfo | Mode Audio CD-ROM
Description Add.ress LI Index or is Pause or Data Data Mode
(Decimal) (Hex)

Lead-in Area® - - 0/- - Audio -
Pre-gap® --- 00/00/00 1/0 Pause Data Null
Ist Track data 0 0009 00/02/00° 1/1 Info Data L-EC
2nd Track data 6 0009 01/16/00° 2/1 Info Data L-EC

7 500 01/2A/00 2/2 Info Data L-EC
Post-gap 9000 02/02/00 2/3 Pause Data Null
Pause-silence 9150 02/04/00 3/0 Pause Audio -—-
3rd Track audio 9300 02/06/00 3/1 Info Audio -

11 400 02/22/00 32 Info Audio -
4th Track audio 21 825 04/35/00 4/1 Info Audio -—-
Pre-gap part 1 30 000 06/2A/00 5/0 Pause Audio -
Pre-gap part 2 30075 06/2B/00 5/0 Pause Data Null
5th Track data 30225 06/2D/00 51 Info Data L-EC
Last information 263 999 3A/29/4A 5/1 Info Data L-EC
Post-gap 264 000 3A/2A/00 52 Pause Data Null
Lead-out Track 264 150 3A/2C/00 AA/0 Pause Audio -

a. Absolute MSF address repeated in the header field of data blocks.
b. The CD-ROM data mode is stored in the header of data Tracks. This indicates that the block is part of a data pre-gap or post-
gap (null), that this is a data block using the auxiliary field for L-EC symbols (ECC - CD-ROM data mode one), or that this
is a data block using the auxiliary field for user data (CD-ROM data mode two).
c. Table of contents information is stored in the sub-channel of Lead-in Area. The Lead-in Area is coded as Track zero. Track
zero and the initial 150 sector pre-gap (or audio pause) are not accessible with logical addressing.
d. Exact value returned by READ TOC/PMA/ATIP command.
e. Value stored in Table of Contents with zero tolerance.
f. Value stored in Table of Contents; exact, if Lead-out Track is coded as data, or plus or minus 75 blocks if coded as audio.
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Approx. 23 mm
; Special Optical Sensor used for this location

Center

PCA
Test |Count PMA TOC (LI) : : : Lead-out TOC

User Blocks

< oo First Session ~ + =+ =+ D>+ + Second Session

Partially recorded disc TOC information contained in the PMA

The PCA is used for Power Calibration

Note: There are a limited number of times that the PCA may be used,
where the number is logical unit dependent.

Figure 1 - CD-R/RW disc layout

The physical format defined by the CD-ROM media standards provides 2 352 bytes per sector. For usual computer data
applications, 2 048 bytes are used for user data, 12 bytes for a synchronization field, 4 bytes for a sector address tag field
and 288 bytes - the auxiliary field - for L-EC (CD-ROM data mode 1). In less critical applications, the auxiliary field
may also be used for user data (CD-ROM data Mode 2 / Form 2).

Sync Header Data EDC 0 ECC (P&Q)
Yellow Book
Mode 1 12 4 2 048 8 276

Auxiliary Field (288)
Data

Yellow Book Sync  Header
Mode 2 12 E 2 336

Sync Header Data EDC ECC (P&Q)

XA
Mode 2 Form 1 12 8 2 048 276
SubHeader Auxiliary Field (280)
Sync Header Data Spare
XA
Mode 2 Form 2 12 4 8 2324 4
SubHeader Note: The Spare data is normally
returned with the user data
Small Frame (1) Small Frame (98)
CD Digital Audio 6x4
SubChannel
Figure 2 - CD-ROM sector formats
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A CD logical sector size is 2 048, 2 052, 2 056, 2 324, 2 332, 2 336, 2 340 or 2 352 bytes per sector. These values
correspond to the user data plus various configurations of header, subheader and EDC/ECC.

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

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

A Track may be viewed as a partition of the CD address space. The CD media contains from one to ninety-nine Tracks.
All information sectors of a Track are required to be of the same type (audio or data) and mode. Each change in the type
of information on the disc requires a change in Track number. A disc containing both audio and data would have at least
two Tracks, one for audio and one for data.

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

The CD media standards require transition areas between Tracks encoded with different types of information. In
addition, transition areas may be used at the beginning or end of any Track. For audio Tracks the transition areas are
called pause areas. For data Tracks, transition areas are called pre-gap and post-gap areas. See Table 5 - Example mixed
mode CD disc layout on page 74 for an example. The IEC 908 and ISO/IEC 10149 standards specify minimum time
durations for these areas. Maximum time durations are not specified.

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

CD is unique in the respect that some logical blocks on a disc may not be accessible by all commands. SEEK commands
may be issued to any logical block address within the reported capacity of the disc. READ (10) commands cannot be
issued to logical blocks that occur in some transition areas, or to logical blocks within an audio Track. PLAY AUDIO
(10) commands cannot be issued to logical blocks within a data Track.

CD media have Lead-in and Lead-out Areas. These areas are outside of the user-accessible area as reported in the READ
CAPACITY command data. The Lead-in Area of the media is designated Track zero. The Lead-out Area is designated
Track AAh. The sub-channel Q in the Lead-in Track contains a Table of Contents (TOC) of the disc.

Note: The READ FORMAT CAPACITIES command returns the logical block address of the last block prior to the Lead-
out Area. This location may be in a transition area and therefore not a valid address for read operations.

The Table of Contents gives the absolute MSF location of the first information sector of each Track. Control information
(e.g., audio/data, method of audio encoding) for each Track is also given in the TOC. However, the TOC does not
distinguish between the different modes of data Tracks (i.e., CD-ROM Data Mode 1 vs. CD-ROM Data Mode 2).

The MSF locations of the beginning of data Tracks in the TOC are required to be accurate; however, the TOC values for
audio Tracks have a tolerance of plus or minus 75 sectors. Information from the TOC can be used to reply to a READ
CAPACITY command. When this is done, the logical unit implementor shall consider the possible tolerances and return
a value that allows access to all information sectors.

An index is a partition of a Track. Pre-gap areas are encoded with an index value of zero. Pause areas at the beginning of
audio Tracks are also encoded with an index value of zero. The first information sector of a Track has an index value of
one. Consecutive values up to 99 are permitted. Index information is not contained in the TOC. Not all sectors are
encoded with the index value in the Q-sub-channel data (the requirement is 9 out of 10). A sector without an index value
is presumed to have the same index as the preceding sector.
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Tracks and indexes are not defined to be any particular length, (except for a minimum Track length of 300 sectors.) A
CD disc may be created with a single information Track that has a single index; or with 99 information Tracks, each with
99 indices.

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

Note: The purpose of accessing MSF addresses less than 00/02/00 MSF is to retrieve information, such as packet size,
from incrementally written discs. This information exists in the Track Descriptor Block in the pre-gap area. Users can
read this information by scanning the area between 00/01/00 MSF to 00/02/00 MSF. While the media may contain
multiple redundant copies of the pre-gap data, the logical unit shall only return one copy. The logical unit may not be
able to read 00/00/00 MSF since there is no Sub-Q information before this frame. See the Orange Book Part 2 for
additional details.

3.2 CD physical data format

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

A CD 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 with an 8-bit to 14-bit code; then three merging bits are added. The
merging bits are chosen to provide minimum low-frequency signal content and optimize phase lock loop performance.

3.2.1 Frame format for audio

Each small frame of an audio Track on a two-channel CD-DA or CD-ROM media consists of six digitized 16-bit
samples of each audio channel. These 24 bytes of data are combined with a synchronization pattern, CIRC bytes and a
sub-channel byte to make a frame. Each frame takes approximately 136,05 ps to play. This gives a sampling rate of 44,1
kHz for each channel. The sub-channel information creates the higher level sector grouping for audio Tracks.

3.2.2 Sector format for data

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.)
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A sector that contains CD-ROM Data Mode 1 data has the following format:

1. 12 byte synchronization field

2. 4 byte CD-ROM data header:
e Absolute M field
e Absolute S field
e Absolute F field
¢ CD-ROM data mode field

2 048 byte user data field
4 byte error detection code
8 bytes zero

276 byte layered error correction code

> o AW

sector that contains CD-ROM Data Mode 2 data has the following format:

1. 12 byte synchronization field

2. 4 byte CD-ROM data header
e Absolute M field
e Absolute S field
e Absolute F field
¢ CD-ROM data mode field

3. 2336 byte user data field (2 048 bytes of mode 1 data plus 288 bytes of auxiliary data)

Note: Many logical units are capable of returning CD-ROM data mode one data in a CD-ROM data mode two format.
This allows the user to investigate the error detection and error correction codes. However data encoded as CD-ROM
data mode two cannot be read as CD-ROM data mode one data.

3.2.3 Sub-channel information formats
The sub-channel 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 is a simple flag bit that may be used for audio muting control and Track boundary determination.

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

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

1. 2-bit sub-channel synchronization field

4-bit ADR field (defines the format)

4-bit control field (defines the type of information in this sector)
8-bit Track number

8-bit index number

24-bit Track relative MSF address

8 bits Reserved (0)

24-bit Absolute MSF address

Y ® N kWD

16-bit CRC error detection code

This format is required to exist in at least nine out of ten consecutive sectors.
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The second and third formats are optional. If used, they shall exist in at least one out of 100 consecutive sectors. They
include the absolute frame byte of the MSF address to provide location information continuity.

The second format gives the catalogue number of the disc (UPC/EAN bar code number). This information is constant
over the whole media.

The third format gives the International Standard Recording Code (ISRC) for each Track. The ISRC is defined in
ISO 3901. This format is not present on Lead-in or Lead-out Tracks and may change only after the Track number
changes.

3.3 CD audio error reporting

PLAY AUDIO commands with the immediate bit set in the audio control mode return status as soon as the command has
been validated (which may involve a seek to the starting address). The playback operation continues and may complete
without notification to the host. Error termination of audio operations shall not be reported to the host.

The status of the play operation may be determined by issuing a REQUEST SENSE command. The sense key is set to
NO SENSE and the audio status is reported in the Additional Sense Code Qualifier field.

3.4 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 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:
1. There is no disc mounted.
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 or BLANK. This condition is defined in Logical Unit Not Busy condition/Busy condition.

The logical unit shall spin up and make the disc ready for media accesses when a new 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 “NOT READY” CHECK CONDITION, and others are not. Table 299 - NOT
READY error and Timeout UNIT ATTENTION reporting (by command) on page 510.

3.5 Logical Unit Not Busy condition/Busy condition

While a logical unit is in Logical Unit Busy condition after the logical unit becomes READY condition, the logical unit
may not be able to execute some commands and will respond with CHECK CONDITION status. The following Sense
Key/ASC/ASCQ are defined for possible Logical Unit Busy condition.

e 2/04/04 LOGICAL UNIT NOT READY, FORMAT IN PROGRESS,
e 2/04/07 LOGICAL UNIT NOT READY, OPERATION IN PROGRESS
e 2/04/08 LOGICAL UNIT NOT READY, LONG WRITE IN PROGRESS.

Some commands (e.g., RESERVE TRACK command, SEND OPC INFORMATION command) that do not have the
Immed bit in their Command Descriptor Block may cause a Logical Unit Busy condition.
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There are several cases that are not Logical Unit Busy conditions.

1.

Commands that have an Immed bit set to one in their Command Descriptor Block may cause a Logical Unit Busy
condition. During cached recording when the write buffer has become full, a logical unit may respond to a
WRITE command with CHECK CONDITION status, 2/04/08 LOGICAL UNIT NOT READY, LONG WRITE
IN PROGRESS. This case is not a Logical Unit Busy condition.

While a logical unit is recognizing a medium at the medium insertion, the logical unit responds to a TEST UNIT
READY command with CHECK CONDITION status, 2/04/01 LOGICAL UNIT IS IN PROCESS OF
BECOMING READY. This case is not a Logical Unit Busy condition. It is because that the logical unit may not
be Ready condition if the logical unit does not support the inserted medium. The logical unit cannot show the
remaining time to be not busy before the logical unit recognizes the medium.

A logical unit may become Busy under the conditions described above, however, the logical unit is not required
to become Busy. For example, if the host sends a CLOSE TRACK/SESSION command with Immed bit set to
one to close a track and the track is already closed, the logical unit may terminate the command with GOOD status
and never enter the Logical Unit Busy condition.

3.6 CD address reporting formats (MSF bit)

Several CD specific commands can return addresses either in logical block address or in MSF format. The READ
SUBCHANNEL, and READ TOC/PMA/ATIP commands have this feature.

Table 6 - MSF address format

Reserved

M Field

0
1
2 S Field
3 F Field

An MSF bit of zero requests that the logical block address format be used for the absolute address field or for the offset

from the beginning of the current Track expressed as a number of logical blocks in a CD Track relative address field.

An MSF bit of one requests that the MSF format be used for these fields. In certain transition areas, the relative MSF

addresses are decreasing positive values. The absolute MSF addresses are always increasing positive values. The M, S,

and F Fields are expressed as binary numbers.

3.7 Error reporting

If any of the following conditions occur during the execution of a command, the CD logical unit shall return CHECK

CONDITION status. The appropriate sense key and additional sense code 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.
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Table 7 - Error conditions and Sense Keys

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 since last command UNIT ATTENTION
Self diagnostic failed HARDWARE ERROR
Unrecorded read error MEDIUM ERROR / HARDWARE ERROR
Recovered read error RECOVERED ERROR
Overrun or other error that might be resolved by repeating the command ABORTED COMMAND

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

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

There are other special error situations for CD logical units. The following cases shall cause CHECK CONDITION
status, 5/63/00 END OF USER AREA ENCOUNTERED ON THIS TRACK:

1. apost-gap area is encountered (i.e., a block with CD-ROM Data Mode 0);
2. apre-gap area is encountered (i.e., a block with index equal to 0);
3. The information type (e.g., Data Mode vs. Audio) changes.

When not performing audio playback, if the logical block address requested is not within a data Track, the command
shall be terminated with CHECK CONDITION status, 5/64/00 ILLEGAL MODE FOR THIS TRACK. This applies to
audio-combined and audio media.

3.8 Recording for CD media

There are several kinds of writing method of recording data in CD media. Session At Once, Track At Once, and Packet
Writing are all used as methods of recording CD 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.

3.8.1 Packet layout for CD

The layout of a Packet on CD media is shown in Figure 3. Each packet starts with Link block followed by four Run-in
blocks. The User data blocks are placed directly after the Run-in blocks. Finally, two 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

Link | Run-in | Run-in | Run-in | Run-in User Data Blocks Run-out| Run-out

Figure 3 - Packet Layout
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Figure 4 shows an example of the layout of packet written Track.

< Track #n < Track #(n+1)- — — -

Pre-gap
«— <4— index=1- — — - €«— Pre-gap - — — -

index=0 - 1ndex re-gap
< packet packet > ¢ packet » packet »
«|E|e|E]s 2|8|«lelslsle 2|2|«|=|=]=]s HEIFIEE 2|8
Egéég TDBs zgiéggg User data zgigggg User data zgiggég TDBs 22

& | | | FAAEAEAE S AR FAAREAEA A A Z\&
Track #N Start Address
in the TOC
Figure 4 - Example of Packet written Track layout

3.8.2 Addressing method

For CD media, there are two kinds of addressing. Except for the space within a Fixed Packet written Track, the Logical
Block Address has a one-to-one relationship to the physical block number. This type of addressing is called “Method 1
Addressing” and Logical Block Numbers are assigned to Link, Run-in, and Run-out blocks as well as User Data Blocks.
In Fixed Packet written Tracks, the Logical Block Address is converted to the physical block number using “Method 2
Addressing.” In this case, Logical Block Addresses are not assigned to Link, Run-in, and Run-out blocks.

3.8.3 Track Descriptor Block (TDB)

Information about current Track attributes is encoded in the Pre-gap in a Track Descriptor Block (TDB). Optionally, all
preceding Track attributes are included in the TDB. The TDB is recorded in all sectors in the second half of the Pre-gap.
The TDB starts at byte O in the user data field of each sector. The TDB consists of Track descriptor table and Track
descriptor unit(s). The Track descriptor unit gives the information such as the writing method of the Track and the packet
size. The Track descriptor unit shall be used by the logical unit to determine Packet type and Packet size for a Packet
recorded Track. If the disc is recorded using Session At Once, the TDB may not be present.

Table 8 - Track Descriptor Block

0-7 Track Descriptor Table
[ o-N Track Descriptor Unit(s) |

Track Descriptor Table consists of 8 bytes and is structured as shown below.
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Table 9 - Track Descriptor Table

Bit

7 6 4 3

Byte

Track Descriptor Identification (54h)
Track Descriptor Identification (44h)
Track Descriptor Identification (49h)

Pre-Gap Length

Type of Track Descriptor Unit

Lowest Track Number
Highest Track Number

=N O\ | B W N =] O

The Track Descriptor Identification fields contain the Hexadecimal code: '54 44 49' (ASCII “TDI”).
The Pre-Gap Length field contain the number of blocks of the second part of this Pre Gap, encoded in BCD.

The Type of Track Descriptor Unit field indicates which Track Descriptor Units are present. When this field set to 00h,
indicates that Track Descriptor Units of previous Tracks are present in this Track Descriptor Block. When this field set to
01h, indicates that only the Track Descriptor Units of the current Track is present in this Track Descriptor Block. All
other values are reserved for future use.

The Lowest Track Number field indicates that the lowest Track number described in this Track Descriptor Block,
encoded in BCD.

The Highest Track Number field indicates that the highest Track number described in this Track Descriptor Block,
encoded in BCD.

Track Descriptor Unit describes the data attributes of the Track and consists of 16 bytes. The contents of these 16 bytes
are shown in Table 10.

Table 10 - Track Descriptor Unit

Bit
Byte 7 6 4 3

0 Track Number

1 (MSB) Write Method of the Track (LSB)
2

3 Packet Size

4

5

: Reserved

15

The Track Number field contains that the number of the Track to which this Track Descriptor Unit belongs, BCD
encoded.

The Write Method of the Track field when Bit 7 through Bit 4 set to 1000b, indicates that the Track is an uninterrupted
written data Track that consists of only one packet. In this case, Bit 3 through Bit O are reserved and set to 0000b.

When the Bit 7 through Bit 4 set to 1001b, indicates that the Track is an incrementally written data Track that consists of
more than one packet. In this condition, when Bit 3 through Bit 0 set to 0000b, indicates that the packet size is variable
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length. And if Bit 3 through Bit O set to 0001b, indicates that the packet size is fixed length. All other values for Bit 3
through Bit O are reserved.

When the Bit 7 through Bit 4 set to 0000b, indicates that the Track is an uninterrupted written audio Track. In this
condition, Bit 3 through Bit O are reserved and set to 0000b.

All other values for Bit 7 through Bit 4 are reserved. And any corresponded values for Bit 3 through Bit 4 are also
reserved.

The Packet Size field shall be interpreted as follows:

For Incremental written Tracks with fixed Packet Size (Byte 1 = 91h), these bytes contains the BCD encoded Packet Size
in sectors (MSBytes first). For Incremental written Tracks with variable Packet Size (Byte 1="90" hex), and
Uninterrupted written Data Tracks (Byte 1 = 80h), these three bytes contain the code FFFFFFh.

3.8.4 High speed CD-RW media recording

High speed CD-RW is defined in Orange Book Part 3 volume 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 CAYV, 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 track at once (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 returns CHECK CONDITION status, 7/27/00 WRITE PROTECTED! , or 3/02/00 NO SEEK COMPLETE.
Recommended error code for this case is to return 5/30/05 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 C/DVD Capabilities and Mechanical Status mode page 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, host issues READ TRACK INFORMATION command to find the NWA. Then either C/DVD
Capabilities and Mechanical Status mode page 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
host sets an appropriate write parameters, and ready to write data.

1. Some CD-RW logical units may return 05/27/00.
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4.0 DVD model

The DVD model is the description for the DVD media (DVD-ROM, DVD-R/-RW, DVD-RAM, DVD-Download). See
2.2.64, "DVD media" on page 60. For DVD+RW/+R media, refer to the latest version of MMC (http://www.t10.0rg).

The DVD has been selected by the industry to be the replacement for the CD. It has many advantages over the CD
technology. The DVD media format is not backward compatible with the CD devices. The primary reason for this
change was driven by the need for large amounts of data for Digital Video (Movies). Simple increase in density would
not accomplish this.

Like CD logical units/media there are three types of DVD logical unit/media: Read Only (DVD-ROM), Write only Once
(DVD-R, DVD-Download), and Write Multiple times (DVD-RAM, DVD-RW). Each of these media has the possibility
of one or two sides, and DVD-ROM/DVD-R may have one or two Layers per side.

A DVD logical unit may be capable of reading CD-ROM, CD-R and CD-RW media. This backwards compatibility
allows a DVD logical unit to replace a CD-ROM logical unit in most systems. Although the DVD logical unit may be
capable of reading the older CD media, it may not support the same commands as the CD-ROM logical unit. There are
some simplifications to the command set supported. Commands that were necessary only for legacy support for the
existing CD-ROM drivers have been removed.

The play mechanism may be removed from some DVD logical units. The DVD media provides several and better types
of audio. It is likely that the host system will provide the needed support for these new and more capable audio data
streams.

A DVD logical unit will look different to the host depending on the type of media that is currently being used. The host
system will now need to deal with a logical unit that changes the commands that are possible, based on the type of media
that is currently in the logical unit. This type of operation will be handled via the use of Features, Profiles, and Events.
This new concept will allow the logical unit to implement various capabilities. The host will detect and configure the
logical unit given the various capabilities that are possible.

4.1 DVD media description
¢ DVD media can contain information on one side (Single Sided) or on both sides (Double Sided).
« DVD-ROM/R disc has two types of Layer structure: Single Layer (SL) and Dual Layer (DL).

e 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.

e DVD-ROM Dual Layer discs have two types of track path: Parallel Track Path and Opposite Track Path. DVD-R DL
discs have only Opposite Track Path.

e One ECC block, having 37 856 bytes, consists of 16 sectors.

e There is no TOC nor Sub-channel.

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

* Information concerning error correction that has been performed is not usually returned to the host.

e Some data on DVD media is used only inside of the DVD logical unit and is not transferred to the host computer. This
is due in part because the Physical Addresses (PSN) that the DVD uses are not allowed across the Interface.

e The host access unit (Read or Write User Data) is 2 Kilobytes (2 048 bytes).
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4.1.1 DVD specifications

Table 11 specifies some DVD parameters.

Table 11 - General Parameters of DVD discs

E|E|g 5|8 & Sle|%5|s |E|E|E
E-lEx|lz |2 | 2|2 | |=|E |2 |8 |5 |5 = | £ | S
c8lEél s |5 = |E§ |2 |2 |2|8 |z |2 |2z8|3%5 |2 |3
828 2| : z | g | 2 |8 |5 5 | £ | E |ZE| 2 | ¢ g
T9lze € e 3 |2 |2 |2 |2 L8| E |2s|lz | | =
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Ver. 2.1 speede | 470 | 146 0,267 | 0,133 | 0,400 | 1,866 | 0,74 6,0 | 13,96 |104,64| 44,32
DVD- |,
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%) <
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ROM DL . = ©
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a. There are two individual specifications for DVD-Download single layer disc. Refer to 4.22.1, "The basics for
DVD-Download Disc for CSS Managed Recording" on page 295.

b. This value represents basic recording speed.

c. Defined in Optional specifications for each media

Note: The ranged values for DVD-RAM in Table 11 reflect its Zoned CLV format.
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DVD model

Track structure

4.2 Track structure

There are two types of track path for DVD-ROM 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 host system (LBA). The address used from the host starts
at 0 and progresses up through the end of the recorded information on the disc. LBA 0 corresponds with the sector

address of 030000h on DVD-ROM media. Only the Data Area is generally addressable using an LBA.
Figure 5 through Figure 9 show examples of LBA to Physical Sector Number translations for DVD media.

Data Area

[ —>

Lead-in Area

Physical

Sector
Number /

Lead-out Area

/

— AR

Lo

\ /

02FFFFh / 030000h End PSN (0)

030000h PSN » End PSN (0)
(inner) (outer)
Data Area of LO
0 LBA P Last LBA

~<@)——————— Volume Space ———————— @

—————— > Toward Outer Diameter

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

Figure 5 - Physical and logical layout of DVD-ROM Single Layer media
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Lead-in Area Data Area Lead-out Area
L1 —
Lo >
Lead-in Area Lead-out Area
Physical [ — |
Sector ]
Number
ﬁ R End PSN (1)
02FFFFh 030000h End PSN (0)

—— > Toward Outer Diameter

End PSN (0): The end Physical sector number of Data Area of LO
End PSN (1): The end Physical sector number of Data Area of L1

030000h PSN » End PSN (0) 030000h PSN » End PSN (1)
(inner) (outer) | (inner) (outer)
Data Area of LO Data Area of Layer 1
0 LBA » Last LBA
< Volume Space >

Figure 6 - Physical and logical layout of PTP DVD-ROM Dual Layer media
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Physical
Sector
Number

Ao

— AR

\ End PSN (1)
Address in Layer 1
Lead-out Area Data Area Middle Area
L1 S
Lo —=
Lead-in Area Middle Area

Address in L0

|

/ \

02FFFFh 030000h

End PSN (1): The end Physical sector number of Data Area of L1

End PSN (0): The end Physical sector number of Data Area of LO. The End PSN (0) is a multiple of 16.
End PSN (0): The number calculated so that each bit of the End PSN (0) is inverted.

/

End PSN (0)

= Toward Outer Diameter

030000h PSN » End PSN (0) End PSN (0) PSN »  End PSN (1)
(inner) (outer) | (outer) (inner)
Data Area of LO Data Area of L1
0 LBA » Last LBA
- Volume Space &

media

Figure 7 - Physical and logical layout of OTP DVD-ROM DL/-R DL/-RW DL/-Download DL
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R-Information

Information Area

Area
< »
» » » »ld »
PCA RMA Lead-in Data Area Lead-out
Physical
sector number
30000h End PSN (0)
A
*B
*C
22,6 mm 24 mm 58 mm max.
Diameter

*A (Lead-in start address) 22FAOh: DVD-RW SL Ver. 1.2

*B (RMA Start address)

Note: RMA is not defined for DVD-Download SL media

203C0h: DVD-Download Rev. 1 (pre-recorded)

203C0h: DVD-RW SL Ver. 1.2

—————— I Toward Outer Diameter

DVD-R SL Ver. 2.1

DVD-R SL Ver. 2.1

*C (PCA start address) 1E800h: DVD-RW SL Ver. 1.2
DVD-R SL Ver. 2.1
DVD-Download SL
030000h PSN » End PSN (0)
(inner) (outer)
Data Area of LO
0 LBA » Last LBA

~@)——————— Volume Space ————————

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

Figure 8 - Physical and logical layout of DVD-R SL/-RW SL/Download SL media
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Defect Controls Defect Controls
E— P Lo
- P > >
Lead-in Area | Data Area Lead-out Area
Physical |
Sector |
Number 1
1
1
D
/ A\ /
02FFFFh 030000h  031000h End PSN (0) = 265F5Fh (120mm)

E121Fh (80mm)

—— > Toward Outer Diameter

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

Defect Controls are non user addressable blocks, used for drive controlled defect management. These
blocks contain Defect management Areas (DMAs). Defect controls begins 030000h. This is the Data Area
for DVD-ROM and for DVD-R. The Data Area begins 031000h for DVD-RAM.

Formatting.

B Data Area .
End PSN (0) =
031000h PSN >
(inner)

Primary Guard Guard Guard |User Area 34 (120mm) | Supplementary
Spare User Area 0 Area User Area 1 Area | .. Area 13 (80mm) Spare
Area Area

€——  Zoneo0 - Zone 1 Zone 34 (120mm)  ——J
13 (80mm)
2 & Group s
. . Sectors assigned
tSethors a(r)ssngned tSethors :;ssngned ..... to Zone 34 (120mm)
0 Zone 0 Zone 13 (80mm)

0 LBA >
Last LBA = 23051Fh (120 mm)
e Volume Space & AE6EFh (80 mm)

- DVD-RAM Ver. 2.2 media contains 35 zones in the case of 120 mm and 14 zones in the case of 80 mm.

- Each of these zone has equal radial size except Zone 34 in the case of 120 mm and Zone 13 in the case of 80 mm, therefore
number of ECC blocks per zone increase from 2 450 at the Inner Diameter to 6 608 in the case of 120 mm and 5 852 in the
case of 80 mm at the Outer Diameter.

- There are two types of Spare Area, Primary Spare Area (PSA) and Supplementary Spare Area (SSA).
- DVD-RAM Ver. 2.2 media has PSA, and may have SSA. Pre-assigned SSA is selectable and SSA is expandable after

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

Figure 9 - Physical and logical layout of DVD-RAM Ver. 2.2 media

265F5Fh (120 mm)
E121Fh (80 mm)
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4.3 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.

4.4 Sector configuration

4.4.1 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 10. The Data Unit 3 is identical among DVD-ROM, DVD-R/-RW,
and DVD-RAM. In the case of DVD-ROM, and DVD-R/-RW, only the Data Unit 3 is recorded. DVD-RAM media has
other fields in between each Data Unit 3 as shown in Figure 12.

Data Unit 3 Data Unit 2 Data Unit 1 User Data
< “5z
2418 2 366 2064 2048
SYNC ECC Data ID and others
52 302 12
EDC
4

Figure 10 - Formation of Data Unit 3

N

Data Unit 3 Data Unit 3 Data Unit 3

2418 2418 2418

Figure 11 - Physical sector of DVD-ROM and DVD-R/-RW media

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
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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 will only use the physical (pre-recorded) ID. After formatting, it is possible for the
ID in Data Unit 1 to contain an invalid address.

}47 Embossed Field 4* Recording field

>

Header Mirror Gap Guard1l VFO3 PS Data PA3 Guard2 Buffer
field field field field field field Unit 3 field field field
128 2 10+J/16 | 20+K 35 3 2418 1 55-K | 25-J/16

K is varied randomly from O to 7 to shift recording position of Data Unit 3 in a unit of 1 byte.

Figure 12 - Physical sector of DVD-RAM

J is varied randomly from O to 15 to shift recording position of Data Unit 3 in a unit of 1 channel bit.

4.4.2 Data Unit 1
172 Bytes
< —
4 Bytes 2Bytes 6 Bytes
zg DatalID| IED| CPR_MAI User Data 160 bytes (D0-D159)
User Data 172 bytes (D160-D331)
User Data 172 bytes (D332-D503)
12 rows o
o
o
User Data 172 bytes (D1 708-D1 879)
v User Data 168 bytes (D1 880-D2 047) EDC
4 Bytes
Figure 13 - Data Unit 1
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4.4.3 Data configuration of Data ID field

4 Bytes
DataID | IED
1 Byte 3 Bytes
I} ]
Sector Information I Data Field Number [
0 ]
1 Bit 1 Bit 1 Bit 1 Bit 2 Bits 1 Bit 1 Bit
. Reserved Data
Sector Tracking Reflectivity or Area 'Iype Layer
Format Type Method Recording Type Type number
0 CLV format 0 Pit 0>40% See Table 13 00 Data Area See Table 14 0 Layer 0
1 Zoned format 1 Groove 1<=40% 01 Lead-in Area 1Layer 1

10 Lead-out Area
11 Middle Area

Figure 14 - Data ID field definition

The Data Field Number comprises PSN for DVD-ROM, and DVD-R/-RW. In the case of DVD-RAM, see Table 12.

Table 12 - Data Field Number for DVD media

Area Media Type Description Contents
Lead-in and ROM, -R, Pre-recorded information or PSN
Lead-out RAM, -RW written for DVD-R/-RW media
ROM, -R, Pre-recorded information or PSN
_RW Written for DVD-R/-RW media
ECC block written by the host LBA + 31000h
Data Area ECC block not written by the Any of the following three cases
RAM host after formatting (1) Initialization pattern
(2) Unrecorded
(3) Old value of LBA + 31000h assigned before previous
re-formatting
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Table 13 - Recording Type bit definition for DVD-RAM Ver. 2.2 media *

Rewritable data zone

Area Definition
Embossed data zone Reserved
Lead-in Area, Lead-out Area Reserved

Data Area

0b: General data®
1b: Real-time data®

a. The definition of the bit for other than DVD-RAM Ver. 2.2 media is Reserved.
b. General data: Linear replacement algorithm is applied to a Block containing the

corresponding sector if the Block is defective.

c. Real-time data: Linear replacement algorithm is not applied to a Block containing

the corresponding sector even if the Block is defective.

The Data Type bit specifies the data type of a sector as defined in Table 14.

Table 14 - Data Type bit definition

Media Type

Data Type bit

0

DVD-ROM/Download

Read-only data

N/A

DVD-RAM Embossed data Rewritable data
DVD-R Read-only data Next sector is Linking data
DVD-RW SL Re-recordable data Next sector is Linking data
DVD-RW DL Re-recordable data Intermediate Marker or Next

sector is Linking data
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4.5 Data structure of Lead-in Area

Figure 15 shows the Lead-in structure of each type of DVD medium.

Physical Sector Number Start address of DVD-Download Ver1.0/2.0
Start address of DVD-R SL/-RW SL
203COh ..., Start address of DVD-R DL/-RW DL
22FAOh:- - 7+ - - - ‘1'
24440h - | ynitial Zone | Initial Zone | | [Initial Zone | "~ Initial Zone
All 00h All 00h All 00h All 00h
2E200h - - .- R ) R
Buffer Zone 0
All 00h
2E400h .|  L___J ... ..
R/RW-Physical format
information Zone*1
2F000h . - e .- -
Reference Code
2F010h Reference Code Reference Code Zone Reference Code
T Zone Zone Zone
2F020h - - —- - ....| BufferZonel | ___.
Buffer Zone 1 Buffer Zone 1 All 00h Buffer Zone 1
All 00h All 00h All 00h
2F200h - -
Control Data Zone Control Data Zone Control Data Zone Control Data Zone
192 ECC blocks 192 ECC blocks 192 ECC blocks 192 ECC blocks
2FEO0Oh -
Buffer Zone 2 Buffer Zone 2 Buffer Zone 2 Extra Border Zone
. All 00h All 00h All 00h /Buffer Zone 2
Lead-in
30000h ) T
Defect Controls
31000h - - Rl el - - -
Data Area Data Area Data Area Data Area
DVD-ROM DVD-Download DVD-RAM DVD-RW,
Rev 1.0 DVD-R
DVD-Download Ver
Shaded portions have embossed Data Unit 3 for DVD-ROM and RAM. 1.0/2.0

For DVD-R and DVD-Download, shaded portion is pre-recorded or embossed.

For DVD-RW, shaded portion is embossed.

Reference Code Zone contains repetition of the Data Symbol “172” with added scrambled data. It is about one revolution long.
For DVD-R/-RW, R/RW-Physical format information Zone starts from 2E400h. Extra Border Zone starts from 2FEQOh.

For DVD-Download Ver 1.0/2.0, Buffer Zone 2 starts from 2FEOOh. There is no R/RW-Physical format information Zone(*1).

Figure 15 - Data structure of Lead-in Area
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4.5.1 Control Data Zone

The Control Data Zone contains 192 ECC blocks. The Control Data Zone comprises repetition of a Control Data Block
which size is 16 sectors (= 1 ECC block). See Table 15 for a Control Data Block structure.

For DVD-RW media, the Control Data Zone is embossed. In case of DVD-RW SL Ver. 1.0 media, the embossed portion
may not be readable. The logical unit may use RW-Physical format information Zone or Extra Border Zone instead of
Control Data Zone. See 4.5.2.

For DVD-R media, the Control Data Zone is pre-recorded or embossed by disc manufacturer.

The Disc manufacturing information field shall be ignored by logical units.

Table 15 - Structure of a Control Data Block

07 Description
Number
0 Physical format information
I 1 Disc manufacturing information I
I 215 Reserved |

4.5.1.1 Physical format information

Physical format information is structured as shown in Table 16. For DVD-Download disc (DVD-R for General Optional
Specification: DVD-Download Disc for CSS Managed Recording), the same definition with DVD-ROM media is used
for each fields in Physical format information.

Table 16 - Physical format information in Control Data Block

Bit

Byte 7 6 5 4 R) 2

0 Book Type Part Version®
1 Disc Size Maximum Transfer Rate
2 Reserved | Number of Layers | Track Path Layer Type
3 Linear Density Track Density
4-15 Data Area Allocation
16 BCA Flag® | Reserved
17-2 047 Medium unique data

a. For DVD-R and DVD-RW media, the name of this field is defined as Compatible Part Version.
b. For DVD-R and DVD-RW media, the name of this bit is defined as NBCA Flag.

The Book Type field identifies the type of media specification. The definition is described in Table 17.
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Table 17 - Book Type field definition

Value Definition
0000b DVD-ROM/DVD-Download
0001b DVD-RAM
0010b DVD-R
0011b DVD-RW
1001b DVD+RW
1010b DVD+R
others Reserved

The Part Version field identifies the version number within a Book Type. Table 18 and Table 19 shows the definition of
the Compatible Part Version field on DVD-R and DVD-RW media.

Table 18 - Compatible Part Version field definition for DVD-R media

Value Definition
0000b Version 0.9x for test use only, not for consumer product
0001b Version 1.0x
0010b Version 1.1x
0100b Version 1.9x for test use only, not for consumer product
0101b Version 2.0x, when the Extended Part version field value is O0Oh.

Version 2.0x compatible, when the Extended Part version field value is not 00Oh and specifies actual version.

0110b Version is higher than 2.0 and specified by the Extended Part version field
others Reserved

Table 19 - Compatible Part Version field definition for DVD-RW media

Value Definition
0000b Version 0.9x for test use only, not for consumer product
0001b Version 1.0x
0010b Version 1.1x when the Extended Part version field value is 00h.
Version 1.1x compatible, when the Extended Part version field value is not 00h and specifies actual version
0011b Version is higher than 1.1 and specified by the Extended Part version field
others Reserved

The Disc Size field, when set to 0000b, indicates a 120 mm disc. When set to 0001b, indicates an 80 mm disc. All other
values are reserved.

The Maximum Transfer Rate field identifies the maximum data transfer rate found in the contents (e.g., video data) on
the medium. See Table 20.
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Table 20 - Maximum Transfer Rate field definition

Value Definition
0000b 2,52 Mbps
0001b 5,04 Mbps
0010b 10,08 Mbps
0011b 30,24 Mbps
0100b-1110b Reserved
1111b No maximum transfer rate is specified.

The Number of Layers field identifies the number of Layers on the current side. 00b indicates one Layer, 01b indicates
two Layers, and other values are reserved.

The Track Path field, when set to Ob, indicates a PTP or Single Layer disc. When set to 1b, indicates an OTP disc.

The Layer Type field identifies the Layer according to Table 21.

Table 21 - Layer Type field definition

Bit Definition
0 When set to one, the Layer contains embossed user Data Area
1 When set to one, the Layer contains recordable user Data Area
2 When set to one, the Layer contains re-writable user Data Area
3 Reserved

The Linear Density field identifies the bit density according to Table 22.

Table 22 - Linear Density field definition

Value Definition
0000b 0,267 um/bit
0001b 0,293 pum/bit
0010b 0,409-0,435 um/bit
0100b 0,280-0,291 pum/bit
1000b 0,353 pum/bit
others Reserved

The Track Density field identifies the track density according to Table 23.

Table 23 - Track Density field definition

Value Definition
0000b 0,74 pm/track
0001b 0,80 pm/track
0010b 0,615 pm/track
others Reserved
Final
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Table 24 describes the contents of the Data Area Allocation fie

Table 24 - Data Area Allocation field definition

1d.

DVD-ROM SL, DVD};{\?I;VI RD]?L( o DVD-RW SL
Byte DVD-Download SL, 2 > DVD-RAM
DVD-ROM DL (PTP) DVD-RW DL DVD-R SL
DVD-Download DL

4 00h
5 .
3 Starting PSN of Data Area Starting PSN of Data Area
7 (030000h) (031000h)
8 00h
i O limit of D
10 End PSN of Data Area uter fimit of Data End PSN of Data Area
0 Recordable area
12 00h
13
14 000000h End PSN of LO 000000h
15

a. A DVD logical unit that does not support reading of R/RW-Physical format information Zone or Extra Border
Zone on DVD-R SL or DVD-RW SL media, may report this value as recorded capacity, e.g., returned data of
READ CAPACITY command, even if data is not fully recorded in Data Recordable area. In this case, reading of
the last addressable LBA may cause pick-up over-run. See Appendix J-2 "Read compatibility issue of AVDP and

VAT ICB at end LBA" on page 1006.

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.

The BCA Flag identifies the existence of Burst Cutting Area (BCA)/NBCA on the medium. Ob indicates non-existence
of BCA/NBCA, 1b indicates existence of BCA/NBCA on the medium.

Table 25, Table 26, Table 27, Table 29, Table 30 and Table 33 show the format unique descriptors for each media type.

Table 25 - DVD-ROM unique part of Physical format information

17-32 Reserved
33 Twin
Format Flag Reserved I
[ 342047 Reserved |
The Twin Format Flag bit, when set to 1, indicates that the medium is HD DVD-ROM/DVD-ROM Twin Format Disc.
Final
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Table 26 - DVD-R SL Ver. 2.1 unique part of Physical format information

Bit

7 6 5 4 3 2

Byte

17 Revision number of maximum recording speed
18 Revision number of minimum recording speed

19-25 Revision number table of recording speed
26 Class
27 Extended Part Version

28-31 Reserved

32-35 Start PSN of the Extra Border Zone (= 02FE10h)

36-39 Start PSN of Physical format information blocks in Extra Border Zone (= 02FFAOh)

40-511 Reserved

512-2 047 Extended pre-recorded information

Table 27 - DVD-Download unique part of Physical format information

17-510 Reserved
511 Disc Identifier I
[ 5122047 Extended PFI information |

When the Disc Identifier field contains specified value by Table 28, Extended PFI information field is valid. These
bytes shall include the contents in the Pre-pit data block Field IDO to IDS. For more information, see DVD book.

Table 28 - Disc Identifier field definition for DVD-Download media

Disc indicator Major digit of Revision/Version number

The Disc indicator field is specified as follows;
e 0100b: DVD-Download Disc

e All other values are reserved.

The Major digit of Revision/Version number field is specified as follows;
e 0001b: Revision 1.y or Version 1.y

e 0010b: Version 2.y

e All other values are reserved.

Major digit indicates the digit x for the Revision/Version number x.y by binary notation.
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Table 29 - DVD-RW SL Ver. 1.2 unique part of Physical format information

Bit

7 6 5 4 3 2

Byte

17 Revision number of maximum recording speed
18 Revision number of minimum recording speed

19-25 Revision number table of recording speed
26 Class
27 Extended Part Version

28-31 Reserved

32-35 Start PSN of the Extra Border Zone (= 02FE10h)

36-39 Start PSN of Physical format information blocks in Extra Border Zone (= 02FFAOh)

40-511 Reserved

512-2 047 Extended embossed information

The Revision number of maximum recording speed field identifies the Revision number of maximum applicable
recording speed of this disc. The bit 7 to bit 4 of this field indicates the major revision number of the Optional
Specification. The bit 3 to bit 1 of this field indicates the minor revision number of the Optional Specification. This field
is set to 00h if the Class field is set to 00h.

The Revision number of minimum recording speed field identifies the Revision number of minimum applicable
recording speed of this disc. The bit 7 to bit 4 of this field indicates the major revision number of the Optional
Specification. The bit 3 to bit 1 of this field indicates the minor revision number of the Optional Specification. This field
is set to 00h if the Class field is set to 00h.

Example of Revision number:
0000 0000b means Revision 0.0
0001 0000b means Revision 1.0

The Revision number table of recording speed field identifies all revision numbers supported by this disc other than
the revision numbers specified in the Revision number of maximum recording speed field and the Revision
number of minimum recording speed field. The bit 7 to bit 4 of each byte in this field indicates the major revision
number of the Optional Specification. The bit 3 to bit 1 of each byte in this field indicates the minor revision number of
the Optional Specification. In this field, a byte value of 00h means “unused” and does not mean Revision number 0.0.

The Class field identifies all supported basic recording speeds by this disc. Each bit assignment and its Basic recording
speed is specified in applicable DVD book.

The Extended Part Version field identifies actual Book Part Version. The bit 7 to bit 4 of this field indicates the major
Version number of the Extended Part Version. The bit 3 to bit 0 of this field indicates the minor Version number of the
Extended Part Version.

Example of Version number:
0010 0001b means Version 2.1
0010 1001b means Version 2.9 (for test use only, not for consumer product)
0011 0000b means Version 3.0
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Table 30 - DVD-R DL Ver. 3.0 unique part of Physical format information

Revision number of maximum recording speed
18 Revision number of minimum recording speed
19-25 Revision number table of recording speed
26 Class
27 Extended Part Version
28-31 Reserved
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 Pre-recorded information code
41 Tracking polarity flag and AR flag
42-511 Reserved
512-2 047 Extended pre-recorded information

Table 31 - DVD-RW DL unique part of Physical format information

17 Revision number of maximum recording speed
18 Revision number of minimum recording speed
19-25 Revision number table of recording speed
26 Class
27 Extended Part Version
28-31 Reserved
32-35 Start PSN of the current RMD in Extra Border Zone
36-39 Start PSN of the Physical format information blocks in Extra Border Zone
40 Pre-recorded/Embossed information code
41-511 Reserved
512-2 047 Extended embossed information

Pre-recorded/Embossed information code field indicates the embossed/pre-recorded status of Control Data Zone,
Initial zone in the Lead-in, Lead-out, and Fixed Middle Areas at the time of disc manufacturing. Table 32 shows the
definition of this field.
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Table 32 - Pre-recorded/Embossed information code field definition

Bit Area Definition

0 Control Data Zone | Ob: embossed
1b: Reserved

1 Lead-in Area Ob: the Initial zone is not embossed
1b: the Initial zone is embossed

2 Fixed Middle Area | Ob: neither pre-recorded nor embossed by disc manufacturer.
1b: either pre-recorded or embossed by disc manufacturer.

3 Lead-out Area Ob: not embossed
1b: embossed

4-7 - Reserved

Table 33 - DVD-RAM Ver. 2.2 unique part of Physical format information

32 Disc Type Identification
33-499 Reserved
500 Velocity
501-548 Write conditions at Velocity
549-596 Disc manufacture’s name
597-612 Disc manufacture’s supplementary information
613-623 Write power control parameters
624-699 Reserved
700 3x-speed Velocity (optional)
701-757 Write condition at 3x-speed Velocity (optional)
758-2 047 Reserved
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4.5.2 R/RW-Physical format information Zone

The R/RW-Physical format information Zone is defined for DVD-R and DVD-RW media. The R/RW-Physical format
information Zone contains 192 ECC blocks. The R/RW-Physical format information Zone comprises repetition of a R/
RW-Physical format information Block which size is 16 sectors (= 1 ECC block).

The structure of an R/RW-Physical format information Block is shown in Table 34. On DVD-Download media, R-
Physical format information Zone is not defined.

Table 34 - Structure of an R/RW-Physical format information Block

07 Description
Number
0 Reserved
I 1 Manufacturing information I
I 2 Physical format information I
I 315 Reserved |

The structure of Physical format information in the R/RW-Physical format information Block is shown in Table 35. The
field definitions are same as that of Physical format information in the Control Data Block unless otherwise specified.

Table 35 - Physical format information in an R/RW-Physical format information Block

0 Book Type* Compatible Part Version® / DL indicator”
1 Disc Size? Maximum Transfer Rate
2 Reserved | Number of Layers® Track Path? Layer Type®
Linear Density® Track Density®
4-15 Data Area Allocation
16 NBCA flag? | Reserved
17-2 047 Media unique data

a. These fields are copied from pre-recorded Physical format information in Control Data Block.
b. The definition of the DL indicator field is valid only for DVD-R DL and DVD-RW DL discs.

The static information in R/RW-Physical format information Block are basically copied from the Control Data Block in
pre-recorded/embossed Control Data Zone. Some dynamic information (e.g., the Maximum Transfer Rate field, the
Data Area Allocation fields, Border Zone location information) shall be recorded with the latest appropriate value.

The DL indicator field indicates that the mounted disc is Dual Layer disc. This definition is only applicable to DVD-R
DL and DVD-RW DL discs. If DVD-R DL or DVD-RW DL disc is mounted, this field shall be set to 1111b to indicate
the disc is Dual Layer disc. All other values are reserved.

The definition of the Data Area Allocation field in R/RW-Physical format information Block is shown in Table 36.
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Table 36 - Data Area Allocation field in R/RW-Physical format information Block

DVD-R SL / DVD-RW SL
(Incremental)
Byte DVD'(II{)iSL”:Vg'R)W SL and DVD-R DL/DVD-RW DL
AR DVD-RW SL
(Restricted Overwrite)
4 00h 00h 00h
5
6 Starting PSN of Data Area Starting PSN of Data Area Starting PSN of Data Area
5 (=30000h) (=30000h) (=30000n)
8 00h 00h 00h
9
Last Recorded Sector Number of the Maximum recorded PSN of the Data
1(1) End PSN of Data Area last RZone in the Bordered Area® AreaP
12 00h 00h 00h
13 i ded PSN of th
2 000000h 000000k Maximum recorded PSN (; the Data
s Area on Layer 0

a. On DVD-RW SL discs, when the Lead-in or Border-in is recorded in Restricted Overwrite mode, and when the last
Bordered Area is in an Intermediate state, this field is set to 30000h.

b. This field indicates the maximum PSN that contains valid user data. On DVD-RW DL discs, this field is set to
30000h when the disc is Intermediate state.

c. On DVD-R DL discs, when the Data Area on Layer 1 is not recorded, the value of this field is same as the value of
the Maximum recorded PSN of the Data Area field when Format 1 RMD is used. When Format 4 RMD is used,
this field indicates End PSN of Layer 0.

On DVD-RW DL discs, this field is set to the same value as Maximum recorded PSN of the Data Area when
the Data Recordable area on L1 is not logically recorded. When the Data Recordable area on L1 is logically record-
ed, this field is set to the same value as End PSN of LO.

Table 37, Table 38 and Table 39 show the unique part of R/RW-Physical format information for each media type. When
the Lead-in is recorded in the Disc-at-once recording mode, this field contains all 00h data.

Table 37 - DVD-R SL Ver. 2.1 unique part of R-Physical format information

17 Revision number of maximum recording speed
18 Revision number of minimum recording speed®
19-25 Revision number table of recording speed®
26 Class®
27 Extended Part Version®
28-31 Reserved
32-35 Start PSN of the current Border-out
36-39 Start PSN of the next Border-in
40-511 Reserved
512-2 047 Copy of Extended pre-recorded information®

a. These fields are copied from pre-recorded Physical format information in Control Data Block.
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Table 38 - DVD-R DL Ver. 3.0 unique part of R-Physical format information

17 Revision number of maximum recording speed”
18 Revision number of minimum recording speed®
19-25 Revision number table of recording speed®
26 Class®
27 Extended Part Version®
28-31 Reserved
32 Reserved
33
34 Start PSN of the current Border-out
35
36 Reserved
37
38 Start PSN of the next Border-in
39
40 Pre-recorded information code?
41 Tracking polarity flag and AR flag?
42 Reserved RBVF4 RBVF3 RBVF2 RBVF1
43-511 Reserved
512-2 047 Extended pre-recorded information®

a. These fields are copied from pre-recorded Physical format information in Control Data Block.

The RBVF#n bits indicates the validity of the n'" Anchor Point Data (APD#n) recorded in Superficial Border Zone and
Extra Border-in. If set to Ob, the APD#n is not used for remapping. If set to 1b, the APD#n is valid and is used to return

as the remapping data.

Table 39 - DVD-RW SL Ver. 1.2 unique part of RW-Physical format information

17 Revision number of maximum recording speed”
18 Revision number of minimum recording speed®
19-25 Revision number table of recording speed®
26 Class?
27 Extended Part Version®
28-31 Reserved
32-35 Start PSN of the current Border-out
36-39 Start PSN of the next Border-in
40-511 Reserved
512-2 047 Copy of Extended embossed information®

a. These fields are copied from pre-recorded Physical format information in Control Data Block.
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Table 40 - DVD-RW DL Ver. 2.0 unique part of RW-Physical format information

17 Revision number of maximum recording speed”
18 Revision number of minimum recording speed®

19-25 Revision number table of recording speed®
26 Class?
27 Extended Part Version®

28-31 Reserved
32 Reserved

33-35 Start PSN of the Middle Area

36-39 Reserved
40 Pre-recorded/Embossed information code®

41-511 Reserved

512-2 047 Extended embossed information®

a. These fields are copied from pre-recorded/embossed Physical format information in Control Data Block.

b. This field value is copied from Pre-recorded/Embossed information code field in Format 3 RMD Field 0. This
field is not the copy of Pre-recorded/Embossed information code field in pre-recorded/embossed Physical format
information in Control Data Block.

4.5.3 Extra Border Zone
The Extra Border Zone is defined for DVD-RW and DVD-R media.

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. The Extra Border Zone structure is shown in Figure 16.

In case of DVD-R DL disc, there is same amount of buffer zone on L1 called Superficial Extra Border Zone. It has same
kind of structure as Superficial Border-out and Superficial Border-in. See 4.18.5.5, "Border Zone for DVD-R DL media"
on page 199

02FE0Oh 02FFAOh 30000h
25ECC 6ECC
< Pl < g
(.
IT1T,
/ BSGA
/ 5 copies of latest RMD 5 copies of control data structure
32K Linking Loss Area 32K Linking Loss Area
Figure 16 - Structure of Extra Border Zone

4.6 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.
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A NOT READY condition may occur for the following reasons:
1. There is no disc mounted, see 4.10, "Removable medium" on page 112
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 or BLANK. This condition is defined in Section 4.7, "Logical Unit Not Busy condition/Busy
condition" on page 110.

The logical unit shall attempt to spin up and make the disc ready for media accesses when a new 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 in the IDLE or STANDBY state 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.
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4.7 Logical Unit Not Busy condition/Busy condition

Logical Unit Not Busy condition/Busy condition are defined for DVD. See Section 3.5, "Logical Unit Not Busy
condition/Busy condition” on page 79

4.8 DVD content protection

DVD Content Protection is made up of two basic concepts. The first is to scramble the content of the data such that it is
unscrambled before it can be used. 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
host.

4.8.1 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 unit that
support CSS authentication will 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 17. For more information on the
Authentication Success Flag, see Figure 18.

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 Section 4.15, "Region Playback Control (RPC)" on page 115.

4.8.2 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 host 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 host reads the MEDIA IDENTIFIER value using the READ DISC STRUCTURE
command with Format Code code 06h.

e The CPRM “MEDIA KEY BLOCK?” is located in the Lead-in Area, and is read by the host using the READ DISC
STRUCTURE command with Format Code code 07h.

The CPRM “MEDIA IDENTIFIER” and “MEDIA KEY BLOCK” are protected during transfer to the host 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 17.

4.8.3 Authentication process

Host shall reset hung authentication processes in the logical unit by invalidating the corresponding AGID. The host may
detect lost grants by refusal of the Start Authentication Process operation. This diagram assumes the appropriate CSS/
CPPM/CPRM media is loaded. See Figure 17 and Figure 18.
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REPORT KEY
(Request AGID for
CSS/CPPM or CPRM)

SEND KEY

Begin Sequence (Challenge Key)

Power-on reset, No Grants
Hard Reset, Available
Eject

Initial State

Bus Key Used

to protect ’

other key Region Code Error(s)
(Authentication Completed) ~from REPORT KEY
(TITLE KEY) command
(only for CSS)

/

REPORT KEY
(Key 1)

Authentication

Bus Key

Established SEND KEY

(Key 2)

REPORT KE
(Challenge Key)

Figure 17 - Device Key Exchange and Authentication State Diagram

Disc includes CSS/CPPM protected contents
and “DISK KEY” is exchanged.

Power-on Reset, (READ DISC STRUCTURE with Format = 02h)

Hard Reset

Authentication
Not Valid

Regionalization Error to
REPORT KEY (TITLE KEY)
(only for CSS)

Authentication
is Valid

(ASF= 1)

(ASF = 0)

Power-on Reset/Hard Reset/Eject

ASF: Authentication Success Flag

Figure 18 - Authentication Flag Sequence
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4.9 Error reporting

If any of the following conditions occur during the execution of a command, the logical unit shall return CHECK
CONDITION status. The appropriate Sense Key and additional sense code 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 41 - Error conditions and Sense Keys

Condition Sense Key
Invalid logical block address ILLEGAL REQUEST
Unsupported option requested ILLEGAL REQUEST
Attempt to read a blank block (where illegal) ILLEGAL REQUEST
Attempt to play a data block as audio ILLEGAL REQUEST
Logical unit reset or medium change since last command UNIT ATTENTION
Self diagnostic failed HARDWARE ERROR
Unrecovered read error MEDIUM ERROR / HARDWARE ERROR
Recovered read error RECOVERED ERROR
Overrun or other error that might be resolved by repeating the command ABORTED COMMAND

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

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

4.10 Removable medium

DVD medium is sometimes contained within a cartridge to prevent damage to the recording surfaces. The combination
of medium and optional cartridge is often called a volume.

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 or is able to format it. A mounted disc may not be
accessible by a host if it has been reserved by another host. A disc is de-mounted at any other time (e.g., during loading,
unloading, or storage).

A host may check whether a disc is mounted by issuing a TEST UNIT READY command. In addition, there now exists
the Removable Medium Feature. This Feature allows the host 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 a host to restrict the demounting 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 demounting of the disc. If the host issues a START STOP
UNIT command to eject the disc, and is prevented from demounting by the PREVENT ALLOW MEDIUM REMOVAL
command, the START STOP UNIT command is rejected by the logical unit.

4.11 Logical blocks

Blocks of data are stored on the medium along with additional information that the controller uses to manage the storage
and retrieval. The format of the additional information is unique and is hidden from the host 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 FORMAT CAPACITIES command may be issued to determine the
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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 is terminated with CHECK CONDITION status, 5/21/00 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. The block length shall not be different for each logical block on the medium. The block
descriptor in the MODE SENSE (10) data describes the block length that is used on the medium. The block descriptor
shall not be present for an ATAPI Multi-Media logical unit. In addition, the Block Descriptor has been made Obsolete in
this specification.

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].

4.12 Data cache

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 accessible by the host. 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 host 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 host may wish to have the blocks of data read from the medium instead of from the cache memory. The
force unit access (FUA) bit is used 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 host to control other behavior of the cache memory:

e 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 (10) command is used by the host to guarantee that data in the cache has been moved
to the media.

4.13 Seek

The SEEK command provides a way for the host to position the logical unit in preparation for access to a particular
logical block at some later time. Since this positioning action is implicit in other commands, the SEEK command may
not be useful with some logical units.

4.14 DVD Video format information for CSS Managed Recording

Audiovisual contents in DVD Video may be scrambled by CSS. In the scrambled audiovisual contents, some data is
scrambled and some data is not scrambled. In the case of the scrambled data, the CP_SEC bit in the CPR_MAI field of
the Data Unit 1 shall be set to 1. Additionally the CPM bit and the CGMS bit field in the CPR_MAI field of the
scrambled audiovisual contents shall be set to 1b and 11b. See 4.4.2, "Data Unit 1" on page 93 for structure of Data Unit
L.

4.14.1 Data type in the DVD Video title

The Video and related data in the audiovisual contents are named as Video Object (VOB). See Figure 36 - Example of
DVD-Video volume structure on page 139 for DVD Video title structure. The audiovisual data in the VOB is named as
Pack. The size of one Pack is one sector. See Figure 19.
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- One pack / sector >
< Packet -
hlzz((:il::r E:;l;g Audiovisual content data
14 bytes 9 bytes 2 025 bytes or less
or more
Figure 19 - Structure of a Pack
Four types of Packs are defined for the VOB.
Table 42 - List of Pack types
Pack Data (in Pack)
Navigation Pack (NV_PCK) Presentation Control Information (PCI) and Data Search Information (DSI)
Video Pack (V_PCK) Video data
Audio Pack (A_PCK) Audio data

Sub-picture Pack (SP_PCK)

Sub-picture data

NV_PCK is never scrambled because it is used to search the VOB (Video scene) in the audiovisual content. And some
Packs are not scrambled according to the CSS PROCEDURAL SPECIFICATIONS. Refer to the specific specification

for detail information.

4.14.2 Scrambled data indicators

In the DVD-Video and DVD disc specification, there are two fields that show the Pack scrambling status field in sector

header and field in user data.

Table 43 - Scrambled data indicators and corresponded information

bit/field Bit position description
CP_SEC bit Byte 0, bit 6 in CPR_MAI field of Data 1: data in the Pack is scrambled
Unit 1 (in sector header) 0: data is not scrambled
PES_scrambling_control field (this Byte 20, bit 5-4 of V_PCK, A_PCK, and 00b: data in the Pack is not scrambled
field is not defined in NV_PCK) SP_PCK (in Packet header of user data) 01b: data is scrambled by CSS

10b: Reserved
11b: data is scrambled by other method

Byte 21, bit 5-4 of NV_PCK: part of the bit | 00b (fixed value)
rate field
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4.15 Region Playback Control (RPC)

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

4.15.1 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 with KEY Format Code of 04h (Title Key) is received by a logical unit that is in the
Bus Key Established state (see Figure 17 - Device Key Exchange and Authentication State Diagram on page 111), 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, 5/6F/04 MEDIA REGION CODE IS MISMATCHED TO LOGICAL
UNIT REGION. 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 reset to zero.

The logical unit will report the current RPC state using the REPORT KEY command with KEY Format Code 08h. The
logical unit shall not report an error concerning media to this KEY Format code.

Note: Some current logical units may return the error concerning media. In this case, host should ignore this error and
host should proceed to the next step. The logical unit may support RPC. When “5/6F/04 MEDIA REGION CODE IS
MISMATCHED TO LOGICAL UNIT REGION? error is reported, host should check the logical unit RPC setting.

4.15.2 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 movie which has a region code
included within the information on the disc in this drive.

The logical unit has the following four Region States according to the Drive Region setting (see Figure 20):

1. NONE state The Drive Region has not been set and the host Computer shall set the initial Drive
Region value in the logical unit. The region setting counter shall be 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 Drive Region has been set and the change of the Region is acceptable. The
region setting counter shall initially be 4, decrementing to 2.

3. LAST CHANCE state The Drive Region has been set and the change of the Region is acceptable. In order
to change the Drive 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 Drive Region has been set and the change of the Region is not acceptable. The
region setting counter shall be 0. However, the Drive Region can be re-initialized by
the vendor to become the NONE state.

4.15.2.1 Initial setting

In the NONE state, the Drive Region has not been set and the host shall set the initial Drive Region value in the logical
unit. The region setting counter shall be 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.

The Drive Region shall be set by one of the two methods specified. In case of the command method, the drive ignores
the region code of the inserted medium. In the command method, the host shall set a preferable region, the value of
which is specified in the Preferred Drive Region Code field of the SEND KEY command with KEY Format =
000110b. On execution of this command, the drive ignores the region code of the inserted medium.
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After the successful execution of setting the Drive Region, the region setting counter shall be decremented to 4 and the
drive shall enter SET state.

4.15.2.2 Changing of the Drive Region

In the SET state, the Drive Region has been already set and may be changed by one of the following two methods. After
the successful execution of changing the Drive Region, the region setting counter shall be decremented. When the region
setting counter is 1, the drive shall enter into the LAST CHANCE state.

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

In the PERMANENT state, the user cannot change the Drive Region.

4.15.2.2.1 Command method for changing the Drive Region with a CSS enabled disc
To set the Drive Region, the procedure shall be executed as follows;

1. Insert a disc having the requested Region, (this is not required for the Initial Setting)

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

When the logical unit receives the SEND KEY command correctly, the Drive Region is changed to the requested region.

If the disc does not have the same region code value as the Preferred Drive Region Code specified in the SEND KEY
command, then the command shall be terminated with CHECK CONDITION status, 5/6F/04 MEDIA REGION CODE
IS MISMATCHED TO LOGICAL UNIT REGION.

4.15.2.2.2 Setting disc method for changing the Drive Region

The Drive Region may be set by inserting a special disc which contains a specific region code. This special disc does not
require any command intervention.

4.15.3 Limits on Drive Region changes

Any of the methods defined in this specification may be used up to five times to set 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 Drive Region more than five times, the SEND KEY command shall
terminate with CHECK CONDITION status, 5/6F/05 DRIVE REGION MUST BE PERMANENT/REGION RESET
COUNT ERROR.

For more information on the region code setting process, see Figure 20.
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4.15.4 RPC states

Manufacturer or Vendor
NONE state

Initial

“No Drive Region” SEND KEY command with a requested

region is issued, or Setting Disc is inserted.

n=>5

The value of n shall be decremented

SET state

SEND KEY command with requested region,
that would allow playback with the inserted

R ) R The Drive Region is set
disc is issued, or Setting Disc is inserted.

The value of n shall be decremented

When n becomes 1

LAST CHANCE state

The Drive Region is set

PERM state

SEND KEY command with requested region
that matches a single region disc that is
inserted is issued, or Setting Disc is inserted

The Drive Region is set

The value of n shall be 0.

n: count down counter that indicates the
number of times that the user can set
the region. This value is initially 5.

Figure 20 - Region state diagram
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4.16 Recording and reading for DVD-RAM media

DVD-RAM media is directly addressable by a logical block address and permits reading and writing from any of the
consecutively numbered logical blocks. Though the Logical Block Addresses are consecutive, the actual data may not be
stored in a consecutive manner because of defect management and the existence of physical sectors which do not directly
correspond to logical blocks. Such physical sectors comprise spare sectors and unused sectors.

4.16.1 Logical layout of DVD-RAM media

DVD-RAM media is divided into multiple Zones. The first sector of each revolution in these Zones always align. The
data is recorded using a constant angular velocity within each Zone, thus the actual size of the “bits” within a zone
increase from the beginning of a zone toward the end of the zone. This keeps the data rate constant for reading and
writing within each Zone with constant rotational speed. Each Zone has a fixed radius in width and as such each contains
a different number of sectors.

N =34 (120 mm, Ver. 2.2)
13 (80 mm, Ver. 2.2)

Figure 21 - Zoning of DVD-RAM media

The Data Area begins at 031000h for DVD-RAM, apart from DVD-ROM and DVD-R, where Data Areas begin at
030000h. This is caused by the existence of Defect Controls. There are two Defect Controls: one is located immediately
before the Data Area and starts at 030000h, and the other is located immediately after the Data Area. The Defect
Controls are non-user addressable areas. These blocks contain Defect Management Areas (DMAs).

The DMA contains Disc Definition Structure (DDS) for the recording method used for formatting of the disc, a Primary
Defect List (PDL) for recording defective sectors identified at formatting of the disc, and a Secondary Defect List (SDL)
for recording defective ECC blocks identified during writing/reading user data.

¢ DVD-RAM Ver. 2.2
The Data Area has one or two Spare Areas. There are two types of Spare area, Primary Spare Area (PSA) and
Supplementary Spare Area (SSA). See Figure 9 - Physical and logical layout of DVD-RAM Ver. 2.2 media on
page 91. Primary Spare Area is always pre-assigned at Initialization/Re-initialization. Pre-assigned Supplementary
Spare Area is selectable at Initialization/Re-initialization. And Supplementary Spare Area is expandable after
Initialization/Re-initialization. The User Area and Spare Areas contain user accessible sectors addressed by an LBA.
The LBAs increase toward the Outer Diameter. Defective sectors are replaced by sectors in the Spare Area. The last
LBA is 23051Fh in the case of 120 mm and AE6EFh in the case of 80 mm.

Final Page 119



Revision 1.11 Recording and reading for DVD-RAM media

The location of Primary Spare Area is written in the DDS and the location of Supplementary Spare Area is written in
the SDL.

The total number of sectors in Primary Spare Area is 12 800 in the case of 120 mm and 5 120 in the case of 80 mm.

DVD-RAM Ver. 2.2 has only one group. The total number of sectors in Supplementary Spare Area is from O to

97 792 in the case of 120 mm and 89 088 in the case of 80 mm. The Guard Area is located at the boundary to prevent
signal crosstalk between Zones (See Table 44). LBA of first Sector in the Group in Table 44 is the case of no defects
in the media.

4.16.2 Supplementary Spare Area

As long as a disc is used with a cartridge, PSA has enough size to ensure user data. PSA is allocated in inner area of the
Data Area regardless of formatting type. A block in the PSA is used as a replacement block of a defective block in the
user Data Area according to Slipping Replacement Algorithm or Linear Replacement Algorithm.

When a disc is used without a cartridge, defective blocks caused by contamination may increase unexpectedly. In order
to supplement insufficiency of spare blocks, SSA can be allocated on formatting or after formatting. SSA is allocated in
the most outer area of the Data Area and may grow toward inner radius.

On formatting of a disc, the host can allocate SSA with FORMAT UNIT command with Format Type field of 00h in
the Format Descriptor. See Figure 22. The number of blocks to be used for user data recording is specified with Number
of Blocks field in the Format Descriptor, and the rest of Data Area is assigned for SSA. All allocatable number of blocks
shall be returned in Formattable Descriptors with Format Type field of 00h in response to READ FORMAT
CAPACITIES command. On the formatting with Format Type with 00h, defect management information may be
changed and user data written before the formatting is not guaranteed.

If the number of available spare blocks decreases because of many replacement operation, SSA is expandable after
formatting of a disc. The logical unit shall report CHECK CONDITION status, 1/5D/03 FAILURE PREDICTION
THRESHOLD EXCEEDED - Predicted Spare Area Exhaustion in response to the command after detecting consumption
of available spare blocks. If the host receives the Recovered Error for consumption of spare area, the host should issue
FORMAT UNIT command with Format Descriptor that contains Format Type field of 01h and the Number of Blocks
field. The Format Descriptor, that is sent with FORMAT UNIT command shall be one of the Formattable Descriptors
returned by READ FORMAT CAPACITIES command. All allocatable number of blocks shall be returned in
Formattable Descriptors with Format Type field of O1h in response to READ FORMAT CAPACITIES command, but
Formattable Descriptors that contain the Number of Blocks larger than or equal to the current Number of Blocks shall
not be returned. If the area that is newly allocated to the SSA includes user data, the host should move the user data and
update file management information. On expansion operation of SSA, user data that is included in the LBA Space after
expansion shall be retained and defect management information shall not be changed.

SSA shall be used after PSA exhaustion. See Figure 23. The Spare Area is used in descending Block order in each of
Spare Areas, and the defective sectors in the Spare Area and the corresponding replacement sectors, which have been
already registered in the PDL or the SDL, shall not be used as spare sectors.
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Figure 22 - Supplementary Spare Area example (120 mm, Ver. 2.2)
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Figure 23 - Usage of Spare Area (Ver. 2.2)
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Table 44 - Allocation of Data Area of DVD-RAM Ver. 2.2 media (120 mm)

No. of Physical Sectors LBA of first
Zone | Group .
No. No. Guard User Area Spare Area Guard Secor " the
Area Area Zone

0 0 0 22240 12 800 64 0

1 0 64 40 640 0 64 22240
2 0 64 42208 0 64 62 880
3 0 64 43776 0 64 105 088
4 0 64 45344 0 64 148 864
5 0 64 46 912 0 64 194 208
6 0 64 48 480 0 64 241 120
7 0 64 50048 0 64 289 600
8 0 80 51584 0 80 339 648
9 0 80 53152 0 80 391232
10 0 80 54720 0 80 444 384
11 0 80 56 288 0 80 499 104
12 0 80 57 856 0 80 555392
13 0 80 59424 0 80 613 248
14 0 80 60 992 0 80 672 672
15 0 80 62 560 0 80 733 664
16 0 96 64 096 0 96 796 224
17 0 96 65 664 0 96 860 320
18 0 96 67232 0 96 925 984
19 0 96 68 800 0 96 993 216
20 0 96 70 368 0 96 1062016
21 0 96 71936 0 96 1132384
22 0 96 73 504 0 96 1204 320
23 0 96 75072 0 96 1277824
24 0 112 76 608 0 112 1352896
25 0 112 78 176 0 112 1429 504
26 0 112 79 744 0 112 1 507 680
27 0 112 81312 0 112 1587424
28 0 112 82 880 0 112 1668 736
29 0 112 84 448 0 112 1751616
30 0 112 86 016 0 112 1836 064
31 0 112 87584 0 112 1922 080
32 0 128 89120 0 128 2 009 664
33 0 128 90 688 0 128 2098 784
34 0 128 105 600-MP M 0 2189472

Total N/A 3136 2295 072-M 12 800+M 3072 N/A

a. “LBA of first Sector in the Zone” is for a defect free disc.
b. Where 'M' is the number which is multiple of 512 sectors (32 ECC blocks), and maximum number of 'M'
is 97 792.
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Table 45 - Allocation of Data Area of DVD-RAM Ver. 2.2 media (80 mm)

Zone | Group No. of Physical Sectors LBA OF first
No. No. Guard User Area Spare Area Guard Secor " the
Area Area Zone
0 0 0 29920 5120 64 0
1 0 64 40 640 0 64 29920
2 0 64 42208 0 64 70 560
3 0 64 43776 0 64 112768
4 0 64 45344 0 64 156 544
5 0 64 46 912 0 64 201 888
6 0 64 48 480 0 64 248 800
7 0 64 50048 0 64 297 280
8 0 80 51584 0 80 347 328
9 0 80 53152 0 80 398 912
10 0 80 54720 0 80 452 064
11 0 80 56 288 0 80 506 784
12 0 80 57 856 0 80 563072
13 0 80 93 552-MP M 0 620 928
Total N/A 928 714 480-M 5120+M 912 N/A

a. “LBA of first Sector in the Zone” is for a defect free disc.
b. Where 'M' is the number which is multiple of 512 sectors (32 ECC blocks), and maximum number of 'M'
is 89 088.

4.16.3 DVD-RAM ECC block boundary issue

The location of logical sectors is derived from the defect list information. When a physical sector is found defective and
newly slipped during formatting, a result is that the ECC block boundaries change and thus the addressing of all the
following sectors in that zone changes. Following any new “slipping” of a physical sector, all the following ECC blocks
in that zone shall be written with new ECC block boundaries before reading. The only exception is a case when all the
following ECC blocks have been written with the initialization pattern used at certification which can be determined by
the Data ID of the logical block. In this case, the logical unit discriminates the initialization pattern even when the ECC
block boundaries are incorrect and shall treat these ECC blocks as if all zero data has been written.

4.16.4 Unrecorded ECC blocks

A DVD-RAM disc which has not been certified may contain unrecorded ECC blocks to which user data has not been
written. The logical unit shall return all zero data in response to an attempt to read logical blocks from such unrecorded
ECC blocks. Further, a logical block may contain an initialization pattern used at certification which can be
discriminated by the Data ID of the logical block. The logical unit also returns all zero data in response to an attempt to
read such Logical Blocks containing the initialization pattern.

4.16.5 Read Modify Write

Any attempt to write data less than one ECC block causes a read-modify-write operation in the logical unit, which
requires more than one rotation to write the data, if data is not cached.

1. Reading an ECC block containing the designated logical blocks (First path)
2. Overlay the data to be written onto the read out ECC block data

3. Writing the modified ECC block data back to the same addresses (Second path)
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When an ECC block designated for Read-Modify-Write operation is physically unwritten or contains the initialization
pattern used at certification, which can be discriminated by the Data ID of the Logical Block, the logical unit writes all
zero data to the logical blocks in the ECC block other than the designated Logical Blocks from the host.

A technique to provide better performance with DVD-RAM media is to write data in sizes that are a multiple of 32 768
bytes starting at a logical block address that is a multiple of 16, which results in a one path direct overwrite operation.
These values can be determined from the Random Readable Feature Descriptor (see /7.4.2.6, "Feature 0010h: Random
Readable" on page 575).

4.16.6 Data ID

DVD-RAM has major differences from DVD-ROM, DVD-R/-RW, DVD+RW in that embossed Headers are used to
identify the physical sectors. The address used by the logical unit to read or write sectors is the “physical” address, not
the Data ID.

4.16.7 Defect management for DVD-RAM media

Defective physical sectors in the Data Area of DVD-RAM media are managed by the logical unit according to the defect
management scheme specified in the DVD Book for Rewritable Disc, Part 1: Physical Specifications.

Two replacement methods are defined for defective physical sectors:

Slipping replacement is the first method in which a defective physical sector is replaced by the first non-defective
physical sector following the defective physical sector. The slipping replacement is performed in units of a physical
sector. Defective sectors replaced by the slipping replacement are listed in Primary Defect List (PDL) recorded on the
DVD-RAM media during formatting. Contents of the PDL on DVD-RAM media can be changed only by formatting.
The number of sectors in a group to be listed in the PDL shall not exceed the number of sectors in the Spare Area in that
group. Entries of the PDL consist of three categories: P-list, G;-list and G,-list.

e Defective physical sectors encountered by media manufacturer before shipment of the DVD-RAM media are listed in
the P-list. A defect is registered to the P-list in a unit of 1 physical sector. Time to perform the slipping replacement
for a defective sector listed in the P-list is minimal, because it requires time only to pass the defective sector. The P-
list shall be preserved during any formatting and shall be always used in order to avoid possible change of ECC block
framing by formatting.

*  Defective physical sectors encountered by certification after shipment of the DVD-RAM media are listed in the G-
list. A defect is registered to the G;-list in a unit of 1 physical sector. Time to perform the slipping replacement for a
defective sector listed in the G;-list is minimal as in the P-list. The Gy-list shall be always used and shall only be
changed with certification in order to avoid possible change of ECC block framing by formatting.

e Defective physical sectors transformed from the SDL by formatting are listed in the G,-list. A defect registered to the
G,-list consumes 16 entries at once. Time to perform the Slipping Replacement for defective sector listed in the G,-
list is longer than the time for P-list or Gy-list, because it requires time to pass 16 consecutive sector. However, it is
still much faster than Linear Replacement because it does not require a Seek operation to the Spare Area. The G,-list
can be changed without certification, however, the G,-list shall be disposed at certification in order to avoid possible
change of ECC block framing by formatting

Linear Replacement is the second method in which a defective physical sector is replaced by the first available physical
sector out of spare sectors. The linear replacement is performed in a unit of 16 physical sectors (an ECC block). An ECC
block found to be defective is replaced by the first available good spare ECC block of the group. If there is no spare ECC
block left in that group, the first available good spare ECC block of another group is used (DVD-RAM Ver. 2.2 has only
one group). Defective ECC blocks replaced by the Linear Replacement are listed in the Secondary Defect List (SDL)
recorded on the DVD-RAM media. Contents of the SDL. on DVD-RAM media are updated whenever an ECC block is
found to be defective. When a replacement ECC block is found to be defective, a new replacement ECC block will be
substituted and the SDL will be updated on the media. Chaining of replacement will not be performed, direct pointer
method will be applied. Time to perform the Linear Replacement is longest because it requires seek operation to the
Spare Area and writing/reading the replacement ECC block. However, this is the only method to register a new defect
without formatting the media.
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<In case of no defective sectors>

Physical
Sector Number >
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<In case of defective sectors>
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Both (m+i) and (n+p+j) are multiple of 16

. Guard area . defective sectors |:| a fraction of ECC block

Each defective sector causes a slip towards the top of the Data Area. The defective sectors in each zone
may make a fraction of an ECC block, this fraction shall be moved to just before the Guard area at the end
of the zone. The ECC block fraction shall not be used for recording user data. Only Primary Spare Area
shall be used for the Slipping Replacement.

Figure 24 - Slipping Replacement Example (Ver. 2.2)
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Figure 25 - Linear Replacement Example (Ver. 2.2)

4.16.8 DMA information

The Defect Management Area (DMA) consists of two ECC blocks. The first ECC block contains the Disc Definition

Structure (DDS) for the recording method used for formatting of the disc, and the Primary Defect List (PDL) for

recording defective sectors identified at formatting of the disc. The DDS contains the following information.

e In-process (In-progress, in the case of DVD-RAM Ver. 2.2) flag indicating formatting operation is completed or not.
This flag enables to recover a suspended formatting operation.

* A flag indicating the media has been certified by media manufacturer or not.

* A flag indicating the media has been certified by the logical unit or not.

The PDL contains information of defective sectors to be replaced by the slipping replacement. Though the PDL has a
capacity to hold defective sector information for up to 7 679 sectors in the case of 120 mm and 4 095 sectors in the case
of 80 mm, there is another limitation of the maximum number. See Figure 27 - Limitation of maximum number of sectors
for PDL and SDL on page 128.

The second ECC block contains the Secondary Defect List (SDL) for recording defective ECC blocks identified during
writing/reading user data. Though the SDL has a capacity to hold the defective ECC block information up to 3 837 ECC
blocks which corresponds to 61 392 sectors, there is another limitation of the maximum number. See

Figure 27 - Limitation of maximum number of sectors for PDL and SDL on page 128.
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Shaded portions image defect list entries contained
Figure 26 - DDS/PDL Block and SDL Block
Table 46 - DDS information (Ver. 2.2)
Bit 7 6 4 3 1 0

Byte

0-1 DDS Identifier (OAOAh)
2 Reserved
3 Disc Certification Flag
4-7 DDS/PDL Update Counter
8-9 Number of Groups (0001H)
10-11 Number of zones
12-79 Reserved
80 - 87 Location of Primary spare area
88 -91 Location of LSNO
92 - 255 Reserved
256 - 259 Start LSN for Zone0O
260 - 263 Start LSN for Zonel
308 - 311 Start LSN for Zonel3
312 - 315 Start LSN for Zone14 (Reserved in the case of for 80 mm)
392 -395 Start LSN for Zone34 (Reserved in the case of for 80 mm)
396 - 2 047 Reserved
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Table 47 - Disc Certification Flag format (Ver. 2.2)

The whole disc | The disc has

Formatting in- has been been certified
Reserved . .
progress certified by by disc
user manufacturer

The size of the defect lists will be limited by several factors. As the information about all defects in the PDL and the SDL
shall be used to access LBAs, the defect lists would normally be kept in the logical unit’s memory. So that this does not
become a problem for some logical units, the total size will have a maximum. The total defect list (memory) size shall
not exceed 32 Kbytes (60 Kbytes in the case of 120 mm, 46 Kbytes in the case of 80 mm, in Ver. 2.2). As there are two
defect lists, the size of each will be considered. Each list will always contain data from a whole number of sectors. For
example, if a single PDL entry is used, the memory size will be 2 048 bytes, not 4 only.

(1<8ppL <15, 1< 8spL < 15), in the cases of 120 mm discs

(1<8SppL<8,1<8spL<15), in the cases of 80 mm discs

SpoL = INT (ErpLx4+4)+2047
2048

SspL = INT (EspLx 8+24)+2047
2048

SPpLis the number of sectors used to hold PDL entries
Sspr is the number of sectors used to hold SDL entries
ErpLis the number of PDL entries
Espr is the number of SDL entries

Figure 27 - Limitation of maximum number of sectors for PDL and SDL

4.16.9 Scheduling of Linear Replacement

The DVD-RAM format is designed to enable the following Linear Replacement methods, with some consideration for
issues of real-time data recording, where for example the reassignments are disabled during some operations.

e When recording data with verification by the WRITE AND VERIFY (10) command, the logical unit has an
opportunity to evaluate the written data and if the data is found defective, the logical unit may perform a Linear
Replacement.

*  For data recorded without verification, the logical unit has an opportunity to evaluate the written data when the host
attempts to read the data from that LBA and if the data is found defective but correctable by ECC, the logical unit may
perform the Linear Replacement operation, if read reassignment is enabled.

Page 128 Final



Revision 1.11 Recording and reading for DVD-RAM media

4.16.10 Formatting

Formatting is required at the beginning of use of DVD-RAM media. During formatting, the logical unit defines
correspondence between LBAs and physical addresses and records relevant information in the Defect Management
Areas. All the user data in the formatted extent is lost during the formatting. Media certification may be included as a
part of the formatting. No defect list shall be transferred from the host, i.e. there shall be no D-list for DVD-RAM media.

The certification process included in the formatting should not be confused with media certification from a media
manufacturer. The logical unit controlled “certification” allows the logical unit to write and verify all the sectors on the
media. This operation allows some defects to be registered in the G;-list for the Slipping Replacement. These are not the
same as certification defects from the media manufacture which is recorded in the P-list. The result of the “certification”
process of the FORMAT UNIT command is to leave every sector with a special ID content called the “Initialization
pattern.” This type of ECC block shall be treated as though all zero data has been written. This is the same as an
unwritten ECC block.

There is a case where the spare sectors available are exhausted:

e During a re-formatting, when SDL entries are converted to G,-list entries.

When these happen, the logical unit shall place the overflow sectors into the SDL and replace these sectors with spare
sectors from another zone. During re-formatting, SDL entries that cannot be converted to PDL entries will be kept in the
SDL, but the replacement location may change. During a formatting with certification, when new PDL entries are added

that cannot be used because there are not enough spare sectors in that zone, a new SDL entry shall be created. In both
cases, the SDL may not be empty after the FORMAT UNIT command completes.

If the total number of spare sectors are exhausted during a FORMAT UNIT command, the format operation will not stop,
but will ignore those defects that cannot be replaced and a RECOVERED ERROR shall be reported at the completion.

If the size of the PDL & SDL are going to exceed the limit in Figure 27, the logical unit shall discard defect entries until
the size does not exceed that limit.

There can be considered four kinds of formatting depending on how the certification performed and how the old defect
list (Gy-list and G,-list) is treated:

4.16.10.1 Formatting Type 1 - Slow Initialization

The purpose of Formatting Type 1 is to initialize the medium using the media manufacturer’s defect list (P-list),
assuming that the media has defects not in the P-list. The logical unit performs its own certification. The execution time
is long, at least one hour or more. Every physical sector should be written with initialization pattern and verified.
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Old P-list ﬁ New P-list
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Figure 28 - Formatting Type 1 - Slow Initialization

4.16.10.2 Formatting Type 2 - Quick Improvement

The purpose of Formatting Type 2 is to remove reassigned sectors for Linear Replacement and change them to Slipping
Replacement. The total number of Spare sectors available remains the same. The execution time is very little, only
several seconds is expected.

Old P-list New P-list

Certification

01d G,-list

New Gq-list

Overflow

Old G,-list New G,-list

Old SDL New SDL

il

Null

:

( Disposed )

Figure 29 - Formatting Type 2 - Quick Improvement

4.16.10.3 Formatting Type 4 - Quick Clearing

The purpose of Formatting Type 4 is to initialize the media for use, using only media manufacturer defect information.
Another purpose is to return the media to the latest certified state by removing reassigned sectors for Linear Replacement
and the G,-list. The execution time is very little; only several seconds is expected.
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Figure 30 - Formatting Type 4 - Quick Clearing
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4.16.11 Interruption of formatting

An interruption of formatting by reset, or power off may cause the media to be unusable without another formatting
operation. In any case, all the user data in the formatting extent shall be assumed to be lost, because correspondence
between the LBAs and physical addresses may have been changed.

* Aninterruption of formatting Type 1 may cause the media to be unusable because of uncompleted change of the ECC
boundaries. Any access to the media in this condition other than a proper FORMAT UNIT command skall be
terminated with CHECK CONDITION status, 3/31/00 MEDIUM FORMAT CORRUPTED. The only recovery
operation to this case is another formatting by formatting Type 1 only.

* An interruption of formatting Type 2 causes the media to be usable as there is no media certify operation.

* An interruption of formatting Type 4 causes the media to be usable as there is no certification operation.
4.16.12 Cartridge and Disc Type

There are three types of cartridges, Type 1, Type 2 and Type 3. See Table 48. Each cartridge has a sensor hole that
indicates whether a media has taken out at least once or not, and has a write-inhibit hole for the usable side. A disc may
be used without a cartridge.

Table 48 - Feature of cartridge

Type 1 cartridge Type 2 cartridge® Type 3 cartridge®
Reversibility Reversible Non-reversible Non-reversible
Removability of a disc from the cartridge Impossible Possible Possible
Original condition of a sensor hole A1l Closed Closed Open

a. The difference between Type 2 and Type 3 is the condition of the sensor hole Al. The sensor hole Al of Type 2

is originally closed. The sensor hole A1 of Type 3 is always open. See Section 4.16.13.4.

4.16.13 Write protection of a disc

There are two types of write protection conditions, one is the condition set directly by users and the other is the condition
for the other reasons such as a vender specific implementation.
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There are three factors affecting the write protection conditions for DVD-RAM media. They are Write-inhibit hole, disc
type identification and Write-inhibit flag. The explanation of each factor and the possible status of the command
execution are described below.

4.16.13.1 Write-inhibit hole

This hole is the mechanical switch/tab for write protection on a cartridge. When this hole is closed, the logical unit may
write/modify information according to the other write protection conditions. When this hole on a cartridge is open, the
logical unit shall not write/modify/initialize any information (including user data, defect management information and
Write-inhibit flag) on the disc.

Host is able to get the Write-inhibit hole condition as a CWP bit value using READ DISC STRUCTURE command with
Format Code code COh or 0%h.

4.16.13.2 Write-inhibit flag

The Write-inhibit flag can be used for a write protection function for a disc without a cartridge. When the disc is
initialized logical unit shall set the flag to zero. Supporting the functionality to change this flag is optional. This flag is
recorded on the disc surface. When this flag is set to zero, the logical unit may write/modify information according to the
other write protection conditions. When this flag on a disc is set to one, the logical unit shall not write/modify/initialize
any information (including user data and defect management information) on the disc surface. The flag itself is not write
protected.

Host is able to get the Write-inhibit flag condition as a PWP? bit value using READ DISC STRUCTURE command
with Format Code code COh or 09h, and set/reset PWP bit using SEND DISC STRUCTURE command with Format
Code code COh.

4.16.13.3 Disc Type Identification

Disc Type Identification is defined in the embossed Lead-in Area. Disc Type Identification indicates whether the disc
can be written without cartridge or not.

When this field of a disc is set to 00h, the logical unit shall not write/modify any information (including user data, defect
management information and Write-inhibit flag) onto the disc mounted without cartridge. In this case, MSWI bit shall be
set to one. See 12.3, "Error reporting” on page 500.

When this field is set to 10h and the disc is not in the cartridge, some logical units become the write disabled condition.
In this case, MSWI bit shall be set to one. See 12.3, "Error reporting" on page 500. On the other hand, some logical
units become the write enabled condition. A logical unit may reject certain write operations without verification because
verify after write is recommended. In this case, the command shall be terminated with CHECK CONDITION status, 7/
27/06 CONDITIONAL WRITE PROTECT.

Host is able to get the Disc Type Identification value by using READ DISC STRUCTURE command with Format
Code code 09h.

4.16.13.4 Sensor hole Al

The Sensor hole A1 indicates whether the disc had been taken out from a cartridge or not. The Sensor hole Al is closed
when the disc had never been taken out from the cartridge. The Sensor hole A1 is open when once the disc had been
taken out from the cartridge. In the case of the Sensor hole A1 open, verify after write is recommended. A logical unit
may reject certain write operations without verification. In this case, the command shall be terminated with CHECK
CONDITION status, 7/27/06 CONDITIONAL WRITE PROTECT. These differences depend on the drive
implementation for keeping data integrity.

Note: WRITE (12) command with Streaming bit set to one may not be affected by the Sensor hole Al status. If logical
unit does not permit execution of the command when Sensor hole Al is open, the command is terminated with CHECK
CONDITION status, 7/27/06 CONDITIONAL WRITE PROTECT.

Host is able to get the sensor hole Al condition as a Out bit value using READ DISC STRUCTURE command with
Format Code code 09h.
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4.17 Recording for DVD-R Single Layer media
4.17.1 Basics for DVD-R vs. CD-R

Generally the contents on a DVD disc are managed using the OSTA Universal Disk Format (UDF) file system. (UDF
Bridge may also be used.) A DVD-ROM disc is similar to a CD-ROM disc in that it has one Mode 1 data track with
Lead-in and Lead-out. A DVD disc does not have pre-gap or post-gap.

DVD-R is similar to CD-R. It is a write-once media that in most cases will be readable by a DVD read-only logical unit.
There are some capabilities that are defined by this specification and could cause some media to not be readable by
legacy DVD read-only logical units. DVD-R provides data appendability using incremental sequential writing.

One major difference between DVD-R and CD-R is the Track. DVD-R does not have an Audio Track and Sub-channel
data, thus there is no Table of Contents like on CD. Data written on a DVD-R disc looks like a Mode 1 data track on a
CD-R disc. For DVD-R, three appendable points are provided. To control (manage) data appendable points in a data
recordable area, the concept of an RZone has been introduced. An RZone contains data elements of Next Writable
Address, Last Recorded Address, Start Address and Length, which is similar to a CD Track.

Both DVD-R and CD-R use a Link sector to stop and resume recording. Because of differences between the cross-
interleaved ECC of CD and the 32K ECC blocks of DVD, the linking scheme is a little different. CD-R uses Run-out,
Link, and Run-in sectors. DVD-R uses Linking Loss Area, padding and Block SYNC Guard Area (BSGA)l. These
Linking Loss sectors use Logical Block Address (LBA) space.

DVD-R has a Recording Management Area (RMA) to store Recording Management Data (RMD) including the RZone
information, Disc Status and other helpful information for file system management. RMA is located out of the user Data
Area. RMD block size is 32 KB.

4.17.2 Recording model for DVD-R Single Layer media

DVD-R Single Layer media supports two types of recording; disc-at-once (un-interrupted) and incremental. In case of
incremental recording, when recording is interrupted, linking shall be used.

The Write Type field in the Write Parameters mode page is used to specify if disc-at-once recording or incremental
recording will be used.

4.17.2.1 Sequential recording

DVD-R media makes use of sequential recording. This type of recording does not permit random access for recording
purposes. Recording may only occur at predefined recording (appendable) points.

Multiple Appendable points may exist within management areas for sequential recording. The data shall be written
sequentially from each appendable point. Each start/stop of recording occurs in a special structure called a Linking Loss
Area.

1. Block SYNC Guard Area (BSGA) was called “Block Sync Guarantee Linking Loss (BSGLL)” in the old revisions of this
specification.
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4.17.3 Disc-at-once recording

Disc-at-once recording is recording data including Lead-in and Lead-out sequentially written to the media without
interruption. There are no Linking Loss Areas in the recorded data from Lead-in through the end of Lead-out. Disc-at-
once recording is used to create fully compatible media which behaves like DVD-VIDEO/ROM media.

unrecorded disc Empty Disc

Sequentially written without interruption

pisc-at-once @@ ol ———-—7-—— - - - N
recorded disc Lead-in User Data Lead-out

LBA O no Linking Loss Areas exist

Figure 31 - Disc-at-once Recording

For disc-at-once recording, the Information Area shall be recorded more than 70 mm in diameter. If the recorded length
is less than 70 mm in diameter, the logical unit shall write Lead-out up to 70 mm in diameter. See the DVD-ROM Book
Part 1.

Sample sequence of disc-at-once recording:
1. Set the Write Type field in the Write Parameters mode page to “disc-at-once.”
2. Specify transfer user data size by using the RESERVE TRACK command.

3. Issue WRITE (10) command from logical sector number O.
The logical unit shall perform Optimum Power Calibration (OPC).
Write and verify RMD in RMA.
The logical unit starts writing from the Lead-in through Data Recordable Area.

4. Repeat WRITE (10) command for all data.
When all user data has been written on the medium, the logical unit starts writing Lead-out.

If a buffer under-run occurs, the logical unit shall stop writing immediately and the logical unit shall start writing of
Lead-out.
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4.17.4 Incremental recording

In the case of incremental recording, user data is written sequentially from each NWA. A variable amount of user data is
written at several distinct times. Each recording begins and ends with a link. Linking Loss and Block SYNC Guard Areas
do not contain user data and are used during recording to allow discontinuous recording of data.

For DVD-R media to be readable by DVD read-only logical units, the media shall contain a Lead-in and a Lead-out or
Border-out. The Border-out is similar to the Lead-out. For more information, see DVD-R Book Part 1.

unrecorded and
three NWA exist

NWA NWA NWA

Sequential write Sequential \_xirite |
after some recording recorded recorded
has done !

‘ i !

NWA BSGA Nwa BSGA NWA

0000000

0000000

BSGA = Block SYNC Guard Area é = Linking Loss

Figure 32 - Example of incremental recording

4.17.4.1 Linking and Data Type bit

When recording is interrupted, e.g., due to SYNCHRONIZE CACHE (10) occurring, the logical unit shall perform
linking. Currently, two Linking Loss Area sizes are defined: 2 KB and 32 KB. The Link Size field in the Write
Parameters mode page is used to specify Linking Loss Area size. Mixing the two Linking Loss Area sizes on the same
disc is allowed.

LBAs are assigned to Linking Loss Area sectors. Addressing similar to “Method 2 for CD media is not provided for
DVD-R media.

The Data Type bit of the Identification Data (first 4 bytes of physical sector) when set to 0, indicates that the next sector
is a normal data sector. When the Data Type bit is set to 1, indicates that the next sector belongs to a Linking Loss Area.
If the sector contains a linking position, the Data Type bit of the sector shall be set to 0, even if the next sector will be a
Linking Loss sector. This exception is due to the possibility of changing the link size. If a sector is part of a Linking Loss
Area and the Link Flag in the previous sector is readable, no ECC related error shall be returned to the host in response
to any command that would require the logical unit read that sector. This would include commands such as READ (10),
VERIFY (10), REPORT KEY, and WRITE AND VERIFY (10).
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when Linking Loss size is 2 KB:

| ¢— 1 ECC block 1 ECC block ———p|

_~—
S~

=

when Linking Loss size is 32 KB:

«—— 1ECC block > 1 ECC block——

i

1 sector  Last Recorded Address Linking Position

SS

=

Recorded area

SS

I'sector Last Recorded Address Linking Position * Exception of Data Type bit (Data Type bit = 0)

Data Type bit = 01b ///// Linking Loss Area

Figure 33 - Relation between Data Type bit and Linking Loss Area

4.17.4.2 Linking with 2 KB or 32 KB Linking Loss
If the Linking Loss Area size is set to 32 KB, all of the sectors within a linking ECC block are used as Linking Loss

Area. Those ECC blocks can be ignored and no error correction need be provided by the logical unit. A drawback

however, is that 16 sectors are exhausted by each link operation.

If the Linking Loss Area size is set to 2 KB, the first sector of the linking ECC block is used as Linking Loss Area. The
remaining 15 sectors of the ECC block are available for valid user data. As the Parity Bytes used for error correction do
not include the correct data from the Link point, the error correction capability may be degraded. If the logical unit uses
Erasure Correction techniques and the data contained in the Link Sector has been written with zeros, then the degradation
of the error correction capability will be very small.

Table 49 - 2 KB linking vs. 32 KB linking

| 2 KB linking

32 KB linking

I less overhead (padding is done up to 2 KB)

more overhead (padding is done up to 32 KB)

I ECC may be degraded

ECC not affected
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2 KB linking 32 KB linking
|, 1ECC |, 1ECC _ . LECC | 1ECC
unrecorded SS SS SS SS
Elinking is done v;vithin 2nd sync ffame of the ECCE E linking is done Wwithin 2nd sync frame of the ECO:
ECC block is ‘ ! !
recorded and Sg SS SS SS
ended with Linking ‘ /|\ : : : ! .
: ENWA i : : : : i NWA '
next write has begun : ' / /
and Linking Loss Areagg SS SS SS
is padded by
logical unit padded 2 KB padded 32 KB
= recorded valid data . = Linking Loss Area (invalid data)
Figure 34 - Difference between 2 KB and 32 KB linking
link position . ) .
The unit of number is channel bit.
block sync 32 1456 32 1456
SY0 N SY5
% SY1 SY5
= SY2 SY5
&) SY3 SY5 Linking position is located
2 SY4 SY5 at between 15th and 17th
= 2 SY1 SY6 bytes in the first sync
%5 ] SY2 SY6 frame of an ECC block
£ o SY3 SY6
g SY4 SY6
2 SY1 SY7
£ SY2 SY7
o SY3 SY7
SY4 SY7
Sync Frame Sync Frame
Figure 35 - Link position in physical sector (DVD-R SL Ver.2.1)
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4.17.4.3 Sample sequence of incremental recording:
1. Set the Write Type field in the Write Parameters mode page to “incremental”.

2. Set the Link Size field in the Write Parameters mode page to 1 (2 KB) or 16 (32 KB).

3. If necessary, reserve RZone by using RESERVE TRACK command.

4. Inquire NWA of the specified RZone by using READ TRACK INFORMATION command.
5

Issue WRITE (10) command from NWA.

The logical unit may perform OPC.

If an RZone was newly reserved, the logical unit shall store the RZone information in the RMA prior to writing.
The logical unit starts writing from NWA.

6. Repeat WRITE (10) command for all data to be transferred.
7. Optionally issue SYNCHRONIZE CACHE (10) command.
When all the user data is written on the medium, the logical unit shall perform linking.

Once Write Type is selected and a write operation has begun, Write Type is not changeable. If Write Type does not
match the disc status, the command shall be terminated with CHECK CONDITION status, 5/26/00 INVALID FIELD IN
PARAMETER LIST.

4.17.4.4 Lossless-Link

The linking that does not set Data Type bit in physical ID of a sector is referred to as Lossless-Link. Linking loss sectors
are not generated when Lossless-Link is performed.

The Lossless-Link shall not be performed at the end of an RZone. The Lossless-Link is able to be performed only during
writing. Each RZone shall be terminated with 2 KB or 32 KB linking.

4.17.4.5 Buffer under-run free recording

DVD-R logical unit may support buffer under-run free recording for sequential recording. The Buffer Under-run Free
Enable (BUFE) bit in Write Parameters mode page is used to specify if buffer under-run free recording will be used
during sequential recording. During a continuous writing, if BUFE bit is set to 1, the logical unit writes the data to the
medium without link generation occurring. When the logical unit detects buffer under-run, the logical unit shall perform
the Lossless-Link to guarantee the first PI line data of ECC block where under-run will occur. Logical unit restarts
writing from the Lossless-Link point when following write data is sent by the host without any error. If the writing is
forced by a SYNCHRONIZE CACHE (10) command, a link shall be generated. Commands that are listed in

Table 369 - Commands that shall not interrupt streaming writing on page 584 shall not generate a link.

If BUFE bit is set to 0, when buffer becomes empty (under-run occurs), the logical unit shall perform normal linking
with Linking Loss sectors. The following WRITE (10) command may be terminated with CHECK CONDITION status,
5/21/02 INVALID ADDRESS FOR WRITE.

4.17.5 DVD-Video compatibility issues

To record DVD-VIDEO format on DVD-R media, disc-at-once recording is compatible; compatibility is limited in
incremental mode (each file shall be recorded as one “packet”). In the case of incremental recording, to record DVD-
Video files correctly, the following limitations shall be taken into consideration.

All DVD Video Title Sets (VTS) are managed by the Video Manager (VMG). The VMG is recorded as files that are
named VIDEO_TS.IFO, VIDEO_TS.VOB (optional), and VIDEO_TS.BUP. The order of the files is specified and it is
not possible to change the order.

The VMG shall be placed before any VTS. The VMG contains the information of the VTS location as offset from VMG
start logical sector. Once VMG is recorded, VTS that is not registered in the VMG, cannot be further appended.

Each file shall be recorded as a single extent. Therefore each file shall be recorded as one packet.
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To guarantee the continuous playback of MPEG 2 data stream, VTS files shall be recorded contiguously and garbage
sectors and Linking Loss sectors are not allowed between Video Object (VOB) files within a VTS. This is because the
VOB files consist of a continuous video stream.

See DVD-ROM Book Part 3 for further information on these limitations.

Volume Space

Volume and

File Structure DVD-Video Zone

|
I'VTS start address: Relative Logical Block Number to VTS#
I

P

VMG VTS #1 VTS #2 VTS #n (1<=1n<=99)
P N \
- - N N
_ - N e N\
~ N e \
- \ e \
Control Data| VOB for menu Backup for e - \
(VMGI) | (VMGM_VOBS)| VMGI e N
€ " i . ) N
1 file 1 file 1 file - N
rd 7 ) N
- N\
Control Data | VOB for Menu VOB for Titles Backup for
(VTSI) (VTSM_VOBS) (VTSTT_VOBS) VTSI
1 file 1 file 1 to 9 files 1 file
are recorded as
1 packet

Figure 36 - Example of DVD-Video volume structure

4.17.6 RZone model

The RZone is defined for DVD-R to manage appendable points. The RZone status changes according to its recording
stage. These status names are shown in Figure 37 below.
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Invisible RZone l

Incomplete RZone l_

Empty reserved RZone l l

Partially recorded reserved RZone l_ l

Complete RZone l_l
Figure 37 - RZone status definitions B - ccorded

Invisible/Incomplete RZone: The RZone only has a start address. End address is not defined. This kind of RZone is
always located on the outermost portion of the media and is data appendable.

Empty reserved RZone/Partially recorded reserved RZone: The RZone has a start address and end address. This kind
of RZone is always data appendable.

Complete RZone: The RZone is closed or completely filled with data. This kind of RZone has no NWA and can not
append data.

4.17.7 RZone reservation

4.17.7.1 Limitation for number of reserved RZones

A part of the disc space can be reserved for an RZone. For DVD, the maximum number of RZones which can be
reserved at the same time is two. In other words, the maximum number of data appendable RZones is three (2 Reserved
RZone + 1 Invisible/Incomplete RZone). If two RZones are already reserved, no more RZones can be reserved. To
reserve a new RZone, either one or both of the current reserved RZones shall be closed. Once closed, a new RZone can
be reserved.

Figure 38 shows an example sequence for making of a UDF Bridge disc on DVD-R media. In the Figure, two RZones
are used for recording. One RZone is reserved for UDF Bridge file system. User data is written by Sequential UDF in the
Invisible/Incomplete RZone.
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Reserve RZone for UDF bridge file system

Invisible RZone

! : Reserved RZone for
1 1 UDF Bridge file system

|, Reserved RZone R Incomplete RZone

! ! Reserved RZone for .
: : UDF Bridge file system Recording User data and UDF structure

Record UDF Bridge image into first reserved RZone and then close the disc

Complete RZone Complete RZone

al Ll »

Lead-in UDF Bridge file system Recorded User data and UDF structure Border-out Lead-out

Figure 38 - Typical sequence for making of UDF bridge disc

The RESERVE TRACK command is used to reserve RZones. If attempting to reserve an RZone when two RZones are
already reserved, the command shall be terminated with CHECK CONDITION status, 5/72/05 NO MORE RZONE
RESERVATIONS ARE ALLOWED.

Attempting to reserve an RZone when less than three ECC blocks remain in the RMA, the command shall be terminated
with CHECK CONDITION status, 3/73/05 PROGRAM MEMORY AREA/RMA IS FULL. Three RMD blocks are
required for each of reservation, RZone closure or Border closure.

The BSGA (See 4.17.7.3) at the end of each RZone is not writable by the host. If a command attempts to write data
beyond reserved RZone length during writing in the RZone, the command shall be terminated with CHECK
CONDITION status, 5/21/02 INVALID ADDRESS FOR WRITE.

4.17.7.2 RZone numbering

The RZone numbers shall start from 1. The number of the Invisible RZone is increased by one following a reservation.
After the reservation is done, the RZone number given to the new reserved RZone is the RZone number of the old
Invisible RZone that existed before the reservation.

4.17.7.3 Block SYNC Guard Area (BSGA)
To read an ECC block correctly, block SYNC (first SYO0) of the ECC block needs to be recorded.

Regardless of Liking Loss area size, if writing occurs for an ECC block immediately following an unwritten ECC block,
the block SYNC (first SYO) is not written due to linking (the linking position is in first or second sync frame). An ECC
block shall be recorded to guarantee readability of the following ECC block(s). An ECC block which is recorded after a
written ECC block is readable. The preceding ECC block is referred to as BSGA (Block SYNC Guard Area) and is
always 32 KB in size. A BSGA is the same as a 32 KB Linking Loss Area. See Figure 39.
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1ECC 1ECC

unwritten N recorded — ]
L—

| This ECC block cannot be read.

Block SYNC (SYO0) is unrecorded yet. 2 KB Linking Loss

1ECC 1ECC
32 KB Linking loss : recorded ————1— This ECC block can be read.
\
BSGA Block SYNC (SYO0) is already recorded.

Figure 39 - BSGA (Block SYNC Guard Area)

4.17.7.4 RZone reservation scheme

There are two types of RZone reservation scheme. The one is Size Mode reservation and the other is Address Mode
reservation. See Section 17.32, "RESERVE TRACK command" on page 839.

In the case of Size Mode reservation, the RZone shall only be reserved from the NWA of the Invisible RZone. If the last
RZone is Incomplete RZone, the Incomplete RZone shall be closed prior to reserving a new RZone. The start address of
the new Invisible RZone is the NWA of the previous Incomplete RZone.

NwA close Incomplete RZone S NWA NWA
to create Invisible RZone

NWA NWA NWA
reservation can be started from here l reserve

cannot reserve from NWA of
the Incomplete RZone

C%I%F’lete Empty reserved RZone Invisible RZone
one -~
= = Teservatio o D new RZone shall only be reserved
f% _ reservation——> _+_ _______ s from NWA of the Invisible RZone.
NWA NWA C
reservation can be started from here = Linking Loss

Figure 40 - Start position of RZone reservation

When reservation is required, the logical unit shall allocate appropriate length for the RZone in the Data Recordable
Area.

In the case of Disc-at-Once recording, RZone reservation shall be done only once to specify user data length to be
transferred from host to the logical unit. The allocated reserved length is the same as host required length to keep
compatibility with DVD-ROM discs. There is no need to round up the length to ECC block unit and no BSGA shall be
added to the reserved length. For disc-at-once recording, there is only one RZone and Border.
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For incremental recording, allocated length shall take the Linking Loss Area size into consideration. The tail of a
reserved RZone is round up to the ECC block unit and one ECC block length is added to the reserved RZone as a BSGA
except when the reservation size is the same as the remaining disc capacity. If the reservation size is equal to the
remaining disc capacity, the BSGA shall not be added to the reserved RZone size.

The start address of the RZone following reserved RZone is always on the ECC boundary because of the BSGA.

reservation start address
_____________________ -
before reservation Invisible RZone |
recorded y
|
2KB  NWA of Invisible RZone
Linking Loss ' . .
| required reservation length by host
T = A
after reservation <1ECC IECC> ‘IECC. [ [
recorde ) _ 3
reservation length by logical pnit
e e
/
= } =
user available Data Area reserved for
- - BSGA
s -
v R - v
NWA of reserved RZone NWA of Invisible RZone
(NWA is not on ECC boundary) (NWA is on ECC boundary)
o o
e s
- g .
e reguired reservation length by host
e
T — — Y - - A
after one more 1ECC & I Invisible RZone |
reservation 1 L SR | 4
BSGA reservation length by logical junit
—
user available Data Area reserved for
BSGA
v \
NWA of reserved RZone NWA of Invisible RZone
(NWA is on ECC boundary) (NWA is on ECC boundary)
BSGA = Block SYNC Guard Area
Figure 41 - RZone reservation after 2 KB linking loss
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reservation start address
before  |[elBOGSH )
etore . Invisible RZone |
nextreservation |FRRSRRRl ,
32K Linking Loss
NWA of Invisible RZone
I
| required reservation length by host
1ECC iecc, |\l Eomweer . )
after ) - —— ] Invisible RZone |
next reservation . D 7 e .
32K Linking Loss reservation length by logical pinit
user available Data Area reserved for
BSGA
v A\
NWA _Of reserved RZone NWA of Invisible RZone
(NWA is on ECC boundary) (NWA is on ECC boundary)
BSGA = Block SYNC Guard Area
Figure 42 - RZone reservation after BSGA/32 KB linking loss

In the case of incremental recording and if Linking Loss Area size is set to 2 KB, available reserved RZone size may or
may not be multiple of 32 KB. The available reserved RZone size is depend on its start address. When reserved RZone
start address is on an ECC boundary, the available size is 32 X N (KB). For example, the BSGA of the immediately
preceding reserved RZone exists or the RZone starts from the next sector of Lead-in/Border-in. Otherwise, the available
data size is 30 + 32 X N (KB). If Linking Loss Area size is set to 32 KB, available reserved RZone size is always 32 X N
(KB).

The number of free blocks of the RZone may be different between 2 KB Linking Loss size and 32 KB Linking Loss size.
For example, when Linking Loss size is set to 2 KB and last ECC block of the reserved RZone is unwritten, remaining
free block size that reported by READ TRACK INFORMATION command is 15 blocks. However, if Linking Loss size
is changed to 32 KB, remaining free blocks that reported by READ TRACK INFORMATION command becomes 0 even
if there are unrecorded 15 blocks. Such kind of RZone is still Partially recorded reserved RZone and shall not be
considered as a Complete RZone. To distinguish this kind of RZone, RT bit of the READ TRACK INFORMATION
command is used. The RT bit of one indicates that the RZone is Empty reserved or Partially recorded reserved status.
The RT bit of zero indicates that the RZone is Complete, Invisible, or Incomplete status.

4.17.7.5 Sample sequence for RZone reservation

An example of RZone reservation sequence is shown in Figure 43. Initially, a blank medium has only Invisible RZone.
NWA is LBA 0 (reference A). When a write operation has begun without reservation, the NWA is proportionally
incremented by written data length (reference B).

If reservation is required, the Incomplete RZone shall be closed. Then a new Invisible RZone is created. The new
reserved RZone is allocated from the NWA of the Invisible RZone with required length (reference C).

Sequential writing can be started from each NWA of the RZone (reference D).
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When two reserved RZones already exist, no more can be reserved (reference E and F). For reservation of a new RZone,
a close RZone operation is required to close one or both of the reserved RZones (reference G). When Close RZone is
done, the RZone is complete.

Note: The Linking Loss area except for BSGA is omitted in Figure 43.

BSGA
S ————
A F‘T// #1
\* _____________________________ -
NWA \ write #1
B I #1'
L_—F _________________________ 4
NWA BSGA \1/ close #1 and reserve
| S ———
C completed #1 #2 #3
| y — — — — — — — — — — — — — — — — - - — — — -
NWA NWA \1/ write #2, #3
e e ——
D | completed#l #2 #3J
£ .
NWA NWA \1/ close #3 and reserve
T~ o T~ R ————
E completed #1 #2 #3 #4 #5
. x | )
completed BSGA NWA
NWA NWA \1' write #4, #5
N e e — PE——
F I completed#1 #2 #3 #4 #5
| : / — |
completed
NWA
NWA \1/ close #2, #5 and reservle?I BSGA
[ ' - T —
G ] completed#l completed#2 /#3 #4 completed#5 #6 #74
7 f A A
completed
NWA NWA NWA

BSGA = Block SYNC Guard Area
#n = RZone number @ = data appendable RZone

Figure 43 - Example of RZone reservation sequence

4.17.8 RZone closing

This section explains what shall be done by a logical unit when an RZone is closed.

When a Reserved RZone is closed:

1. Logical unit shall write RMD in RMA.

2. Then the logical unit shall pad 00h data until the end of the Reserved RZone with Data Type bit = 0.
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When an Incomplete RZone is closed:
1. Logical unit shall write RMD in RMA.

2. A new Invisible RZone which has RZone number N+1 is created from the NWA of the closed Incomplete RZone
which has RZone number N.

There are three purposes of closing an Incomplete RZone:

1. To reserve a new RZone

2. To close Border

3. To make the logical unit write an RMD in RMA for backup against error.

When an Invisible RZone is closed, nothing is done by the logical unit.
4.17.9 Optimum Power Calibration (OPC)

Optimum power calibration (OPC) is required to determine the optimum recording laser power for the mounted DVD-R
media. If necessary, OPC operation may be performed automatically when the medium has been first inserted into the
logical unit and the first WRITE (10) command is issued. When OPC operation is done, RMA may be updated by the
logical unit.

An OPC shall be performed against current writing speed only.

The PCA (Power Calibration Area) is located from Physical Sector Numbers (PSN) 1E800h to 203 AFh. For each OPC,
one recording sector (26 sync frames) is assigned. The OPC start address is in descending order within the PCA. As an
example, the first power calibration is in PSN 203AFh and the second power calibration is in PSN 203AEh. See

Figure 44. Typically, power calibration can be done 7,088 times for each medium. However, actual OPC times and
timing are logical unit dependent.

On DVD-R SL media, 256 sectors in the outer PCA is reserved for disc manufacturers use. Therefore a logical unit starts
OPC from PSN 202AFh for DVD-R SL media.

If a host requires OPC at desired timing, the SEND OPC INFORMATION command is used.

< PCA (Power Calibration Area) >
1 sector
o | 05 || gﬁ s [ 2 | o
/
OPC directi
1E800h < frection 203AFh  203BOh PSN

Figure 44 - OPC direction

4.17.10 Regquired actions during write operation

4.17.10.1 Linking check? for sequential recording

Random writing within an RZone is not allowed (Sequential recording shall be used for DVD-R).
It is required that writing is always started from NWA of the RZone.

The logical unit shall check Linking Loss to recognize the LRA and NWA.
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When a WRITE (10) command is attempting to write to other than the NWA, the command shall be terminated with
CHECK CONDITION status, 5/21/02 INVALID ADDRESS FOR WRITE.

RZone
random recording > > not allowed
sequential recording > g allowed
link check
g = Linking Loss
Figure 45 - Sequential recording in an RZone

4.17.10.2 ECC boundary padding and Data Type bit in ID field

The logical unit writes data to the medium only when multiple ECC data blocks are received or the SYNCHRONIZE
CACHE (10) command is issued. When the SYNCHRONIZE CACHE (10) operation has been done and the last
recorded data address is not an address of the last sector of an ECC block, the logical unit shall pad to the ECC block
boundary with value 00h. This padded area is also called a Linking Loss Area. See Figure 46.

The Last Recorded Address is the address of the last block of user data. The ECC padding shall not affect the Last
Recorded Address.

Note: The READ TRACK INFORMATION command is used to get the Last Recorded Address of the RZone.
A SYNCHRONIZE CACHE (10) command may be used to mark the end of the Write data stream.

In the case of buffer under-run, if the WRITE (10) command is completed without error, the data which is less than one
ECC block shall be padded with 00h and the logical unit shall make a Linking Loss Area. (If the data length to be
transferred becomes less than a sector boundary, the host shall pad to the sector boundary with value 00h.)

ECC block »le ECC block
recorded
Last Recorded Address +
ECC block »le ECC block

recorded

00h padded
Linking Loss Area

Figure 46 - ECC boundary padding

Final Page 147



Revision 1.11 Recording for DVD-R Single Layer media

Data Type bit of Data ID field, when set to 1, indicates that the next sector belongs to the Linking Loss Area except in
the following cases.

e Ifasector is used for linking and contains linking position, Data Type of the sector shall be set to 0.

e If a sector is used for error recovery scheme, Data Type bit of the sector is dependent on the error recovery scheme.
See Figure 57 - Repair incomplete linking on page 166.

4.17.10.3 Overwrite is prohibited
The logical unit shall avoid overwrites to previously written data. Overwriting may cause data destruction.

When the WRITE (10) command is attempting to write to a previously written sector, the command shall be terminated
with CHECK CONDITION status, 5/21/02 INVALID ADDRESS FOR WRITE.

RZone —

write >

\__/ *

%74 —— not allowed,
L

7\ shall return error
/7 \

Overwrite

Linking Loss Areas are omitted in this Figure

Figure 47 - Forward overwrite

_— RZone RZone —
write ) write >
_— RZone y; RZone —
write N — > not allowed,
// \\' shall return error
Overwrite

Linking Loss Areas are omitted in this Figure

Figure 48 - Backward overwrite
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4.17.11 RMD (Recording Management Data) for Single Layer discs

The RMD block size is 32 KB. Its physical format is the same as an ECC block. When RMD is written in RMA, 2 KB
linking is used. Therefore, the valid part of each RMD block is 30 KB. The RMA size allows for approximately 700
RMD updates. When the remaining RMA is less than 15 ECC blocks and an RMD update is required by any command,
the logical unit shall terminate the command with CHECK CONDITION status, 1/73/06 PROGRAM MEMORY
AREA/RMA IS ALMOST FULL. When the remaining RMA is less than 3 ECC blocks and an RMD update is required
by any command, the logical unit shall terminate the command with CHECK CONDITION status, 3/73/05 PROGRAM
MEMORY AREA/RMA IS FULL.

The RMA and RMD block structure are shown in Figure 49 below.

RMA (Recording Management Area)

32 KB

1 2 3 4 2/ 699 700

2 KB Linking Loss Area
/
/ 0 1 2 3 4 5 6 7 8 9 10 | 11 [ 12 | 13| 14

RMA Lead-in

2KB Field O - Field 14

RMD block

Figure 49 - RMA and RMD block structure

The RMD block consists of 15 fields and a Linking Loss Area. The contents of each Field is defined in the following
tables.

Initial value of RMD shall be 0. The RMD structures described in this section are defined by DVD-R SL Ver. 2.1. For
the RMD structure of the other versions of DVD-R discs, refer to the applicable DVD-R Book.

4.17.11.1 RMD Field 0 (RMD Header)
RMD Field O specifies general information of the disc. Table 50 shows the structure of RMD Field 0.

Table 50 - RMD - Field 0

Bit 4 3
Byte

0-1 RMD Format
2 Disc Status
3 Reserved

4-21 (MSB) Unique Disc ID (LSB)

22-127 Copy of Pre-pit Information
128-2 047 Reserved

The RMD Format field specifies the format of the following RMD Field 1-14 which is used on the medium. RMD
Format field is defined in Table 51.
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Table 51 - RMD Format field definition

Value Definition
0 Reserved
1 The following RMD Field 1-14 are recorded as Format 1 RMD.
2-3 Reserved for DVD-RW media
4 Reserved for DVD-R Dual Layer media
5-65 535 Reserved

The Disc Status field indicates the disc status. Disc Status field is defined in Table 52.

Table 52 - Disc Status field definition

Value Definition

0 The disc has no written data in Data Recordable Area (only RMD is written)

1 The disc is in Disc-at-once recording mode

2 The disc is in Incremental recording mode

3 The disc is completed and not appendable in the case of incremental recording
4-255 Reserved

The Unique Disc ID field shall be recorded and structured as defined in Table 53. The Unique Disc Identifier contains
time stamp fields. The time format should be UTC 24 hour clock!. This field shall be set by the SEND DISC
STRUCTURE command. This time stamp data sent by the SEND DISC STRUCTURE command may also be used in
the OPC related field in RMD Field 1 and may help the judgement to do OPC. The logical unit shall update the time
stamp during power on. Strict accuracy of time is not required.

Table 53 - Unique Disc ID

Bit

Byte 7 (3 1 0
0-1 Reserved
2-3 (MSB) Random Data (LSB)
47 (MSB) Year (LSB)
8-9 (MSB) Month (LSB)
10-11 (MSB) Day (LSB)
12-13 (MSB) Hour (LSB)
14-15 (MSB) Minute (LSB)
16-17 (MSB) Second (LSB)
The Random Data field is a random number.
The Year field specifies the year coded in ASCII in the range “0001” to “9999”.
The Month field specifies the month of the year coded in ASCII in the range “01” to “12”.
The Day field specifies the day of the month coded in ASCII in the range “01” to “31”.
1. UTC = universal time coordinated
Page 150 Final



Revision 1.11 Recording for DVD-R Single Layer media

The Hour field specifies the hour of the day coded in ASCII in the range “00” to “23”.
The Minute field specifies the minute of the hour coded in ASCII in the range “00” to “59”.
The Second field specifies the second of the minute coded in ASCII in the range “00” to “59”.

The Copy of Pre-pit Information field contains the copy of Pre-pit Information data which is recorded as LPP (Land
Pre-Pit). Copy of Pre-pit Information structure is shown in Table 54. The Pre-pit information data is specified by DVD-R
Book Part 1.

Table 54 - Copy of Pre-pit Information

Bit

Byte 7 6 5 4 3 2 | 0

22 Field ID (= O1h)
23 Application code
24 Disc Physical code

25-27 (MSB) Last address of Data Recordable Area (LSB)
28 LPP Part Version | Extension code
29 Reserved
30 Ficld 1D (= 02h)
31 OPC suggested code (3 value) | OPC suggested code (Recording power)
32 Wavelength code

33-36 1st field of Write Strategy code
37 Reserved
38 Ficld 1D (= 03h)

39-44 Ist field of Manufacturer ID
45 Reserved
70 Field ID (=04h)

47-52 2nd field of Manufacturer ID
53 Reserved
54 Ficld 1D (= 05h)

55-60 2nd field of Write Strategy code
61 Reserved

62-77 2x-speed recording parameters

78-127 4x-speed recording parameters

Note: The RMD structures described in this section are defined by DVD-R SL Ver. 2.1. For the RMD structure of the
other versions of DVD-R discs, refer to the applicable DVD-R Book.

4.17.11.2 The contents of Format 1 RMD for Single Layer disc
4.17.11.2.1 Format 1 RMD Field 1

Format 1 RMD Field 1 contains some logical unit and OPC related information. Table 55 shows the structure of Format
1 RMD Field 1.

There are four sets of OPC data blocks. These are prepared for the case of four different DVD-R logical units writing to a
disc. The logical unit shall use an empty set or its own. If there is no owned or empty OPC data block, the logical unit
may use the oldest time stamp OPC data block.
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Table 55 - Format 1 RMD - Field 1 (logical unit and OPC information)

Bit 7 6 4 3 2
Byte
0-31 Drive manufacturer ID #1
32-47 Serial Number #1
48-63 Model Number #1
64-67 Ist field of Write Strategy Code #1
68-71 Recording Power #1
72-79 Time stamp #1
80-83 Power Calibration Address #1
84-107 Running OPC Information #1
108-113 2nd field of Write Strategy Code #1
114-115 DSV #1
116-127 Reserved
384-415 Drive manufacturer ID #4
416-431 Serial Number #4
432-447 Model Number #4
448-451 Ist field of Write Strategy Code #4
452-455 Recording Power #4
456-463 Time stamp #4
464-467 Power Calibration Address #4
468-491 Running OPC Information #4
492-497 2nd field of Write Strategy Code #4
498-499 DSV #4
500-511 Reserved
512-2 047 Reserved

The Drive manufacturer ID #n field is recorded in binary and specifies unique drive manufacturer identifier of the
logical unit.

The Serial Number #n field is recorded as ASCII code and specifies serial number of the logical unit.
The Model Number #n field is recorded as ASCII code and specifies the recorder model number.

The 1st field of Write Strategy Code #n field specifies the basic write strategy code that is specified by DVD-R Book
Part 1.

The Recording Power #n field may be used to store the value of the OPC result. The format of this field is vendor-
specific. If this field is set to O, this field is invalid.

The Time stamp #n field may be used to store date and time when OPC is performed. This field, if used, is recorded in
binary. If this field is set to O, this field is invalid.

The Power Calibration Address #n field may be used to specify the start ECC block address of the PCA where the last
OPC was performed. If this field is set to O, this field is invalid.

The Running OPC Information field may be used to specify values concerning running OPC. The format is vendor-
specific. If this field is set to O, this field is invalid.

The 2nd field of Write Strategy Code #n field specifies the adaptive write strategy code that is specified by DVD-R
Book Part 1.
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If the disc is incrementally recorded and when RMD is updated, the DSV field shall be recorded. This field is used to
specify the last DSV (Digital Sum Value) in binary notation.

4.17.11.2.2 Format 1 RMD Field 2
Format 1 RMD Field 2 can be used freely and format of this field is user-specific.

Table 56 - Format 1 RMD - Field 2 (User specific data)

0-2 047 User Specific Data

The User Specific Data field is available for user specific data. This field may be used, otherwise this field shall be set
to all 0Oh.

4.17.11.2.3 Format 1 RMD Field 3

Format 1 RMD Field 3 may contain Border Zone information and shall be recorded as follows.

Table 57 - Format 1 RMD - Field 3 (Border Zone information)

0-3 (MSB) Start Sector Number of Border-out #1 (LSB)
4-7 (MSB) Start Sector Number of Border-out #2 (LSB)
8-11 (MSB) Start Sector Number of Border-out #3 (LSB)
2 036-2 039 (MSB) Start Sector Number of Border-out #510 (LSB)
2 040-2 043 (MSB) Start Sector Number of Border-out #511 (LSB)
2044-2 047 (MSB) Start Sector Number of Border-out #512 (LSB)

The Start Sector Number of Border-out #n field, if it contains other than 0, indicates that the start sector number of
the n™ Border-out.
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4.17.11.2.4 Format 1 RMD Field 4

Format 1 RMD Field 4 contains RZone related information and shall be recorded as follows.

Table 58 - Format 1 RMD - Field 4 (RZone Information)

0-1 (MSB) Invisible/Incomplete RZone number (Last RZone Number) (LSB)

2-3 (MSB) First Open RZone number (LSB)

4-5 (MSB) Second Open RZone number (LSB)
6-15 Reserved

16-19 (MSB) Start Sector Number of RZone #1 (LSB)

20-23 (MSB) Last Recorded Address of RZone #1 (LSB)

24-27 (MSB) Start Sector Number of RZone #2 (LSB)

28-31 (MSB) Last Recorded Address of RZone #2 (LSB)

2 032-2 035 (MSB) Start Sector Number of RZone #253 (LSB)

2 036-2 039 (MSB) Last Recorded Address of RZone #253 (LSB)

2 040-2 043 (MSB) Start Sector Number of RZone #254 (LSB)

2 044-2 047 (MSB) Last Recorded Address of RZone #254 (LSB)

The Invisible/Incomplete RZone Number field contains the Invisible/Incomplete RZone number of the medium. If the
last RZone state is neither Invisible nor Incomplete due to disc finalization, this field contains the last Complete RZone
number.

The First Open RZone number field, if recorded with value other than 0, contains the current appendable Reserved
RZone number and the value shall be different from the Second Open RZone number field. If this field is set to 0,
there is no Empty reserved RZone or Partially recorded reserved RZone corresponding to this field.

Second Open RZone number field, if recorded with value other than 0, contains the current appendable Reserved
RZone number and the value shall be different from the First Open RZone number field. If this field is set to 0, there
is no Empty reserved RZone or Partially recorded reserved RZone corresponding to this field.

When the Incomplete RZone is closed, the Invisible/Incomplete RZone Number field contains the number of the new
Invisible RZone number (N+1). When Reserved RZone is closed, the corresponding First (Second) Open RZone
number field shall be set to 0.

The Start Sector Number of RZone #n field contains the start sector number of the RZone which has RZone number
#n.

The Last Recorded Address of RZone #n field contains the last recorded address of the RZone which has RZone
number #n. If this field is set to 0, this field is not valid. If RZone #n is not closed, the value of this field may not be
correct and a link point search is required to determine the correct LRA.

Note: The LRA reported by the READ TRACK INFORMATION command is always correct.

When the RZone is not closed, even if the Last Recorded Address of RZone #n field contains a value, the logical unit
shall determine the current LRA of the RZone. When RZone is closed, Last Recorded Address of RZone #n field
shall be recorded before RZone padding.
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4.17.11.2.5 Format 1 RMD Field 5 - Field 12
Format 1 RMD Field 5 through Field 12 may contain RZone related information continued from Format 1 RMD Field 4.

Table 59 - Format 1 RMD - Field 5 - Field 12 (RZone Information ... continued)

0-3 (MSB) Start Sector Number of RZone #n (LSB)

4-7 (MSB) Last Recorded Address of RZone #n (LSB)
8-11 (MSB) Start Sector Number of RZone #(n+1) (LSB)
12-15 (MSB) Last Recorded Address of RZone #(n+1) (LSB)

2 032-2 035 (MSB) Start Sector Number of RZone #(n+253) (LSB)
2 036-2 039 (MSB) Last Recorded Address of RZone #(n+253) (LSB)
2 040-2 043 (MSB) Start Sector Number of RZone #(n+254) (LSB)
2 044-2 047 (MSB) Last Recorded Address of RZone #(n+255) (LSB)

The Start Sector Number of RZone #n field contains start sector number of the RZone which has RZone number #n.

The Last Recorded Address of RZone #n field contains the last recorded address of the RZone which has RZone
number #n. If this field is set to 0, this field is not valid. If RZone #n is not closed, the value of this field may not be
correct and a link point search is required to determine the correct LRA.

Note: The LRA reported by the READ TRACK INFORMATION command is always correct.

When the RZone is not closed, even if the Last Recorded Address of RZone #n field contains a value, the logical unit
shall determine the current LRA of the RZone. When RZone is closed, Last Recorded Address of RZone #n field
shall be recorded before RZone padding.
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4.17.11.2.6 Format 1 RMD Field 13

Table 60 shows the structure of Format 1 RMD Field 13. This Field contains drive specific information. There are eight
sets of drive specific information blocks. These are prepared for the case of up to eight different DVD-R logical units
writing to a disc. The unused fields in Format 1 RMD Field 13 shall be set to zero.

Table 60 - Format 1 RMD - Field 13 (Drive specific information)

Bit 7 6 5 4 3
Byte
0-31 Drive manufacturer ID #1
32-47 Serial Number #1
48-63 Model Number #1
64-66 Recorded RMA address (ECC block address) #1
67-127 Drive specific data #1
896-927 Drive manufacturer ID #8
928-943 Serial Number #8
944-959 Model Number #8
960-962 Recorded RMA address (ECC block address) #8
963-1 023 Drive specific data #8
1 024-2 047 Additional drive specific information for recorder #1

The Drive Manufacturer ID #n field is recorded in binary and contains unique drive manufacturer identifier.
The Serial Number #n field is recorded in ASCII code and contains the serial number of the logical unit.
The Model Number #n field is recorded in ASCII code and contains the drive model number of the logical unit.

The Recorded RMA address #n field specifies the starting RMA address which is used to record RMD including the
information of specific drive. This field is specified in ECC block address.
The Drive specific data #n field may be recorded to store the drive specific data. If this field is set to zero, this field is

invalid.
The Additional Drive specific data for recorder #1 field may be recorded to store the additional drive specific data for
logical unit #1. If this field is set to zero, this field is invalid.
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4.17.11.2.7 Format 1 RMD Field 14

Table 61 shows the structure of Format 1 RMD Field 14.

Table 61 - Format 1 RMD - Field 14 (Versatile information)

Outer disc testing area flag

1-4

Testing address I

[ 52047

Reserved I

The Outer disc testing area flag field indicates whether the outer disc testing method is applied to this media. If this

field is set to O1h, the outer disc testing method is applied, and if set to O0h the outer disc testing method is not applied.
The outer disc testing method is specified by DVD-R Book.

The Testing address field indicates the start ECC block address of Outer disc testing area where the last OPC was
performed. This field is set to 00h when the Outer disc testing area flag is set to 00h.

4.17.11.3 When RMD is written in RMA

Usually, RMD may be cached in the logical unit memory. As occasion calls, RMD shall be written in RMA. By using
RMD caching, the logical unit can avoid waste of RMA. The timing when RMD is written in RMA is shown in Table 62.

Table 62 - Mandatory RMD update condition in RMA

condition

the start of writing, RMD shall be written in RMA.

1. When a WRITE (10) command is issued following a RESERVE TRACK command, before

2. When a CLOSE TRACK/SESSION command is issued, before the start of the close opera-
tion for either RZone or Border, RMD shall be written in RMA.

3. When a SYNCHRONIZE CACHE (10) command is issued following SEND DISC
STRUCTURE command which specifies User Specific Data, RMD shall be written in RMA.

done at a later time.

4. When the difference between the last recorded sector number in fact and “Last Recorded
Address of RZone #n” recorded in the latest RMD is larger than 16 MB, RMD shall be writ-
ten in RMA. However if the logical unit is busy (e.g., writing is in progress), the update may be

When writing in the same Incomplete RZone for an extended period of time, RMD may not recorded for a long time. To
force writing of the RMD, the host should close the Incomplete RZone after a certain time has passed. Then the new
information is written into the RMA. Although the Invisible RZone number is increased due to the closing of the
Incomplete RZone, the NWA of the new Invisible RZone is the same as the NWA of the closed Incomplete RZone.
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4.17.11.4 Example of write sequence

This section explains one example of a write sequence. See Table 63 and Table 64.

Table 63 - Example of write sequence (blank disc)

(SEND DISC STRUCTURE command)

Sequence user/host logical unit action
1 Insert blank disc check RMD
Specify Write Type (disc-at-once/incremen- cache (RMD Field 0)
’ tal) and Unique Disc Identifier
(MODE SENSE (10), MODE SELECT (10),
and SEND DISC STRUCTURE commands)
3 Specify other Identifier field. cache (RMD Field 1)

Specify User Specific Data field of RMD if
4 needed.
(SEND DISC STRUCTURE command)

cache (RMD Field 2)

Reserve RZones if needed.

cache (RMD Field 4 - Field 12)

(CLOSE TRACK/SESSION command)

> (RESERVE TRACK command)
6 get NWA calculate and send to host
(READ TRACK INFORMATION command)
start writing from NWA 1. do OPC
7 (WRITE (10) command) 2. write RMD in RMA if RZone is reserved.
3. start writing
4. if buffer become empty, stop writing with linking.
8 close RZone or Bordered Area 1. write RMD in RMA prior to close RZone or Bordered Area
2

. pad RZone or write Border-in/Lead-in and Border-out/Lead-out.

Table 64 - Example of write sequence (non-blank disc)

2 needed.
(SEND DISC STRUCTURE command)

user/host logical unit action
| Insert non-blank disc check RMD
check Write Type
Specify User Specific Data field of RMD if cache (RMD Field 2)

Reserve RZones if needed.

cache (RMD Field 4 - Field 12)

(CLOSE TRACK/SESSION command)

3
(RESERVE TRACK command)
4 get NWA search and send to host
(READ TRACK INFORMATION command)
start writing from NWA 1. do OPC, if needed
5 (WRITE (10) command) 2. write RMD in RMA if RZone is reserved
3. start writing
4. if buffer becomes empty, stop writing with linking
6 close RZone or Bordered Area 1. write RMD in RMA prior to close RZone or Bordered Area
2

. pad RZone or write Border-in/Lead-in and Border-out/Lead-out

4.17.11.5 Border Zone

Border Zone is used for Border recording to interchange DVD-R media between DVD-R and DVD read-only logical

units.
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Border Zone provides a solution for pickup overrun problem of DVD read-only logical unit. Once Border is closed, there
are no unrecorded areas between Lead-in/Border-in and Border-out except for Next Border Marker (See
4.17.11.5.5, "Border-out contents" on page 161).

Disc structure with Border Zone is shown in Figure 50 below.

Note: Linking Loss and BSGA is omitted in this figure.

R-Information Information Area
Area ple >
|< Data Recordable Area >
. | Lead-out
PCA RMA Lead-in Border Zone Border Zone Border-out

Bordered Area (Border) Bordered Area (Border) Bordered Area (Border)

Figure 50 - Border Zone and Bordered Area (Border)

4.17.11.5.1 Border Zone size and length

The Border-out start address shall be located after PSN 3FFOOh. If a CLOSE TRACK/SESSION command is issued
when recorded user data end address is less than PSN 3FF0Oh, the logical unit shall pad with O0h data through PSN
3FEFFh. The recorded area width of 3 mm in the radial direction is guaranteed by this padding.

Border Zone size is dependent on its starting address and order. Table 65 shows the relationship between location and
Border Zone size for DVD-R SL media.

e First Border Zone length is approximately 0,5 mm in the radius.

e The other Border Zone length is approximately 0,1 mm in the radius except Final Border Zone.

Note: Final Border Zone means that which is written when the Disc is finally closed with Lead-out. See4.17.11.6, "Disc
final closure" on page 163.

Table 65 - Border Zone size for DVD-R media

P:)‘Z;ff:i;egcg’;‘;:;“;s;:f 3FF00h-B25FFh B2600h-1656FFh 165700h-
[First Border Zone Size 1792 ECC blocks 2 368 ECC blocks 2 944 ECC blocks
56 MBytes® 74 MBytes 92 MBytes
Second and above Border Zone Size 384 ECC blocks 480 ECC blocks 608 ECC blocks
12 MBytes 15 MBytes 19 MBytes

a. MByte = 1 024 x 1 024 bytes

4.17.11.5.2 Recording for Border Zone

Each logical sector in Border Zone shall be assigned to a Logical Block Address (LBA). Each logical sector of Data
Recordable Area shall be identified by a unique logical sector number. LBAs shall be integers assigned in ascending
sequence, starting with O from the PSN 30000h.

A Border Zone consists of a Border-out, a Data Area, and a Border-in. Border-out/in is written when a CLOSE TRACK/
SESSION command is issued with Close Function=010b.
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Border Zone is recorded with following sequence.

1. Close all opened (Empty reserved/Partially recorded reserved/Incomplete) RZones by using a CLOSE TRACK/
SESSION command with the Close Function=001b.

2. Issue CLOSE TRACK/SESSION command to close Bordered Area (Close Function=010b).

3. Border-out is recorded from NWA of the Invisible RZone. Border-in of this Border Zone is still unrecorded at this
time. The Border-in will be recorded when next CLOSE TRACK/SESSION command is issued.

4. If Lead-in is still unwritten, Lead-in is recorded on the medium. If Lead-in is already written, Border-in is
recorded after the previously written Border-out.

When a CLOSE TRACK/SESSION command which specifies the closing of the Border, regardless of Linking Loss size,
Border Zone shall be written from ECC boundary.

When 32 KB Linking Loss size is selected, Border Zone is written from NWA of the Invisible RZone. If 32 KB Linking
Loss size is not selected, logical unit shall pad 00h from the NWA of the Invisible RZone to the end of the ECC block
and then Border Zone is written from the beginning of next ECC block. This padded area is referred to as Border-out
Padding. Border-out Padding is used to align the start address of the Border-out on the ECC boundary.

If Border Zone start LBA is less than OFFOOh, the logical unit shall pad with 00h data up to LBA OFEFFh and then
Border Zone is written from LBA OFF0Oh.

RZone numbers are not assigned to Border Zone. The Invisible RZone number is not incremented due to Border Zone
writing.
After Border Zone writing, NWA of the Invisible RZone is moved to the following written Border Zone. Figure 51

shows an example of the write sequence and relationship between RZone number and Border Zone.

The Border-in which immediately follows last Border-out shall remain unrecorded when the Border Zone is written.
This unrecorded Border-in will be used for next Bordered Area. The unrecorded Border-in will be recorded when the
next Bordered Area is closed.

Reserve RZone #1,#2 | RZone#1 | RZome#2 | _ _ _ _ RZone#3 _ _ _ _ _

\y )/ NWA of RZone #3 is here.
Write RZone #1,#2 [ RzZone#! B RzZone#2 B RZome#3
Close RZone #1,#2 \ ____________

\L BSGA order Zon
Close Border [ RZone#l B RZone#2 § | Borderout || H = RzZone#3 _

Border-in is not recorded at this timeJﬁ
g =BSGA NWA of RZone #3 becomes here.
Figure 51 - Relation between RZone number and Border Zone

4.17.11.5.3 Border Zone status

Bordered Area status changes according to its recording stage.
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EMPTY BORDER l
INCOMPLETE BORDER l_
COMPLETE BORDER F l l*
Lead-in/Border-in Border-out
Figure 52 - Bordered Area status definitions B - recorded

4.17.11.5.4 Border-in contents

Border-in contains five copies of control data structure which has the same structure as the control data that is recorded
in the Lead-in.

To provide the information concerning the Border Zone to the DVD read-only logical unit which has no capability of
RMA reading, the Physical Format Information field of Lead-in/Border-in contains the pointer to the Border Zone and
LRA information for last RZone. See Table 26 - DVD-R SL Ver. 2.1 unique part of Physical format information on
page 101 and Table 24 - Data Area Allocation field definition on page 100.

In final closing of a disc, the start PSN of the Next Border-in field in the Physical Format Information shall be set to 00h.
4.17.11.5.5 Border-out contents

Border-out consists of Border RMD Area, Stop Blocks and Next Border Markers. When a Border-out will be followed
by Lead-out Area, Stop Blocks and Next Border Markers may be omitted. Such a Border-out is also called as truncated
Border-out.

Border-out has Border RMD Area (5 ECC blocks) which has five copies of latest RMD. Border RMD Area is recorded
to provide the information concerning the Bordered Areas to the DVD read-only logical unit which has no capability of
RMA reading.

Stop Blocks (2 ECC blocks) are located relatively 38th and 39th ECC blocks from the beginning of the Border-out. The
Area type of Stop Block has Lead-out attribute. Stop Block prevents the logical unit which expects Lead-out existence
from pick up over-run.

Border-out also contains Next Border Marker (three occurrences of 2 ECC blocks). This specifies whether the next
Border exists or not. When next Border does not exist and Lead-out is still unwritten, the Next Border Marker in the last
Border-out shall remain in a mirror state (unwritten). When closing a Border, the previous Next Border Marker shall be
written with 00h or two copies of updated Physical Format information block data of the latest Border-in. In the final
closing of a disc, the Next Border Marker in the final Border-out shall be padded with 00h and have a Lead-out attribute.

The first Next Border Marker in Border-out is located in half of the Border-out. The start address of first Next Border
Marker is calculated by following formula:

(( Start sector number of the next Border-in ) + ( Start sector number of the current Border-out )) / 2

The whole structure of Border Zone is shown in Figure 53.
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BSGA = Block SYNC Guard Area

Border Zone

truncated | Border-out Border-in Linking Loss
Border-out (37ECC) ' (32 KB only)
/
/
/
/
/ BSGA
/
/
/
/
8ECC
—128cCc__,  28cc  8ECC apcc 2ECC SECC
) 5§ | | )
| SECC 4 / * T e——
Borde.r RMD Area \ / 5 copies of control data
5 copies of latest RMD Next Border Marker structure which has same
Stop Block  first Next Border Marker structure as the Lead-in
Border-out Padding control data

in case of 2 KB Linking Loss Size
D — 32 KB Linking Loss

Figure 53 - Border Zone structure

4.17.11.5.6 Example for multi-Border recognition

To explain how to recognize a Border Zone, a sample recognition sequence for a Multi-Border recorded disc is shown
below.

Table 66 - Multi-Border example

Sequence sample sequence

1 insert disc

logical unit reads Physical format information field in Lead-in data.
2 - check Start Address of Border-out
- check Start Address of Border-in

logical unit reads Next Border Marker in Border-out.
- check whether next Bordered Area is exist or not and find next Bordered Area

logical unit reads Physical format information in Border-in.
- check whether Book Type is DVD-R or not

- check Start Address of Border-out

- check Start Address of Border-in

logical unit reads Next Border Marker in Border-out.
- check whether next Bordered Area is exist or not and find no next Bordered Area

host reads LBA16 by using READ command.

- check which kind of file system is used on the media

- if UDF and a VAT (See OSTA UDF 1.5 or later) is used, read VAT ICB which recorded at the LRA
- get LRA by READ TRACK INFORMATION command

host reads VAT ICB at Last Recorded Address by using READ command.

7 - get VAT address from VAT ICB

- read VAT
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Start Sector Number of RZone #n

Start Sector Number of Border-out

‘ RMA| Lea\d-in Data B.O. B.\I. Data J B.O.’ Lead-out

LRA of last RZone/ \_/
RA Ol'fast RZ

Start sector number of Border-out

Start sector number of next Border-in

Figure 54 - Pointers for multi-Border recognition

4.17.11.6 Disc final closure

If the Multisession/Border field in the Write Parameters mode page is set to 00b, when CLOSE TRACK/SESSION
command which intends to close the Border is issued, the final closure operation shall be started for the disc. After this
operation, Lead-out is appended after the last Border-out and data cannot be appended to the disc any more. The total
length of the last Border-out and Lead-out shall be about 0,5 mm in the radial direction. See Table 65 - Border Zone size
for DVD-R media on page 159.

To recognize whether the disc is finalized or not, the following conditions are checked. If one of the following condition
is met, the disc shall be considered a finalized disc and is not appendable.

o  Start PSN of the next Border-in field of Lead-in/Border-in contains 0.
e Next Border Marker is recorded as Lead-out attribute.
»  Disc Status field of RMD contains “Complete” status.

Final closure operation (Finalize) is done in the following sequence:

1. Set Multisession/Border field in Write Parameters mode page to 00b.

2. Close all opened RZone(s).

3. Issue CLOSE TRACK/SESSION command with Close Function=010b.

4. Updated RMD is written in RMA with Disc Status field “Complete”.

If the last Bordered Area (Border) is incomplete status and Lead-in is already written:

5. Border-out for current incomplete Border and Lead-out are written with the following conditions:
Border-out shall be recorded until Stop Block.
Lead-out shall be recorded after the Stop Block.

6. Border-in for current Border is written with following condition.
The Start Sector Number of Next Border-in field shall be set to 0.

7. Next Border Marker in previous Border-out is padded with O0h and set to Area Type field of Data ID 00b. (normal
data sector)

If the last Bordered Area (Border) is incomplete status and Lead-in is still unwritten:

5. Border-out for current incomplete Border and Lead-out are written with following condition.
Border-out or truncated Border-out shall be recorded. If the remaining capacity of Data Recordable Area is not
sufficient for Border-out, truncated Border-out shall be recorded.
Lead-out shall be recorded after the Border-out or truncated Border-out.

6. Lead-in is recorded.
The Start Sector Number of Next Border-in field shall be set to 0.
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If the last Bordered Area (Border) is empty status and Lead-in is already written:

5. Lead-out shall be recorded immediately following the last Border-out where there is reserved space for the next
Bordered Area’s Border-in.

6. Next Border Markers in last Border-out shall be padded with 00h and set to Area Type field of Data ID 01b.
(Lead-out)

The total radial width of last Border-out and Lead-out shall be about 0,5mm.

If last Bordered Area is incomplete status and Lead-in is already written:
Border-in (unrecorded)

Border-out
\
L 17 Data |
| / | ¢ about 0,5 mm in radius ‘I
Next Border Marker @ Finalize truncated g
| (unrecorded) | Border-out Lead-out |
| | \
| [N Data L] |
\/ |
pad with 00h, Start Sector Number of This Border-out consists of
normal data sector ~ Next Border-in field = 0 37 ECC blocks

If last Bordered Area is complete status:
Border-in (unrecorded)

Border-out Border-in Border-out
\ |

[ 17 Data (L 1]
| | e / / about 0,5 mm in radius J
@ Finalize A NeXtBor‘der ll\/IarkerI i
| | | (unrecorded) Lead-out \!

| |

[T Data | [N |

\!/
pad 00h with
Lead-out attribute

Figure 55 - Finalize

4.17.12 State of disc for interchange

To make recorded user data readable by DVD read-only logical units, a Lead-in/Border-in and Border-out/Lead-out shall
be recorded at each end of recorded user data.

In disc-at-once recording, Lead-in through Lead-out is always written in one recording action. Therefore DVD-R media
which is written by disc-at-once recording is ready to be read by any DVD read-only logical unit.

In incremental recording, DVD-R media cannot be read by DVD read-only logical units unless Lead-in/Border-in and
Border-out is written at each end of Bordered Areas.
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4.17.13 The data which are recordable by DVD-R logical units

The data types which are recordable by a DVD-R logical unit are listed below.
e User data in Data Area

e Copyright Management Information in Data Area
« CPM
¢ CGMS

e Control data in Lead-in Area
¢ manufacturing Information field (copied from RMD Field-2)

¢ RMD in RMA area

Note: The manufacturing Information field of DVD-R media contains user specific data. It may be written by authoring
software.

4.17.14 Recovery from a damaged disc

An RZone or RMD may be damaged with incomplete status (no linking) at the end of the written data. This may be
caused by a HARD RESET or a power-fail condition during an incremental recording.

A recorded data may not be readable due to EDC error. The disc may be dirty or cracked after recording.

disc insertion

See “Recovery method from incomplete linking” section

try to repair
check RMD -
error automatically
no error
< success

| See“Recoverymethod. f;o?nbem EDC error” section

issue REPAIR RZON
command

check the number

of NWAs no error— check link point

error

€rror

v

ready for Write ( unable to repair ’

D logical unit action

. E host action
Figure 56 - Example of error recovery sequence

4.17.14.1 Recovery method from incomplete linking

If an ECC block is damaged accidentally, the logical unit overwrites from the damaged sector of the ECC block with
Data Type bit 1. If an error occurs in the first through 15th sector of the ECC block, the logical unit writes one more ECC
block with Data Type bit 1 immediately following the damaged ECC block. If an error occurs in the 16th sector of the
ECC block, the logical unit writes two more ECC blocks with Data Type bit 1 immediately following the damaged ECC
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block. See Figure 57. In this case, the Last Recorded Address is the last readable sector and does not belong to the
Linking Loss sector. Automatically repaired NWA is the first sector of the ECC block which is following padded ECC
block(s).

The automatic repair shall be done by the logical unit. The actual padding to the damaged RZone shall be done when the
next write operation is issued to the RZone. The damaged status of the RZone is kept to notice the RZone has damage
even if the disc is newly inserted in another logical unit before the repair operation is performed.

If accident occurs in 1st - 15th sector of the ECC block:

repaired repaired
NWA(2K link) NWA(32K link)
1ECC 1ECC 1ECC J i 1ECC
—— - — ____U_.\_\___J
- - . . ~
. | - write 2/14ea to repair -

VNNV VNN Y AAAE'
Rkl

accident point

1 sector in 1st - 15th sector
repaired linking point
If accident occurs in 16th sector of the ECC block: repaired repaired
NWA (2K link) NWA (32K link)
1ECC 1ECC L 1ECC i 1ECC L 1ECC
% S
— —
-7 / :vrﬁe area to repair - |
- —
T = V| 44%4% Waaa w444
v\ 11V Vv A ANV AN J
reeqrded e aaaaaaaaaa
accident point . L .
1 sector in 16th sector repaired linking point

/// " Recovery Overwrite Area /) Data Type bit=01b

Figure 57 - Repair incomplete linking

4.17.14.2 Recovery method from RMA write error

The recovery method is the same as 4.17.14.1. In this case, there are no modifications in the data recordable area and
previously recorded RMD is available as a valid RMD.

4.17.14.3 Recovery method from RMA EDC error

If the logical unit can not read the RMD, the RZone information such as “number of RZones”, “start address of RZone”,
“boundary of RZone” is not recognized by the logical unit.
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If the last RMD in the RMA is un-recovered because of an EDC error, the logical unit shall report the RMA un-
recovered error. The logical unit shall report CHECK CONDITION status, 3/57/00 UNABLE TO RECOVER TABLE-
OF-CONTENTS to any command which requires access to the RMA.

When the last RMD in the RMA is un-recovered because of an EDC error, recovery is as follows:

1.  When the host receives an error, clean the media. Eject the media and check the surface. If the surface is dirty,
clean the disc.

2. When the error code UNABLE TO RECOVER TABLE-OF-CONTENTS is reported and the media has been
cleaned, host shall send a REPAIR RZONE command with TRACK/RZONE number 0, telling the logical unit to
try to recover using the old RMD in the RMA. When the REPAIR RZONE command with RZone number 0 is
issued, the logical unit shall try to read the latest readable RMD and check NWAs on the disc. If all NWAs
coincide on the disc in the recovered RMD, the logical unit skall report GOOD status to the REPAIR RZONE
command. The system shall check the number of NWAs (open RZones) with the READ TRACK
INFORMATION command. If the number of NWAs on disc and file system are the same, the recovered RMD of
RMA is correct. System can recognize the disc status successfully.

When latest RMD is not readable and if some reserved RZones had been completed/closed since last readable RMD was
written, the logical unit shall retarn CHECK CONDITION status, 3/57/00 UNABLE TO RECOVER TABLE-OF-
CONTENTS. In this case, the new Incomplete/Invisible RZone may exist at the outside of the assumed Incomplete
RZone. For example, when the last readable RMD reflects the disc status such as case F of Figure 43 - Example of RZone
reservation sequence on page 145 and actual current disc status is the case G of Figure 43, logical unit and host might
not be aware of the existence of the RZone number 7 of Figure 43.

To make the backup of RMD in RMA, see 4.17.11.3, "When RMD is written in RMA" on page 157.
4.17.14.4 Recovery for accident during Border-out writing

To close a Border, Border-out shall be written prior to writing the Border-in.

When an error occurs while writing the information blocks of the Border-out (copies of RMD), the following action may
be attempted by the logical unit. If an error occurs while writing data other than information blocks, the logical unit will
restart the write at the end of the Border-out.

1. The logical unit attempts to repair the damaged ECC block automatically.

2. If repair is successful, the logical unit updates the RMA with the latest RMD which contains the new Border-out
start address (repaired NWA).

3. Rewrites Border-out from repaired NWA.

4. Writes Border-in (or Lead-in) containing the repaired start address of Border-out.
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4.18 Recording for DVD-R DL media
4.18.1 The basics for DVD-R DL media

DVD-R DL disc is developed to provide a write-once DVD recordable media with the same capacity as DVD-ROM
Dual Layer disc. There are two recording layers on a single side and they are referred to as Layer 0 (L0O) and Layer 1
(L1). The LO is made up from semi-transparent/semi-reflective material so that the laser beam can pass through to the
L1. (The L1 is relatively distant from the disc surface than the LO.)

Up to 8,54 gbytes capacity (= same as DVD-ROM Dual Layer disc capacity) is available for recording while the Single
Layer disc can hold up to 4,7 gbytes of data. The mechanical dimensions, sector layout, Control Data Zone structure, and
recorded signal characteristics (focus/tracking signal) of DVD-R DL medium are almost same as that of DVD-ROM
Dual Layer medium. When a disc/Border is closed for interchange, it is expected that the disc is readable by DVD
players and DVD read-only logical units.

Although DVD-ROM DL media have two kinds of track path (i.e., Opposite Track Path (OTP) and Parallel Track Path
(PTP)), DVD-R DL disc specification defines only OTP discs to avoid user confusion. The OTP disc is the majority
usage in case of DVD-ROM Dual Layer discs and is suitable for recording of video and audio contents due to minimum
transition time at the Layer Jump Address.

The lowermost writing speed for DVD-R DL media is 2x speed (Scan velocity for write = 7,68 m/s).

The maximum number of NWAs is incremented by one in comparison to DVD-R Single Layer media to support real-
time DVD-Video format recording at Layer Jump Address. Maximum three RZones can be reserved at a same time.
Maximum available number of NWAs and current valid NWAs are reported by the Track Resources Information of
READ DISC INFORMATION command.

Table 67 shows the comparison chart of some parameters between different versions of DVD-R media format.

Table 67 - History of DVD-R media format

_ DVD-RVersion | 5ypy R Ver. 1.0 DVD-R SL Ver.21 | DVD-R DL Ver. 3.0
Characteristics
Capacity per side (120 mm) 3,95 gbytes® 4,7 gbytes® 8,54 gbytes®
Channel bit length (um) 0,147 0,133 0,147
Track pitch (um) 0,80 0,74 0,74
Number of Layers per side 1 1 2
Reflectivity 45 to 85% 45 to 85% 16 to 27%
Control Data Zone recordable pre-recorded/embossed pre-recorded/embossed
Maximum Number of NWAs 3 3 4
Standard recording speed 1x 1x/2x 2%

a. gbytes = 1 000 x 1 000 x 1 000 bytes

4.18.1.1 Three Recording Modes for DVD-R DL disc

DVD-R DL disc has three recording modes. They are Disc-at-Once recording, Incremental recording, and Layer Jump
recording modes. To facilitate the Layer Jump recording, new RMD format (= Format 4) is defined in addition to Format
1 RMD. The Format 1 RMD is defined for conventional recording methods (i.e., Disc-at-once and Incremental
recording) that are being used on DVD-R Single Layer media. Some contents of the Format 1 RMD is also expanded.

The multi-Border recording is only supported by the Layer Jump recording mode with Format 4 RMD. Even after the
closing of a Border, a user can continue recording until the medium capacity becomes full. If a disc is recorded with
multi-Border, the first Bordered Area would be at least readable by legacy DVD read-only logical units and players.

If the Disc Status field of Format 1 RMD is set to blank status (= 00h), none of the recording modes is specified to the
disc. When a host specifies the disc as Layer Jump recording mode, the Disc Status field of Format 4 RMD with
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Incremental recording status (= 02h) is recorded in RMA after the Format 1 RMD with blank status. To specify Layer
Jump recording mode, the Write Type field of Write Parameters mode page shall be set to 04h (= Layer Jump
recording).

Figure 58 shows the recording mode and Bordered Area status transition diagram for DVD-R DL disc.

Brand-new disc

Set Write Parameters mode page,
Data Write

—_— — — — — ~ —_ — T
4 Incremental ’ DAO
Recording Recording

Layer Jump
Recording

Data Write

N

Data Write

Border Close '
Disc Close ‘ Data Write

/

— - .

Disc Close Disc Close

The last Bordered Area is:

A: Blank (Format 1 RMD)  B: Incomplete (Format 1 RMD)  C: Incomplete (Format 4 RMD)
D: Empty (Format 4 RMD) E: Complete (Finalized disc, Format 1 or Format 4 RMD)

Figure 58 - DVD-R DL disc recording mode and Bordered Area state transition

4.18.1.2 Associated Profile and Feature

When a blank DVD-R DL disc is installed in a logical unit, the logical unit reports the most appropriate Profile code in
the Current Profile field of Table 339 - Feature Header on page 562. If a logical unit supports both DVD-R Dual Layer
Sequential recording Profile and DVD-R Dual Layer Jump recording Profile, the logical unit returns these two Profile
Descriptors in the Profile List Feature Descriptor. If default value of the Write Type field in Write Parameters mode
page is set to 00h or 02h (Incremental or DAO recording), the Current Profile field may be set to Profile 0015h: DVD-R
Dual Layer Sequential recording. If default value of the Write Type field is set to 04h (Layer Jump recording), the
Current Profile field may be set to Profile 0016h: DVD-R Dual Layer Jump recording. The LJRS field value of READ
TRACK INFORMATION command depends on the Write Type field value of Write Parameters mode page. When the

Page 170 Final



Revision 1.11 Recording for DVD-R DL media

Write Type field value is invalid for DVD-R DL disc, the LJRS field may be set to compatible value with default value
setting of the Write Type field for the disc.

Once recording mode is fixed, the recording mode is not changed and the logical unit shall report the assigned recording
mode information by the LJRS field of READ TRACK INFORMATION command.

The Write Type field of the Write Parameters mode page shall be set to associated value with the specified recording
mode on the disc. Otherwise the logical unit shall terminate disc writing operation with CHECK CONDITION status, 5/
64/00 ILLEGAL MODE FOR THIS TRACK.

When the Feature 0033h: Layer Jump recording Feature is current, regardless of the BUFE bit setting, Buffer Under-run
Error Free recording shall be performed. Therefore the host should issue SYNCHRONIZE CACHE (10) command to
finish the data recording. Table 68 shows the relationship between recording mode and associated parameters.

Table 68 - Profile, Feature and Write Type value for each recording mode

Specified recording mode on Associated parameters to be set to the logical unit
the disc Profile to be current Feature to be current | Write Type? value to be set
Disc-at-Once Feature 002Fh: DVD-R/- .
RW Write Feature 02h (Disc-at-once)
Profile 0015h: DVD-R Dual
Incremental . . Feature 0021h:
Layer Sequential recording .
Incremental Streaming 00h (Incremental)
Writable Feature
Layer Jump Profile 0016h: DVD-R Dual Feature 003.3h: Layer 04h (Layer Jump)
Layer Jump recording Jump recording Feature

a. The Write Type field of Write Parameters mode page

4.18.1.3 Recording order

There is a strong recommendation that the area on L1 should be recorded through the recorded area on LO. The
transmissivity is different between recorded area and unrecorded area on LO. If the recording order is not kept, the
recorded signal characteristics on L1 would not have the uniformity due to different transmissivity on LO. This may
cause a trouble to Automatic Threshold Control (ATC) of the logical unit when the recorded data on L1 is read.

4.18.1.4 Fixed logical volume space

The End PSN of LO field value in Control Data Zone is fixed and not changeable because the Control Data Zone is pre-
recorded or embossed by disc manufacturer. See Figure 15 - Data structure of Lead-in Area on page 96. This means that
the logical volume space is fixed and the start address of Middle Area is also fixed to “End PSN of LO +1” because the
LBA in the logical volume space and PSN have one-to-one relationship (i.e., LBA = PSN-30000h). See

Figure 7 - Physical and logical layout of OTP DVD-ROM DL/-R DL/-RW DL/-Download DL media on page 89.

4.18.2 Remapping on Layer Jump recording

Address remapping mechanism is newly developed to adapt UDF file system and ISO-9660 file system for Layer Jump
recording on DVD-R DL disc. When writing software uses the remapping mechanism correctly and the logical unit
supports the reading of remapping information, the reading environment of a host is able to treat the multi-Border
recorded DVD-R DL disc as if it is single Border recorded disc.

When the Layer Jump recording is used, the file system such as UDF may not work well without remapping mechanism.
A file system starts data reading from some of Anchor Points (APs) of DVD-R DL disc to recognize the logical volume
and file structure. See Appendix J -, "UDF Key Structure (Informative)" on page 1005. In case of UDF, the Volume
Recognition Sequence (VRS) and the Anchor Volume Descriptor Pointers (AVDP) are the kind of APs described in this
section. UDF uses at least 2 of 3 APs that are located at the LBA 256, n-256 and n (where the n is LBA of the maximum
recorded user data sector in the logical volume space on the disc). Those APs may be recorded in the logical format
operation. In case of Layer Jump recording, those APs may be recorded in the early recording period. After the APs are
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recorded, the recorded data on APs cannot be updated. Figure 59 shows an example of multi-Border recording that
contrasts physical disc image with logical volume space image. In Figure 59, the address range in the logical volume
space covered by the first Bordered Area involves the address range in the logical volume space covered by the second
Bordered Area. Therefore UDF file system cannot see the updated volume structure recorded in the second Bordered
Area. To solve this problem, Format 4 RMD provides the address remapping mechanism. Up to four ECC blocks that
contain APs can be remapped to alternative ECC blocks. See Figure 88 - Example sequence of multi-Border recording
with remapping on page 205.

Layer Jump with Border recording also provides physical read compatibility with DVD read-only logical units. The first
Bordered Area recorded by the Layer jump recording is physically same as the Data Area on DVD-ROM OTP Dual
Layer disc. Therefore, the playback system using DVD read-only logical unit is able to read at least the first Bordered
Area even if the logical unit does not support the multi-Border structure on Dual Layer disc. To provide file system level
read compatibility with legacy DVD read-only logical units, a host may need to take care of the position of AP3 and
AP4. For example, UDF file system requires the AP4 and/or AP3 at LBA n and LBA n-256, respectively (n is the
maximum recorded user data LBA). Legacy DVD read-only logical units may retrieve LBA n from the pre-recorded
CDZ. Thus the AP4 and AP3 locations should match to those information.

See 4.18.5.4.3, "APs data writing" on page 197.
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Blank disc Physical disc image Logical volume space image
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Lead-in LBAO LBAm \/ LBA O LBA m LBA n
Middle Area

Record data in the first Bordered Area
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AP1 at LBA 16, AP2 at LBA 256 and AP4 at LBA n are recorded.

Address range in the logical volume space
covered by the Border #1

Record data in the second Bordered Area

Address range in the logical volume space
Border #2 @

covered by the Border #1

Address range in the logical volume space
covered by the Border #2

| |
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New AP1, AP2 and AP4 are recorded.

AP1, AP2 and AP4 are not updated.

Fil t t dated data.
I = AP D = recorded user data D = Border Zone e System cannot see tipdated data

Figure 59 - APs update problem of Multi-Border with Layer Jump recording

4.18.3 State of DVD-R DL disc for interchange

In general, to make the recorded user data on DVD-R disc physically readable by DVD read-only logical units, at least
the following three conditions must be satisfied to prevent the typical DVD read-only logical unit optical pickup from
overrunning to the unrecorded area due to the tracking servo mechanism,

- at the inner end of the recorded user Data Area, buffer zone such as Lead-in is located,
- at the outer end of the recorded user Data Area, buffer zone such as Border Zone or Middle Area is located,
- all the sectors from the beginning of the inner buffer zone to the end of the outer buffer zone are recorded.

In addition to the conditions above, in case of DVD-R DL disc, Lead-out and all the sectors on L1 located at the radius
between the inner part of Lead-in and the outer part of Border Zone/Middle Area on LO must also be recorded. See
Figure 60.
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The disc is not ready for interchange

L1 Lead-out Unrecorded Middle Area

LO Lead-in Recorded Middle Ared

The disc is ready for interchange

L1 Lead-out Recorded %L(‘)Fr’gg}_coiﬁ% Unrecorded Middle Area
LO Lead-in Recorded Border-out Unrecorded Middle Aresd

Figure 60 - State for DVD-R DL disc interchange

4.18.4 Recording mode for DVD-R DL media

DVD-R DL media makes use of sequential recording as well as Single Layer discs. DVD-R DL media supports three
kind of recording modes. They are Disc-at-Once (DAO) recording, Incremental recording, and Layer Jump recording.
Once a recording mode is determined, the recording mode shall not be changed afterwards.

4.18.4.1 DAO recording

DAO recording is supported by DVD-R DL media by using Format 1 RMD. Lead-in through Lead-out is recorded in one
recording action. The Middle Area on LO and L1 may be recorded after Lead-out is written. The Layer Jump Address is
fixed location and is not changeable.

When DAO recording is used, all unrecorded user Data Area shall be recorded. When the amount of user data to be
recorded is less than the capacity of L0, the Shifted Middle Area may be used as an exceptional case. See Figure 61.

Usual case Recording direction
- - - - - - - - — — — — — — = — -+ -
L1 " Leadout- _ _ User Data \ | Middle AreX
LO Lead-in UzerT)a’tE == _ /’ Middle Areq
o _\_ /\ ™ A\ — — -~
Exceptional case Recording direction Fixed Layer Jump Address
-« - - - - — — = — — — —
L1 Lead-out Mi%l(liiltct%lréa unrecorded | Middle Areq
LO Lead-in User Data Mis(llglge,gréa unrecorded | Middle Area
D = recorded area D = unrecorded area
Figure 61 - Example of Disc-at-once recording on DVD-R DL disc

4.18.4.2 Incremental recording

Incremental recording is supported by DVD-R DL media by using Format 1 RMD. The RZone reservation scheme is
same as the Single Layer disc case. See Figure 62. The multi-Border recording is not defined for incremental recording

because Border Zone is meaningless in terms of interchangeability between DVD-R DL logical units and DVD read-only
logical units.
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When the disc is finalized, all unrecorded user Data Area shall be recorded to make the disc readable by DVD read-only
logical units. However, if no RZone is reserved in L1 and no user data is recorded in L1, the Shifted Middle Area may be
used as an exceptional case at disc final closure. See Figure 92 - Disc final closure in Incremental recording mode on
page 208.

L1 Lead-out RZone #3 (Invisible) RZone #2 Middle Area
LO Lead-in | RZone #1 (Complete) RZone #2 (Partially Recorded) |Middle Area outer
—————— - ————— —

Recording direction
D =recorded area D = unrecorded area

Figure 62 - Example of incremental recording on DVD-R DL disc

4.18.4.3 Layer Jump recording

Layer Jump recording allows to set Layer Jump Address to record both Layers alternately. The symmetrical L1 part can
be recorded after the portion of LO is recorded. This allows quick closing of the disc with Border Zone for DVD read-
only logical unit compatibility. Data can be added after closed border. The Layer Jump recording uses Format 4 RMD.
The RZone usage is different from the other recording modes.

Layer Jump recording allows to set several Layer Jump Address including Reserved RZone at any position to record both
Layers alternately. The symmetrical L1 part can be recorded after the portion of LO is recorded. This allows quick
closing of the disc with Border Zone for DVD read-only logical unit compatibility. Data can be added after closed
border. The Layer Jump recording uses Format 4 RMD. The RZone usage is different from the other recording modes.

Note: DVD-R Dual Layer Book has no definition of Layer Jump recording mode explicitly. When the Disc status field of
Format 4 RMD Field 0 is set to 02h = “Incremental recording”, the disc is regarded as Layer Jump recording mode
described in this specification.

An example of Layer Jump recording is illustrated in Figure 63. The detail of Layer Jump recording and related issues
are described in the following sections.

-« — - - — -

L1 Lead-out \ A Middle Area
'I‘?’?l\lll—‘ ﬁ1 'I‘?r?lllll—‘ f) 1[?7‘\[]‘—‘ ;L-LLQ

LO Lead-in / y, Middle Area

_ - _ -
- -7 - LRA
Recording direction
Note: This figure illustrates conceptual recording model. D = recorded area D = unrecorded area

Figure 63 - Example of Layer Jump recording

4.18.4.4 Comparison chart among recording modes
Table 69 is the comparison chart of capability of DVD-R DL disc.
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Table 69 - Comparison of recording mode

Associated capability Recording order . Quick disc Multi-Border
X Recording Area . a . b

Recording mode management closing recording
Disc-at-Once contiguous entire disc
(Figure 61) no need to care (single RZone) no no
Incremental application contiguous in RZone
(Figure 62) responsibility® (multiple RZones) no no
Layer Jump logical unit Not contiguous, divided
(Figure 63) responsibility by Layer Jump Address? yes yes

a. See 4.18.5.7, "Disc final closure"” on page 207.

b. Data Appendability after disc becomes ROM compatible. See 4.18.5.5, "Border Zone for DVD-R DL media"
on page 199.

¢. When the application uses multiple of open RZones (NWAs), recording order of Layers should be considered.
See 4.18.7.3, "Recommendation for multiple open RZone recording" on page 224.

d. When the application uses Layer Jump recording, the Layer Jump Address should be considered. See
4.18.5.1, "Recording unit" on page 176.

4.18.5 DVD-R DL Layer Jump Recording
4.18.5.1 Recording unit

RZone is defined to manage recordable data area and recorded data area on DVD-R disc. This is very similar to Track of
CD-R disc. An RZone may have recorded part, recordable part and NWA. In the case of DAO recording or Incremental
recording mode on DVD-R DL disc, the usage of the RZone is same as that of DVD-R Single Layer discs (i.e., the
RZone is specified by the start LBA, contiguous length and Last Recorded Address). In the case of Layer Jump recording
of DVD-R DL disc, the usage and geometric definition of the RZone are different from the case of DAO recording and
Incremental recording mode (i.e., the RZone is specified by the start LBA, end LBA, Last Recorded Address and Layer
Jump Address). On Layer Jump recording mode, a Reserved RZone is used to manage the recording sequence of the
Layer jump recording. In addition, the Layer Jump Block (LJB) is newly defined to manage the recording sequence of
the Layer Jump recording in a subdivision of the Invisible/Incomplete RZone. A Reserved RZone is considered to have
one LJB.

4.18.5.1.1 Blank disc parameters

Table 70 shows fields of commands that returns blank disc parameters.

Table 70 - Blank disc parameters and related commands in Layer Jump recording mode

Disc parameter to be READ TRACK INF(;RMATION READ DISC STRUCTURE command
returned command
Start LBA on LO Starting Physical Sector Number of Data

Area field of Physical Format Information
of Control Data Zone in the Lead-in
(Format Code = 10h)

Track Start Address field

End LBA on LO LO Data Area Capacity field of Layer
Next Layer Jump Address field Boundary Information (Format Code =
20h)
End LBA on L1 End Sector Number in LO field of

Physical Format Information of Control
Data Zone in the Lead-in (Format Code =
10h)

Track Size / RZone End Address field
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a. RZone number is set to 1. The Write Type field of Write Parameters mode page is set to 04h (Layer Jump).

4.18.5.1.2 Reserved RZone structure

An RZone of Layer Jump recording mode may have two separated recording parts on LO and L1. The RZone can be
written sequentially from the beginning of L0 part through the end of L1 part of the RZone via the Layer Jump Address.
When an RZone is reserved, a host is able to recognize the geometric structure of the Reserved RZone as four parameters
returned by the READ TRACK INFORMATION command. Those are the Track Start Address field (to indicate the
Start LBA of Figure 64), the Next Layer Jump Address field or the Last Layer Jump Address field (LJA), the Last
Recorded Address field (LRA) and the Track Size / RZone End Address field (End LBA). The Last Layer Jump
Address field reports the last Layer Jump Address on LO (from LO to L1). This field does not report the Layer Jump
Address on L1 (from L1 to L0). See Figure 65. In case of Layer Jump recording, the LJRS field of a Reserved RZone is
set to 01b and the Track Size / RZone End Address field reports the end LBA of the RZone. The LJA and End LBA
are the LBA of the end sector of an ECC block. See Figure 64. Table 71 explains the relationship between these fields
and fields of Format 4 RMD on the disc for logical unit implementation.

Table 71 - Reserved RZone parameters

RZone parameter of READ TRACK INFORMATION Format 4 RMD - Field 4 (RZone
Figure 64 command Information)
Start LBA Track Start Address Start sector number of RZone #1
LA oi\lf;(tsth;ﬂTrﬁpA:g;?::S Layer Jump Address of RZone #1
LRA Last Recorded Address Last recorded address of RZone #1
End LBA Track Size / RZone End Address End sector number of RZone #1

Either one of the Next Layer Jump Address field or the Last Layer Jump Address field specifies the LJA of the
Reserved RZone if the RZone has L1 part. Otherwise, both fields are set to zero. In Layer Jump recording mode, when
the NWA is located on L1 in an Reserved RZone, the Last Layer Jump Address field reports the Layer Jump Address
of the Reserved RZone and the Next Layer Jump Address field reports zero. When the NWA is located on LO in an
Reserved RZone, the Next Layer Jump Address field reports the Layer Jump Address of the Reserved RZone and the
Last Layer Jump Address field reports zero. When a Reserved RZone is closed, the Next Layer Jump Address field
shall report zero. And if the closed RZone has L1 part, the Last Layer Jump Address field shall report the outermost
LBA on LO in the closed RZone. If the closed RZone does not have L1 part, the Last Layer Jump Address field shall
report zero.

Layer Jump Address of the Reserved RZone regardless of the location of the LRA to show the geometric structure of the
RZone.

The Link Size field of Write Parameters mode page should be set to 32 KB during Layer Jump recording for easy
implementation.

The Linking Loss Areas (LLA) located at the each end of Reserved RZone boundary on LO and L1 are 32 KB in size
even if the Link Size is set to 2 KB. See Figure 64.
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Reserved RZone start LBA of the L1 part of this RZone
= 2M-1-LJA = xxx0h

BSGA
A

LLA =32 KB
End LBA = xxxFh

L1

LO k

BSGA Start LBA= xxx0Oh LJA = xxxFh LLA=32 KB

M: start LBA of Data Area on L1
LLA: Linking Loss Area
. r—n
LRA: Last Recorded Address — RZone D

LJA: Layer Jump Address L=
Figure 64 - RZone definition for Layer Jump recording

=recorded area D = unrecorded area

4.18.5.1.3 LJB structure of Invisible/Incomplete RZone

In case of Invisible/Incomplete RZone, the LJB is defined as minimum recording region. Invisible/Incomplete RZone
may be recorded as multiple of LIBs. If the RZone does not have L1 part, LJB cannot be assigned to the RZone.

An LJB is defined by the Next Layer Jump Address field, the Last Layer Jump Address field and the Last
Recorded Address field of READ TRACK INFORMATION command. Only one active LJB that has NWA is
reported. In case of Figure 65, parameters of LIB #4 are reported. The Next Layer Jump Address field shall be actual
logical block address of the sector that will cause Layer Jump at write. When an NWA is located on L1 in the last LIB,
no more Layer jump will occur and the Next Layer Jump Address field reports zero. In this case, the host should
calculate the end address of data recordable area in the last LJB by using free blocks information and NWA information
returned by the READ TRACK INFORMATION command.

When the NWA is located on L0, the Last Layer Jump Address field reports the Layer Jump Address on LO that was
used in the previous LIB. If the previous LIB does not exist in the RZone, this field is set to zero. When an Incomplete
RZone is closed, the Next Layer Jump Address field of the closed RZone shall report zero. And if the closed RZone
has L1 part, the Last Layer Jump Address field shall report the outermost LBA on L0 in the closed RZone regardless
of the location of the LRA to show the geometric structure of the closed RZone. If the closed RZone does not have L1
part, the Last Layer Jump Address field shall report zero.

The LLA (Linking Loss Area) of LJB on LO can be 2 KB in size (one sector). BSGA of LJB is 32 KB in size (16
sectors).

In case of Regular Interval Layer Jump recording, Invisible/Incomplete RZone is divided into many LIBs. See
4.18.5.3.3, "Regular Interval Layer Jump" on page 189.
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Reserved RZone #n-1 Incomplete RZone #n /LR A
Ll ) ) ) , A}
7 7 7 / 7
LO - — - = - = v
LIB #1 4 LIB #2 4 LIB #3 4 LIB #4 4 f
Middle Area
LJB structure This jump is not reported by Last Layer Jump Address field.
when NWA is located on LO : !
./ LIB #n-1 LJB #n
I’4
L1 — -
Lo N oA
| /‘ ZF
Last Layer Jump Address” 1 LRA Next Layer Jump Address
on LO from LO to L1
Next Layer Jump Address

LJB structure from L1 to LO
when NWA is located on L1 LJB #n-1 I LJB #n

L1 e

LO "

[ LRA | Last Layer Jump Address
from LOto L1
D : Eii‘? Ii (I)“l 4 = Layer Jump Address = recorded area D = unrecorded area
Figure 65 - LJB structure of Invisible/Incomplete RZone

Table 72 explains the relationship of the values in the fields of READ TRACK INFORMATION command and the
related fields of Format 4 RMD of the disc for logical unit implementation.

Table 72 - Invisible/Incomplete RZone parameters

Track Start Address

READ TRACK INFORMATION command

Format 4 RMD - Field 4 (RZone Information)

Start Sector Number of Invisible RZone

Last Recorded Address

Last recorded address of Invisible RZone

Track Size / RZone End Address

End sector number of Invisible RZone

LJRS field®

Jump interval

When NWA is on LO

Next Layer Jump Address®

Layer Jump Address of Invisible RZone®

Last Layer Jump Address

Previous Layer Jump Address of Invisible RZone

When NWA is on L1

Next Layer Jump Address

Previous Layer Jump Address of Invisible RZone"

Last Layer Jump Address®

Layer Jump Address of Invisible RZone
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a. READ DISC STRUCTURE command with Format Code=22h (Jump Interval) reports this information in case
of Regular Interval Layer Jump recording mode (4.18.5.3.3, on page 189).

b. This field reports either one of Layer Jump Addresses that is caused by Shifted Middle Area or Fixed Middle
Area if the Layer Jump Address of Invisible RZone is set to zero.

¢. READ DISC STRUCTURE command with Format Code=23h (Manual Layer Jump Address) reports this in-
formation in case of Manual Layer Jump recording mode (See 4.18.5.3.2, on page 186).

d. The value of the Next Layer Jump Address field is calculated from the value of the Previous Layer Jump
Address of Invisible RZone field. See “LJB structure when NWA on L1” of Figure 65.

When RMD is written to the disc, these parameters of RMD shall be updated correctly as shown in Table 72.
4.18.5.1.4 Consideration of NWA check in logical unit

This subsection describes two typical examples of NWA recovery method in an LJB when RMD is not updated in
appropriate timing.

During a recording, RMD may not be updated in appropriate timing by some reason. See Table 96 - Mandatory RMD
update condition in RMA on page 223. If NWA is not found on the Layer specified by the LRA field of RMD, the logical
unit may check another Layer from inverted physical sector address of Layer Jump Address for opposite direction.

In the case of “LJB structure when NWA is located on LO” of Figure 65, when the new RMD that shows LIB#n was not
recorded by some reason, the last RMD should have the information of the previous recorded LJB. When the LRA shows
the address of L1 in LJB#n-1, the logical unit finds no NWA on L1. The logical unit may check LO from the Layer
Jump Address of Invisible RZone to find correct NWA in LIB#n.

In the case of “LJB structure when NWA is located on L1” of Figure 65, when LRA of LIB#n shows the address of LO,
the logical unit finds no NWA on L0 in LJB#n. The logical unit may check L1 from inverted physical address of Layer
Jump Address of Invisible RZone to find correct NWA in LIB#n.

4.18.5.2 RZone reservation

An RZone can be reserved with host specified amount of size. The reserved size on LO and L1 may not be the same.
RZone is reserved with various physical shapes depending on the condition such as its size and recording status of the
previous RZone.

4.18.5.2.1 Restrictions of physical assignment rule of RZone with Format 4 RMD

To keep the recording order of LO and L1, a gap may be allocated between L1 part of RZones due to several physical
factors. Therefore, when Layer Jump recording is used with RZone reservation, full disc capacity may not be available.
Disc manufacturer and logical unit control these physical factors and restrictions.

There are several factors for the necessity of gap in between RZones.

* Laser beam profile
When the laser is focused on L1, the beam penetrates L.O with some amount of range. This range shall be recorded
prior to recording of the L 1.
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L1

LO

Pick—ﬁp head
|

*  To record position X of L1, the range X+(L/2) of LO needs to be recorded.
But if the size of an unrecorded area in the above range is very small, it is ignorable.
For example, Border-in is very small size and it is ignoreable when RZone is reserved.

Figure 66 - Laser beam profile

e Eccentric (Radial run-out) between LO and L1
When an RZone is reserved, the eccentric between LO and L1 is considered to keep the recording order of Layer.

L1

LO

Disc center on LO
|

*  To guarantee that the position X on L1 is recorded through the recorded area on L0, the X must have relative
offset E from the recording start position on LO.

Figure 67 - Eccentric between L0 and L1

DVD-R DL Book specifies these factors and it is referred to as Physical Clearance in this document. The Physical
Clearance is calculated as follows:

e Tolerance of diameter difference between LO and L1
When LO disc and L1 disc are build by injection molding, the diameter size difference between LO and L1 is maximum
80 um.
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*  To guarantee that the L1 is recorded through the recorded area on L0, L1 diameter is smaller than LO.

Figure 68 - Tolerance between L0 and L1

Physical Clearance = Half of laser beam diameter on LO (2/L) - maximum ignoreable size of unrecorded area on LO +
Eccentric between LO and L1 (E) + half of tolerance. It is approximately 105 um width at outermost radius.

To write an ECC block on L1, minimally the Physical Clearance + L1shift size of LO needs to be recorded as shown in
Figure 69. As the result, DVD-R DL disc is designed and is made to keep L1 smaller than LO. Therefore the capacity of
L1 is smaller than LO. The outermost location of Fixed Middle Area are different on LO and L1. The length of the Fixed
Middle Area on LO is shorter than the length on the L1.

Hereafter, this document uses the term “Clearance” as the number of sectors that consists of Physical Clearance and
L1Shift of Figure 69.

Physical L1shift = Number sectors of Clearance at outermost
I Clearance I
| _ |
PSN x |
L1 |
LO Outer location of LO and
= 4 L1 are different.
i PSN
Cﬂgf;;ile * L1shift
o End LBA LBA n+\ ; ;
P 4] Fiked
L1 Lead-out | user data recordable area Middle Area
Lo Lead-in \ user data recordable area / E/i[)i(ggle Area
Start LBA LBA n, End LBA of LO
The number of sectors of Physical Clearance is variable according to radius position.
Figure 69 - Physical overview of Layers
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4.18.5.2.2 RZone shape and Blank Area

In case of Layer Jump recording, an RZone may have two recording parts on LO and L1 as shown in Figure 64. If the
previous RZone is not closed status, when new Invisible RZone is generated, an unusable area is allocated at the inner
side of the Invisible RZone on L1 to keep the recording order between LO and L1. This unusable area is referred to as
Blank Area. The Blank Area will never be usable to record user data even if the previous RZone will become closed
status. The length of a Blank Area is calculated by the Clearance.

rectangle shape stair shape
RZone #n-1 RZone #n RZone #n+1
(Closed) (Open) Clearance (Open Invisible)
L1 *
LO \ | Available Layer Jump Address
\_ \ |
S =End LBA | |
S = Start LBA of RZone #n NWA | Blank Area RZone #n+2
of RZone #n | (Open)
|

|
/ , Clearance Clearance

L1 VT1 /4

LO

Blank Area

Start LBA and End LBA of RZone #n+1 are not changed if it has L1 part.
Figure 70 - Blank Areas and RZone shape

As aresult, two Blank Areas that are not recordable for user data may be allocated at both sides of the Reserved RZone
on L1. These Blank Areas are registered in RMD at RZone reservation and it will be padded by logical unit
automatically if all RZones surrounding the Blank Area are closed. Because of the Blank Area, there are two types of
Reserved RZone shape. One has a rectangle shape (e.g., RZone #n in Figure 70). The recording capacity of L0 and L1
are the same. Another has a shape like the stairs (e.g., RZone #n+1 in Figure 70). The recording capacity of L0 and L1
are different.

When previous part is Border Zone or when Incomplete RZone is closed then new Invisible RZone is made (e.g., RZone
#n-1 in Figure 70), the next RZone (e.g., RZone #n in Figure 70) does not have Blank Area between previous part and
the RZone. In this case, the Reserved RZone has even number of ECC blocks for free blocks. The number of free blocks
on LO part and L1 part are same.

Regardless of the recording status (recorded or not) of LO of the previous RZone (e.g., RZone #n in Figure 70) when the
previous RZone is open, the following new Reserved RZone (e.g., RZone #n+1 in Figure 70) shall have two Blank Areas
that the size is Clearance on both sides if the new Reserved RZone has L1 part. In this case, the start LBA and the end
LBA of RZone #n+1 shall not change. On the other hand, even if the previous RZone (e.g., RZone #n or #n+1 in

Figure 70) is closed, the size of Blank Areas shall not change. These Blank Areas shall be padded by logical unit at least
when the Bordered Area is closed. When a Blank Area is padded, the registration entry of the Blank Area in RMD shall
be updated. Maximum eight Blank Areas can be registered in RMD.

When the size of a Reserved RZone is smaller than the Clearance size (e.g., RZone #n+1 and #n+2 in Figure 71), the
Reserved RZone does not have recordable part on L1 and it exists on LO only. This is the exceptional case of the stair-
shape Reserved RZone. In case of Figure 71, the Layer Jump Address of RZone #n+1/#n+2 field of Format 4 RMD
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Field 4 is set to zero. The End PSN of new Invisible RZone (#n+3) shall move to keep Clearance from the last reserved
RZone (#n+2). The Blank Area information registered in RMD starts from RZone number n+3 to RZone number n. The
actual address range is from (End LBA of RZone #n+3) +17 to (RZone #n Layer Jump Address on L1)-1.

Blank Area
L1 < glea_ram_ce9
LO
RZone #n-1 RZone #n #n+1! #n+2 RZone #n+3
Figure 71 - Small Reserved RZone

Even if the last RZone that is located just before Middle Area does not have recordable part on L1 due to Clearance,
Blank Area is registered by the last RZone number.

When small part of Incomplete RZone is written and closed repeatedly (e.g., RZone #n+1 and #n+2 in Figure 72), the
End LBA of new Invisible RZone does not move (e.g., RZone #n+3 in Figure 72). If NWA of the Incomplete RZone is
located on LO and larger than LBA E of Figure 72, when the Incomplete RZone (e.g., RZone #n+3 in Figure 72) is
closed, the logical unit shall pad the area on L1 that is corresponding to the area on L0 between LBA E and NWA (=
hatched area in Figure 72). And the End LBA of new Invisible RZone shall be set to the LBA on L1 (=LBA Fin
Figure 72) that is corresponding to the Start LBA of new Invisible RZone (= LBA F in Figure 72). See

4.18.5.4.2, "Closing of Invisible/Incomplete RZone" on page 195.

Blank Area LBAE
Clearance &
L1 - — — —
LO [
RZone #n-1 RZone #n \ Invisible RZone #n+1
LBAE
LBAE
L1 <~ — — — >
LO [
RZone #n-1 RZone #n | #n+11 #n+2 \ Invisible RZone #n+3
LBAE
If this size is less than Clearance, Padded at RZone #n+3 closing
L1 part cannot be padded. LBAF
L1 - _\S _
LO
RZone #n-1 RZone #n #n+11 #n+2| #n+3 \\ Invisible RZone #n+4
_ LBAF
Note: The PSN that is corresponding to LBA E is inverted address of the PSN that is corresponding to LBA E on LO.
The PSN that is corresponding to LBA F is inverted address of the PSN that is corresponding to LBA F on LO.
Figure 72 - Invisible RZone shape
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Logical Block Address LBA (r,,,) at the radius
of r,, is calculated as the number of sectors
contained within the area from the radius of ry,
where LBAO is located, to ry,.

2 2
T\, — I

LBA(r, )= ” p
;- \/LBA(rm)*l*p 2
T

where [:sector length, p :track pitch

Number of sectors N, contained within the
Clearance, shaded area in the right figure, from the
radius of r, to r,, + c is calculated from the
following formula.

N, =LBA(r, +c)-LBA(r,)

2 2 2 2
(i v ef-n?) weln-n?)

[*p [*p
=2 (2xr, +c)
[*p
[*p V4

Figure 73 - Formula to get the number of sectors in the Clearance at a given LBA on L0

4.18.5.3 Layer Jump recording on Invisible/Incomplete RZone

Layer Jump recording allows recording on both Layers alternately. There are three methods to change the recording
Layer.

e RZone reservation RESERVE TRACK command
e Manual Layer Jump SEND DISC STRUCTURE command, Manual Layer Jump Address (Format Code =
23h)

¢ Regular Interval Layer Jump SEND DISC STRUCTURE command, Jump Interval size (Format Code = 22h)

One of above three Layer Jump recording methods can be specified only when the RZone is Invisible state. To change
the Layer Jump recording method of the Incomplete RZone, the RZone shall be closed and new Invisible RZone shall be
created.

Only when DVD-R DL disc is empty state (Disc Status field in Disc Information Block data of READ DISC INFOR-
MATION command is set to Empty Disc (00b)), the disc can be set to the Layer Jump recording mode by setting the
Write Type field of Write Parameters mode page to 04h (= Layer Jump recording).

When the last RZone is Invisible RZone and neither the Manual Layer Jump Address nor Jump Interval size for Regular
Interval Layer Jump recording is specified (LJRS=01b, RT=0, Blank=1, FP=0 in Track Information Block of READ
TRACK INFORMATION command), the Next Layer Jump Address field shows the Layer Jump Address caused by
Fixed Middle Area or Shifted Middle Area. In this condition, one of Layer Jump methods can be specified to the RZone.
Even if Manual Layer Jump Address (Format Code = 23h) or Jump Interval size (Format Code = 22h) is specified by the
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SEND DISC STRUCTURE command, the logical unit shall not register the address in RMD before actual data is written
to the Invisible RZone.

When the LJRS is set to 11b (Regular Interval Layer Jump recording), the host should check the Jump Interval size by
the READ DISC STRUCTURE command with Format Code = 22h to ensure the write performance of the recording
application that requires specific data recording rate. If the Jump Interval size is not appropriate for the recording
application, the host may close the Incomplete RZone to specify a new Jump Interval size.

It is recommended that logical unit should update RMD to register Layer Jump Address or Jump Interval size after a
write command is issued and before user data of the write command is recorded on the disc. The SYNCHRONIZE
CACHE (10) command may cause RMD update at each time. Therefore host should set Layer Jump Address or Jump
Interval size at the beginning of data writing.

Note: When the data writing is started, the Jump Interval size cannot be set and changed until the Incomplete RZone is
closed.

4.18.5.3.1 RZone reservation

Reservation of an RZone is valid only for Invisible RZone. When a Reserved RZone is created in Layer Jump recording
mode, the Reserved RZone may have one Layer Jump Address as shown in Figure 64 - RZone definition for Layer Jump
recording on page 178. After all part of LO of the Reserved RZone is recorded, NWA moves to L1.

4.18.5.3.2 Manual Layer Jump

Manual Layer Jump method is valid only for Invisible/Incomplete RZone of Layer Jump recording mode.

The SEND DISC STRUCTURE command with Format Code = 23h is used to specify the Layer Jump Address on LO
to create writing address on L1 of Invisible/Incomplete RZone.

Only one Layer Jump Address can exist on Incomplete/Invisible RZone at any given time. After the Layer Jump has
happened at the specified Layer Jump Address, a new Layer Jump Address can be specified. If a host tries to specify the
Layer Jump Address when there is valid Layer Jump Address, the command shall be terminated with CHECK
CONDITION status, 5/24/00 INVALID FIELD IN CDB. If a host tries to specify the Layer Jump Address when a data
remains in the logical unit’s write buffer, the command shall be terminated with CHECK CONDITION status, 5/2C/00
COMMAND SEQUENCE ERROR.

The Layer Jump address shall be the end sector address of an ECC block (xxxxFh) on L0. The range available for the
Layer Jump Address in Incomplete RZone starts from the end LBA of the ECC block that contains NWA-1 on LO and
ends at the start LBA of Middle Area-17.

When the NWA is located on L1, the available address range for the Layer Jump Address starts from the end LBA of the
ECC block that contains the previous Layer Jump Address + 32. The range available for the Layer Jump Address in
Invisible RZone starts from the end LBA of the ECC block that contains NWA and ends at the start LBA of Middle
Area-17. However, when a Layer Jump destination address on L1 is located in a Blank Area, the corresponding address
on L0 is not available as a Layer Jump Address. For example in case of Figure 74, the LO area under the Clearance of
RZone #n+3 is not available for the Layer Jump Address. When Layer Jump is not available at the specified Layer Jump
Address due to Clearance, the SEND DISC STRUCTURE command with Format Code = 23h shall be terminated with
CHECK CONDITION status, 5/26/00 INVALID FIELD IN PARAMETER LIST.

When the start address of the Shifted Middle Area is specified by the SEND DISC STRUCTURE command with
Format Code = 21h at the lower address than the Manual Layer Jump Address specified by the SEND DISC
STRUCTURE command with Format Code = 23h, the Manual Layer Jump Address becomes invalid. See
4.18.5.6.5, "Disc-at-Once like way" on page 203 about the usage of the Shifted Middle Area.

When NWA reaches to the Layer Jump Address on LO, NWA moves from LO to L1. When all recordable blocks on L1
are recorded, NWA moves from L1 to LO. NWA is discontinuous at the Layer Jump Address.

The Manual Layer Jump Address specified by a SEND DISC STRUCTURE command with Format Code = 23h is
reported by the READ DISC STRUCTURE command with Format Code = 23h until the Layer Jump occurs at the
specified address. The Next Layer Jump Address filed of READ TRACK INFORMATION command shall report the
same address if the Manual Layer Jump Address is the address where the next Layer Jump occurs. When no Layer Jump
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Address is specified by the SEND DISC STRUCTURE command with Format Code = 23h and the NWA of Invisible/
Incomplete RZone is located on L0, the Next Layer Jump Address field reports Fixed or Shifted Middle Area start
address -1 on LO. When Layer Jump from LO to L1 has happened at Manual Layer Jump Address, the next Manual Layer
Jump Address can be specified. And the Next Layer Jump Address field reports Layer Jump Address on L1.

Recording may be completed by repeating this Layer Jump operation. When a Layer Jump Address is specified, RMD is
updated to register the Layer Jump Address when the LRA is located on LO.

Note: Too many Layer Jump operations may cause performance problem and RMA exhaustion problem.

Figure 74 is an example of Layer Jump recording.

Initial state: No jump address is specified. The Next Layer Jump Address field = Fixed or Shifted Middle Area start
address-1.

Step 1: Jump address J1 is specified. The Next Layer Jump Address field = J1.

The READ DISC STRUCTURE command with Format Code = 23h (Manual Layer Jump Address) reports J1.
Step 2: Layer Jump has happened at J1. The Next Layer Jump Address field = JO.

The READ DISC STRUCTURE command with Format Code = 23h reports zero.

New Layer Jump Address (J2) can be specified. The J2 shall not be registered in RMD during writing L1. If J2 is
specified, the READ DISC STRUCTURE command with Format Code = 23h reports J2.

Step 3: NWA moves to LO again after writing JO. The Next Layer Jump Address field = Fixed or Shifted Middle
Area start address-1 if J2 is not specified.

Step 4: Jump address J2 is specified. The Next Layer Jump Address field = J2.

The READ DISC STRUCTURE command with Format Code = 23h reports J2.

Future step: After NWA moves to L1, The Next Layer Jump Address field reports J3.

The READ DISC STRUCTURE command with Format Code = 23h reports zero until new Layer Jump Address is
specified.
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Step 1 Complete Incomplete RZone #n )
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LO IR
outer
"N NWA T1417
Step 4 J3 will be reported after jump at J2
1/ JO (NLJA) / in Next Layer Jump Addzess.
L1 e < ----< R
Lo I > /\:?$ outer
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NLIJA = Next Layer Jump Address field
= recorded || =BscanLa yer Jump
recorded area SGA/ LLJA = Last Layer Jump Address field

Figure 74 - Manual Layer Jump on Layer Jump recording mode
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4.18.5.3.3 Regular Interval Layer Jump

Regular Interval Layer Jump method can be specified only when the RZone is Invisible state and no Manual Layer Jump
Address is specified. When the last RZone is Invisible state, the Jump Interval size on L1 can be specified for the RZone
by the SEND DISC STRUCTURE command with Format Code = 22h. The Jump Interval size does not contain
Linking blocks such as BSGA. The Invisible RZone may be divided into many LJBs. See 4.18.5.1.3, on page 178.

When the Invisible RZone is created and if the previous RZone is open Reserved RZone, a Blank Area is allocated on L1
between the Reserved RZone and the Invisible RZone. For such an Invisible RZone, the size of the LO part of the first
LJB is bigger than the size of its L1 part because of the Blank Area as shown in Figure 75.

The Jump Interval size of Incomplete RZone is not changeable. To change the Jump Interval size or to change the Layer
Jump mode between Manual Layer Jump and Regular Interval Layer Jump, the Incomplete RZone shall be closed to
create new Invisible RZone. When the Incomplete RZone is closed, the Regular Interval Layer Jump mode is cleared.

In case of DVD-R DL disc, the Jump Interval size shall be 512 ECC blocks (16 MB) or greater and 4 095 ECC blocks
(127,9 MB) or smaller. If non-supported size is specified by the SEND DISC STRUCTURE command with Format
Code = 22h, the command shall be terminated with CHECK CONDITION status, 5/26/00 INVALID FIELD IN
PARAMETER LIST. Layer Jump action needs extra time against seek time in the same Layer. Layer Jump from L1 to
LO takes longer seek time than LO to L1 due to OTP. The Jump Interval size should be appropriate size for the recording
application if it requires specific data recording rate. Otherwise read operation (e.g., seamless playback) may be broken
(e.g., pause of video or sound).
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The case when there is a Clearance followed by the Invisible RZone:

Reserved
RZone #n-1 Invisible RZone #n

< >l Middle Area
Clearance

L1 < /

LO K

Outer

When the Jump Interval size (=J) is set @
B J J J M

L1 2 O) ~ 7 AV ~ 7 765 N , T . <
O R FEORN T (LJBs continue) N

L

L0 ) B -

T
S=NWA Next Layer Jump Address
In the first LIB, LO part is bigger than L1 part.

The case when there is no Clearance before the Invisible RZone:

Complete
RZone #n-1 Invisible RZone #n

< >l Middle Area

Ll <

LO -7 Outer

When the Jump Interval size (= J) is set @

L1 PRSERIN PREEREN PREEREN 1 /"(quscontinue) <

L L 1
\ /
LO ~_ -

1
\ 2N AN 7 IS /
1

- < _ - -
1

Next Layer Jump Address
! /‘ =LJB
B = Clearance size + BSGA of the Clearance in Invisible RZone -

S = Start LBA of the Invisible RZone 1 = Layer Jump Address
M = Start LBA on Layer 1 1
J = Jump Interval size (this size excludes the last LLA in LIB) D — Recorded area

Figure 75 - Regular Interval Layer Jump

Before Jump Interval size is specified, the Next Layer Jump Address field of READ TRACK INFORMATION
command reports the end LBA of L0. After the Jump Interval size is specified, the Next Layer Jump Address field
reports the first Layer Jump Address of the first LJB in the Invisible RZone. When NWA is located on LO, the Next
Layer Jump Address field shall report the Layer Jump Address on LO of the current LJB (Step 1 of Figure 76). When a
Layer Jump has happened and NWA is located on L1, the Next Layer Jump Address field shall report the Layer Jump
Address on L1 of the current LIB in the Incomplete RZone (Step 2 of Figure 76).
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Step 1: - J > J > I p Incomplete RZone #n
L1 K \\ : K \\ ; K \\
1 1 1
LO N /’ : N /’ E N /’
\ A
Reserved RZone #n-1 Next Layer Jump Address
Next Layer Jump Address ] ] Middle Area
Step 2: - L L L U
s [ RN A
H (I S B
LO \ // | N // : N //

Reserved RZone #n-1 Incomplete RZone #n

Last Layer Jump Address (Layer Jump has happened.)

/ 1

J = Jump Interval size | = LJB — Recorded sectors |

\ , 1

= Layer Jump Address of LIB

Figure 76 - Layer Jump Address report

4.18.5.3.4 Recordable area allocation of Regular Interval Layer Jump recording

Table 73 shows the start logical block address and the end logical block address of the each recording areas of LJBs in
Figure 75 when 32 KB Linking Loss Area is used. This formula may be used to locate recording data to the recordable
areas.

Table 73 - LBA range of user data recordable area in each LJB of Figure 75 (32 KB Link size)

Recording area Start LBA End LBA
D S S+B+-1
2) MP#2-S-B¢-J M#*2-S-B-1
3) S+B+J9+16 S+B+J*2+15
“4) M#*2-S-B-J*2-16 M#*2-S-B-J-17
5) S+B+J*2+32 S+B+J*3+31
M*2-S-B-J*3-32 M*2-S-B-J*2-33

(6)

(odd number area)®

S+B+(J+16)*(n'-1)

S+B+(J+16)*n-17

(even number area)®

M*2-S-B-(J+16)*p"+16

M*2-S-B-(J+16)*(p-1)-1

a. S: start logical block address of the Invisible/Incomplete RZone
b. M: start logical block address of the L1

c. B: number of sectors of Clearance + BSGA of the Clearance located in the end of the Invisible RZone on L1.

(B=2M-S-1-End LBA of Invisible RZone)
d. J: number of sectors of Jump Interval

e. formula for the recording area with odd number shows the start/end LBA of recordable area in a LJB on LO.

The first LIB is not described by this formula.

f. n is integer number larger than or equal to 2. When n=2, the corresponding recording area is (3), and when

n=3, the corresponding recording area is (5) and so on.
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g. formula for the recording area with even number shows the start/end LBA of recordable area in a LJB on L1.
h. p is integer number larger than or equal to 1.When p=1, the corresponding recording area is (2), and when
p=2, the corresponding recording area is (4) and so on.

4.18.5.3.5 LRA of RZone and Closing of Bordered Area

LRA of Incomplete RZone indicates the latest recorded user data address to identify NWA of the RZone. Therefore the
LRA may not be the maximum recorded user data address of the Incomplete RZone during performing of the Layer
Jump recording in the Incomplete RZone. The Maximum recorded PSN of the Data Area field of Table 36 - Data
Area Allocation field in R/RW-Physical format information Block on page 106 shall contain the maximum recorded
address of user data that may not be same as the LRA of the RZone that has the maximum recorded address. Therefore
logical unit shall check the last ECC block of the Bordered Area to distinguish padding sectors in the ECC block (e.g.,
Figure 83 - padding by SYNCHRONIZE CACHE (10) command on page 198).

If there is no user data sector in the last ECC block of the Bordered Area, the RZone that contain the last ECC block of
the Bordered Area is closed by the CLOSE TRACK/SESSION command. To distinguish whether the LRA is the
maximum recorded user data address of the RZone, a logical unit should check the Data Type bit of last two ECC
blocks. When the Data Type bit is set to one in the ECC blocks, the LRA is not the maximum recorded user data address
and if the Data Type bit is set to zero, the LRA is the maximum recorded user data address.

4.18.5.3.6 NWA motion at Layer Jump

At Layer Jump Address, NWA moves from a Layer to the other Layer. Therefore NWA changes discontinuously except
at the end LBA on LO. Host shall maintain NWA at Layer Jump Address to issue WRITE command. When single
WRITE command exceeded Layer Jump Address other than the end LBA on L0, the WRITE command shall be
terminated with CHECK CONDITION status, 5/21/03 INVALID WRITE CROSSING LAYER JUMP.

When logical unit begins recording on the other Layer including Layer change at Middle Area, the logical unit may
suspend the following write command by CHECK CONDITION status, 2/04/08 LOGICAL UNIT NOT READY, LONG
WRITE IN PROGRESS. It is because that logical unit may perform OPC for the new Layer. Some logical unit may not
support multiple of writing address to store in buffer except Layer Jump Address. See Figure 77.
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Incomplete RZone
Step 1:
L1 '
L0 |
[ |
Layer Jump Address
Step 2:
L1 <}--q
LAY
LO . s\
1
This write command is terminated by Error. Write command following Layer jump
Step 3: may be suspended.
L] < :
LO 1. f >~
1
= Recorded sectors —» = single Write command : = Layer Jump Address of LIB
Figure 77 - NWA motion on Layer Jump

4.18.5.3.7 Layer Jump Address and BSGA/Linking Loss Area

In Incremental recording or DAO recording mode, when recording of LO is finished, the next recording starts from the
outermost data recordable area on L1. When the recording is continued without recording of Middle Area, the 32 KB

Linking Loss Area is generated at the beginning of Middle Area on LO and the BSGA shall be recorded at the end of the
Middle Area on L1 prior to start writing the user data on L1.

During performing of Layer Jump recording in Incomplete RZone, the BSGA and Linking Loss Area shall be recorded
and generated at the Layer Jump Address with the same manner. See Figure 78.
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BSGA
Incremental/DAO recording
Data recordable area - Middle Area
L1 unrecorded recorded user data
LO recorded user data \
End LBA on LO 32 KB Linking Loss Area

L. BSGA
Layer Jump recording in Incomplete RZone

L1 unrecorded recorded user data

LO recorded user data \

Layer Jump Addfess 32 KB Linking Loss Area

Figure 78 - BSGA and Linking Loss Area at Layer Jump Address

4.18.5.4 RZone Closing

When RZone is closed in Layer Jump recording mode, the Complete RZone is represented by four parameters like an
Reserved RZone as shown in Figure 64.

4.18.5.4.1 Closing of Reserved RZone

Unrecorded blocks of an RZone shall be padded by the logical unit when the RZone is closed. The Blank Area between
Complete RZone and the RZone to be closed may be padded during the RZone closing operation (e.g., Blank Area #1 in
Figure 79). The Blank Area that is adjacent to a non-Complete RZone shall not be padded (e.g., Blank Area #2 in
Figure 79).
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Complete RZone Reserved RZone L Incomplete RZone R
. Blank Blank
Step 1: Area#l Area#2
LO \ outer
Start LBA End LBA LRA Layer Jump Address
Complete RZone L Complete RZone v Incomplete RZone R
. "~ Blank "~ Blank g
Step 2: Area#l Area#2
L1
I MRS
Lo outer
\ Padded by RZone closing operation Shall not be padded.
This area may be Padded by RZone closing operation.
Recorded sectors Padding sectors
Figure 79 - Reserved RZone closing

4.18.5.4.2 Closing of Invisible/Incomplete RZone

When an Invisible RZone is closed, actually no action is performed. When the disc or the Border is closed, the Shifted
Middle Area or Border-out is recorded from the NWA of the Invisible RZone.

When Incomplete RZone of Manual Layer Jump or Regular Interval Layer Jump is closed, Complete RZone and
Invisible RZone are created. The LRA of new Complete RZone is the same address of the LRA of old Incomplete
RZone. LRA means logical block address of the latest recorded user data sector.

When NWA of Incomplete RZone is located on LO, new Invisible RZone is created from the NWA. The last sector of the
ECC block that contains the last recorded sector on LO becomes Layer Jump Address of the Complete RZone. The
unrecorded part of L1 shall be padded. If previous RZone is Complete RZone, the Blank Area may be padded.
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Incomplete RZone
) Blank
Before closing: Area End LBA |
L1 Vs |
i
Lo A S
1
Start LBA  Last Layer Jump Address LRA: may be middle of ECC block
NWA: located after LLA.
Complete RZone New Invisible RZone
LBA X
After closing: End LBA . \ LRA does not move.
L1 Y I
[ |
LO ; ‘\%
Start LBA ' Layer Jump Address:
LBA X = last sector of the ECC block that
Recorded sectors Padding sectors contains LRA
Note: The PSN that is corresponding to LBA X is inverted address of the PSN that is corresponding to LBA X on LO.
Figure 80 - Incomplete RZone closing when NWA is on L0

When NWA is located on L1, new Invisible RZone is created from the last Layer Jump Address + 17 on LO. The last
Layer Jump Address of the Incomplete RZone becomes Layer Jump Address of the Complete RZone. The unrecorded
part of L1 shall be padded. If previous RZone is Complete RZone, the Blank Area may be padded.

Incomplete RZone
Before closing: Blank Area End LBA 1 1 }ayer Jump Address
1 1
L1 1 \ =%
LO i i
1 1 .
Start PSN LRA: may be middle of ECC block
NWA: located after LLA
Complete RZone New Invisible RZone
After closing: /End LBA .
L1 - |
; N
LO
I N~
Start PSN ' LR A\Layer Jump Address
Recorded sectors Padding sectors
Figure 81 - Incomplete RZone closing when NWA is on L1
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4.18.5.4.3 APs data writing

In case of DVD-R medium, there are two parameters that show the last user data recorded address of the disc in Lead-in.
One parameter is Maximum recorded PSN of the Data Area of Table 34 - Structure of an RZRW-Physical format
information Block on page 105 that show actual the last user data recorded address of the disc. Another is End PSN of
Data Area of Table 24 - Data Area Allocation field definition on page 100 that is pre-recorded in CDZ (4.5.1, "Control
Data Zone" on page 97). A DVD read-only logical unit may read pre-recorded End PSN of Data Area to inquiry the
last user data recorded address of the disc. When Maximum recorded PSN of the Data Area and End PSN of Data
Area are different, the DVD read-only logical unit cannot retrieve data on AP4 and AP3 correctly (Figure 82).

It is recommended that host writes all blocks in the RZone that include End PSN of Data Area to write AP data at End
PSN of Data Area that is pre-recorded. When End PSN of an RZone is same address of End PSN of Data Area, host
should write AP data to the sector of End PSN.

Host should not use CLOSE TRACK/SESSION command to pad un-recorded area of the first reserved RZone (e.g., Bad
disc closing of Figure 82).

End PSN of User data End PSN

in pre-recorded CDZ of RZone #1  Reserved RZone #1
L1 Lead-out 7 \ V4
L0 Lead-in
. 4\
Start PSN of User data Start PSN Layer Jump Address
in pre-recorded CDZ of RZone #1 of RZone #1
Good disc closing CDZ and R physical format information point same address.
L1 Lead-out
LO Lead-in
CDZ and R physical format information RA
Bad disc closing point different address.
/
L1 Lead-out / muﬂmmmu
LO Lead-in mmmm mmmm
R physical format pre-recorded mmmmmm
information CDZ Recorded sectors Padding sectors AP

Figure 82 - Last recorded user data sector indication

Host should not pad un-recorded sectors in the last ECC block of the RZone by SYNCHRONIZE CACHE (10)
command (e.g., Figure 83).
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point same address.

CDZ and R physical format information End PSN A
point different address. of RZone #1 LR
/
L1 Lead-out 74
LO Lead-in
last ECC block

CDZ and R physical format information

R physical format
information

/
L1 Lead-out /
LO Lead-in

pre-recorded

Recorded sectors

Figure 83 - padding by SYNCHRONIZE CACHE (10) command

Padding sectors mﬂﬂmmu AP

4.18.5.4.4 Maximum Recorded address check at the first Bordered Area closing

In case of Layer Jump recording, LRA of the first RZone may not mean the maximum recorded user data sector of the
first Bordered Area. Logical unit shall check the actual maximum recorded user data sector of the Bordered Area to set
Maximum recorded PSN of the Data Area field. See 4.18.5.3.5, "LRA of RZone and Closing of Bordered Area" on

page 192.
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4.18.5.5 Border Zone for DVD-R DL media

For DVD-R DL media, the Border Zone is defined only for Layer Jump recording with Format 4 RMD. The purpose of
the Border Zone is to prevent pick-up overrun of DVD read-only logical unit and is to provide read compatibility as well
as Single Layer disc. Data is appendable by multi-Border recording after DVD-R DL disc becomes readable by DVD
read-only logical unit.

The Border Zone structure for DVD-R DL disc is shown in Figure 84 below.

Information Area

| Data Recordable Area ol
[
L1
LO
i
! NS
| Middle Area

Lead-in / Border Zoie Border Zone \ Border-out
- ~

Border/edﬁrea (Border) Bordered Area (Border) Bordered Area (Border)

Border Zone

L1 | Superficial Border-out Superficial Border-in

|

|

LO I Border-out Border-in [
ol

Figure 84 - Border Zone structure for DVD-R DL media

The Border-out and Border-in structure on LO is same as that of single Layer disc. For DVD-R DL disc, there are same
amount of buffer zone on L1 called Superficial Border-out and Superficial Border-in. They are used to store the back-up
copies of remapped data at Border closing. The detail structure of Border Zone is depicted in Figure 85.
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Stop Block
Previous Anchor point data ¢ ¥ next Anchor point data
4ECC " 2ECC K 4ECC
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AN P —
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L1 Superficial Border-out Superficial Border-in (32 KB)
LO Border-out Border-in
/ -~ ~— - —~ —
~ ~ ~
- 8ECC o~ -
- . 2ECC___,  2Ecc_ 8ECC apcc 2ECC ™~ SECC ™ —
) | LI L
| SECC / / \ * / ”
Border RMD Area 5 copies of control data
5 copies of latest RMD Next Border Marker structure which has same
Stop Block  first Next Border Marker structure as the Lead-in
Border-out Padding control data
in case of 2 KB Linking Loss Size
D — 32 KB Linking Loss BSGA = Block SYNC Guard Area
Figure 85 - Detail structure of Border Zone for DVD-R DL disc

4.18.5.5.1 Border Zone size and length

Border Zone size is dependent on its starting address. See Table 74. The Border-out start address shall be located after
PSN 3FEFFh. The logical unit shall pad with 00h data through PSN 3FEFFh when Bordered Area is closed and user data

is recorded less than LBA OFEFFh (Size shall be 0,554 mm in radial direction).

Table 74 - Border Zone size for DVD-R DL media

Physical sector number of

beginning Border Zone SFF00h-B25FFh

B2600h-1656FFh

165700h-

1 844 ECC blocks
115,3 MBytes®

2 442 ECC blocks
152,6 MBytes

Border Zone size

2 972 ECC blocks
185,8 MBytes

a. MByte = 1 024 x 1 024 bytes

In the case of DVD-R DL, the Border Zone width of the second Border Zone and later are almost same size with the first
Border Zone in the radial direction. In future version of DVD-R DL format, the second and later Border Zone size can be
changed to be smaller than the first Border Zone size. It is recommended to design logical unit that can correspond to the
size change in the future. The first Next Border Marker address is calculated from Border-out start address and Next
Border-in start address. The Next Border-in start address of Empty / Incomplete Bordered Area is calculated from the

Start PSN of the first RZone in the Bordered Area.
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4.18.5.5.2 Reduced Border-out

In Layer Jump recording mode, when the remaining user data capacity is not sufficient to record Border-out, the Border-
out is recorded with different manner. When the remaining area is less than the Border-out size, the Border-out size is
shrank to fit the remaining data recordable area and a part of Border-out (7 ECC blocks) is recorded at innermost Middle
Area with Middle Area attribute. This assures the linear logical volume space to the host.

Remaining area > Border-out size

Data recordable area >t Middle Area

(Middle Area attribute)
user data I Superficial Border-out I

user data

Remaining area = Border-out size

user data Superficial Border-out

user data

Reduced Border-out structure

Remaining area < Border-out size

7 ECC blocks

user data
user data
v
/ Pre-recorded Middle Area
Reduced Border-out is possible.
Remaining area = 0
user data
user data
Padding Cg)pies of Anchor point da;a
L N | BSGA
/ — |
BSGA —— |\
Linking Loss Area S__/ Padding

Copies of RMD

Figure 86 - Reduced Border-out
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4.18.5.6 Remapping recording example

There are two remapping mechanisms defined for DVD-R DL media. One is the RMD remapping that is referred by
DVD-R Dual Layer logical unit. The other is the Border Zone remapping that is referred by DVD read-only logical unit.
When the Border is closed, the DVD-R DL logical unit automatically creates the Border Zone remapping from the RMD
remapping information.

A host can remap up to four user data locations called Anchor points. The remappable address is specified by DVD-R
DL Book as shown in Table 75. The remapping is done in ECC block unit. Therefore ECC blocks that contain Anchor
points are remapped and the start sector number of these remapped ECC blocks are registered in Format 4 RMD Field 3.

DVD-R DL logical unit performs remapping data at reading ECC blocks that contain APs according to Format 4 RMD.
When the Border is closed, the remapping information is stored in updated Physical format information and replacement
data is stored in Superficial Border-in/out. Therefore DVD read-only logical units can also utilize the remapping
mechanism to retrieve correct file system information.

The Maximum Last Recorded Address on L1 should be the same address with End PSN of Data Area in pre-
recorded CDZ (4.5.1, "Control Data Zone" on page 97). Otherwise legacy DVD read-only logical unit cannot retrieve
data on AP3 and AP4 in the first Bordered Area. See 4.18.5.4.3, "APs data writing" on page 197. See

4.18.5.1, "Recording unit" on page 176 for RZone structure.

Table 75 - Anchor points (Remappable locations)

Anchor point Location
AP1 PSN 30010h (LBA16)
AP2 PSN 30100h (LBA256)
AP3 Maximum Last Recorded Address - 256 on L1
AP4 Maximum Last Recorded Address on L1

Typical operation sequence of remapping is explained as follows.

e Write ECC block of an AP.

e Write alternative ECC block for updated data of the AP.

¢ Issue SYNCHRONIZE CACHE (10) command to ensure to be written on the disc.

e Remap the AP by Remapping Address (Format Code = 24h) of SEND DISC STRUCTURE command to the
alternative ECC block

*  Close the Border by CLOSE TRACK/SESSION command.

4.18.5.6.1 AP remap operation

To remap an AP, the ECC block of the AP and its alternative ECC block shall be recorded. The Maximum Last
Recorded Address of user data in the disc shall be the address on L1. The Write Type field of Write Parameters mode
page shall be set to Layer Jump recording. See Table 68 - Profile, Feature and Write Type value for each recording
mode on page 171.

Before closing the first Bordered Area, position of AP3 and AP4 need to be considered. When a RZone is reserved and
unrecorded part exists on L1, the Maximum Last Recorded Address may be changed after the previous reserved RZone
is recorded. Once the first Border is closed, the position of AP3, AP4 is fixed and is not changeable.

To remap the Anchor points, the SEND DISC STRUCTURE command with Format Code = 24h is used. Host needs to
perform read-modify-write because the other sectors in the ECC block of an AP may have its own data. Host reads the
original 16 sectors from an ECC block of AP (may be may not be remapped), updates some parts, and then writes the
data to an alternative ECC block on an NWA. If multiple of APs need to be updated, host performs this operation up to 4
times. Then host issues SEND DISC STRUCTURE command with Format Code = 24h to remap the ECC block of the
AP to the alternative ECC block up to 4 times. Logical unit may not write user data and remapping information on the
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disc with above operation immediately to reduce RMD consumption. It is recommended that host issues
SYNCHRONIZE CACHE (10) command to finish all data recording.

After the remapping operation, when a host requests to read an sector in the ECC block of an AP, updated data from the
alternative ECC block is returned to the host automatically. See 4.18.5.6.8, "Read behavior of logical unit for remapped
ECC block" on page 206. Once a remapping is specified to an AP, the remapping that is done by RMD cannot be cleared.
It is because that to change the used AP to the other AP (e.g., AP4 to AP3), old data on the AP that becomes unused
shall be updated correctly. For example AP4 has AVDP. When using AP4 is stopped, and when AP3 is newly used, AP4
shall be updated to non AVDP data and AP3 shall have new AVDP by remapping.

4.18.5.6.2 Canceling of AP3, AP4 remapping by RMD in the first Bordered Area

When the alternative ECC block address of an AP#n remapping (e.g., the Re-mapping block sector number for AP1
field) points to the ECC block of the AP#n itself in the first Bordered Area, the RMD remapping shall not be succeeded
to the superficial Extra Border-in and the first superficial Border-out. The corresponding Re-mapping data Block Valid
Flag (RBVF) in Table 37 - DVD-R SL Ver. 2.1 unique part of R-Physical format information on page 106 shall not be set
to 1.

For example, if RZone#1 is reserved and L1 part is not recorded, then the Maximum Last Recorded Address on L1 is
the L1 maximum recorded address of the Incomplete RZone that is RZone#2. During Layer Jump recording in RZone#2,
AP4 remapping is performed on the Maximum Last Recorded Address on L1 of RZone#2. To close the Bordered
Area, AP4 data are copied to the end address of the RZone#1. Then Maximum Last Recorded Address on L1 moves
to the end address of the RZone#1. The alternative address of AP4 is set to the address AP4 itself, then the AP4
remapping is canceled.

4.18.5.6.3 Termination of remapping recording

To show the termination of some recording that uses remapping, one of the alternative ECC block address should be the
ECC block address that contain LRA of the Incomplete RZone or LRA of the last RZone (other than Invisible RZone).
This means that the sector on LRA of the last RZone should contain some file system data to be written on an AP. The
host is able to retrieve the alternative ECC block address by READ DISC STRUCTURE command with Format Code =
24h. Otherwise Border should be closed.

4.18.5.6.4 Multi-Border recording with remapping

When CLOSE TRACK/SESSION command is issued to close the Border, the replacement data on a ECC block of an AP
are copied to both Superficial Border-out and Superficial Border-in. If a ECC block of an AP is remapped, the
corresponding RBVF shall be set to 1 except when the remapping is canceled in the first Bordered Area. See 4.18.5.6.2.
A DVD read-only logical units can utilize these information to return correct replacement data in the ECC block of the
AP to the host.

There are three typical recording ways that are Disc-at-Once like way, Session-at-Once like way. and flexible packet
recording like way. Session-at-Once like way and flexible packet recording like way use remapping. The Session-at-
Once like recording may be used for data writing of DVD recording application. Variable packet like recording may be
used for PC data writing.

4.18.5.6.5 Disc-at-Once like way

When multi-Border recording is not necessary and total data size to be recorded is known, Shifted Middle Area is useful.
A host creates a complete data image on the large buffer (e.g., HDD) then writes the image on DVD-R disc. Shifted
Middle Area is set to appropriate position for the recording data size by the SEND DISC STRUCTURE command with
Format Code = 21h. The address shall be the start sector address of an ECC block (xxxx0h). The range available for
Shifted Middle Area starts from the first LBA of the ECC block that contains NWA+15 on LO and ends at the first LBA
of the last ECC block on LO. When NWA is on L1, the available start address range starts from the first writable address
of L0 part after Layer Jump happens at Next Layer Jump Address on L.1. When Layer Jump is not available at the
specified start address due to Clearance, the SEND DISC STRUCTURE command with Format Code = 21h shall be
terminated with CHECK CONDITION status, 5/26/00 INVALID FIELD IN PARAMETER LIST. See

Figure 93 - Padding under Lead-out to create Shifted Middle Area on page 208. If a host tries to specify the Shifted
Middle Area start address when a data remains in the logical unit’s write buffer, the command shall be terminated with
CHECK CONDITION status, 5/2C/00 COMMAND SEQUENCE ERROR.
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All data is written to the end of the disc through the Layer Jump Address of the Shifted Middle Area. Then disc is closed
by CLOSE TRACK/SESSION command. Even if Multisession/Border field of Write Parameters mode page allows
Next Border, the disc shall be closed. The logical block address is discontinuous on the boundary of Layer Jump Address
of Shifted Middle Area. See Figure 87.

Once Shifted Middle Area is specified, data recording is not allowed to the outer area from Shifted Middle Area. The
outer area may be used as Disc Test Area (e.g., Power Calibrations) if logical unit supports the function.

Data recordable area

Set Shifted Middle Area start address
LBA is discontinuous.

Shifted Middle Area

Write data through Layer Jump Address of
Shifted Middle Area, then close.

Lead-out

Lead-in

Figure 87 - Example sequence of Disc-at-once like Layer jump recording

4.18.5.6.6 Session-at-Once like way

A host creates a complete data image of the Bordered Area on the large buffer (e.g., HDD) then writes the image on
DVD-R disc. Other host may use own intermediate file system to write incremental data on Incomplete RZone of the
DVD-R disc. Then the host creates interchangeable File System information from intermediate file system and writes it
to the Reserved RZone. Host closes the Bordered Area to make the disc readable by DVD read-only logical unit. To
record the second and later Bordered Areas, host repeats same manner, but remaps the APs to new places in the new
Bordered Area.

In this case, remapping in the first Bordered Area is not necessary. For DVD recording application format (DVD-VR,
AR and SR), remapping by the RBVF in the first Bordered Area is prohibited to keep compatibility of the reading data in
the first Bordered Area by legacy DVD read-only logical unit that does not support reading multi-border of DVD-R DL
disc. See Figure 88.
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< Data recordable area >
-— -
S . .
Reserved RZone Recordeq datg with Laye.r Jump recording
. Intermediate file system is used.
for file system data
Nh Superficial Border-out (SBO)
Lead-out I
Lead-in I]
30010h 30100h
U Border-out (BO)
Nh
Lead-out I SBO -
Lead-in I] BO - —
30010h —
30100h Reserved RZone
@ for file system data
Create updated file system data
Issue SEND DISC STRUCTURE command to remap Anchor points
NI Superficial Border-in D Superficial Border-out
Lead-out I SBO
Lead-in I BO,’ ~ | BO~
30010381 00h '/ AB 7~ N
. Bordér—iW -7 RN N
remapping 7 T ~ N
remapping ;. - g RN
/i e N .
Anchor point data Address D| Notused | Address B| Address A
in Superficial Border-out/in ata ata ata
(APD #n) #4 #3 #2 #1
original PSN | alternative PSN
Remapping information Anchor point #1 30010h A
in RMD Anchor point #2 30100h B
Anchor point #3 N-100h Not used
Anchor point #4 Nh D
Figure 88 - Example sequence of multi-Border recording with remapping
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4.18.5.6.7 Variable packet recording like way

Host writes user data, interchangeable file system data and updated AP data to Incomplete RZone. Then host remaps the
AP to the alternative ECC blocks. In this case, host may not close Border to interchange the data among recordable
logical units. Host may use Incomplete disc state for data interchange. In this case, 16th sector and 256th sector from the
beginning of the second Bordered Area may not contain VRS and AVDP of file system.

Data recordable area

Lead-out

Lead-in

Format the disc to prepare packet recording

|
Lead-out -

Lead-in

!
|
'~~.Layer Jump Address

@ Write user data and file system data

Lead-out

Lead-in

|
|
1
|
'~~Layer Jump Address

@ Issue SEND DISC STRUCTURE command to remap ECC block of AP.

This case uses two APs.
|

Lead-out

4

|
|
;
|

P

Layer Jump Address

@ Repeat same recording to the second Border

Second Border

Lead-out

' “Layer Jump Address
Border Zone
no VRS, no AVDP

Figure 89 - Example sequence of Packet recording with remapping

4.18.5.6.8 Read behavior of logical unit for remapped ECC block

When a read request is issued to a sector that is located within the remapped ECC block, the drive will return the updated
data in its alternative ECC block to the host. The writer logical unit that reports Feature 0033h: Layer Jump recording Feature
shall return the updated data on the alternative block. Read only logical unit that support multi-border reading also shall
return the updated data correctly. See Figure 90.
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But it is recommended that host starts the read operation within the remapped ECC block to read updated data correctly.
It is because that when a read operation does not start within the remapped ECC block and the reading has started from
previous ECC block through remapped ECC block, some Read only logical unit that have poor implementation may not
report the replacement data C:R:E but C:D:E as shown in Figure 90.

When a read request is issued to the alternative ECC block, the contents of the alternative block is returned to the host as
it is.

remapped ECC block alternative ECC block

\ /
\ /
A B|C|D E F / P Q RS T U

—>
Read request #1

4>
Read request #2

Returned data for Read request #1 .
R E F

Returned data for Read request #2 must be :-j

C/D\E C R E

Figure 90 - Example read behavior of remapped ECC block

4.18.5.7 Disc final closure

In Layer Jump recording mode, when the disc is closed to prohibit further recording (= disc final closure), the Shifted
Middle Area or Fixed Middle Area is recorded at the end of the user data. No additional recording is allowed beyond the
Shifted Middle Area. When the Shifted Middle Area is recorded, the Information Area shall be recorded more than 70
mm in diameter. If the recorded length is less than 70 mm in diameter, the logical unit shall write Shifted Middle Area
up to 70 mm in diameter. See DVD-R Book Part 1.

Data recordable area

B -
L1 | Leadout | — — |&— & — — — Mi%lgilgteAdrea
i — _ — Shifted
Lo | Leadin |- — — = F — p — — — Middle Area

Figure 91 - Disc final closure in Layer Jump recording mode

Shifted Middle Area can be specified by the SEND DISC STRUCTURE command with Format Code = 21h. See
4.18.5.6.5.
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In the case of Incremental recording mode, the Shifted Middle Area can be applied at disc final closure when data is
recorded on LO only. If user data is recorded on both LO and L1 at disc final closure, the all open RZones shall be closed
first and the logical unit shall pad the remaining area on L1 with Lead-out.

Data recordable area

B -
Shifted
L1 Lead-out Middle Area
Lo e e T e P "Mi%lgllgigrea

Figure 92 - Disc final closure in Incremental recording mode

4.18.5.7.1 Padding under Lead-out for Shifted Middle Area

As shown in Figure 69 - Physical overview of Layers on page 182, Lead-out is larger than the Lead-in to have the
Clearance. The Shifted Middle Area cannot be created under the Lead-out. When user Data Area size is smaller than the
Clearance size made by Lead-out, the logical unit shall pad remaining area to create the Shifted Middle Area. See
Figure 93.

Clearance (not available range for Shifted Middle Area)

.~ >
Shitted
L1 Lead-out Middle Area
: Shifted
LO Lead-in Userdata |-g¢- — — Middle Area
Padding

Figure 93 - Padding under Lead-out to create Shifted Middle Area
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Recording for DVD-R DL media

4.18.6 RMD (Recording Management Data) for DVD-R DL media

The size of RMA is expanded and RMD can be updated approximately 816 times. The RMD is sequentially recorded
from the inner side of LO and when RMA on LO is filled up, RMD is recorded from the outer side of RMA on L1.

The RMD structure is same as that of DVD-R Single Layer media. The contents of each Field is defined in the following

tables.

4.18.6.1 RMD Field 0 (RMD Header) for DVD-R DL disc

RMD Field O specifies general information of the disc and is structured as follows.

Table 76 - RMD - Field 0

RMD Format
2 Disc Status
3 Reserved
4-21 (MSB) Unique Disc ID (LSB)
22-85 (MSB) Copy of Pre-pit Information (LSB)
86-89 Start sector number of the Shifted Middle Area
90 Pre-recorded information code
91 Reserved
92-95 End address of pre-recorded Lead-in Area
96-99 End address of pre-recorded Middle Area on Layer 0
100-103 Start address of pre-recorded Middle Area on Layer 1
104-107 Start address of pre-recorded Lead-out Area
108-2 047 Reserved

The RMD Format field specifies the format of the following RMD Field 1 - Field 14 which is used on the medium.
RMD Format field is defined in Table 77.

Table 77 - RMD Format field definition

Value Definition
0000h Reserved
0001h The following RMD Field 1-14 is recorded as Format 1 RMD defined for DVD-R DL disc.

0002h-0003h

Reserved for DVD-RW media

0004h

disc.

The following RMD Field 1-14 is recorded as Format 4 RMD. This format code is defined only for DVD-R DL

0005h-FFFFh

Reserved

Final

Page 209



Revision 1.11 Recording for DVD-R DL media

The Disc Status field indicates the disc status. Disc Status field is defined in Table 78.

Table 78 - Disc Status field definition

Value Definition
00h The disc has no written data in Data Recordable Area (only RMD is written)
01h The disc is in Disc-at-once recording mode
02h The disc is in Incremental recording mode
03h The disc is completed and not appendable in the case of Incremental recording
04h-FFh Reserved

The Unique Disc ID field is recorded and structured as defined in Table 79. The Unique Disc Identifier contains time
stamp fields. The time format should be UTC 24 hour clock!. This field shall be set by the SEND DISC STRUCTURE
command. This time stamp data sent by the SEND DISC STRUCTURE command may also be used in the OPC related
field in RMD Field 1 and may help the judgement to do OPC. The logical unit shall update the time stamp during power
on. Strict accuracy of time is not required.

Table 79 - Unique Disc ID

Bit
Byte 7 () 5 4 3 2 1 0
0-1 Reserved
2-3 (MSB) Random Data (LSB)
4-7 (MSB) Year (LSB)
8-9 (MSB) Month (LSB)
10-11 (MSB) Day (LSB)
12-13 (MSB) Hour (LSB)
14-15 (MSB) Minute (LSB)
16-17 (MSB) Second (LSB)

The Random Data field is a random number.

The Year field specifies the year coded in ASCII in the range “0001” to “9999”.

The Month field specifies the month of the year coded in ASCII in the range “01” to “12”.
The Day field specifies the day of the month coded in ASCII in the range “01” to “31”.

The Hour field specifies the hour of the day coded in ASCII in the range “00” to “23”.

The Minute field specifies the minute of the hour coded in ASCII in the range “00” to “59”.

The Second field specifies the second of the minute coded in ASCII in the range “00” to “59”.

1. UTC = universal time coordinated
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The Copy of Pre-pit Information field contains the copy of Pre-pit Information data which is recorded as LPP (Land
Pre-Pit). Copy of Pre-pit Information structure is shown in Table 80. Pre-pit information data is specified by DVD-R
Book Part 1.

Table 80 - Copy of Pre-pit Information for DVD-R DL disc

22 Field ID =01h
23 Application code
24 Disc Physical code
25-27 (MSB) Last address of Data Recordable Area on Layer 0 (LSB)
28 LPP Part Version Extension code
29 Reserved
30 Field ID = 02h
31-32 Reserved
33-35 (MSB) Last address of Data Recordable Area on Layer 1 (LSB)
36-37 Reserved
38 Field ID = 03h
39-44 1st field of Manufacturer ID
45 Reserved
46 Field ID = 04h
47-52 2nd field of Manufacturer ID
53 Reserved
54 Field ID = 05h
55-60 Reserved
61-85 Reserved

The Start sector number of the Shifted Middle Area field indicates the start PSN of the Shifted Middle Area on LO
when the Shifted Middle Area is specified or recorded. Otherwise this field is filled with OOh.

The Pre-recorded information code field identifies that whether the pre-recordable area is recorded or not.

Table 81 - Pre-recorded information code field definition

Bit Definition
0 This bit is set to zero to indicate that the Control Data Zone is pre-recorded
1 When set to one, it indicates that the Lead-in Area is pre-recorded except the Extra Border-zone and the R-Physical format

information zone.
When set to zero, it indicates that the Lead-in Area is not pre-recorded.
2 When set to one, it indicates that the Middle Area on LO and L1 is fully pre-recorded.

When set to zero, it indicates that the Middle Area is not pre-recorded.

3 When set to one, it indicates that the Lead-out is pre-recorded.
When set to zero, it indicates that the Lead-out is not pre-recorded.
4-7 Reserved

The End address of pre-recorded Lead-in Area field indicates the end address of pre-recorded Lead-in Area. When
the bit 1 of Pre-recorded information code field is set to one, this field is valid.
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The End address of pre-recorded Middle Area on Layer O field indicates the end address of pre-recorded Middle
Area on LO. When the bit 2 of Pre-recorded information code field is set to one, this field is valid.

The Start address of pre-recorded Middle Area on Layer 1 field indicates the start address of pre-recorded Middle
Area on L1. When the bit 2 of Pre-recorded information code field is set to one, this field is valid.

The Start address of pre-recorded Lead-out Area field indicates the start address of pre-recorded Lead-out. When
the bit 3 of Pre-recorded information code field is set to one, this field is valid.

4.18.6.2 The contents of Format 1 RMD on DVD-R DL disc
4.18.6.2.1 Format 1 RMD Field 1

Format 1 RMD Field 1 contains some logical unit and OPC related information and shall be recorded as defined in
Table 82. There are four sets of OPC data blocks. These are prepared for the case of four different DVD-R logical units
writing to a disc. The logical unit shall use an empty set or its own. If there is no owned or empty OPC data block, the
logical unit may use the oldest time stamp OPC data block.

Table 82 - Format 1 RMD - Field 1 (logical unit and OPC information)
Bit

7 () 5 4 3 2 1 0

Byte

0-31 Drive manufacturer ID #1
32-47 Serial Number #1
48-63 Model Number #1
64-79 2x-speed Write Strategy code for Layer 0 #1
80-83 Recording power #1
84-91 Timestamp #1
92-95 Power Calibration Address #1
96-107 Running OPC Information #1
108-123 2x-speed Write Strategy code for Layer 1 #1
124-125 DSV #l1
126-127 Reserved
384-415 Drive manufacturer ID #4
416-431 Serial Number #4
432-447 Model Number #4
448-463 2x-speed Write Strategy code for Layer O #4
464-467 Recording power #4
468-475 Timestamp #1
476-479 Power Calibration Address #4
480-491 Running OPC Information #4
492-507 2x-speed Write Strategy code for Layer 1 #4
508-509 DSV #4
510-511 Reserved
512-2 047 Reserved

The Drive manufacturer ID #n field is recorded in binary and specifies unique drive manufacturer identifier of the
logical unit.

The Serial Number #n field is recorded as ASCII code and specifies serial number of the logical unit.

The Model Number #n field is recorded as ASCII code and specifies the recorder model number.
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The 2x-speed Write Strategy Code for Layer O #n field is recorded and specifies the 2x-speed write strategy code for
LO that is specified by DVD-R Book Part 1.

The Recording Power #n field may be used to store the value of the OPC result. The format of this field is vendor-
specific. If this field is set to O, this field is invalid.

The Timestamp #n field may be used to store date and time when OPC is performed. This field, if used, is recorded in
binary. If this field is set to O, this field is invalid.

The Power Calibration Address #n field may be used to specify the start ECC block address of the PCA where the last
OPC was performed. If this field is set to O, this field is invalid.

The Running OPC Information field may be used to specify values concerning running OPC. The format is vendor-
specific. If this field is set to O, this field is invalid.

The 2x-speed Write Strategy Code for Layer 1 #n field shall be recorded and specifies the 2x-speed write strategy
code for L1 that is specified by DVD-R Book Part 1.

If the disc is incrementally recorded and when RMD is updated, the DSV field shall be recorded. This field is used to
specify the last DSV (Digital Sum Value) in binary notation.

4.18.6.2.2 Format 1 RMD Field 2
Format 1 RMD Field 2 can be used freely and format of this field is user-specific.

Table 83 - Format 1 RMD - Field 2 (User Specific Data)

0-2 047 User Specific Data

The User Specific Data field is available for recording of user specific data. The use of this field is optional. If not
used, this field shall be set to 0.

4.18.6.2.3 Format 1 RMD Field 3
Format 1 RMD Field 3 is reserved and shall be set to O for DVD-R DL disc.

Table 84 - Format 1 RMD - Field 3 (Reserved)

0-2 047 Reserved

4.18.6.2.4 Format 1 RMD Field 4

Format 1 RMD Field 4 contains RZone related information and shall be recorded as follows.
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Table 85 - Format 1 RMD - Field 4 (RZone Information)

0-1 (MSB) Invisible/Incomplete RZone Number (Last RZone Number) (LSB)
2-3 (MSB) First Open RZone number (LSB)
4-5 (MSB) Second Open RZone number (LSB)
6-7 Third Open RZone number
8-15 Reserved
16-19 (MSB) Start Sector Number of RZone #1 (LSB)
20-23 (MSB) Last Recorded Address of RZone #1 (LSB)
24-27 (MSB) Start Sector Number of RZone #2 (LSB)
28-31 (MSB) Last Recorded Address of RZone #2 (LSB)
2 032-2 035 (MSB) Start Sector Number of RZone #253 (LSB)
2 036-2 039 (MSB) Last Recorded Address of RZone #253 (LSB)
2 040-2 043 (MSB) Start Sector Number of RZone #254 (LSB)
2044-2 047 (MSB) Last Recorded Address of RZone #254 (LSB)

The Invisible/Incomplete RZone Number field contains the Invisible/Incomplete RZone number of the medium. If the
last RZone state is neither Invisible nor Incomplete due to disc finalization, this field contains the last Complete RZone
number.

The First Open RZone number field, if recorded with value other than 0, contains the current appendable Reserved
RZone number. If this field is set to O, there is no Empty reserved RZone or Partially recorded reserved RZone
corresponding to this field.

The Second Open RZone number field, if recorded with value other than 0, contains the current appendable Reserved
RZone number. If this field is set to O, there is no Empty reserved RZone or Partially recorded reserved RZone
corresponding to this field.

The Third Open RZone number field, if recorded with value other than 0, contains the current appendable Reserved
RZone number. If this field is set to O, there is no Empty reserved RZone or Partially recorded reserved RZone
corresponding to this field.

When the Incomplete RZone is closed, the Invisible/Incomplete RZone Number field contains the number of the new
Invisible RZone number (N+1). When Reserved RZone is closed, the corresponding First (Second) Open RZone
number field shall be set to 0.

The Start Sector Number of RZone #n field contains the start sector number of the RZone which has RZone number
#n.

The Last Recorded Address of RZone #n field contains the last recorded address of the RZone which has RZone
number #n. If this field is set to 0, this field is not valid. If RZone #n is not closed, the value of this field may not be
correct and a link point search is required to determine the correct LRA.

Note: The LRA reported by the READ TRACK INFORMATION command is always correct.

When the RZone is not closed, even if the Last Recorded Address of RZone #n field contains a value, the logical unit
shall determine the current LRA of the RZone. When RZone is closed, Last Recorded Address of RZone #n field
shall be recorded before RZone padding.

4.18.6.2.5 Format 1 RMD Field 5 - Field 12
Format 1 RMD Field 5 through Field 12 may contain RZone related information continued from Format 1 RMD Field 4.
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Table 86 - Format 1 RMD - Field 5 - Field 12 (RZone Information ... continued)

0-3 (MSB) Start Sector Number of RZone #n (LSB)

4-7 (MSB) Last Recorded Address of RZone #n (LSB)
8-11 (MSB) Start Sector Number of RZone #(n+1) (LSB)
12-15 (MSB) Last Recorded Address of RZone #(n+1) (LSB)
2032-2 035 (MSB) Start Sector Number of RZone #(n+253) (LSB)
2 036-2 039 (MSB) Last Recorded Address of RZone #(n+253) (LSB)
2 040-2 043 (MSB) Start Sector Number of RZone #(n+254) (LSB)
2 044-2 047 (MSB) Last Recorded Address of RZone #(n+255) (LSB)

The Start Sector Number of RZone #n field contains start sector number of the RZone which has RZone number #n.

The Last Recorded Address of RZone #n field contains the last recorded address of the RZone which has RZone
number #n. If this field is set to 0, this field is not valid. If RZone #n is not closed, the value of this field may not be
correct and a link point search is required to determine the correct LRA.

Note: The LRA reported by the READ TRACK INFORMATION command is always correct.

When the RZone is not closed, even if the Last Recorded Address of RZone #n field contains a value, the logical unit
shall determine the current LRA of the RZone. When RZone is closed, Last Recorded Address of RZone #n field
shall be recorded before RZone padding.

4.18.6.2.6 Format 1 RMD Field 13

Format 1 RMD Field 13 contains drive specific information and shall be recorded as defined in Table 87. There are eight
sets of logical unit specific information blocks. These are prepared for the case of eight different DVD-R logical units
writing to a disc. The unused fields in Format 1 RMD Field 13 shall be set to zero.

Table 87 - Format 1 RMD - Field 13 (Drive specific information)

Bit 7 6 5 4 3 ) 1 0
Byte
0-31 Drive manufacturer ID #1
32-47 Serial Number #1
48-63 Model Number #1
64-66 Recorded RMA address (ECC block address) #1
67-127 Drive specific data #1
896-927 Drive manufacturer ID #8
928-943 Serial Number #8
944-959 Model Number #8
960-962 Recorded RMA address (ECC block address) #8
963-1 023 Drive specific data #8
1024-2 047 Additional drive specific information for recorder #1

The Drive Manufacturer ID #n field is recorded in binary and contains unique drive manufacturer identifier.

The Serial Number #n field is recorded in ASCII code and contains the serial number of the logical unit.
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The Model Number #n field is recorded in ASCII code and contains the drive model number of the logical unit.

The Recorded RMA address #n field specifies the starting RMA address which is used to record RMD including the
information of specific drive. This field shall be specified in ECC block address.

The Drive specific data #n field may be recorded to store the drive specific data. If this field is set to zero, this field is
invalid.

The Additional Drive specific data for recorder #1 field may be recorded to store the additional drive specific data for
logical unit #1. If this field is set to zero, this field is invalid.

4.18.6.2.7 Format 1 RMD Field 14
Format 1 RMD Field 14 is defined as follows.

Table 88 - Format 1 RMD - Field 14 (Versatile information)

Flexible Outer Disc Testing Area flag

1-4 Testing address of Flexible Outer Disc Testing Area on Layer 0

5-8 Testing address of Flexible Outer Disc Testing Area on Layer 1
9-12 Testing address of Inner Disc Testing Area on Layer 0
13-16 Testing address of Inner Disc Testing Area on Layer 1
17-20 Testing address of Outer Disc Testing Area on Layer 0
21-24 Testing address of Outer Disc Testing Area on Layer 1
25-28 Testing address of optional Inner Disc Testing Area on Layer 1

29-2 047 Reserved

When each Disc Testing Area are used, these filed are set. For detail information, see DVD-R Book Ver. 3.0.
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4.18.6.3 The contents of Format 4 RMD
4.18.6.3.1 Format 4 RMD Field 1

Format 4 RMD Field 1 contains some logical unit and OPC related information and shall be recorded as defined in
Table 89. There are four sets of OPC data blocks. These are prepared for the case of four different DVD-R logical units
writing to a disc. The logical unit shall use an empty set or its own. If there is no owned or empty OPC data block, the
logical unit may use the oldest time stamp OPC data block.

Table 89 - Format 4 RMD - Field 1 (logical unit and OPC information)
Bit

7 () 5 4 3 2 1 0

Byte

0-31 Drive manufacturer ID #1
32-47 Serial Number #1
48-63 Model Number #1
64-79 2x-speed Write Strategy code for Layer 0 #1
80-83 Recording power #1
84-91 Timestamp #1
92-95 Power Calibration Address #1
96-107 Running OPC Information #1
108-123 2x-speed Write Strategy code for Layer 1 #1
124-125 DSV #1
126-127 Reserved
384-415 (MSB) Drive manufacturer ID #4 (LSB)
416-431 (MSB) Serial Number #4 (LSB)
432-447 (MSB) Model Number #4 (LSB)
448-463 2x-speed Write Strategy code for Layer O #4
464-467 Recording power #4
468-475 Timestamp #1
476-479 Power Calibration Address #4
480-491 Running OPC Information #4
492-507 2x-speed Write Strategy code for Layer 1 #4
508-509 DSV #4
510-511 Reserved
512-2 047 Reserved

The Drive manufacturer ID #n field is recorded in binary and specifies unique drive manufacturer identifier of the
logical unit.

The Serial Number #n field is recorded as ASCII code and specifies serial number of the logical unit.
The Model Number #n field is recorded as ASCII code and specifies the recorder model number.

The 2x-speed Write Strategy Code for Layer 0 #n field shall be recorded and specifies the write strategy code that is
specified by DVD-R Book Part 1.

The Recording Power #n field may be used to store the value of the OPC result. The format of this field is vendor-
specific. If this field is set to 0, this field is invalid.

The Timestamp #n field may be used to store date and time when OPC is performed. This field, if used, is recorded in
binary. If this field is set to 0, this field is invalid.
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The Power Calibration Address #n field may be used to specify the start ECC block address of the PCA where the last
OPC was performed. If this field is set to O, this field is invalid.

The Running OPC Information field may be used to specify values concerning running OPC. The format is vendor-
specific. If this field is set to O, this field is invalid.

The 2x-speed Write Strategy Code for Layer 1 #n field shall be recorded and specifies the write strategy code that is
specified by DVD-R Book Part 1.

If the disc is incrementally recorded and when RMD is updated, the DSV field shall be recorded. This field is used to
specify the last DSV (Digital Sum Value) in binary notation.

4.18.6.3.2 Format 4 RMD Field 2
Format 4 RMD Field 2 can be used freely and format of this field is user-specific.

Table 90 - Format 4 RMD - Field 2 (User Specific Data)

(MSB) User Specific Data (LSB)

The User Specific Data field is available for user specific data. This field may be used, otherwise this field shall be set
to 0.

4.18.6.3.3 Format 4 RMD Field 3

Format 4 RMD Field 3 may contains Border Zone information and shall be recorded as follows.

Table 91 - Format 4 RMD - Field 3 (Border Zone Information)

0-3 (MSB) Re-mapping block sector number for AP1 (LSB)
4-7 (MSB) Re-mapping block sector number for AP2 (LSB)
8-11 (MSB) Re-mapping block sector number for AP3 (LSB)
12-15 (MSB) Re-mapping block sector number for AP4 (LSB)
16-31 Reserved
32-35 (MSB) Start Sector Number of Border-out #1 (LSB)
36-39 (MSB) Start Sector Number of Border-out #2 (LSB)
40-43 (MSB) Start Sector Number of Border-out #3 (LSB)
2 036-2 039 (MSB) Start Sector Number of Border-out #502 (LSB)
2 040-2 043 (MSB) Start Sector Number of Border-out #503 (LSB)
2044-2 047 (MSB) Start Sector Number of Border-out #504 (LSB)

The Re-mapping block sector number for AP#n field, if it contains other than 0, indicates that the first sector number
of the alternative ECC block that contains the AP#n.

The Start Sector Number of Border-out #n field, if it contains other than 0, indicates that the start sector number of
the Border-out.
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4.18.6.3.4 Format 4 RMD Field 4

Format 4 RMD Field 4 contains RZone related information and shall be recorded as follows.

Table 92 - Format 4 RMD - Field 4 (RZone Information)

0-1 (MSB) Invisible/Incomplete RZone Number (Last RZone Number) (LSB)
2-3 (MSB) First Open RZone number (LSB)
4-5 (MSB) Second Open RZone number (LSB)
6-7 Third Open RZone number
8-15 Reserved
16-19 (MSB) Start Sector Number of Invisible RZone (LSB)
20-23 (MSB) Layer Jump Address of Invisible RZone (LSB)
24-27 (MSB) End sector number of Invisible RZone (LSB)
28-31 (MSB) Last recorded address of Invisible RZone (LSB)
32-35 (MSB) Previous Layer Jump Address of Invisible RZone (LSB)
36-37 (MSB) Jump interval (LSB)
38-47 Reserved
48-51 (MSB) Start sector number of RZone #1 (LSB)
52-55 (MSB) Layer Jump Address of RZone #1 (LSB)
56-59 (MSB) End sector number of RZone #1 (LSB)
60-63 (MSB) Last recorded address of RZone #1 (LSB)
2 032-2 035 (MSB) Start Sector number of RZone #125 (LSB)
2 036-2 039 (MSB) Layer Jump Address of RZone #125 (LSB)
2 040-2 043 (MSB) End sector number of RZone #125 (LSB)
2 044-2 047 (MSB) Last recorded address of RZone #125 (LSB)

The Invisible/Incomplete RZone Number field contains the Invisible/Incomplete RZone number of the medium. If the
last RZone state is neither Invisible nor Incomplete due to disc finalization, this field contains the last Complete RZone
number.

The First Open RZone number field, if recorded with value other than 0, contains the current appendable Reserved
RZone number. If this field is set to 0, there is no Empty reserved RZone or Partially recorded reserved RZone
corresponding to this field.

The Second Open RZone number field, if recorded with value other than 0, contains the current appendable Reserved
RZone number. If this field is set to 0, there is no Empty reserved RZone or Partially recorded reserved RZone
corresponding to this field.

The Third Open RZone number field, if recorded with value other than 0, contains the current appendable Reserved
RZone number. If this field is set to 0, there is no Empty reserved RZone or Partially recorded reserved RZone
corresponding to this field.

When the Incomplete RZone is closed, the Invisible/Incomplete RZone Number field contains the number of the new
Invisible RZone number (N+1). When Reserved RZone is closed, the corresponding First (Second) Open RZone
number field shall be set to 0.

The Start Sector Number of RZone #n field contains the start sector number of the RZone which has RZone number
#n.
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The Layer Jump Address of RZone #n field contains the physical Layer Jump Address of the RZone when Layer
Jump recording is applied. When the RZone #n is a Reserved RZone, this field is set to a non-zero value.

The End sector number of RZone #n field contains the End sector number of Invisible RZone When Layer Jump
recording is applied.

The Last Recorded Address of RZone #n field contains the last recorded address of the RZone which has RZone
number #n. If this field is set to 0, this field is not valid. If RZone #n is not closed, the value of this field may not be
correct and a link point search is required to determine the correct LRA.

Note: The LRA reported by the READ TRACK INFORMATION command is always correct.

When the RZone is not closed, even if the Last Recorded Address of RZone #n field contains a value, the logical unit
shall determine the current LRA of the RZone. When RZone is closed, Last Recorded Address of RZone #n field
shall be recorded before RZone padding.

4.18.6.3.5 Format 4 RMD Field 5 - Field 12
Format 4 RMD Field 5 through Field 12 may contain RZone related information continued from RMD Field 4.

Table 93 - Format 4 RMD - Field 5-Field 12 (RZone Information ... continued)

0-3 (MSB) Start Sector Number of RZone #n (LSB)

4-7 (MSB) Layer Jump Address of RZone #n (LSB)
8-11 (MSB) End Sector Number of RZone #n (LSB)
12-15 (MSB) Last Recorded Address of RZone #n (LSB)

2 032-2 035 (MSB) Start Sector Number of RZone #(n+127) (LSB)
2 036-2 039 (MSB) Layer Jump Address of RZone #(n+127) (LSB)
2 040-2 043 (MSB) End Sector Number of RZone #(n+127) (LSB)
2 044-2 047 (MSB) Last Recorded address of RZone #(n+127) (LSB)

The Start Sector Number of RZone #n field contains start sector number of the RZone which has RZone number #n.

The Layer Jump Address of RZone #n field contains the latest Layer Jump Address of the RZone which has RZone
number #n.

The End sector number of RZone #n field contains the End sector number of the RZone which has RZone number #n.

The Last Recorded Address of RZone #n field contains the last recorded address of the RZone which has RZone
number #n. If this field is set to 0, this field is not valid. If RZone #n is not closed, the value of this field may not be
correct and a link point search is required to determine the correct LRA.

Note: The LRA reported by the READ TRACK INFORMATION command is always correct.

When the RZone is not closed, even if the Last Recorded Address of RZone #n field contains a value, the logical unit
shall determine the current LRA of the RZone. When RZone is closed, Last Recorded Address of RZone #n field
shall be recorded before RZone padding.
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4.18.6.3.6 Format 4 RMD Field 13

Format 4 RMD Field 13 contains drive specific information and shall be recorded as defined in Table 94. There are eight
sets of logical unit specific information blocks. These are prepared for the case of eight different DVD-R logical units
writing to a disc. The unused fields in Format 4 RMD Field 13 shall be set to zero.

Table 94 - Format 4 RMD - Field 13 (Drive specific information)

Bit 7 6 5 4 3
Byte
0-31 Drive manufacturer ID #1
32-47 Serial Number #1
48-63 Model Number #1
64-66 Recorded RMA address (ECC block address) #1
67-127 Drive specific data #1
896-927 Drive manufacturer ID #8
928-943 Serial Number #8
944-959 Model Number #8
960-962 Recorded RMA address (ECC block address) #8
963-1 023 Drive specific data #8
1 024-2 047 Additional drive specific information for recorder #1

The Drive Manufacturer ID #n field is recorded in binary and contains unique drive manufacturer identifier.
The Serial Number #n field is recorded in ASCII code and contains the serial number of the logical unit.
The Model Number #n field is recorded in ASCII code and contains the drive model number of the logical unit.

The Recorded RMA address #n field specifies the starting RMA address which is used to record RMD including the
information of specific drive. This field shall be specified in ECC block address.
The Drive specific data #n field may be recorded to store the drive specific data. If this field is set to zero, this field is

invalid.
The Additional Drive specific data for recorder #1 field may be recorded to store the additional drive specific data for
logical unit #1. If this field is set to zero, this field is invalid.

Final Page 221



Revision 1.11 Recording for DVD-R DL media

4.18.6.3.7 Format 4 RMD Field 14
Format 4 RMD Field 14 is defined as follows.

Table 95 - Format 4 RMD-Field 14 (Versatile information)

Flexible Outer Disc Testing Area flag
1-4 Testing address of Flexible Outer Disc Testing Area on Layer 0
5-8 Testing address of Flexible Outer Disc Testing Area on Layer 1
9-12 Testing address of Inner Disc Testing Area on Layer O
13-16 Testing address of Inner Disc Testing Area on Layer 1
17-20 Testing address of Outer Disc Testing Area on Layer 0
21-24 Testing address of Outer Disc Testing Area on Layer 1
25-28 Testing address of optional Inner Disc Testing Area on Layer 1
29-2 015 Reserved
2016-2 017 Start pointer of Blank Area #1
2018-2 019 End pointer of Blank Area #1
2 020-2 021 Start pointer of Blank Area #2
2 022-2 023 End pointer of Blank Area #2
2 024-2 025 Start pointer of Blank Area #3
2 026-2 027 End pointer of Blank Area #3
2028-2 029 Start pointer of Blank Area #4
2 030-2 031 End pointer of Blank Area #4
2 032-2 033 Start pointer of Blank Area #5
2 034-2 035 End pointer of Blank Area #5
2 036-2 037 Start pointer of Blank Area #6
2038-2039 End pointer of Blank Area #6
2 040-2 041 Start pointer of Blank Area #7
2042-2 043 End pointer of Blank Area #7
2 044-2 045 Start pointer of Blank Area #8
2 046-2 047 End pointer of Blank Area #8

When each Disc Testing Area are used, these Disc Testing Area filed are set. For detail information, see DVD-R Book
Ver. 3.0.

Start pointer of Blank Area #n field specifies the n'M Blank Area start location on L1. This field contains RZone
number of RZone that is adjacent to outer side of the n'" Blank Area. The start PSN of the n'" Blank Area is calculated
from the End sector number of the RZone.

End pointer of Blank Area #n field specifies the n'" Blank Area end location on L1. This field contains RZone number
of RZone that is adjacent to inner side of the n'M Blank Area. The end PSN of the n Blank Area is calculated from the
Layer Jump Address of the RZone.

The RZone numbers listed in the Start/End pointer of Blank Area #n fields are sorted in ascending order.
See Figure 71 - Small Reserved RZone on page 184.

4.18.6.4 When RMD is written in RMA
Some RMD update conditions are added to DVD-R DL disc.
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Usually, RMD may be cached in the logical unit memory. As occasion calls, RMD shall be written in RMA. By using
RMD caching, the logical unit can avoid waste of RMA. The timing when RMD is written in RMA is shown in Table 96.

Table 96 - Mandatory RMD update condition in RMA

conditions
When a WRITE (10) command is issued following a RESERVE TRACK command, before the start of writing, RMD shall be writ-
ten in RMA.

When a CLOSE TRACK/SESSION command is issued, before the start of the close operation for either RZone or Border, RMD
shall be written in RMA.

When a SYNCHRONIZE CACHE (10) command is issued following SEND DISC STRUCTURE command which specifies User
Specific Data.

Disc status specified in RMD Field 0 is changed (pre-recorded area information is included)

Start sector number of Border-out Area specified in RMD Field 3 is changed

Some Disc Testing Area specified in RMD Field 14 is newly used

Invisible RZone number, First Open RZone number, Second Open RZone number, or Third Open RZone specified in RMD Field4
is changed

The difference between the sector number of the last recorded sector in RZone #i and “Last recorded address of RZone #i” regis-
tered in the latest Format 1 RMD becomes lager than 32 MB

The number of recorded sector becomes lager than 32 MB in the case of Format 4 RMD is used

Layer Jump Address of Invisible/Incomplete RZone is specified by SEND DISC STRUCTURE command when LRA is on LO?
Jump Interval in Format 4 RMD Field4 is set

Start sector number of Shifted Middle Area specified in Format 4 RMD Field 0 is changed

Re-mapping block sector number for AP#n (n = 1, 2, 3, 4) specified in Format 4 RMD Field 3 is changed

RZone number of Blank Area specified in Format 4 RMD Field 14 is changed

a. During NWA is located on L1, the LJA specified by the command shall not be registered in RMD. After Layer
Jump from L1 to LO has happened and when host has sent data to be written on LO part, the LJA shall be reg-
istered in RMD at appropriate timing.

When writing in the same Incomplete RZone for an extended period of time, RMD may not recorded for a long time. To
force writing of the RMD, the host should close the Incomplete RZone after a certain time has passed. Then the new
information is written into the RMA. Although the Invisible RZone number is increased due to the closing of the
Incomplete RZone, the NWA of the new Invisible RZone is the same as the NWA of the closed Incomplete RZone.

Note: Updating RMD is not required as long as the sequence of data recording operation is in process by a disc recorder.
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4.18.7 DVD-Video compatibility issues for DVD-R DL disc

4.18.7.1 Allocation rule of DVD Video format Cell

DVD Video Specification Part 3 specifies that a Cell shall not be located on different Layers, shall be terminated in one
Layer. The Cells beside Layer jump shall be non-seamless. DVD-R DL disc has only OTP. The Layer Jump Address on
OTP from LO to L1 shall be ECC boundary. It is very difficult to encode such Cells. It is because that usually Cell
boundary is not match with ECC block boundary. Usually Cells are encoded as seamless. If a recorded disc does not
match with this Cell alignment rule, some DVD players cannot play the disc back from LO to L1. The players freeze at
the end of LO typically.

4.18.7.2 Typical usage of the third reserved RZone

In case of Incremental-recording method, the Layer Jump Address is fixed at Fixed Middle Area position. In this case,
treatment of Cell alignment at the Layer Jump Address is very difficult during real-time encoding/recording. It is
necessary that such Cells are encoded and are recorded at later. To allow real-time stream recording without considering
the Layer Jump Address alignment, the third reserved RZone may be used. The third reserved RZone that is assigned at
the Layer Jump position may be recorded at the termination real-time recording.

Data Recordable Area
- |
NWA #4 Space to create appropriate Cells later
-+ - — — — - - — - — = — = > - — = — = = — = — -
L1 S Rz#6, Title2 VOB
[
Lo RZ#1, FS/VMGI| RZ#2, VTS1 | RZ#3, Titlel VOB RZ#4,VTS2 RZ#5, Title2 VOB
________________________ _> — —
NWA #1 WA #2 NWA #3
=recorded area = unrecorded area

Figure 94 - Usage example of the 3rd NWA on Incremental Recording mode

4.18.7.3 Recommendation for multiple open RZone recording

In case of Incremental recording mode, RESERVE TRACK command is able to create NWA on L1. It is strongly
recommended that when an application uses multiple of open RZones for its specific purpose, before writing from new
NWA on L1, unrecorded area of LO (e.g., RZ#1, RZ#4, and RZ#5 of Figure 94) should be recorded. In case of Figure 94,
RZ#6 start address should be bigger than or equal to associated area of LO (e.g., 2M - NWA #3 - 1). The size of RZ#4
should be smaller than 15 pm radius width. Logical unit does not report any error even if the recording order is not kept.
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4.19 Address Mode reservation

To make a new NWA on a sequential recording media, the RESERVE TRACK command is used. There are two kind of
methods to create a new NWA.

1. To specify the Track/RZone reservation size (Size Mode reservation)
2. To specify the NWA of new Invisible RZone directly (Address Mode reservation)

The latter method is newly defined and is referred to as Address Mode reservation. The Address Mode reservation
facilitates a host to specify NWA to the host desired location. In the former method, the host have to calculate Track/
RZone gaps such as Run-in, Run-out or Linking Loss Area to allocate new NWA to the specific address. In particular, it
is rather complicated when the disc is in Layer Jump recording mode on DVD-R Dual Layer disc due to Clearance or
Blank Area. In the case of Address Mode reservation, the specified address shall be the multiple of blocking factor
shown by the Blocking field of Random Readable Feature (0010h). If the specified address is not valid, the command
shall be terminated with CHECK CONDITION status, 5/24/00 INVALID FIELD IN CDB.

In the case of Incremental recording the Address Mode reservation works for Incomplete Track/RZone in addition to
Invisible Track/RZone except Fixed Packet mode (Method 2 Addressing) Incomplete Track of CD. The specified address
shall be in between NWA of the Invisible/Incomplete Track/RZone and the end LBA of the Invisible/Incomplete Track/
RZone on LO. In the case of Layer Jump recording mode, the Address Mode reservation works for Invisible RZone only.
The specified address shall be an LO address. A reservation may make two recording parts on LO and L1.

In the case of DVD-R Incremental Recording mode, when NWA of the Incomplete Track/RZone is specified as
reservation address, the recorded part of the Incomplete Track/RZone changes to Complete Track/RZone as shown in
Figure 96. Unrecorded part changes to Invisible Track/RZone. When higher address than the NWA is specified for
reservation address, a Reserved Track/RZone and new Invisible Track/RZone are made.

In the case of CD-R Incremental Recording mode, the reservation address shall be bigger than or equal to NWA + pre-
gap size + link size as shown in Figure 96. Minimum Track size rule for new Reserved Track shall be kept. For more
information, see RESERVE TRACK command.

After the Address Mode reservation, the number of free blocks of the Reserved RZone needs to be checked by READ
TRACK INFORMATION command.

Complete RZone #n-1 X Incomplete RZone #n: shall be closed before reservation
L1 \ \
LO | / B /

/
X LO recordable address

Complete RZone #n-1 X Complete RZone #n Invisible RZone #n+1
L1
LO available reservation address range

X \\IWA

Figure 95 - Address Mode reservation for Layer Jump recording
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In case of DVD-R NWA available reservation address range

N\

Track/RZone #n-1 Incomplete Track/RZone #n

pre-gap andI link

In case of CD-R NWA | - | available reservation address range
N
| |
Track/RZone #n-1 minimum Track size Incomplete Track/RZone #n
Reservation at the first sector of available range
Track/RZone #n-1 Complete Track/RZone #n Invisible Track/RZone #n+1

Reservation at other than the first sector but on Blocking factor

Track/RZone #n-1 Reserved Track/RZone #n Invisible Track/RZone #n+1

Figure 96 - Address Mode reservation for CD-R/DVD-R Incremental recording
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4.20 Recording/reading for DVD-RW Single Layer media

4.20.1 Basics

DVD-RW Single Layer (SL) media has additional properties compared with DVD-R media. These properties are ability
to overwrite and ability to erase.

The structure of DVD-RW SL media is the same as DVD-R SL media that complies with DVD-R SL Ver. 2.1
specification. DVD-RW SL medium consists of Power Calibration Area (PCA), Recording Management Area (RMA),
Lead-in Area, Data Area and Lead-out Area. Data Area may contain Border Zones.

4.20.2 Recording mode

DVD-RW SL media supports two fundamentally different recording modes that are Sequential recording mode and
Restricted overwrite mode. One of them is allowed on a disc surface. These two modes are able to be recognized by
different format of Recording Management Data (RMD) that is recorded on the disc. See 4.20.5, "RMA structure" on
page 231.

4.20.2.1 Sequential recording mode

The Sequential recording mode is provided to write data on DVD-RW SL media with the same manner as DVD-R. See
Section 4.17, "Recording for DVD-R Single Layer media" on page 133. Overwriting is prohibited during this recording
mode even if the mounted media is overwritable. However, the erasable functionality is available.

When a DVD-RW SL medium is in Sequential recording mode, the logical unit is only able to perform sequential
recording (Disc-at-once or Incremental). The Write Type field in Write Parameters mode page is used to specify if Disc-
at-once recording or incremental recording will be used. If a buffer under-run occurs during sequential recording,
Lossless-Link may be performed. See Section 4.17.4.5, "Buffer under-run free recording" on page 138.

4.20.2.2 Restricted overwrite mode

The Restricted overwrite mode provides the restricted overwrite method to write user data on a DVD-RW medium. A
format operation is required in advance to use the media as available for writing of user data using restricted overwrite
method.

When a media is in Restricted overwrite mode, the logical unit is able to overwrite randomly within a formatted area on
the media. If the last Bordered Area is intermediate state (See Section 4.20.4.4), the logical unit is able to append data
from NWA that appears during intermediate state.

There are some restrictions when overwriting is performed on DVD-RW media. The logical unit is able to record data
only by the multiple of ECC block length. Host shall write data in integral multiple of 16 sectors starting at a logical
block address that is an integral multiple of 16. If a WRITE command does not start at the integral multiple of 16 logical
block address, the command shall be terminated with CHECK CONDITION Status, 5/21/02 INVALID ADDRESS FOR
WRITE. If Transfer Length field value of WRITE command is not an integral multiple of 16 sectors, the command
shall be terminated with CHECK CONDITION Status, 5/24/00 INVALID FIELD IN CDB. The logical unit writes a
series of ECC blocks sequentially without Linking Loss sectors. The logical unit does not perform hardware defect
management, Read Modify Write, and Verify after Write. The logical unit does not use method 2 addressing of CD.

Write Parameters mode page shall not be used during Restricted overwrite mode.
Attempting to read an unwritten portion shall be caused CHECK CONDITION Status, 8/00/00 BLANK CHECK.
4.20.2.2.1 Restricted overwrite method

The logical unit starts writing from a Link position in the first Sync frame of an ECC block and stop writing at a Link
position of an ECC block that is next ECC block of the last ECC block sent by the host. This is the basic operation of
restricted overwrite.

For Restricted overwrite mode, the Data Type bit in physical ID of sector just before the ECC block by which writing is
begun is not written by the logical unit. Any linking becomes Lossless-Link! during Restricted overwrite mode.

1. See 4.17.4.4, "Lossless-Link" on page 138.

Final Page 227



Revision 1.11 Recording/reading for DVD-RW Single Layer media

4.20.2.3 Recording mode transition

When a physically blank DVD-RW SL disc is inserted into the DVD-RW logical unit, the disc is treated as in Sequential
recording mode. The FORMAT UNIT command (Format Type = “Full” or “Quick”) is used to format the DVD-RW SL
media. When the medium is formatted, the logical unit and disc enter the Restricted overwrite mode and restricted

overwrite method is available on the disc. To the contrary, the BLANK command (Blanking Type = “Blank the disc” or

“Minimally blank the disc”) is used to make the disc blank and the recording mode is changed to Sequential recording
mode.

4.20.3 Link position

Any writing shall start/stop at a Link position. On DVD-RW media, Link position is located at between 15th and 17th
bytes in the first sync frame of an ECC block as shown in Figure 97. Thus the first PI line of the ECC block by which
writing is begun may be degraded. From an error correction point of view, the data in the PI line containing Link position
are recovered by outer-code parity (PO) directional error correction.

link position ) ) )
The unit of number is channel bit.
block sync 32 1456 32 1456

SY0 N SYS
< SY1 SY5
_% SY2 SY5
O SY3 SY5
B SY4 SY5
g o SY1 SY6
“— g SY?2 SY6
o =
5 A SY3 SY6
3 SY4 SY6
2 SY1 SY7
£ SY2 SY7
- SY3 SY7

SY4 SY7

Sync Frame Sync Frame
Figure 97 - Link position in physical sector (DVD-RW)

4.20.4 Bordered Area state

A Bordered Area on DVD-RW SL media is classified into four different states according to its recording phase and
recording mode. These states are called Empty, Incomplete, Complete, and Intermediate. The Intermediate state is newly
defined for DVD-RW SL. Others are the same as defined in 4.17.11.5.3, "Border Zone status" on page 160. The
relationship between recording mode and Bordered Area states are shown in Figure 99.

4.20.4.1 Empty state

When the disc is in Sequential recording mode and if Bordered Area contains no user data and no Lead-in/Border-in and
Lead-out/Border-out are written for the Bordered Area, the Bordered Area is Empty state. When a Bordered Area is
blanked by BLANK command (Blanking Type = Blank the disc, Minimally blank the disc, Erase the last Border), the
Bordered Area is also considered as an Empty state.

When the disc is in Restricted overwrite mode, there is no empty state Bordered Area. Even if the last Bordered Area is
complete state, empty state Bordered Area never appears on the disc during Restricted overwrite mode.
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4.20.4.2 Incomplete state

When the disc is in Sequential recording mode and if user data is recorded without Lead-in/Border-in and Lead-out/
Border-out of the Bordered Area, the Bordered Area is incomplete state. This state only appears during Sequential
recording mode.

4.20.4.3 Complete state

When the Lead-in/Border-in and Lead-out/Border-out of the Bordered Area are completely recorded, the Bordered Area
is complete state.

4.20.4.4 Intermediate state

When there is only one Bordered Area on a disc, if a part of Lead-in' is recorded and 32 ECC blocks with Lead-out
attribute are recorded after the end of user data, the Bordered Area is in the intermediate state.

When there are two or more Bordered Areas on a disc, if Border-in is recorded and 32 ECC blocks with Lead-out
attribute are recorded after the end of user data, the Bordered Area is in the intermediate state. The intermediate state
only appears at the last Bordered Area during Restricted overwrite mode. Figure 98 shows an example of Intermediate
state Bordered Area on DVD-RW SL media.

When the last Bordered Area is in Intermediate state, Starting PSN of Data Area field and Last recorded address of
last RZone in the Bordered Area field in Physical Format Information of the last Lead-in/Border-in shall be set to
30000h. Start PSN of the current Border-out field and Start PSN of the next Border-in field in the DVD-RW
unique part of the Physical Format Information of the last Lead-in/Border-in shall be set to 00h.

32 ECC blocks
Lead-out Attribute
RMA 9‘% Lead-in —>|«— Data Area—> /

- — T - - 72 i 1

In the case of | | |

Ist Bordered Area P S 4
RMA NWA
Lead-in Format 2 Format 3
RMD Set RMD Set

Intermediate state Bordered Area

\ 32 ECC blocks
Lead-out Attribute

Data Area y<— Border-out% l<—Data Area —>|
In the caseof @~ @ @ ——MHN—>——— —+ L - .
2nd- Bordered Area //

I s
W\ / A
Border-in NWA
I may or may not be recorded recorded

Figure 98 - An example of Intermediate state Bordered Area on DVD-RW SL media

4.20.4.5 Data writing on an intermediate state Bordered Area

When a Bordered Area is in an intermediate state, the logical unit reports the NWA where the last addressable block plus
1 of the intermediate Bordered Area. See Figure 98. The medium can be overwritten within a Bordered Area less than the
NWA and data is sequentially appendable from the NWA to the full capacity of a disc. When data is written across the

1. At least RW-Physical format information Zone, Reference Code Zone, Buffer Zone 1, and Extra Border Zone shall be re-
corded.
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NWA, 32 ECC blocks with Lead-out attribute shall be recorded at each stop of writing. The NWA is reported by READ
TRACK INFORMATION command.

When the size of an intermediate state Bordered Area is increased by any value more than 4 Mbytes since the last RMD
is written in RMA, and the recording pauses, and the logical unit estimates that there is enough time, the last recorded
address shall be registered in the End Sector Number of RZone #n field of the valid Format 3 RMD. This information
is used to search NWA or to recover an incomplete recording on the intermediate Bordered Area.

When the logical unit detects the intermediate state Bordered Area, the logical unit shall search the ECC blocks with
Lead-out attribute from the last recorded address registered in the End Sector Number of RZone #n field to recognize
the NWA. If the logical unit cannot detect any ECC blocks with Lead-out attribute within the appropriate area after the
last recorded address registered in the End Sector Number of RZone #n field, the RZone is considered as damaged
(Damage = 1, NWA_V = 1). The automatic repair shall be performed. The NWA shall be set to the next sector of the
last recorded address registered in the Format Information 2 field. When a WRITE is applied on the NWA, and the
recording pauses, the logical unit shall record 32 ECC blocks with Lead-out attribute.

To change the intermediate state Bordered Area to complete state, CLOSE TRACK/SESSION command (Close
Function=010b) is used.

4.20.4.6 Multi-border on DVD-RW SL media

For DVD-RW SL Restricted Overwritten media, multiple Bordered Areas are allowed up to 16. The structure and
method for recognition of Multi-border disc is the same as the case of DVD-R. However, it is different in DVD-RW SL
media that there is no Next Border Marker in Border-out. See Figure 54 - Pointers for multi-Border recognition on
page 163.

4.20.4.7 Recording mode and Bordered Area state transition

Figure 99 shows the relationship between Recording mode and Bordered Area state transition.
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The last Bordered Area is:
A: Full blanked (Empty state)

Physically blank disc B: Minimally blanked (Empty state)
C: Complete state

D: Incomplete state
DAO—" Minimally Blank
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— Finalize
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E: Intermediate State Restricted Overwrite Mode

F: Complete State

Figure 99 - DVD-RW SL recording mode and Bordered Area state transition
4.20.5 RMA structure

Three kinds of RMD formats are defined for DVD-RW SL media. They are Format 1, Format 2, and Format 3 RMDs.
The Format 1 RMD is used only for Sequential recording mode. The Format 3 RMD is used only for Restricted
overwrite mode. The Format 2 RMD is used for both recording mode. The physical format of an RMD block is the same

as an ECC block. The RMD block consists of 15 Fields and a Linking Loss Area. The Linking Loss Area and each Field
is 2 KB in size.

RMA logical structure and RMD usage are different between Sequential recording mode and Restricted overwrite mode.
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4.20.5.1 RMA structure for Sequential recording mode

When a DVD-RW SL media is in Sequential recording mode, Format 1 RMD and Format 2 RMD are used and the RMA
is logically divided into two parts.

The first part is located at the beginning of RMA and consists of an RMA Lead-in and five Format 2 RMD blocks. Each
of these five Format 2 RMD blocks shall contain same data except RBG Information field. These five RMD blocks are
referred to as RMD Set. The first part is mainly used for storing the erase status information.

The second part is remaining area of the RMA. The second part is used as same manner with DVD-R recording and
contains 695 RMD blocks. The Format 1 RMD shall be used in the second part.

The RMA logical structure for Sequential recording mode is shown in Figure 100.

RMA (Recording Management Area)
1st part 2nd part

shall be recorded _ —
RMD Set ?2

Format2 | Format2 | Format2 | Format2 | Format2 | Format 1
RMD block| RMD block|{ RMD block| RMD block| RMD block| RMD block

RMA Lead-in

RMD block

2 KB Linking Loss Area
/
/ 0 1 2 3 4 5 6 7 8 9 10 | 11 | 12 13| 14
2KB Field 0 - Field 14
32KB

Figure 100 - RMA structure on Blanked disc

4.20.5.2 RMA structure for Restricted overwrite mode

When the DVD-RW media is in Restricted overwrite mode, the RMA is divided into five RMA Segments. Each RMA
Segment is constant in length and is divided into 28 RMD Sets. Each RMD Set consists of five RMD blocks. The
contents of all five RMD blocks in the RMD Set are equivalent except RBG Information field. This redundancy is only
for error tolerance.

The RMA logical structure for Restricted overwrite mode is shown in Figure 101.
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RMA (Recording Management Area)

\ RMA Segment #1 | RMA Segment #2| RMA Segment #3 | RMA Segment #4 | RMA Segment #5

RMA Lead-in

RMD Set #1 RMD Set #2 22 RMD Set #27 | RMD Set #28 | RMD Set #1 |- ----

RMD block RMD block RMD block RMD block RMD block | -----

2 KB Linking Loss Area
/
/ 0 1 2 3 4 5 6 7 8 9 | 10| 11 [ 12 | 13| 14
ZKB Field O - Field 14
32KB

Figure 101 - RMA structure for Restricted overwrite mode

The Format 2 RMD blocks shall be recorded in the first RMD Set of an RMA Segment. The Format 3 RMD blocks shall
be recorded as an RMD Set and are located other than the first RMD Set of an RMA Segment. There is only one pair of
valid Format 2 RMD Set and Format 3 RMD Set in the RMA. The valid Format 2 RMD contains pointer to the current
valid Format 3 RMD Set in the same RMA Segment.

4.20.6 RMD contents for DVD-RW SL media

All the initial value of RMD is 0. The RMD structures described in this section are defined by DVD-RW SL Ver. 1.2.
For the other versions of DVD-RW discs, see applicable DVD-RW Book for the RMD structures.

4.20.6.1 RMD Header - Field 0

The RMD Field 0 (RMD Header) is commonly used by every format of RMD and specifies the general information of
the disc and shall be recorded as follows. Table 97 shows the structure of RMD Field 0.

Table 97 - RMD Header - Field 0

Bit
Byte 7 6 5 4 3 2 i | 0
0-1 (MSB) RMD Format (LSB)
2 Disc Status
3 Reserved
4-21 (MSB) Unique Disc ID (LSB)
22-85 (MSB) Copy of Pre-pit Information (LSB)
86-127 Reserved
128 RBG Information
129-2 047 Reserved
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The RMD Format field shall be recorded and specifies the format of the following RMD Field 1- Field 14 which is used
on the medium. RMD Format field is defined in Table 98.

Table 98 - RMD Format field definition

Value Definition
0 Reserved
1 The following RMD Field 1-14 are recorded as Format 1 RMD specified in DVD-RW SL Ver. 1.2.
2 The following RMD Field 1-14 are recorded as Format 2 RMD specified in DVD-RW SL Ver. 1.2.
3 The following RMD Field 1-14 are recorded as Format 3 RMD specified in DVD-RW SL Ver. 1.2.
4 Reserved
5-65 535 Reserved

The Disc Status field indicates the disc status. Disc Status field is defined in Table 99.

The most significant bit of the Disc Status field indicates whether the disc is write protected or not. If the most
significant bit of the Disc Status field is set to 1, the disc is write protected. Otherwise, the disc is not write protected.
When the Disc Status is 05h, 10h, or 11h, the most significant bit shall not be set.

Table 99 - Disc Status field definition

Available
Value Definition RMD
Format
Not Write Protected
00h The disc has no written data in Data Recordable Area (only RMDs are written)
In the case of Format 2 RMD block, this status indicates that the disc is in Sequential recording mode All
and its current disc status is specified by the Disc Status field of valid Format 1 RMD block.
01h The disc is in Disc-at-once recording mode Format 1
02h The disc is in Incremental recording mode Format 1
03h The disc is the finalized disc in the case of Incremental recording Format 1
04h The disc is minimally blanked Format 1
05h The erase operation is in progress on the disc Format 1
06h-OFh ]| Reserved -
10h The disc is in Restricted overwrite mode. Its current disc status is specified by Disc Status field of
Format 3 RMD block. Format 2
11h The formatting of a border is in progress on the disc Format 1, 3
12h The disc is in Restricted overwrite mode Format 3
13h The last Bordered Area is in the Intermediate state Format 3
14h-7Fh | Reserved -
Write Protected
80h The disc has no written data in Data Recordable Area (only RMDs are written) and write protected Format 1. 3
except R-Information area ’
81h The disc is in Disc-at-once recording mode and write protected except R-Information area Format 1
82h The disc is in Incremental recording mode and write protected except R-Information area Format 1
83h The. disc is the finalized disc in the case of Incremental recording and write protected except R-Infor- Format 1
mation area
84h The disc is minimally blanked and write protected except R-Information area Format 1
85h-91h | Reserved -
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Table 99 - Disc Status field definition (continued)

Available
Value Definition RMD
Format
92h The disc is in Restricted overwrite mode and write protected except R-Information area Format 3
93h The last Bordered Area is in Intermediate state and write protected except R-Information area Format 3
94h-FFh [ Reserved -

Unique Disc ID field shall be recorded and structured as specified in Table 53 - Unigue Disc ID on page 150.

Copy of Pre-pit Information field contains the copy of Pre-pit Information data that is recorded as LPP (Land Pre-Pit)
on DVD-RW media. Copy of Pre-pit Information structure is shown in Table 100. Pre-pit information data is specified
by DVD-RW Book Part 1.

Table 100 - Copy of Pre-pit Information

22 Field ID (= 01h)
23 Application code
24 Disc Physical code
25-27 (MSB) Last address of Data Recordable Area (LSB)
28 LPP Part Version | Extension code
29 Reserved
30 Field ID (= 02h)
31 OPC suggested code (Recording power)
32 OPC suggested code (Erasing power)
33-36 15 field of Write Strategy code
37 Reserved
38 Field ID (= 03h)
39-44 1™ field of Manufacturer ID
45 Reserved
46 Field ID (= 04h)
47-52 219 field of Manufacturer ID
53 Reserved
54 Field ID (= 05h)
55-60 2" field of Write Strategy code
61-85 Reserved

The RMD Block Group Information (RBG Information) field is structured as Table 101. This field shall be used when
RMD blocks are recorded sequentially with same contents. The RMD blocks that are recorded sequentially with the same
contents (except RBG Number field) is referred to as RMD Block Group. The RMD blocks of RMD Block Group have
the same RBG Length value. The RBG Number value starts from 1 and is increased by 1 up to RBG Length value in
the RMD blocks of RMD Block Group. If only one RMD block is recorded in order to update RMD contents, RBG
Length and RBG Number of each RMD block shall be set to 1. If this field is set to 0, this field is invalid.
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Table 101 - RBG Information field definition

RBG Number RBG Length

4.20.6.2 Format 1 RMD Field 1

Format 1 RMD Field 1 contains some logical unit and OPC related information. Table 102 shows the structure of Format
1 RMD Field 1.

There are four sets of OPC data blocks. These are prepared for the case of four different DVD-RW logical units writing
to a disc. The logical unit shall use an empty set or its own. If there is no owned or empty OPC data block, the logical
unit may use the oldest time stamp OPC data block.

Table 102 - Format 1 RMD Field 1 (logical unit and OPC information)

0-31 Drive Manufacturer ID #1
32-47 Serial Number #1
48-63 Model Number #1
64-67 15U field of Write Strategy Code #1
68-71 Recording Power #1
72-79 Time stamp #1
80-83 Power Calibration Address #1
84-107 Running OPC Information #1
108-113 2" field of Write Strategy Code #1
114-115 Reserved
116-117 Recording Power by the 8-bit coded power #1
118-127 Reserved
384-415 Drive Manufacturer ID #4
416-431 Serial Number #4
432-447 Model Number #4
448-451 1% field of Write Strategy Code #4
452-455 Recording Power #4
456-463 Time stamp #4
464-467 Power Calibration Address #4
468-491 Running OPC Information #4
492-497 2" field of Write Strategy Code #4
498-499 Reserved
500-501 Recording Power by the 8-bit coded power #4
502-511 Reserved
512-2 047 Reserved

Drive Manufacturer ID #n field is recorded in binary and specifies unique drive manufacturer identifier of the DVD-
RW logical unit.
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Serial Number, Model Number, Recording Power, Timestamp, Power Calibration Address, Running OPC
Information fields definitions are the same as specified in 4.17.11.2.1, "Format 1 RMD Field 1" on page 151.

18t field of Write Strategy Code #n field specifies the write strategy code of the Write Strategy type 1 in the pre-pit
data block of Field ID 2. Write strategy code is specified by DVD-RW Book Part 1.

2" field of Write Strategy Code #n field specifies the write strategy code of the Write Strategy type 2 in the pre-pit
data block of Field ID 5. Write strategy code is specified by DVD-RW Book Part 1.

Recording Power by the 8-bit coded power #n field may be used to specify the recording power value of the OPC
result by using the 8-bit coded power. This value may be the expected output from the objective lens of the Pickup Head
Unit in a logical unit that OPC was performed. The 8-bit coded power indicates the Laser power value as a number n
between 1 to 255. See Table 103. If this field is set to 0, this field is invalid.

Table 103 - 8-bit coded power definition

| n
| 1200
| 201-255

Laser Power I

n/10 [mW] |
Reserved I

4.20.6.3 Format 1 RMD Field 2 to Field 14

The definitions of Format 1 RMD Field 2 to Field 14 are the same as defined in 4.17.11.2.2, "Format 1 RMD Field 2" on
page 153 through 4.17.11.2.7, "Format 1 RMD Field 14" on page 157.

4.20.6.4 Format 2 RMD Field 1
The Format 2 RMD Field 1 contains pointer to the start address of the Format 3 RMD Set in the same RMA Segment.

Table 104 - Format 2 RMD Field 1 (Pointer to Format 3 RMD Set)

0-3 (MSB) Update Counter (LSB)
4-7 (MSB) Format 3 RMD Set Pointer (LSB)
8-11 Reserved
12-13 (MSB) Erase Operation Counter (LSB)
14-15 Reserved
16 RSDS #8 RSDS #7 RSDS #6 RSDS #5 RSDS #4 RSDS #3 RSDS #2 Reserved
17 RSDS #16 | RSDS #15 RSDS #14 | RSDS #13 RSDS #12 | RSDS #11 RSDS #10 RSDS #9
18 RSDS #24 RSDS #23 RSDS #22 RSDS #21 RSDS #20 RSDS #19 RSDS #18 RSDS #17
19 Reserved RSDS #28 RSDS #27 RSDS #26 RSDS #25
20-2 047 Reserved

The Update Counter field contains the number of times to which this RMD Set is rewritten. The initial value of this
field is 0. The value of this field shall be incremented by 1 when this field is rewritten. The value is taken over and is
also incremented when the RMA Segment that is used to record RMD Set is changed. In the case of Restricted overwrite
mode, this value is used to determine which RMA Segment is current.

The Format 3 RMD Set Pointer field contains pointer to start address of the latest Format 3 RMD Set in this RMA
Segment. The indicated RMD Set contains Format 3 RMD blocks. In the case of Sequential recording mode, this field
shall be set to 0.
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The Erase Operation Counter field contains the number of times that Disc Erase operation is performed. The value of
this field shall be incremented by 1 when the disc is erased. The initial value of this field is 0.

The RMA Segment Defect Status (RSDS #n) bit indicates whether the Format 3 RMD Set in the RMA Segment is
defective or not. If set to 1, the RMD Set #n of the RMA Segment is defective (EDC error occur in at least 3 RMD

blocks of an RMD Set). Otherwise the RMD Set #n of the RMA Segment is non-defective. In the case of Sequential
recording mode, this field shall be set to 0.

4.20.6.5 Format 2 RMD Field 2

The Format 2 RMD Field 2 contains the information of erase operation. In the case of Restricted overwrite mode, these
fields shall be set to 0.

Table 105 - Format 2 RMD Field 2 (Erase Operation Information)

0 Erase Operation Code
1 Reserved
2-5 (MSB) Erase Information 1 (LSB)
6-9 (MSB) Erase Information 2 (LSB)
10-2 047 Reserved

The Erase Operation Code field contains the Operation Code of the erase operation.

The Erase Information 1, 2 fields contain the information related with Erase Operation Code.

The Erase Operation Code and Erase Information 1, 2 are defined in Table 106.

Table 106 - Erase Operation Code and Erase Information fields definition

Erase
Operation Erase Information 1 Erase Information 2 Erase Operation type
Code
0 - - No erase operation is in progress.
1 Start PSN of Erasing® Marker PSN® Blank the Disc
2 Start PSN of Erasing Marker PSN Minimally blank the Disc
3,4 - - Reserved
5 Start PSN of Erasing Marker PSN Blank an RZone Tail®
6 Start PSN of the last Border-in® Marker PSN Unclose the last Border
7 Start PSN of Erasing Marker PSN Erase the last Border
8 and above - - Reserved

a. Start PSN of Erasing contains the Physical Sector Number of the first sector of the ECC block where the spec-
ified erase operation shall be started.
b. Marker PSN contains the Physical Sector Number of the last sector of the ECC block where the erase operation
shall be finished.
c. If “Unreserve an RZone” operation is requested by BLANK command, this Erase operation type is also used. If
the last RZone is incomplete state, the entire Incomplete RZone is erased. If the last RZone is Invisible RZone,
the Invisible RZone number is decremented by one and the RZone that just before the Invisible RZone is erased.
d. This field contains PSN of Linking loss sector just before the Border-in.
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4.20.6.6 Format 2 RMD Field 3 to Field 14
Format 2 RMD Field 3 through Field 14 are reserved for future standardization and shall be set to O0h.

4.20.6.7 Format 3 RMD Field 1

The Format 3 RMD Field 1 contains some logical units and OPC related information as defined in Table 102 - Format 1
RMD Field 1 (logical unit and OPC information) on page 236.

4.20.6.8 Format 3 RMD Field 2

The Format 3 RMD Field 2 contains user specific data as defined in Table 56 - Format 1 RMD - Field 2 (User specific
data) on page 153.

4.20.6.9 Format 3 RMD Field 3

The Format 3 RMD Field 3 contains Border Zone and RZone related information and shall be recorded as shown in
Table 107. The maximum number of Border Zone is 16 and each Bordered Area has only one RZone. This Field also
contains the information of the format operation.

Table 107 - Format 3 RMD Field 3 (Border Zone and RZone Information)

0 Format Operation Code
1 Reserved
2-5 (MSB) Format Information 1 (LSB)
6-9 (MSB) Format Information 2 (LSB)
10-13 Reserved
14-17 (MSB) Start PSN of the Border-out #1 (LSB)
18 Reserved Defect #1 | BAM #1
19-21 Reserved
22-25 (MSB) Start PSN of the Border-in #2 (LSB)
26-29 (MSB) Start PSN of the Border-out #2 (LSB)
30 Reserved Defect #2 | BAM #2
31-33 Reserved
190-193 (MSB) Start PSN of the Border-in #16 (LSB)
194-197 (MSB) Start PSN of the Border-out #16 (LSB)
198 Reserved Defect #16 | BAM #16
199-201 Reserved
202-255 Reserved
256-257 (MSB) Last RZone Number (LSB)
258-261 (MSB) Start Sector Number of RZone #1 (LSB)
262-265 (MSB) End Sector Number of RZone #1 (LSB)
378-381 (MSB) Start Sector Number of RZone #16 (LSB)
382-385 (MSB) End Sector Number of RZone #16 (LSB)
386-2 047 Reserved

The Format Operation Code field contains the Operation Code of the format operation.
The Format Information 1, 2 contain the information related with Format Operation Code.

The meaning of Format Operation Code and Format Information 1, 2 are defined in Table 108.
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Table 108 - Format Operation Code and Format Information fields definition

Form: . q
0 E.lt Format Information 1 Format Information 2 .
Operation Format operation
field field
Code
0 invalid invalid No format operation is in progress.
1 Start PSN® Number of ECC blocks® Full Format
2 Start PSN Number of ECC blocks Grow the last Border Format
3 Start PSN Number of ECC blocks Add Border Format
4 Start PSN Number of ECC blocks® Quick Grow the last Border Format
5 Start PSN Number of ECC blocks® | Quick Add Border Formatd
6 Start PSN Marker PSN® Close the Intermediate Border
7 and above - - Reserved

a. Start PSN contains the start Physical Sector Number of the first sector of the ECC block where the specified for-
mat operation shall be started. The start address should be other than the addresses where the RMD block that is
to be updated for the format operation.

b. Number of ECC blocks contains the value that is the number of user data ECC blocks to be formatted by the
specified format operation.

c. At completion of the format operation, this field shall be set to last recorded address of the formatted Bordered
Area. See 4.20.4.5, "Data writing on an intermediate state Bordered Area" on page 229.

d. When “Quick” format operation is requested by FORMAT UNIT command, this Format Operation Code value
is also used. The Start PSN value is set to the beginning of a part of Lead-in that is less than 30000h and only
one intermediate state Bordered Area is created on a medium.

e. Marker PSN contains the Physical Sector Number of the last sector of the ECC block where the close operation
shall be finished. (last sector number of Border-out)

The Start Sector Number of Border-out #n field indicates that the start sector number of the Border-out which
belongs to Bordered Area #n. If this field contains 0, this field is invalid.

The Defect #n bit of 1, indicates that the critical portion1 of the Bordered Area is defective!.

The BAM #n (Bordered Area Modification) bit of 1, indicates that the write operation is done within the Bordered Area
#n at least once.

The Start Sector Number of Border-in #n field indicates that the start sector number of the Border-in which belongs to
Bordered Area #n. If this field contains 0, this field is invalid.

The Last RZone Number field contains the last RZone number of the medium.

The Start Sector Number of RZone #n field contains the start sector number of the RZone which has RZone number
#n.

The End Sector Number of RZone #n field contains the end address of the RZone which has RZone number #n. Start
PSN of current Border-out field value of Border-in is the next sector of End Sector Number of RZone #n (where
#n is maximum). In the case of Intermediate state Border, these field should be updated at appropriate period. If this
field contains O, this field is invalid.

4.20.6.10 Format 3 RMD Field 4 to Field 12
Format 3 RMD Field 4 through Field 12 contains the Defect Status Bitmap.

1. The definition is an application specific.
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Table 109 - Format 3 RMD Field 4 (Defect Status Bitmap)

0-3 (MSB) PSN of Previous Defect Status Bitmap RMD Set (LSB)
4-7 (MSB) Certification Start PSN (LSB)
8-11 (MSB) Certification End PSN (LSB)
12 DS #8 DS #7 DS #6 DS #5 DS #4 DS #3 DS #2 DS #1
13 DS #16 DS #15 DS #14 DS #13 DS #12 DS #11 DS #10 DS #9

14 DS #24 DS #23 DS #22 DS #21 DS #20 DS #19 DS #18 DS #17

2045 DS #16272 | DS #16271 | DS #16270 | DS #16269 | DS #16268 | DS #16267 | DS #16266 | DS #16265
2 046 DS #16280 | DS #16279 | DS #16278 | DS #16277 | DS #16276 | DS #16275 | DS #16274 | DS #16273
2047 DS #16288 | DS #16287 | DS #16286 | DS #16285 | DS #16284 | DS #16283 | DS #16282 | DS #16281

PSN of Previous Defect Status Bitmap RMD Set field contains start physical sector number of RMD Set that
contains previously generated Defect Status Bitmap. If this field contains 0, this field is invalid.

Certification Start PSN field contains the start sector number of the ECC block where the following Defect Status
Bitmap starts. If this field contains 0, this field and subsequent fields (Certification End PSN, DS #n) are invalid.

Certification End PSN field contains the end sector number of the ECC block where the following Defect Status
Bitmap ends.

DS #n bit may contain certification result of the ECC block #n. When DS #n bit is set to 0, indicate that the ECC block
has no defect and is able to read and write the block safely (no EDC error occurs in the ECC block). When DS #n bit is
set to 1, indicates that the ECC block has defect and might not be able to read and write the block safely (an EDC error
occurs in the ECC block).

Table 110 - Format 3 RMD Field 5 - Field 12 (Defect Status Bitmap)

DS #(n+7) | DS#(n+6) | DS#(n+5) | DS#(n+4) | DS #(1n+3) | DS#(n+2) | DS #(n+1) DS #n
1 DS #(n+15) | DS #(n+14) | DS #(n+13) | DS #(n+12) | DS #(n+11) | DS #(n+10) | DS #(n+9) | DS #(n+8)

2 046 DS #(n+16375)| DS #(n+16374) | DS #(n+16373) | DS #(n+16372) | DS #(n+16371) | DS #(n+16370) | DS #(n+16369) | DS #(n+16368)
2047 DS #(n+16383) | DS #(n+16382) | DS #(n+16381) | DS #(n+16380) | DS #(n+16379) | DS #(n+16378) | DS #(n+16377) | DS #(n+16376)

4.20.6.11 Format 3 RMD Field 13

The Format 3 RMD Field 13 contains drive specific information. The definition is the same as defined in
4.17.11.2.6, "Format 1 RMD Field 13" on page 156.

4.20.6.12 Format 3 RMD Field 14

Format 3 RMD Field 14 specifies versatile information of a disc and logical unit. The definition is the same as defined in
4.17.11.2.7, "Format 1 RMD Field 14" on page 157.
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4.20.7 Reading/recording of RMD

4.20.7.1 RMD recording in Sequential recording mode
If no RMD blocks has been written on a medium and the medium is used as Sequential recording mode, when RMD is

written at first time, the Format 2 RMD Set and one or more Format 1 RMD blocks shall be written at once. After that,
the writing manner of RMD is same as the DVD-R sequential recording.

During Sequential recording mode, the Format 2 RMD Set is used to indicate a status of erase operation when the erasing
is in progress.

4.20.7.2 RMD recording in Restricted overwrite mode

In the case of Restricted overwrite mode, all RMD blocks shall be recorded as an RMD Set. Each RMD Set consists of
five RMD blocks that are all equivalent except RBG Information field. Two kinds of RMD (Format 2 RMD and Format

3 RMD) are used for this mode. When the RMD information is changed, the updated RMD Set shall be recorded in the
RMA.

For Restricted overwrite mode, RMD is recorded in the current valid RMA Segment. The valid RMA Segment is only
one at a certain time. The valid RMA Segment contains one pair of a valid Format 2 RMD and a valid Format 3 RMD.
RMD blocks shall be written sequentially from the beginning of RMA.

The Format 2 RMD shall be recorded in the first RMD Set of an RMA Segment. The Format 3 RMD shall be recorded
as an RMD Set other than the first RMD Set of the same RMA Segment.

Only the Format 2 RMD that has the largest Update Counter value is valid. The RMA Segment that has the valid
Format 2 RMD is currently used and valid.

The valid Format 2 RMD contains pointer to the first ECC block of the current valid Format 3 RMD Set in the same
RMA Segment.

The Format 3 RMD Set is written in a same location in the RMA Segment repeatedly until that ECC blocks of the RMD
Set becomes defective. See Section 4.20.6.4. When the Format 3 RMD Set becomes defective, the RMD Set is written in
non-defective area as a new RMD Set in the same RMA Segment until all RMD Sets of the RMA Segment become
defective. Simultaneously, the Format 2 RMD Set is also re-written to indicate the new Format 3 RMD location and
Update Counter field and RMA Segment Defect Status (RSDS #n) bit is updated.

When the Defect Status Bitmap (DS #n) field of the Format 3 RMD is updated, new Format 3 RMD Set is written in
other non-defective location in the same RMA Segment to preserve history of the Defect Status Bitmap. The preserved
RMD Set may be re-used later if the RMD Set is still non-defective.

When there are no non-defective areas to record new RMD Set in an RMA Segment, the RMA Segment shall be
relinquished and other non-defective RMA Segment shall be used instead.

When ECC blocks of the Format 2 RMD Set become defective, the RMA Segment shall also be changed to non-
defective one. In that case, all unrecorded areas in the unusable RMA Segment shall be recorded with 00h.

4.20.7.3 RMD read sequence in Restricted overwrite mode
For Restricted overwrite mode, read sequence of RMD blocks is as follows:

1. Logical Unit reads the Update Counter field of Format 2 RMD from each RMA Segment. The RMA Segment
that contains the largest Update Counter value is selected as valid RMA Segment.

2. Obtain the start address of the valid Format 3 RMD Set by reading the Format 3 RMD Set Pointer field of
Format 2 RMD from the valid RMA Segment.

3. Logical Unit reads the valid Format 3 RMD Set.
4.20.8 Border Zone

Border Zone is defined for DVD-RW SL media as well as DVD-R SL media. Border Zone prevents the optical pickup
from over running when a DVD-RW SL disc is played back on a DVD read-only logical unit.
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4.20.8.1 Structure

The Border Zone is constructed with the Border-out and Border-in. The structure of the Border Zone is shown in
Figure 53 - Border Zone structure on page 162. However, the Next Border Marker that is defined for DVD-R media is
not defined for DVD-RW SL media.

4.20.8.2 Border Zone size

The Border-out start address is located after PSN 3FFOOh. If a CLOSE TRACK/SESSION command is issued when
recorded user data end address is less than PSN 3FF00h, the logical unit shall pad with 00h data through PSN 3FEFFh.

Border Zone size is dependent on its starting address and order.
*  First Border Zone length is approximately 0,5 mm in radial direction.
e The other Border Zone length is approximately 0,1 mm in radial direction.

The size of a Border Zone for DVD-RW SL media is shown in Table 111

Table 111 - Border Zone size for DVD-RW SL media

P:)‘Z;fl“:i;egcg’(frﬁ‘;f‘;s;:f 3FF00h-B25FFh B2600h-1656FFh 165700h-
First Border Zone Size 1792 ECC blocks 2 368 ECC blocks 2 944 ECC blocks
56MBytes 74MBytes 92MBytes
Second and above Border Zone Size 384 ECC blocks 480 ECC blocks 608 ECC blocks
12MBytes 15MBytes 19MBytes

4.20.9 Erasing

DVD-RW SL medium is erasable. To erase the written data on a DVD-RW SL media, the BLANK command is used.
The Blanking Type field specifies the blanking type.

On DVD-RW SL media, the following Blanking Types are available. See Table 324 - Blanking Types for DVD-RW SL
on page 543. The “Blank the disc” and “Minimally blank the disc” operations are available at any time in any recording
mode. The other operations are only permitted during Sequential recording mode.

1. Blank the disc (Blanking Type = 000b)

2. Minimally blank the disc (Blanking Type = 001b)

3. Unreserve an RZone (Blanking Type = 011b)

4. Blank an RZone Tail (Blanking Type = 100b)

5. Unclose the last Border (Blanking Type = 101b)

6. Erase Border (Blanking Type = 110b)

Note: If the disc is blanked by “Minimally blank the disc” operation, incremental recording is not available for this disc.
4.20.9.1 Registration of erase operation in RMD

When a disc is erased, the status of erase operation is registered in RMD prior to start erasing.

To check if an erase operation is completely finished, the Marker ECC blocks are used. Before start erasing, Marker ECC
blocks with all 00h data are recorded (if not recorded) where the erase operation should terminate. At completion of an
erase operation, if the Marker ECC blocks are erased, the operation is considered as successfully done.

In the case of “Blank the disc” or “Minimally Blank the disc” operation, RMA Lead-in and one Format 2 RMD Set and a
Format 1 RMD shall be recorded at the beginning of RMA.
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The Disc Status field of Format 2 RMD is set to 00h and the Disc Status field of the Format 1 RMD is set to 05h to
indicate the disc is in Sequential recording mode and an erase operation in progress. The Erase Operation Code and
Erase Information fields of Format 2 RMD is set to the corresponded erase operation value prior to begin erasing.

To indicate an erase operation in progress even when a failure of the operation happens:

*  when an erase operation is to be done for a Sequential recording mode disc, Format 1 RMD with Disc Status field of
05h shall be appended after the current valid Format 1 RMD.

e when erase operation is to be done for a Restricted overwrite mode disc, Format 1 RMD with Disc Status field of 05h
shall be written at the end of RMA before erasing.

When the erase operation has been finished, Format 1 RMD with appropriate Disc Status field value is appended. The
information fields of Border Zone, RZone shall be updated.

4.20.10 Formatting

For Restricted overwrite mode, format operation is required in advance to use. To avoid unwritten area remaining in Data
Area, all ECC blocks are recorded on the formatted area.

Usually, a format operation takes considerable time to ready for writing user data. To solve this problem, new types of
format operations are defined for DVD-RW SL in addition to the CD-RW format operation. They are called quick
format; “Quick” and “Quick Grow the last Border”.

To start writing a disc with minimum patience, a quick format operation is used. When a disc is in Restricted overwrite
mode, all types of quick format operation are available. When a disc is in Sequential recording mode, only a “Quick”
type of format operation is available. See Figure 99 - DVD-RW SL recording mode and Bordered Area state transition on
page 231.

The state of the last Bordered Area on a medium is changed to the intermediate state by using the quick format operation.
In the case of single Border disc, only a part of Lead-in, user data blocks and 32 ECC blocks with Lead-out attribute are
formatted. Otherwise, Border-in, user data blocks and 32 ECC blocks with Lead-out attribute are formatted when quick
format is performed. See Figure 98 - An example of Intermediate state Bordered Area on DVD-RW SL media on

page 229.

To change an intermediate state Bordered Area to a complete state, CLOSE TRACK/SESSION command (Close
Function=010b) is used.

The format length is arbitrary length except for Format Type = 00h (’Full Format’). The format length shall be multiple
of ECC block size. If the format length is not an integral multiple of ECC block size, the logical unit shall round up the
value of Number of Blocks field in the Format Descriptor up to an integral multiple of the ECC block size. The
formatted area is expandable up to the full capacity of the disc.

At completion of formatting other than quick format, a Border-out is recorded after formatted user Data Area. When a
disc is formatted up to full capacity of a disc, a Lead-out is recorded after Stop Blocks of a Border-out. To force the
writing of Lead-out after the last Border-out, CLOSE TRACK/SESSION command (Close Function=011b) is used.

When a format operation is successfully done, the media is entered to Restricted overwrite mode and restricted overwrite
method is available on the formatted ECC block(s). There are no unwritten ECC blocks on the formatted area.

The DVD-RW SL supports following format operations.

1. Full Format operation (Format Type = 00h, 10h)

2. Grow Session/Border operation (Format Type = 11h)

3. Quick Grow the last Border operation (Format Type = 13h)
4. Quick (Format Type = 15h)

4.20.10.1 Registration of format operation in RMD

When a disc is formatted, RMA Lead-in and one combination of valid Format 2 RMD Set and Format 3 RMD Set shall
be recorded and the status of format operation is registered in RMD before start formatting.
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When format operation is to be done for a Sequential recording mode disc, the recording mode is changed to Restricted
overwrite mode.

The Disc Status field of Format 2 RMD is set to 10h and the Disc Status field of Format 3 RMD is set to 11h to
indicate the disc is in Restricted overwrite mode and an format operation in progress. The Format Operation Code and
Format Information fields of Format 3 RMD is set to the corresponded format operation value prior to begin formatting.
The information fields of Border Zone and RZone shall not be changed.

From the beginning of RMA to the end of valid Format 3 RMD Set, unrecorded ECC blocks shall not remain. Therefore,
when format operation is attempted to a blank disc, Format 2 RMD Set shall be recorded before the corresponding
Format 3 RMD is recorded on the media.

When the format operation has been finished, the Disc Status field in the Format 3 RMD Set is set to 12h or 13h. The
information fields of Border Zone, RZone and Defect Status Bitmap (if necessary) shall be updated. The Format
Operation Code and Format Information fields of Format 3 RMD shall not be changed until next format operation
will be started.

When format operation (Format Type = “Full Format” or “Quick”) is attempted to Sequential recording mode disc, the
Format 1 RMD with Disc Status field value 11h shall be recorded prior to record Format 2 RMD Set and Format 3
RMD Set. When the format operation completes, this Format 1 RMD becomes invalid.

4.20.11 Recovery from the incomplete Blank/Format operation
4.20.11.1 The theory of the information reporting and read/write action behavior

The theory of the information reporting and read/write action behavior for the incomplete erasing/formatting Bordered
Area are as follows.
No automatic repair is necessary on the incomplete erasing/formatting Bordered Area.

In the case of incomplete Erasing, the size of erased RZone is considered to be 0.

In the case of incomplete formatting, the size of the RZone in the damaged Bordered Area other than newly created is
considered to be maintained.

The Status of Last Session field of READ DISC INFORMATION command data shall be set to 10b.

The Damage bit field of READ TRACK INFORMATION data shall be set to 1 for the RZone that is writable and is in
the incomplete erasing/formatting Bordered Area and the posterior RZones on the medium. “Writable” of the RZone
means that the Free Blocks field of the damaged RZone is not zero or the RZone is overwritable.

When write action is required to the damaged Bordered Area and the subsequent RZones except to repair, the command
shall be terminated with CHECK CONDISION Status.

When read action is applied to an RZone which is in the damaged Bordered Area and its size is not 0, the action shall be
performed normally. Because of the incomplete erasing/formatting result, when the read action is failed, the command
shall be terminated with CHECK CONDITION status.

If FORMAT UNIT command is failed, CHECK CONDITION Status, 3/31/00 MEDIUM FORMAT CORRUPTED shall
be reported. If CLOSE TRACK/SESSION command is failed, 3/72/00-02 SESSION FIXATION ERROR shall be
reported. If the BLANK command with Blanking Type = “Unclose the last Bordered Area” has been failed, CHECK
CONDITION Status, 3/51/01 ERASE FAILURE - Incomplete erase operation detected shall be reported.

To repair the incomplete erasing/formatting Bordered Area, REPAIR RZONE command with the damaged RZone
number can be used.
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Table 112 - Information reporting in the case of the incomplete Blank operation

e et Status of last Number of Number of RZone number for REPAIR
Border RZone Borders RZONE command

Blank the Disc 10b 1 1 Last RZone Number in the last

Minimally Blank the Disc Border

Unreserved an RZone 00b/01b No change/ No change Last RZone Number in the last
Decreased by 1# Border

Blank an RZone tail 00b/01b No change No change Applied RZone number

Unclose the last Bordered 10b No change Decreased by 1 Last RZone Number in the last

Area Border

Erase Border 10b Decreased No change/ Last RZone Number in the last

Decreased by 1°

Border

a. If the last RZone is incomplete state, the number of RZone does not change. Otherwise, the number of RZone is

decreased by one.

b. If the last Bordered Area is incomplete state, the number of Border does not change. Otherwise, the number of

Border is decreased by 1.

Table 113 - Information reporting in the case of the incomplete Format operation

e e Status of last Number of Number of RZone number for REPAIR
Border RZone Borders RZONE command

Full Format 10b 1 1 Last RZone Number in the last

Quick Border

Grow Border 10b No change No change Last RZone Number in the last

Quick Grow Border Border

Close Intermediate Border 10b No change No change Last RZone Number in the last

Border

4.20.11.2 Recovery from incomplete erase operation

It is not possible to return original state after erase operation has been started. When an erase operation is not finished
successfully, RZone(s) that are affected by the erase operation are considered as damaged. (Damage = 1, NWA_V =0)
To recover the incomplete erase operation, the un-finished erase operation is performed again from the beginning or the
REPAIR RZONE command is used instead. Automatic recovery should not be performed.

4.20.11.3 Recovery from incomplete format operation

In the case of incomplete “Full”/”Quick” format operation, it is not possible to return original state after these format
operations have been started. The repair action is perform the previous requested format operation again.

In the case of incomplete format operation other than “Full”/”Quick” format, the repair action cancels the previous
requested format operation. The disc shall be return to the original state.
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4.21 Recording/reading for DVD-RW Dual Layer media

4.21.1 The basics for DVD-RW Dual Layer media

DVD-RW Dual Layer (DL) media is developed to provide a re-recordable DVD media with the same capacity as DVD-
ROM and DVD-R DL media. The major physical characteristics of DVD-RW DL media are as follows.

The physical structure of DVD-RW DL media is similar to the DVD-R DL media. Opposite Track Path (OTP) media
is only defined.

The reflectivity of a recording layer on DVD-RW DL media is relatively low in comparison with DVD-ROM media
and DVD-R DL media. Therefore the backward read compatibility with legacy DVD logical units is worse than the
case of DVD-R DL media.

It is strongly recommended that the area on L1 should be recorded through the recorded area on LO due to the same
reason for DVD-R DL media. See 4.18.1.3, "Recording order" on page 171.

The Control Data Zone is embossed by a disc manufacturer. Therefore the LBA and PSN has one-to-one relationship

due to the same reason for DVD-R DL discs. See 4.18.1.4, "Fixed logical volume space" on page 171.

Table 114 shows the comparison chart of some physical parameters between different versions of DVD-RW media
format and DVD-ROM DL media.

Table 114 - Several parameters of DVD-RW media format

DVD Version DVD-RW SL DVD-RW DL
Characteristics Ver. 1.2 Ver. 2.0 (DVD-ROMDL)
Capacity per side (120 mm) 4,7 gbytes® 8,54 gbytes® max 8,54 gbytes®
Channel bit length (um) 0,133 0,147 0,147
Track pitch (um) 0,74 0,74 0,74
Number of Layers per side 1 2 2
Reflectivity 18 to 30% 5to 10% 18 to 30%
Control Data Zone embossed embossed embossed
Standard recording speed 1x to 6x° 2x N/A

a. gbytes = 1 000 x 1 000 x 1 000 bytes

b. Typical media product specification in the market is 1x to 2x or 2x to 6x.

The major logical characteristics of the DVD-RW DL media are as follows.

Blanking is not defined.
Multi-session is not allowed.

Reserved RZone is not allowed.

Physically recorded area and logically recorded area are managed independently.

Restricted Overwrite mode and Layer Jump Restricted Overwrite mode are defined, but DAO/Incremental Recording
mode used for DVD-RW SL is not allowed.

Lead-out is not allowed to be expanded into the Data Recordable Area.

Intermediate Marker is used to find the real last recorded address.
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4.21.1.1 Abbreviations for this section

In this section, the following abbreviations are used to represent the field names in Control Data Zone, RW-Physical
Format Information and RMDs. See Table 115.

Table 115 - Abbreviations for this section

Field name Abbr. Field name Abbr.
Fields in Control Data Zone, see Section 4.5.1 Fields in Format3 RMD Field3, see Section 4.21.7.6
Starting PSN of Data Area SDA Start PSN of RZone SRZ
End PSN of Data Area EDA End PSN of RZone ERZ
End PSN of LO EDO Layer Jump PSN on Layer 0 LJA
Fields in RW-Physical Format Information, see Section 4.5.2 Last recorded PSN LRA
Maximum recorded PSN of the Data Area MDA Previous Layer Jump PSN on Layer 0 PLJA
Maximum recorded PSN of the Data Area on MDO Jump interval I
Layer 0
Outermost PSN of the recorded area ORO
Start PSN of the Middle Area SMAP with data area attribute on Layer O
Fields in Format3 RMD Field0, see Section 4.21.7.1 Outermost PSN of the recorded area ORI
with data area attribute on Layer 1
Start PSN of the Middle Area SMAR

4.21.2 Physical disc structure

4.21.2.1 Physical disc state
Same as DVD-RW SL media, three physical disc states are defined on DVD-RW DL media as follows;

*  Blank state
The Disc Status field of Format 3 RMD Field0 is set to 00h or 80h.
The disc has no written data in Data Recordable Area. PCA and/or RMDs may be written.

¢ Intermediate state
The Disc Status field of Format 3 RMD Field0 is set to 13h or 93h.
The disc is in this state when it is formatted by Quick format or Quick Grow format.
Specific part of the Lead-in Area and Intermediate Marker is recorded. The size of the Intermediate Marker may be
reduced.

*  Complete state
The Disc Status field of Format 3 RMD FieldO is set to 12h or 92h.
The disc is in this state when it is formatted by Full format, CD/DVD Full format, Grow format or Fast Re-format, or
when it is closed.
Lead-in Area, Lead-out Area and Middle Area are recorded.
All the blocks in Data Area in between Lead-in/out Areas and Middle Area are recorded with Area Type field set to
Data Area.

See Figure 103.
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Intermediate state 1

Blank state
Lead-out Area _ Data Recordable Area _ Fixed MA
Layer 1
Layer 0
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Figure 102 - Physical disc state examples
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4.21.2.2 State of DVD-RW DL disc for interchange

To make the recorded user data on DVD-RW disc physically readable by DVD read-only logical units, at least similar
condition as DVD-R DL is required. See 4.18.3, "State of DVD-R DL disc for interchange" on page 173.

In addition to the conditions described in Section 4.18.3, the following restraint is applied to DVD-RW DL discs.
e Lead-out Area is not expanded into Data Recordable Area. See 4.21.1.
e Middle Area is expanded to 35 mm radius when the recorded User Data is very small.

See Figure 103.

Lead-out Area is not allowed to be expanded into Data Recordable Area

MDA
Lead-out Area — Data Recordable Area
/

Layer 1 |
Layer 0 \

>l

| Fixed MA

Y

Lead-in Area Data Recordable Area —[T:ixed MA

This area is not allowed to be
filled with Lead-out attribute data.

Middle Area shall be expanded to 35 mm radius

Expanded
shifted MA
Layer 1 |
Layer 0 |
Expanded
shifted MA
35 mm in radius -
Recorded with D Recorded with Recorded with Recorded with D Physically
Lead-in attribute Lead-out attribute Data attribute Middle Area attribute unrecorded
Intermediate Logically 7 Buffer
/
Marker D unrecorded // Block

Figure 103 - Additional restrictions of DVD-RW DL media for disc interchange
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4.21.2.3 RZone for DVD-RW DL media

On DVD-RW DL media, only one RZone is allowed to exist on a DVD-RW DL medium. RZone reservation is not
possible. Zero or one recorded LBA Extent exists on the medium recorded in Rigid Restricted Overwrite recording
mode. If a DVD-RW DL medium is in the Layer Jump Rigid Restricted Overwrite recording mode, refer to

Section 4.21.2.5, the logically recorded area is fragmented into two or more recorded LBA Extents. See Figure 104.

No recorded LBA Extent
Lead-out Area Data Recordable Area Fixed MA
Layer 1
Layer 0
Lead-in Area i Data Recordable Area Fixed MA
One recorded LBA Extent
Layer 1 |
Layer 0 L[ %

Two recorded LBA Extents

Layer 1 |
Layer 0 T 1 %

Two recorded LBA Extents
Layer 1 |
Layer 0 A | % %

Three recorded LBA Extents

Layer 1 |
Layer 0 AN |

Recorded with Recorded with Recorded with Recorded with Physically
Lead-in attribute Lead-out attribute Data attribute Middle Area attribute D unrecorded
Intermediate Logically 7 Buffer
Marker D unrecorded // Block

Figure 104 - Examples of the recorded condition
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4.21.2.4 Intermediate Marker

When the medium is in Intermediate state, the Last Recorded Address indicates the LBA of the latest user data recorded
block. But the LRA stored in the RMD of the medium may not be the latest information because the RMD is not updated
so frequently. By this reason, the logical unit has to find the real Last Recorded Address when the medium is mounted.
To find the location of the Last Recorded Address, the termination structure is used. In case of DVD-RW SL discs, the
structure consists of contiguously recorded 32 ECC blocks with Area Type field set to Lead-out Area. In case of DVD-
RW DL media, Intermediate Marker is used instead. The Intermediate Marker consists of 32 ECC blocks with Data
attribute, see Table 14 - Data Type bit definition on page 95 and Table 116.

Table 116 - Difference of the termination structure between DVD-RW SL and DL

. Termination | Area e field . q
Media type Typ Data Type bit value Size
structure value
DVD-RW SL Temporary 10b 0b 32 ECC blocks
media Lead-out (Lead-out Area)
1b 32 ECC blocks
DVD-RW DL Intermediate 00b (at least 2nd - 15th (can be shrunk if
media Marker (Data Area) sectors out of 16 sectors there is not enough
in each ECC block) space to record)

The Intermediate Marker is recorded at the logically unrecorded area and the recording sequence is the same as the user
data recording. The Intermediate Marker may be fragmented into two or more parts, according to the rule of the NWA
motion. The Intermediate Marker may be reduced if the logically unrecorded area remains less than 32 ECC blocks.
When the LBA Space is fully recorded, the Intermediate Marker is not recorded. See Figure 105.
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Example 1: Intermediate Marker is scattered into two parts

LRA
Lead-out Area s Data Recordable Area Fixed MA

A

Layer 1
Layer 0

>t

/

Lead-in Area LJA | Data Recordable Area Fixed MA

Second part

First part of the IM
of the IM
Example 2: Reduced Intermediate Marker LRA

Layer 1 |
Layer 0 N |
PLJA | \ Reduced IM

Example 3: Reduced and scattered Intermediate Marker
First part LRA Third part

of the IM / of the IM

Layer 1 | |
Layer 0 T 1 L
PLJAI Second part
of the IM
Recorded with D Recorded with Recorded with D Recorded with D Physically
Lead-in attribute Lead-out attribute Data attribute Middle Area attribute unrecorded
Intermediate Logically 7 Buffer
|
Marker D unrecorded /% Block

Figure 105 - Examples of Intermediate Marker on Layer jump recording

4.21.2.5 Recording mode for DVD-RW DL media

For DVD-RW DL media, two kinds of recording methods are defined. One is the Restricted Overwrite mode which is
the same manner for DVD-RW SL media in Restricted Overwrite mode except multi-Session mechanism and blanking.
The other is the Restricted Overwrite mode with Layer jump recording which is the similar manner of the Layer Jump
recording mode for DVD-R DL media except multi-Session/multi-RZone mechanism, Remapping mechanism and
overwritability. The former method is named Rigid Restricted Overwrite recording mode, abbreviated to RROW
recording mode, and the latter method is named Layer Jump Rigid Restricted Overwrite recording mode, abbreviated to
LJRROW recording mode, Since the DVD-RW DL media is overwritable, the Remapping mechanism defined for DVD-
R DL media is not applied to LIRROW recording mode.

Both modes are managed by the same Format 3 RMD. The RROW recording mode can easily be changed to the
LJRROW recording mode by specifying the layer jump location. So, the LIRROW recording mode can be assumed as an
extended function of the RROW recording mode. See 4.21.4 for more detail.
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4.21.2.6 Recorded state of a block

Unlike DVD-RW SL media, blanking is not defined for DVD-RW DL media. Once a block is physically recorded, the
block will not become blank. To manage the outermost location of the physically recorded contiguous area on LO and on
L1, the ORO field and the ORI field are defined in RMD respectively.

4.21.2.6.1 Physical recorded state of a block

If a block in Data Recordable Area contains a correctable data with Area Type field set to Data Area, see Section 4.4.3,
"Data configuration of Data ID field" on page 94, the block is physically recorded. If a block in Data Recordable Area is
blank, contains an uncorrectable signal, or contains a correctable data with the Area Type field set to other than Data
Area, the block is physically unrecorded.

The block indicated by the ORO field, the block indicated by the OR1 field and all the blocks in the Data Recordable
Area inner than those blocks are guaranteed to be physically recorded.

Final target of the recorded condition of the DVD-RW DL media is that all the blocks in the Data Recordable Area are
physically recorded. In this condition, the Middle Area is recorded at EDO + 1 as the Fixed Middle Area. Once a medium
becomes this condition, the Shifted Middle Area is virtually allocated at the requested location by setting the SMAP field
to the requested address, but Middle Area shall not be recorded at that location even if it is requested. In this case, the
last accessible block on LO is not at EDO but at SMAP - 1.

Since the blanking is not defined for DVD-RW DL media and the data with the Area Type field set to Middle Area is
not necessary to be recorded if the Middle Area has been recorded outer than the requested location, the ORO0 and the
OR1 move outward only.

By using those fields, it is not necessary to overwrite the physically recorded blocks within the requested area during the
formatting process. even if the disc is requested to be formatted.

4.21.2.6.2 Logical recorded state of a block

The physically recorded blocks are not necessarily accessible by the host by specifying LBA. The host can access to the

blocks only in the logically recorded area to read out the recorded data. The logical unit identifies the logically recorded

areas by the rule described in Table 117. Maximum of three logically recorded areas exist on a medium. All the logically
recorded blocks are overwritable by WRITE command.
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Table 117 - Discrimination of the logically recorded areas

ope Logically recorded area on Logically recorded area on
Recorded condition® gleaty a gieally a
L0 L1
ERZ=0 No area No area
LRAis | ERZis on LO From SDA to LRA No area
on LO
ERZ is on L1 From SDA to LRA From PLJA to ERZ
LRAis | PLJA=0 & LJA=0 & (SMAR=0 or From SDA to EDO From EDO to ERZ
}:_3% onLl1 SMAR=EDO0+1)
% PLJA=0 & LJA=0 & SMAR=0 From SDA to SMAR - 1 From SMAR - 1 to LRA
k<) p—
QE’ PLJA=0 & LJA=0 From SDA to LJA From LJA to ERZ
St
Q
§ PLJA#0 & LRA>PLJA From SDA to PLJA From PLJA to ERZ
§ PLJA#0 & LRA<PLJA & LJA=0 & From SDA to EDO From PLJA to ERZ, and from
(SMAR=0 or SMAR=EDO0+1) EDO to LRA
PLJA#0 & LRA<PLJA & LJA=0 & From SDA to SMAR - 1 From PLJA to ERZ, and from
SMAR=#0 SMAR -1 to LRA
PLJA#0 & LRA<PLJA & LJA#0 From SDA to LJA From PLJA to ERZ, and from
LJA to LRA
Q MDA is on LO From SDA to MDA No area
L o
g § MDA is on L1 From SDA to SMAP - 1 From SMAP - 1 to MDA
@)

&

. All the values must be the latest one. The values recorded on the disc may be different from the latest one.

4.21.2.7 Structure of the Complete state media

If the media is in Complete state. Lead-in Area, Lead-out Area and Middle Area are recorded appropriately. All the
blocks of the Data Recordable Area in between Lead-in/Lead-out Areas and Middle Area are physically recorded. The
last logically recorded block is specified by MDA.

One or two logically recorded LBA Extent(s) exist(s) on the medium.

If the block specified by MDA is on Layer 0, only one logically recorded LBA Extent exists on the medium. In this case,
MDA and MDO specify the same PSN. SMAP specifies the same location to MDA + 1. See example 1 and 2 in
Figure 106.

If the block specified by MDA is on Layer 1 and SMAP specifies the Fixed Middle Area start PSN, only one recorded
LBA Extent exists on the medium. In this case, MDO specifies the EDO. SMAP specifies the same location to MDO + 1.
See example 3 in Figure 106.

If the block specified by MDA is on Layer 1 and SMAP specifies the location inner than the Fixed Middle Area start
PSN, two recorded LBA Extents exist on the medium. In this case, MDO specifies the EDQ. But the blocks located from
SMAP in RW-Physical format information to MDO are logically unrecorded and not accessible by the host by specifying
LBA. See example 4 and 5 in Figure 106.
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Example 1
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35 mm in radius g
Example 2
Layer 1 |
Layer 0 |
MDO0, MDA /\SMAP ORO
Example 3
MDA
T
Layer 1 |
Layer 0 |
MDO, ORO /\SMAP
Example 4
MDA
T
Layer 1 |
Layer 0 |
ORO /\SMAP MDO
Example 5
MDA
T
Layer 1 |
Layer 0 |
\SMAP ORO MDO
Recorded with Recorded with Recorded with Recorded with D Physically
Lead-in attribute Lead-out attribute Data attribute Middle Area attribute unrecorded
Intermediate Logically 7 Buffer
.
Marker D unrecorded // Block
Figure 106 - Structure of Complete media state examples
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4.21.2.8 Middle Area setting

As described in Section 4.21.2.7, DVD-RW DL media format can manage physical recorded condition and logical
recorded condition independently, Same manner can also be applied to Middle Area.

When the medium becomes Intermediate state by formatting, SMAP and SMAR are reset to 00h.

When the medium is in Blank state or in Intermediate state and if the Shifted Middle Area is specified by the host, the
specified PSN is stored in SMAR in Format3 RMD Field0. When the medium is closed, SMAP and SMAR are set to the
next block of last logically recorded block on Layer 0 regardless of the location actual Middle Area is recorded. See
Figure 106.

If the bit 4 of Pre-recorded/Embossed information code field is set to one, Middle Area has already been recorded
correctly at ORO + 1. In this case, if ORO + 1 is outer than SMAP, it is prohibited to record Middle Area at SMAP when
the medium is closed. See example 1, 2 and 5 in Figure 106.

At least upon finalizing the medium, ORO shall be updated to the latest value. It is recommended that both OR0 and OR1
should be updated at every RMD updating. Refer to section 4.21.8.1 on page 281.

4.21.3 Logical disc structure
4.21.3.1 Associated Profile and Feature

In case of DVD-R DL media, three recording modes, Incremental Recording mode, DAO recording mode and Layer
Jump Recording mode, are defined and each recording mode is independent from the others. Once recording to a
medium is started in one recording mode, the recording mode can never be changed to the other mode.

In case of DVD-RW SL media, two recording modes, Sequential Recording mode and Restricted Overwrite mode, are
defined and each recording mode is also independent from the other. Once recording to a medium is started in one
recording mode, the only way to change the recording mode is blanking or formatting the medium.

For above media types, multiple Profiles are defined for one physical media type by these reasons. But in case of DVD-
RW DL media, the LIRROW recording mode can be assumed as an extended function of the RROW recording mode.
The RROW recording mode can be changed to the LIRROW recording mode easily to specify the layer jump location.
This means that it is not necessary to consider the DVD-RW DL media in RROW recording mode and that in LIRROW
recording mode are the different media types. By this reason, only one Profile, DVD-RW Dual Layer Profile is defined
for DVD-RW DL media.

4.21.3.1.1 Read compatibility

A DVD logical unit other than DVD-RW DL logical unit can have the capability to read the recorded DVD-RW DL
media. To claim the capability, the Dual-RW bit in DVD Read Feature Descriptor returned by GET CONFIGURATION
command can be set. When this bit is set to one, at least the DVD-RW DL media in Complete state shall be able to read.

If the DVD logical unit other than DVD-RW DL logical unit does not have the capability to read the DVD-RW DL
media in Intermediate state, any media access commands shall be rejected with CHECK CONDITION Status, 5/30/02
CANNOT READ MEDIUM - INCOMPATIBLE FORMAT if the mounted DVD-RW DL medium is in Blank state or in
Intermediate state.

A DVD-RW DL logical unit, which does not support LJ Rigid Restricted Overwrite Feature, shall be able to read at least
the Complete DVD-RW DL media and the Intermediate DVD-RW DL media in Contiguous condition. If the logical unit
is not able to read the mounted medium which is in Intermediate state with Non-contiguous condition, LJ Rigid
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Restricted Overwrite Feature shall not be reported or become current. All the following commands shall be rejected with
CHECK CONDITION Status, 5/30/02 CANNOT READ MEDIUM - INCOMPATIBLE FORMAT.

*  GET PERFORMANCE command

¢ READ (10) command/READ (12) command
e READ BUFFER CAPACITY command

« READ CAPACITY command

* READ DISC INFORMATION command
 READ DISC STRUCTURE command

» READ TOC/PMA/ATIP command

* READ TRACK INFORMATION command
e SEEK command

4.21.3.1.2 Write compatibility

For DVD-RW DL logical unit, the RROW recording mode is the mandatory recording mode and the LIRROW recording

mode is the optional recording mode to be supported.

As explained in Section 4.21.3.1, only one Profile is defined for DVD-RW DL media recordable logical unit, DVD-RW
Dual Layer Profile (0017h). The presence of the DVD-RW Dual Layer Profile indicates that the logical unit supports
recording on DVD-RW DL media. Regardless of the applied recording mode, when a DVD-RW DL medium is inserted
in that, the DVD-RW Dual Layer Profile becomes current.

The Rigid Restricted Overwrite Feature is one of the mandatory Feature for this Profile. If the DVD-RW DL logical unit
supports the optional LIRROW recording mode, the LJ Rigid Restricted Overwrite Feature shall also be supported.

If a DVD-RW DL medium in Intermediate state with Non-contiguous condition is mounted on a DVD-RW DL logical
unit without LJ Rigid Restricted Overwrite Feature, all the following commands shall be rejected with CHECK
CONDITION Status, 5/30/05 CANNOT WRITE MEDIUM - INCOMPATIBLE FORMAT.

¢ CLOSE TRACK/SESSION command

e FORMAT UNIT command with Quick Grow format and Fast Re-format

¢ SEND DISC STRUCTURE command

e SYNCHRONIZE CACHE (10) command

e  WRITE (10) command/WRITE (12) command/WRITE AND VERIFY (10) command

Table 118 - Profile and Feature

Mounted medium DVD-RW DL logical unit with LJRROW
DVD-RW DL logical unit without LJRROW
RZone Physical
condition disc state | PVD-RW | RROW | Formattable | Random Readable | LJRROW
DL Profile | Feature Feature Feature Feature
Contiguous Blank Current Current Current Not current Current
Intermediate Current
Complete Current
Non-contiguous | Blank Not current Not current
Intermediate May be Not | Current
current
Complete Current
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4.21.3.2 Logical Disc status

In case of DVD-RW SL media, the medium in Blank state can be recorded from LBA 0 without formatting, although the
recording mode is DAO/Incremental recording mode. The formatting is required to change the recording mode from the
DAO/Incremental recording mode to Restricted Overwrite mode. But in case of DVD-RW DL media, since the recording
mode is only Restricted Overwrite mode, the medium in Blank state can be assumed as already in Restricted Overwrite
mode and Intermediate state and has a valid NWA which indicates LBA 0.

From the host side point of view, there is no necessity to distinguish whether the medium is in Blank state or in
Intermediate state. The logical unit shall report the Disc Status of the DVD-RW DL medium in Blank state as
Incomplete disc, see Figure 107. All the received commands shall behave as if the medium is in Intermediate state with
size zero. For example, the Descriptor Type field in the Current/Maximum Capacity Descriptor for READ
FORMAT CAPACITIES command shall not be set to 01b, but shall be set to 11b. See Table 119.

Table 119 - Command handling on physical Blank state disc

Field name/Requested function Response
READ DISC INFORMATION command
Status of Last Session 01b (Incomplete Session)
Disc Status 01b (Incomplete disc)

READ FORMAT CAPACITIES command
Descriptor Type in Current/Maximum Capacity Descriptor | 11b (Unknown Capacity)
READ TRACK INFORMATION command

LJRS 00b (Non-Layer jump recording)
Blank 1b (No written data and Last Recorded Address field is invalid)
LRA_V 0b (Invalid)
NWA_V 1b (Valid)
Next Writable Address 00h
Next Layer Jump Address F(EDO)
Last Layer Jump Address 00h
READ DISC STRUCTURE command
Physical format information (Format Code=00h) Fabricated
RMD in the last Border-out (Format Code=0Ch) CEHCK CONDITION
RMD (Format Code=0Dh) CEHCK CONDITION

a. F(X) is a formula to convert the PSN of X to the assigned Logical Block Address.

4.21.3.3 Implicit format operation

When the logical unit receives a WRITE command to a Blank state disc, the logical unit shall execute the implicit
formatting action to change the disc state to Intermediate state at the logical unit’s convenient timing but shall be before
ejecting the medium.

If the logical unit executes the implicit formatting action upon receipt of the WRITE command and the formatting action
including OPC is expected to finish in long time, or the request to set Shifted Middle Area, manual Layer jump address
or Jump interval by SEND DISC STRUCTURE command, the command may be terminated with CHECK CONDITION
Status, 2/04/07 LOGICAL UNIT NOT READY, OPERATION IN PROGRESS or CHECK CONDITION Status, 2/04/
08 LOGICAL UNIT NOT READY, LONG WRITE IN PROGRESS. In case of WRITE command, the data shall not be
received.

Once the logical unit is in these NOT READY conditions, READ DISC INFORMATION command and READ TRACK
INFORMATION command may also be terminated with CHECK CONDITION Status, 2/04/07 LOGICAL UNIT NOT
READY, OPERATION IN PROGRESS or CHECK CONDITION Status, 2/04/08 LOGICAL UNIT NOT READY,
LONG WRITE IN PROGRESS until the implicit formatting will finish.
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Table 120 - Relation of physical disc state, logical disc status

unrecorded disc

Intermediate
state

READ DISC INFORMATION READ TRACK
Physical command INFORMATION command
disc state S fL Next Writabl Remarks
Disc Status tatus O ast NWA_V ext Writable
Session Address
Blank Incomplete disc | Incomplete Session 1 00h The medium is treated by the
logical unit as if Quick format
with size zero is applied.
Intermediate >00h
Complete Complete disc Complete Session 0 Not valid
. . . ~— . . . .
Logical Disc status is Incomplete disc | Logical Disc status is Complete disc
Physically

format, Fast
prmat, Close
aition

T
-

k format,
k Grow format

Full format,
Grow format,
Fast Re-format,

Complete
state

Figure 107 - DVD-RW DL physical disc state and logical disc status
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4.21.3.4 RZone conditions

The RZone may consists of zero, one, two or three recorded LBA Extents as described in Section 4.21.2.3. When the
RZone consists of zero or one recorded LBA Extent and no Layer jump location is specified, the RZone is in Contiguous
condition. and the RZone consists of zero or one recorded LBA Extent and a layer jump location is specified, or consists
of two or more recorded LBA Extent, the RZone is in Non-contiguous condition.

According to the recorded condition, the RZone conditions are defined as follows.

*  Contiguous condition: Zero or one recorded LBA Extent exists on the medium and the LJA is not specified.
In this condition, the LJRS field in the Track Information Block of READ TRACK INFORMATION command is set
to 00b.

¢  Non-contiguous condition: Two or more recorded LBA Extents exists on the medium, either the LJA or the JI is
specified, or the medium is in Intermediate state and the SMAR is specified as the Shifted Middle Area. The Non-
contiguous condition is classified into three LJ recording status.
e Unspecified:
The Active LIB is blank and neither the LJA nor the JI is specified, or no Active LJB exists.
In this status, the LJRS field in the Track Information Block of READ TRACK INFORMATION
command is set to O1b.
e Manual:
The JI is not specified and, the LJA is specified or the Active LJB is not blank.
In this status, the LJRS field in the Track Information Block of READ TRACK INFORMATION
command is set to 10b.
e Regular Interval:
The JI is specified.
In this status, the LJRS field in the Track Information Block of READ TRACK INFORMATION
command is set to 11b.

If a DVD-RW DL medium is in Blank state, NWA of the medium is valid and zero, and no layer jump location is
specified, the RZone is in Contiguous condition. The RZone can be changed to Non-contiguous condition when layer
jump location or the Shifted Middle Area is specified. Once the RZone is in Non-contiguous condition, it is not changed
to Contiguous condition until the medium is closed when no layer jump has not been happened, the medium is formatted
with Full format, CD/DVD Full format, Quick format or Fast Re-format, or the medium is fully recorded without Shifted
Middle Area. See Figure 108.

Shifted Middle Area,
LJA is set or JI is set.

Contiguous Non-contiguous
condition condition

Fully recorded,

Disc closed with no LJ,

Full format, CD/DVD Full format,
Quick format or Fast Re-format

Figure 108 - RZone condition transition diagram
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4.21.4 Recording mode

For DVD-RW DL media, the recording mode is simplified compared to DVD-RW SL media. DVD-RW DL media has
Restricted Overwrite mode only. The recorded ECC blocks on the medium are physically overwritable by the logical
unit.

The major differences between DVD-RW SL media are listed as follows.

*  Sequential Recording mode is not defined
Consequently, a blank operation is not defined. Although the Sequential Recording mode is not defined, the similar
recording manner is available without disabling the overwrite capability. Incremental Streaming Writable Feature
never becomes current for DVD-RW DL media.

e Multi-Border structure is not defined (A Shifted Middle Area is used instead of the Border Zone).
Border Zone is not used on DVD-RW DL media. The number of RZones on a disc is one.

e Layer jump recording method is available. This enables host to record with the same manner as DVD-R DL.
Except for the above differences, other recording behaviors are basically taken over from DVD-RW SL media. See
4.20, "Recording/reading for DVD-RW Single Layer media" on page 227.

4.21.4.1 RROW recording mode

The RROW recording mode is defined for DVD-RW DL media to keep the compatible recording scheme with that for
DVD-RW SL media in RROW recording mode with some exceptions as follows;

¢ Blanking is not available

e Multi-Border structure is not available
All the other functions defined for DVD-RW SL media in RROW recording mode can be applied.
4.21.4.2 LJRROW recording mode

The Layer jump recording enables to make the disc compatible structure with DVD-ROM DL media in a quicker manner
than straight forward recording upon receiving a disc close request. The Layer jump recording functions defined for
DVD-R DL media, e.g. manual Layer jump recording, regular interval Layer jump recording and setting of Shifted
Middle Area, are also available for DVD-RW DL discs. However, DVD-RW DL media has only one RZone and RZone
reservation is not allowed.

In case of DVD-R DL media, the ability of the Layer Jump recording is shown by the Layer Jump recording Feature. But
in case of DVD-RW DL media, LIRROW Feature is used instead, because the Layer Jump recording Feature requires
RESERVE TRACK command.

4.21.4.2.1 LJB and Buffer Block

LJB is defined as an unit of LJ recording. An LJB consists of an LBA Extent on LO part and its corresponding LBA
Extent on L1 part. The PSN of the outermost block in L1 part of an LJB is the bit inverted of the PSN of the outermost
block in LO part of that LJB, which is called LJ point.

If LJA is specified for the LIB, the LJA is the LJ point of the LJB. If no LRA is specified but SMAR is specified, the
SMAR - 1 is the LJ point. If neither LJA nor SMAR is specified, the EDO is the LJ point.

The LJA is specified by Manual Layer Jump Address function of SEND DISC STRUCTURE command. The LJA is also
calculated from JI specified by Jump Interval size function of SEND DISC STRUCTURE command. The SMAR is
specified by Shifted Middle Area Start Address function of SEND DISC STRUCTURE command.

If an LIB does not contain any logically recorded sector, the LIB is blank. A blank LJB may contain the NWA but never
contain LRA.

An LJB which contains the NWA is called Active LJB. Within the Active LJB, NWA starts moving at the first block in
the second ECC block on LO part and moves toward the LJ point. When the NWA reaches to the LJ point of the LJB,
NWA jumps to the outermost block in L1 part of the LIB.
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DVD-RW DL disc consists of one, two or three LIBs.

e If both LJA and PLJA are zero, the number of LJBs on the disc is one. If either LJA or PLJA is zero and the other is
non-zero, it is two. If both LJA and PLJA are non-zero, it is three. See Figure 109.

¢ Between each LIBs, there is no blocks.

¢ When the NWA in the second LJB reaches to PLJA + 17,
e the LJB is merged into the first LJB and the third LJB becomes the second LJB and active, if
exists,
e the LJA shall move to LJA + JI + 16 if J1 is set, otherwise the LLJA shall move to EDA,
* LJAis copied to PLJA and LJA is set to zero, and
¢ the NWA shall move to PLJA + 17.

*  Regarding the second and third LIBs, the LO part of the LB and the L1 part of it are the same size.
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Example of one LJB (1)

Lead-out Area LIB #1 Data Recordable Area fixed MA
¥ -

Y
A
Y

Layer 1

Layer 0 T %

ey
|

Lead-in Area Data Recordable Area Fixed MA

A

Example of one LJB (2)

LIB #1
Layer 1 |
Layer 0 T | %
SMAR
Example of two LJBs (1)
LIB #1 LIB #2
Layer 1 |
Layer 0 N %
LIJIA
Example of two LJBs (2)
LIB #1 LIB #2

Layer 1 |
Layer 0 | %
PLJA |

LJB #1 LIB #2 LJB #3

Layer 1 |
Layer 0 N %
PLJA | LJA

Example of three LJBs

Recorded with D Recorded with Recorded with Recorded with D Physically
Lead-in attribute Lead-out attribute Data attribute Middle Area attribute unrecorded
Intermediate Logically P Buffer

Marker D unrecorded // Block

Figure 109 - LJBs on DVD-RW DL disc

On DVD-R DL discs, BSGA and LLA are created at a Layer Jump address when Layer jump occurs. See

Figure 65 - LJB structure of Invisible/Incomplete RZone on page 179. Although DVD-RW DL logical units do not utilize
a Linking Loss area in Data Recordable Area, the same kind of structure is generated during Layer jump recording to
keep consistency with DVD-R DL Layer jump recording. This structure is referred to as Buffer Block. The size of the
Buffer Block on each Layer is 32 KB with all 00h data. The Buffer Block on LO is created immediately after the Layer
jump address on LO and that on L1 is located immediately before the Layer jump destination address on L1 when a Layer
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jump occurs. Unlike BSGA or LLA on DVD-R DL discs, the Data Type bit value of the sectors in a Buffer Block is set
to Ob. These Buffer Blocks are included in the following LIB.

The Buffer Block on LO in an LIB shall become overwritable when the LIJB becomes Active LIB. The Buffer Block on
L1 in an LIB shall become overwritable when the LB is fully recorded. See Figure 110.

LJB #2 is the Active LJB
This BB is not overwritable This BB is not overwritable
NWA LRA
Lead-out Area LIB #1 LIB #2 LIB #3 Fixed MA
- ¥ e £ -~
Layer 1
Layer 0 N
Lead-in Area PLJA \Thls pa}T Is LIA Fixed MA
overwritable

This BB is not overwritable

LJB #2 is fully recorded and merged into LJB #1

This BB becomes This BB is still not overwritable
LRA overw;itable '/LJB #1 LIB #2
Layer 1 |
Layer 0 [ ] |
PLJA NWA
This BB becomes overwritable

Recorded with D Recorded with Recorded with Recorded with D Physically

Lead-in attribute Lead-out attribute Data attribute Middle Area attribute unrecorded

Intermediate Logically 7 Buffer

|
Marker D unrecorded /% Block

Figure 110 - Overwritability of the Buffer Block

When the Buffer Block on LO in the second LJB is overwritten, the LRA shall move to the address of NWA - 1.
4.21.4.2.2 NWA motion

The NWA motion of the DVD-RW DL Layer Jump recording is same as DVD-R DL Layer Jump recording. See
4.18.5.3.2, "Manual Layer Jump" on page 186 and 4.18.5.3.3, "Regular Interval Layer Jump" on page 189.

4.21.4.2.3 WRITE command over the Buffer Block

The LBA Extent requested by one WRITE command is allowed to include zero or more logically recorded area(s) and
zero or one logically unrecorded area. If a logically unrecorded area is included in the LBA Extent, the first block of the
area included in the LBA Extent shall be the NWA.

If the LBA Extent specified by a WRITE command starts at a logically unrecorded block except the block specified by
NWA, the command shall be terminated with CHECK CONDITION Status, 5/21/02 INVALID ADDRESS FOR
WRITE.

If the LBA Extent specified by a WRITE command includes the block specified by LJA + 1 or the first block of the
Shifted Middle Area, the command shall be terminated with CHECK CONDITION Status, 5/21/03 INVALID WRITE
CROSSING LAYER JUMP.
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Example 1: Acceptable WRITE command

NWA

Fully recorded LIB

s

Active LIB

Unrecorded LJB

L _

'

Layer 1 w
Layer 0
PLJA | A WAITE command LJIA
Example 2: Acceptable WRITE command
Fully recorded LIB Active LIB

'

Layer 1
Layer 0

_

Example 3: Unacceptable WRITE command

Fully recorded LIB NWA © Active LJB  Unrecorded LB
g/ g/ - g/ The requested LBA
Layer 1 %— L Extent status at the
L . ~
ayer 0 _ logically unrecorded
block other than NWA.
Example 4: Unacceptable WRITE command
Fully recorded LIB Active LIB Unrecorded LJB
i ' ' The requested LBA
Layer 1 Extent includes the
Layer 0 - block specified by
NWA LIA LJA + 1.
Example 5: Unacceptable WRITE command
Fully recorded LIB Active LIB Unrecorded LJB
i ' ' The requested LBA
Layer 1 Extent includes the first
Layer 0 > block of the Shifted
NWA SMAR (<ED0) Middle Area.
Recorded with Recorded with Recorded with Recorded with D Physically
Lead-in attribute D Lead-out attribute Data attribute Middle Area attribute unrecorded
Intermediate Logically P Buffer
Marker D unrecorded // Block
Figure 111 - WRITE command
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4.21.5 Command response on each RZone condition

All the abbreviations in Table 121, Table 122, Table 123 and Table 125 are the same one used in Table 117

Table 121 - Parameters for Contiguous condition

Field Field value
RMD
Disc Status 00h | 13h 13h 12h
End PSN of RZone 00h <EDA EDA MDA | MDO (=MDA)
Last recorded PSN ERZ 00h
Layer Jump PSN on Layer 0 00h
Previous Layer Jump PSN
on Layer 0 00h
Jump interval 00h
ii: PSN of the Middle 00h EDO + 1 <EDO + 1
Disc Information Block of READ DISC INFORMATION command
Disc Status 01b 10b
Status of Last Session 01b 11b
Track Information Block of READ TRACK INFORMATION command

LJRS 00b
Blank 1b Ob 0Ob
Next Writable Address 00h F(LRA)* + 1 | Invalid Invalid
er‘g:‘eize /'RZone End (EDO - SDA + 1) + (EDA - EDO + 1) %I%(X _Sl\%g +1 )1; MDA - SDA + 1
Last Recorded Address Invalid | F(LRA) Invalid
Next Layer Jump Address 00h
Last Layer Jump Address 00h

READ DISC STRUCTURE command
Jump Interval size 00h
Shifted Middle Area Start
Address 00h F(SMAP)

a. F(X) is a formula to convert the PSN of X to the assigned Logical Block Address.
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Table 122 - Parameters for LJA unspecified state of Non-contiguous condition

Field Field value
RMD
Disc Status 00h 13h 13h 13h 12h
End PSN of RZone 00h EDA EDA >SMAP - 1
Last recorded PSN ERZ ERZ ERZ 00h
Layer Jump PSN on Layer 0 00h
Previous Layer Jump PSN 00h X 00h
on Layer 0
Jump interval 00h
ii: PSN of the Middle <EDO + 1 <EDO+1 | 00horEDO+ 1 <EDO + 1
Disc Information Block of READ DISC INFORMATION command
Disc Status 01b 01b 10b
Status of Last Session 01b 01b 11b

Track Information Block of READ TRACK INFORMATION command

Address

LJRS 01b
Blank 1b 0Ob 0b
Next Writable Address 00h F(X)? + 17 Invalid
Track Size / RZone End
Address F(EDA)
Last Recorded Address Invalid F(LRA) F(LRA) | Invalid
Next Layer Jump Address F(SMAR)-1 | F(SMAR)- 1 | F(EDO) 00h
Last Layer Jump Address 00h F(X) 00h
READ DISC STRUCTURE command
Jump Interval size 00h
Shifted Middle Area Start F(SMAR) F(SMAR) 00h F(SMAR) | F(SMAP)

a. F(X) is a formula to convert the PSN of X to the assigned Logical Block Address.
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Table 123 - Parameters for Manual Layer Jump state of Non-contiguous condition (1)

Area

Field Field value
RMD

Disc Status 00h 13h 13h 13h 13h
End PSN of RZone 00h <EDA <EDA EDA
Last recorded PSN ERZ <ERZ
Layer Jump PSN on Layer 0 X 00h 00h
Previous Layer Jump PSN
on Layer O yer Jump P 00h Y
Jump interval 00h
Start PSN of the Miadle <EDO + 1 <EDO + 1 00h or EDO + 1

Disc Information Block of READ DISC INFORMATION command

Disc Status

01b

Status of Last Session

01b

Track Information Block of READ TRACK INFORMATION command

Address

LJRS 10b

Blank 1b 0b 0b 0b

Next Writable Address 00h F(LRA)? + 1 F(LRA) + 1 F(LRA) + 1

Track Size / RZone End

Address F(EDA)

Last Recorded Address Invalid F(LRA) F(LRA) F(LRA)

Next Layer Jump Address F(X) F(X) | F(EDA) | F(SMAR)- 1 00h F(EDO) 00h

Last Layer Jump Address 00h 00h F(X) 00h F(SMAR) - 1 F(Y) F(EDO)
READ DISC STRUCTURE command

Jump Interval size 00h

Shifted Middle Area Start 00h or FSMAR) F(SMAR) 00h

a. F(X) is a formula to convert the PSN of X to the assigned Logical Block Address.
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Table 124 - Parameters for Manual Layer Jump state of Non-contiguous condition (2)

Field Field value
RMD
Disc Status 13h
End PSN of RZone EDA
Last recorded PSN <ERZ <ERZ ERZ <ERZ
Layer Jump PSN on Layer 0 00h X X
Previous Layer Jump PSN
on Layer 0 Y
Jump interval 00h
itrzg PSN of the Middle <EDO + 1 <EDO + 1 <EDO + 1
Disc Information Block of READ DISC INFORMATION command
Disc Status 01b
Status of Last Session 01b
Track Information Block of READ TRACK INFORMATION command

LJRS 10b
Blank 0b
Next Writable Address F(LRA)* + 1 | F(LRA) + 1 | F(Y) + 17 | F(LRA) + 1
Track Size / RZone End
Address F(EDA)
Last Recorded Address F(LRA)
Next Layer Jump Address F(SMAR) - 1 00h F(X) F(Y - 17)
Last Layer Jump Address F(Y) F(SMAR) - 1 F(Y) F(X)

READ DISC STRUCTURE command
Jump Interval size 00h
izgi‘iSM'dd'e Area Start F(SMAR) 00h or F(SMAR) F(SMAR)

a. F(X) is a formula to convert the PSN of X to the assigned Logical Block Address.
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Table 125 - Parameters for Regular Interval state of Non-contiguous condition

Field Field value
RMD
Disc Status 00h 13h 13h 13h 13h
End PSN of RZone 00h <EDA EDA EDA
Last recorded PSN ERZ ERZ <ERZ ERZ
Layer Jump PSN on Layer 0 X
cF)’r:eI\_/lac;/l;sr ;ayer Jump PSN 00h 00h Y v
Jump interval Z
itrz;: PSN of the Middle <EDO + 1
Disc Information Block of READ DISC INFORMATION command
Disc Status 01b
Status of Last Session 01b
Track Information Block of READ TRACK INFORMATION command
LJRS 11b
Blank 1b 0b 0b 0b
Next Writable Address 00h F(LRA)* + 1 F(LRA) + 1 F(Y) + 17
Track Size / RZone End
Address F(EDA)
Last Recorded Address Invalid F(LRA) F(LRA) F(LRA)
Next Layer Jump Address F(X) FX) | FEDA) | FX) | RFY-17) F(X)
Last Layer Jump Address 00h 00h F(X) F(Y) F(X) F(Y)

READ DISC STRUCTURE command

Jump Interval size

F(2)

Shifted Middle Area Start
Address

00h or F(SMAR)

a. F(X) is a formula to convert the PSN of X to the assigned Logical Block Address.
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4.21.6 RMA structure

On DVD-RW DL discs, Formatl RMD is not defined due to removal of the Sequential Recording mode. Only Format2
and Format 3 RMDs are used.

The RMA logical structure and its usage are same as that of DVD-RW SL media. See Figure 101 - RMA structure for
Restricted overwrite mode on page 233.

4.21.7 RMD contents for DVD-RW DL media

All the initial value of RMD is 0. The RMD structures described in this section are defined by DVD-RW DL Ver.2.0.
For the other versions of DVD-RW discs, see applicable DVD-RW Book.

4.21.7.1 RMD - Field0 (RMD Header)

The RMD FieldO shows the general disc information and is recorded as shown in Table 126.

Table 126 - RMD - Field0

Bit 7 6 5 4 3 2 1 0
Byte
0-1 RMD Format
2 Disc Status
3 Reserved
4-21 Unique Disc ID
22-85 Copy of Pre-pit Information
86-89 Start PSN of the Middle Area
(Reserved for Format2 RMD Field0)
90 Pre-recorded/Embossed information code
(Reserved for Format2 RMD Field0)
91 Reserved
92-95 End ECC block address of pre-recorded/embossed Lead-in Area
(Reserved for Format2 RMD Field0)
96-99 End ECC block address of pre-recorded/embossed Middle Area on Layer 0
(Reserved for Format2 RMD Field0)
100-103 Start ECC block address of pre-recorded/embossed Middle Area on Layer 1
(Reserved for Format2 RMD Field0)
104-107 Start ECC block address of pre-recorded/embossed Lead-out Area
(Reserved for Format2 RMD Field0)
108-127 Reserved
128 RBG Information
129-2 047 Reserved

The RMD Format field specifies the format of the following RMD Field1- Field14 of this RMD block. The RMD
Format field is defined in Table 127.
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Table 127 - RMD Format field definition

Value Definition
0 Reserved
1 Restricted (See RMD format for DVD-R and DVD-RW SL)
2 The RMD Fieldl through Field14 are recorded as Format 2 RMD specified in DVD-RW DL Ver. 2.0
3 The RMD Fieldl through Field14 are recorded as Format 3 RMD specified in DVD-RW DL Ver. 2.0
4 Restricted (See RMD format for DVD-R DL)
5-65 535 Reserved

The Disc Status field indicates the disc status as defined in Table 128.

The most significant bit of the Disc Status field indicates whether the disc is write protected or not. If the most
significant bit of the Disc Status field is set to 1, the disc is write protected. Otherwise, the disc is not write protected.
When the Disc Status is 10h or 11h, the most significant bit shall not be set.

Table 128 - Disc Status field definition

Available
Value Definition RMD
Format
Not Write Protected
00h The disc has no written data in Data Recordable Area (only RMDs are written) Format3
01h-OFh | Reserved -
10h The current disc status is specified by Disc Status field of valid Format 3 RMD block Format2
11h A formatting is in progress on the disc Format3
12h The disc is in the Complete state Format3
13h The disc is in the Intermediate state Format3
14h-7Fh | Reserved -
Write Protected
80h The disc has no leitten data in Data Recordable Area (only RMDs are written) and write protected Format3
except R-Information area
81h-91h | Reserved -
92h The disc is in the Complete state and write protected except R-Information area Format3
93h The disc is in Intermediate state and write protected except R-Information area Format3
94h-FFh [ Reserved -

Unique Disc ID field is structured as shown in Table 53 - Unique Disc ID on page 150.
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Copy of Pre-pit Information field contains the copy of Pre-pit Information data that is recorded as LPP (Land Pre-Pit)
on the DVD-RW DL medium. Copy of Pre-pit Information structure is shown in Table 129. Pre-pit information data is
specified by DVD-RW DL Ver. 2.0.

Table 129 - Copy of Pre-pit Information

Bit 7 6 5 4 8 2 1 0
Byte
22 Field ID (= 01h)
23 Application code
24 Disc Physical code
25-27 Last address of Data Recordable Area on Layer 0
28 LPP Part Version | Extension code
29 Reserved
30 Field ID (= 02h)
31-32 Reserved
33-35 Last address of Data recordable Area on Layer 1
36-37 Reserved
38 Field ID (= 03h)
39-44 1% field of Manufacturer ID
45 Reserved
46 Field ID (= 04h)
47-52 219 field of Manufacturer ID
53 Reserved
54 Field ID (= 05h)
55-60 Reserved
61-85 Reserved

The Start PSN of the Middle Area field indicates the start PSN of the logical Middle Area that may be same address of
the physically recorded Middle Area. In the case of logical Shifted Middle Area, the actual Shifted Middle Area may not
be recorded at the address if Middle Area is recorded at outer side. When Fixed Middle Area is recorded and is valid
(i.e., user data is recorded at the end PSN of L0), this field indicates the start PSN of the Fixed Middle Area. If there is no
valid Middle Area on the disc, this field is set to 00h. In Format2 RMD FieldO, this field is reserved.

The Pre-recorded/Embossed information code field identifies the recorded status of Initial zone in the Lead-in Area,
Lead-out Area and Middle Area.
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Table 130 - Pre-recorded/Embossed information code field definition

Bit Definition
0 This bit is set to zero to indicate that the Control Data Zone is embossed
1 When set to zero, the Initial zone in Lead-in is not pre-recorded/embossed.

When set to one, the Initial zone in Lead-in is pre-recorded/embossed.

2 When set to zero, the Fixed Middle Area is not pre-recorded/embossed.

When set to one, the Fixed Middle Area is pre-recorded/embossed.

3 When set to zero, the Lead-out is not pre-recorded/embossed.

When set to one, the Lead-out is pre-recorded/embossed.

4 When set to zero, a Middle Area does not exist.
When set to one, a Middle Area exists from just after the sector pointed by ORO field.
5-7 Reserved

The End ECC block address of pre-recorded/embossed Lead-in Area field indicates the end ECC block address of
pre-recorded/embossed Lead-in. When the bit 1 of Pre-recorded/Embossed information code field in embossed CDZ
is set to one, this field value is FFD1EOh. In this case, the bit 1 of the Pre-recorded/Embossed information code field
in Format 3 RMD FieldO is also set to one.

The End ECC block address of pre-recorded/embossed Middle Area on Layer O field indicates the end ECC
block address of pre-recorded/embossed Fixed Middle Area on LO. When the bit 2 of Pre-recorded/Embossed
information code field is set to one, this field value is FDCF6Dh (120 mm disc) or FF2F22h (80 mm disc). In this case,
the bit 2 of the Pre-recorded/Embossed information code field in Format3 RMD Field0 is also set to one.

The Start ECC block address of pre-recorded/embossed Middle Area on Layer 1 field indicates the start ECC
block address of pre-recorded/embossed Fixed Middle Area on L1. When the bit 2 of Pre-recorded/Embossed
information code field is set to one, this field value is 023573h (for 120 mm disc) or 00D4D6h (for 80 mm disc). In this
case, the bit 2 of the Pre-recorded/Embossed information code field in Format3 RMD Field0 is also set to one.

The Start ECC block address of pre-recorded/embossed Lead-out Area field indicates the start ECC block address
of pre-recorded/embossed Lead-out. When the bit 3 of Pre-recorded/Embossed information code field is set to one,
this field is Y-1, where Y is the Last address of Data Recordable Area on L1 specified in Pre-pit information. In this
case, the bit 3 of the Pre-recorded/Embossed information code field in Format3 RMD Field0 is also set to one.

The RMD Block Group Information (RBG Information) field is structured as Table 131. This field shall be used when
RMD blocks are recorded sequentially with same contents. The RMD blocks that are recorded sequentially with the same
contents (except RBG Number field) is referred to as RMD Block Group. The RMD blocks of RMD Block Group have
the same RBG Length value. The RBG Number value starts from 1 and is increased by 1 up to RBG Length value in
the RMD blocks of RMD Block Group. On DVD-RW DL media, an RMD is recorded as RMD Set that consists of five
RMD blocks. Therefore the RBG Length field is set to 5 and the RBG Number field is incremented from 1 to 5 in an
RMD Set.

Table 131 - RBG Information field definition

RBG Number RBG Length
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4.21.7.2 Format 2 RMD Fieldl
The Format 2 RMD Fieldl contains pointer to the start address of the Format 3 RMD Set in the same RMA Segment.

Table 132 - Format 2 RMD Fieldl

Bit
Byte 7 (1 5 4 3 2 | 0

0-3 Update Counter

4-7 Format 3 RMD Set pointer

8-15 Reserved
16 RSDS #8 RSDS #7 RSDS #6 RSDS #5 RSDS #4 RSDS #3 RSDS #2 Reserved
17 RSDS #16 | RSDS#15 | RSDS#14 | RSDS#13 | RSDS#12 | RSDS #11 RSDS #10 RSDS #9
18 RSDS #24 | RSDS#23 | RSDS#22 | RSDS #21 RSDS #20 | RSDS#19 | RSDS#18 | RSDS #17
19 Reserved RSDS #28 | RSDS#27 | RSDS#26 | RSDS #25

20-2 047 Reserved

The Update Counter field contains the number of times to which this RMD Set is rewritten. The initial value of this
field is 0. The value of this field shall be incremented by 1 when this field is rewritten. The value is taken over and is
also incremented when the RMA Segment that is used to record RMD Set is changed. This value is used to determine

which RMA Segment is current.
The Format 3 RMD Set pointer field contains pointer to start address of the latest Format 3 RMD Set in this RMA
Segment. The indicated RMD Set contains Format 3 RMD blocks.

The RMA Segment Defect Status (RSDS #n) bit indicates whether the Format 3 RMD Set in the RMA Segment is
defective or not. If set to 1, the RMD Set #n of the RMA Segment is defective (EDC error occur in at least 3 RMD
blocks of an RMD Set). Otherwise the RMD Set #n of the RMA Segment is non-defective.

4.21.7.3 Format 2 RMD Field?2 to Field14

The Format 2 RMD Field2 through Field14 are reserved and set to all 00h.
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4.21.7.4 Format 3 RMD Fieldl

The Format 3 RMD Fieldl contains some logical units and OPC related information as defined in Table 133.

Table 133 - Format3 RMD - Fieldl

Drive manufacturer ID #1

0-31
32-47 Serial Number #1
48-63 Model Number #1
64-71 2x-speed Write Strategy code for Layer 0 #1
72-79 Reserved
80-83 Recording power #1
84-91 Timestamp #1
92-95 Power Calibration Address #1
96-107 Running OPC Information #1
108-117 2x-speed Write Strategy code for Layer 1 with 2T-multi-pulse #1
118-125 2x-speed Write Strategy code for Layer 1 #1
126-127 Reserved
384-415 Drive manufacturer ID #4
416-431 Serial Number #4
432-447 Model Number #4
448-455 2x-speed Write Strategy code for Layer 0 #4
456-463 Reserved
464-467 Recording power #4
468-475 Timestamp #1
476-479 Power Calibration Address #4
480-491 Running OPC Information #4
492-501 2x-speed Write Strategy code for Layer 1 with 2T-multi-pulse #4
502-509 2x-speed Write Strategy code for Layer 1 #4
510-511 Reserved
512-2 047 Reserved

4.21.7.5 Format 3 RMD Field2

The Format 3 RMD Field2 contains user specific data as defined in Table 56 - Format 1 RMD - Field 2 (User specific

data) on page 153.
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4.21.7.6 Format 3 RMD Field3

The Format 3 RMD Field3 contains RZone and Layer jump recording related information and shall be recorded as
shown in Table 134. There is only one RZone on a disc. This Field also contains the information of the format operation.

Table 134 - Format 3 RMD Field3

Format Operation Code
1 Reserved
2-5 Format Information1
6-9 Format Information2
10-255 Reserved
256-257 Last RZone Number
258-261 Start PSN of RZone
262-265 End PSN of RZone
266-511 Reserved
512-515 Layer Jump PSN on Layer 0
516-519 Last recorded PSN
520-523 Previous Layer Jump PSN on Layer 0
524-525 Jump interval
526-527 Reserved
528-531 Outermost PSN of the recorded area with data area attribute on Layer 0
532-535 Outermost PSN of the recorded area with data area attribute on Layer 1
536-2 047 Reserved

The Format Operation Code field contains the format operation code as defined in Table 135.

The Format Information1 and the Format Information2 fields contain the information related with the Format

Operation Code as defined in Table 135.

Table 135 - Format Operation Code, Format Informationl and Format Information2 fields definition

Form . 3
0 E.It Format Informationl Format Information2 .
Operation a a Format operation
Code? field field
00h Reserved Reserved No format operation is in progress.
01h Start PSN®® Number of ECC blocks? | Full Format
02h Start PSN® Number of ECC blocks Grow Format
03h Reserved Reserved Reserved
04h Start PSNP Number of ECC blocks Quick Grow Format
05h Start PSNP® Number of ECC blocks Quick Format
06h Start PSNP Marker PSN! Close Intermediate state
07h Start PSNP End PSN& Fast Re-format
others Reserved Reserved Reserved

a. At the completion of the format operation, these field shall be set to 00h.
b. Start PSN contains the PSN of the first sector of the ECC block where the specified format operation is started.
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c. In case of Full Format operation, this field is set to 024440h when NBCA is not allocated or 02D5B0h when
NBCA is allocated.

d. Number of ECC blocks contains the value that is the number of user data ECC blocks to be formatted by the spec-
ified format operation.

e. In case of Quick Format operation, this field is set to the first PSN of RW-Physical format information zone and
is set to 2E400h.

f. Marker PSN contains the PSN of the last sector of the ECC block where the close operation on L0 is finished (Out-
ermost PSN of Shifted Middle Area or Fixed Middle Area on LO).

g. End PSN contains the end PSN of the specified format area for this format operation.

The Last RZone Number field contains the last RZone number of the medium. This field shall be set to 1h.
The Start PSN of RZone field contains the PSN of the start block of the RZone. This field is set to 30000h.

The End PSN of RZone field contains the PSN of the last block of the RZone. When a disc is in Intermediate state, this
field should be updated at appropriate period. If this field contains 0, this field is invalid.

The Layer Jump PSN on Layer O field contains the PSN of the Layer Jump Address on LO. When Jump interval is
specified, this field contains a PSN that is calculated from the Jump interval field. Neither the End PSN of LO nor the
Start PSN of the Middle Area - 1 is set to this field as a Layer Jump Address. If no Layer Jump Address is specified,
this field is set to 00h. When the Active LJB has been fully recorded, this field is set to 00h.

The Last recorded PSN contains the last recorded PSN of the host supplied data. The first byte of this field specifies
whether the address is located on LO or L1. See Table 136. The following 3 bytes contains the PSN. If these 3 bytes
contains 00h, this field is not valid. This field may not be correct due to the update condition of RMD.

Table 136 - The first byte of the Last recorded PSN field

Value Definition
00h LRA is located on LO
FFh LRA is located on L1
Others Reserved

The Previous Layer Jump PSN on Layer O field indicates the previous Layer Jump Address that is copied from the
Layer Jump PSN on Layer O field. The copy occurs when the Active LJB has been fully recorded.

The Jump interval field contains the Jump interval width that is specified by the number of ECC blocks on L1. The
Buffer Block is not counted as a interval.

The Outermost PSN of the recorded area with data area attribute on Layer 0 field indicates the outermost PSN of
the physically recorded area in the Data Recordable Area on LO. All blocks in the Data Recordable Area on L0 located
inner radius than this PSN is recorded with Area Type field set to Data Area. Outermost PSN of the recorded area
with data area attribute on Layer O may not be updated to the latest value. If a logically recorded block exist outer
than Outermost PSN of the recorded area with data area attribute on Layer 0, the outermost logically recorded
block on Layer 0 shall be considered as Outermost PSN of the recorded area with data area attribute on Layer 0.

The Outermost PSN of the recorded area with data area attribute on Layer 1 field indicates the outermost PSN of
the physically recorded area in the Data Recordable Area on L1. All blocks in the Data Recordable Area on L1 located
inner radius than this PSN is recorded with Area Type field set to Data Area. If one or more logically recorded blocks
exist outer adjacent to Outermost PSN of the recorded area with data area attribute on Layer 1, the outermost
block of the recorded LBA Extent which include Outermost PSN of the recorded area with data area attribute on
Layer 1 shall be considered as Outermost PSN of the recorded area with data area attribute on Layer 1.
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4.21.7.7 Format 3 RMD Field4 to Fieldl2
Format 3 RMD Field4 through Field12 contains the Defect Status Bitmap.

Table 137 - Format 3 RMD Field4

Bit
Byte 7 6 5 4 3 2 1 0
0-3 PSN of previous Defect Status Bitmap RMD Set
4-7 Certification Start PSN
8-11 Certification End PSN
12 DS #8 DS #7 DS #6 DS #5 DS #4 DS #3 DS #2 DS #1
13 DS #16 DS #15 DS #14 DS #13 DS #12 DS #11 DS #10 DS #9
14 DS #24 DS #23 DS #22 DS #21 DS #20 DS #19 DS #18 DS #17
2 045 DS #16272 | DS#16271 | DS #16 270 | DS #16 269 | DS #16 268 | DS #16 267 | DS #16 266 | DS #16 265
2 046 DS #16280 | DS #16279 | DS #16 278 | DS #16277 | DS #16276 | DS #16 275 | DS #16 274 | DS #16 273
2 047 DS #16 288 | DS #16287 | DS #16 286 | DS #16 285 | DS #16 284 | DS #16 283 | DS #16 282 | DS #16 281

The PSN of previous Defect Status Bitmap RMD Set field contains start physical sector number of RMD Set that
contains previously generated Defect Status Bitmap. If this field contains 0, this field is invalid.

Note: When areas on different address range are certified, plural Format3 RMD Sets may be recorded with different
range of Defect Status Bitmap. On DVD-RW DL discs, when an address range more than Single Layer capacity is
requested to be certified, two or more Format3 RMD Sets need to be recorded to store the Defect Status Bitmap of
certified ECC blocks on the disc.

Certification Start PSN field contains the start sector number of the ECC block where the following Defect Status
Bitmap starts. If this field contains 0, this field and subsequent fields (Certification End PSN, DS #n) are invalid.

Certification End PSN field contains the end sector number of the ECC block where the following Defect Status

Bitmap ends.

DS #n bit may contain certification result of the ECC block #n. When DS #n bit is set to 0, indicate that the ECC block
has no defect and is able to read and write the block safely (no EDC error occurs in the ECC block). When DS #n bit is
set to 1, indicates that the ECC block has defect and might not be able to read and write the block safely (an EDC error

occurs in the ECC block).

Table 138 - Format 3 RMD Field5 - Fieldl2

0 DS #(n+7) | DS#(n+6) | DS#(n+5) | DS#(n+4) | DS#(1n+3) | DS#(n+2) | DS #(n+1) DS #n
1 DS #(n+15) | DS #(n+14) | DS #(n+13) | DS #(n+12) | DS #(n+11) | DS #(n+10) | DS #(n+9) | DS #(n+8) I
2 046 IDS #(n+16 375)|DS #(n+16 374)|DS #(n+16 373)|DS #(n+16 372)DS #(n+16 371)|DS #(n+16 370)|DS #(n+16 369)|DS #(n+16 368]
2047 IDS #(n+16 383)(DS #(n+16 382)|DS #(n+16 381)|DS #(n+16 380)(DS #(n+16 379)|DS #(n+16 378)|DS #(n+16 377)|DS #(n+16 376‘
4.21.7.8 Format 3 RMD Fieldl3
The Format 3 RMD Field13 contains drive specific information. The definition is the same as defined in
4.18.6.2.6, "Format 1 RMD Field 13" on page 215.
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4.21.7.9 Format 3 RMD Fieldl4

Format 3 RMD Field14 specifies versatile information of a disc and logical unit. The definition is the same as defined in
Table 139.

Table 139 - Format3 RMD - Fieldl4
Bit

Byte 7 (1 5 4 3 2 | 0
0-8 Reserved
9-12 Testing address of Inner Disc Testing Area on Layer 0
13-16 Testing address of Inner Disc Testing Area on Layer 1
17-20 Testing address of Outer Disc Testing Area on Layer 0
21-24 Testing address of Outer Disc Testing Area on Layer 1
25-28 Testing address of optional Inner Disc Testing Area on Layer 1
29-2 047 Reserved

4.21.8 Formatting

The Blank state DVD-RW DL medium is treated as Incomplete disc with NWA=0 as described in Section 4.21.3.3. But
if the host needs to format the medium in the other format type, FORMAT UNIT command is required to be issued in
advance to start recording.

DVD-RW DL media do not support Multi-border structure. Therefore format operation of Add Session/Border format
and Quick Add Border format are not supported. The DVD-RW DL supports following format operations.

1. Full format operation (Format Type = 00h, 10h)

2. Grow format operation (Format Type = 11h)

3. Quick Grow format operation (Format Type = 13h)

4. Quick format operation (Format Type = 15h)

5. DVD-RW Fast Re-format operation (Format Type = 18h)

4.21.8.1 Faster formatting mechanism

Faster formatting is defined as a formatting method to make the disc be usable as randomly writable.

Formatting for some types of media is to write data to all the blocks within the requested region to be formatted in Data
Area to make the region be readable by the read-only devices. For such a media type, making all blocks on LO and the
corresponding area on L1, in case of Dual layer disc, be recorded may be the minimum and enough required action to the
formatting. If a block has already been physically recorded before formatting, the block is not necessary to be written
again during formatting. To do so, a mechanism to recognize where has been recorded by the user data is necessary.

DVD-RW DL physical specification achieves this Faster formatting mechanism by adopting the information of OR0
field and the ORI field in RMD. The area between the address specified by the ORO field and the start address of Data
Recordable Area is guaranteed to be physically recorded with Area Type field set to Data Area. The area between the
address specified by the OR1 field and the end address of Data Recordable Area is guaranteed to be physically recorded
with Area Type field set to Data Area. These address information may be registered in the Format3 RMD Field3 when
RMD is updated. A formatting process can be shortened because the writing operation during formatting is not necessary
on the area that is inner radius indicated by ORO field and ORI field.

As an additional effect of Faster formatting method, the recorded data in Data Recordable Area with Area Type field set
to Data Area before formatting can be preserved. This mechanism may be useful for some kinds of application.

All the other usage of FORMAT UNIT command except Fast Re-format (Format Type = 18h) is same as DVD-RW SL
disc. See 4.20.10, "Formatting" on page 244.
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Since updating of ORO field and ORI field is optional, the logical unit shall ensure these field values are correct by the
time when those are used. Also it is recommended that the logical unit should update these field values when RMD is
updated.

4.21.8.2 Full format

This function is applicable to any RZone conditions and any physical disc states.

This function is used to generate an RZone in Contiguous condition and to make the physical disc state be in Complete
state.

The logical unit shall apply Faster formatting mechanism to this function by using ORO field and ORI field. Before
using those fields, the value shall be updated to the current values. All the physically unrecorded blocks included in the
area to be formatted and in the corresponding area on Layer 1 shall be padded during the format process. Areas between
Lead-in and ORO and between Lead-out and OR1, and Intermediate Marker are not necessary to be padded. See

Figure 112.

The Middle Area shall be recorded at or outer than the outer end of the formatted area. The location may be vary
according to the implementation. See Figure 113.

When this function is started, Format Operation Code field in Format 3 RMD shall be set to 01h. Format
Information1 field shall be set to 024440h when NBCA is not allocated or 02D5B0h when NBCA is allocated. Format
Information2 field shall be set to the number of ECC blocks in Data Recordable Area to be formatted. Upon completion
of this format operation, all those fields shall be set to zero.

Original condition
Lead-out Area ERZ ORI LRA Fixed MA
Lo l———
Layer 1
Layer 0 N
— > ' -————
Lead-in Area PLIAJ | ORO, LIA /| | Fixed MA
| I
Full formatting is requested | | |
Layer 1 | % %
Layer 0 | | Iﬁ .
Format Information1 F01:rmat Informat%on2 = hOﬁt r|equested size
|
. | | I |
After Full formatting
| | || ORI |
| Eadded | I |
| |
Layer 1 | ] % |
Layer 0 |
padded \
MDA, MDO, OR0
Recorded with Recorded with Recorded with Recorded with Physically
Lead-in attribute D Lead-out attribute Data attribute Middle Area attribute D unrecorded
Intermediate Logically m Buffer
.
Marker D unrecorded // Block
Figure 112 - Example of Full Format operation
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Original condition
Lead-out Area ERZ ORI LRA Fixed MA
- -~
Layer 1
Layer 0 [ ]
— D
Lead-in Area PLIA/ ORO.LJA /- Fixed MA
|
Full formatting is requested |
Layer 1 |
Layer 0 Y I
Host request&lzd ste |
|
After Full formatting | |
Case 1 or1 | | :
|
Layer 1 | [ ] |
Layer 0 | ]
MDA, MD0, ORO /|\SMAP ™ Shifted MA
| |
Case 2 o OR1 |
| |
Layer 1 | [ ]
Layer 0 | ] [
MDA, MDO /l\sMAP ORO/, Shifted MA
Recorded with D Recorded with Recorded with Recorded with D Physically
Lead-in attribute Lead-out attribute Data attribute Middle Area attribute unrecorded
Intermediate Logically m Buffer
.
Marker D unrecorded % Block
Figure 113 - Example allocation of the Middle Area

4.21.8.3 CD-RW DVD-RW Full format

In case of DVD-RW DL media, Faster formatting mechanism is defined as a default formatting method because it is the
most useful formatting method. But from the data security point of view, the recorded user data must be overwritten
through a formatting. For such a purpose, this function is used as the full overwrite formatting.

The logical unit shall pad all the blocks within the area to be formatted during this format operation.

When this function is started, Format Operation Code field in Format 3 RMD shall be set to 01h. Format
Information1 field shall be set to 024440h when NBCA is not allocated or 02D5B0h when NBCA is allocated. Format
Information2 field shall be set to the number of ECC blocks in Data Recordable Area to be formatted. Upon completion
of this format operation, all those fields shall be set to zero.

4.21.8.4 Quick Grow format

Quick Grow format is used to change the disc stated from Complete disc state to Intermediate disc state.

If the RZone is in Contiguous condition, the logically recorded area can be expanded by this format operation by padding
the requested size.
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If the padding operation is necessary, Format Operation Code field in Format 3 RMD shall be set to 04h, when the
padding is started. Format Information1 field shall be set to MDA + 1. Format Information2 field shall be set to the
number of ECC blocks in Data Recordable Area to be expanded. Upon completion of this format operation, all those

fields shall be set to zero. See Figure 114.

Original condition

Lead-out Area ORI Fixed MA
> ——————
Layer 1
Layer 0
B l——————
Lead-in Area MDO, MDA/|\SMAP ORO | Fixed MA

|
Requested size to be expand and RMD setting

Format Information2 = Requested size

Layer 1
Layer 0

;\Format InformPtionl

|
Setting of RMD parameters after formatting|

|
ORI

Layer 1
Layer 0

Recorded with
Lead-out attribute

Recorded with
Lead-in attribute

Intermediate
Marker

Logically

]

unrecorded

Figure 114 - Example of Quick Grow Format operation - Case 1

padded I
ERZ, LRA
ORO
Recorded with Recorded with Physically
Data attribute Middle Area attribute D unrecorded
wy Buffer
P
% Block

If the RZone is in Non-contiguous condition, the logically recorded area is not allowed to be expanded. Padding is not
necessary to the physically recorded blocks. The shape of the logically recorded area(s) shall not be changed through this

operation. See Figure 115.
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Layer 1
Layer 0

Requested

Layer 1
Layer 0

Original condition

Lead-out Area MDA

Fixed MA
-—————

MDO

OR1
Lead-in Area ORO/\SMAP
|

size to be expand and RMD setting | E ¢ Inf o2
ormat Informationz = Z€ro

-~
Fixed MA

|
|
|
| Format Information1

Setting of RMD parameters after formatting |

ERZ,LRA
Layer 1 |
Layer 0 |
Recorded with Recorded with Recorded with Recorded with D Physically
Lead-in attribute Lead-out attribute Data attribute Middle Area attribute unrecorded
Intermediate Logically 7 Buffer
/
Marker D unrecorded /% Block
Figure 115 - Example of Quick Grow Format operation - Case 2
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4.21.8.5 Grow format

Grow format is used to expand the logically recorded area of the disc in Complete state. The formatted disc shall still be
in Complete state.

If the RZone is in Non-contiguous condition, this operation is not applicable.

The logically recorded area can be expanded by this format operation by padding the requested size. Padding is not
necessary to the physically recorded blocks.

If the padding operation is necessary, Format Operation Code field in Format 3 RMD shall be set to 02h, when the
padding is started. Format Information1 field shall be set to MDA + 1. Format Information2 field shall be set to the
number of ECC blocks in Data Recordable Area to be expanded. Upon completion of this format operation, all those
fields shall be set to zero.

Original condition
OR1

Lead-out Area Fixed MA
> l———————
Layer 1
Layer 0
—_—> ———
Lead-in Area MDO, MDA/|\SMAP ORO | Fixed MA

| |
Requested size to be expand and RMD setting |

Format Information2 = Requested size

Layer 1 |
Layer 0 |

| |
Setting of RMD and RW-Physical format inf?rmation par&'rmeters after form?tting

’\Format Inform.lationl
T

padded
|
Layer 1 |
Layer 0 |
padded SMAP
MD0, MDA, OR0, ERZ / |
T
Recorded with Recorded with Recorded with Recorded with Physically
Lead-in attribute Lead-out attribute Data attribute Middle Area attribute D unrecorded
Intermediate Logically m Buffer
|
Marker D unrecorded /% Block

Figure 116 - Example of Grow Format operation
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4.21.8.6 Fast Re-format
Fast Re-format method is newly defined for DVD-RW DL media.

This function is applicable to any RZone conditions and any physical disc states.

This function is used to generate an RZone in Contiguous condition and to make the physical disc state be in Complete
state. The difference from the Full format function is that the logical unit shall guarantee to preserve the preciously
logically recorded user data with is the area to be formatted.

The logical unit shall apply Faster formatting mechanism to this function by using ORO field and ORI field. Before
using those fields, the value shall be updated to the current values. All the physically unrecorded blocks included in the
area to be formatted and in the corresponding area on Layer 1 shall be padded during the format process. Areas between
Lead-in and ORO, between Lead-out and OR1 shall not be padded. If logically recorded area on Layer 1 exists outer than
ORI, see Table 117, and a part of or all of the blocks in the area is included in the area to be formatted, the blocks shall
not be padded, too. Intermediate Marker is not necessary to be padded. See Figure 112.

The Middle Area shall be recorded at or outer than the outer end of the formatted area. The location may be vary
according to the implementation. See Figure 113.

When this function is started, Format Operation Code field in Format 3 RMD shall be set to 07h. Format
Information field shall be set to the next PSN of the end of the first logically recorded area of the disc. Format
Information2 field shall be set to the end PSN of the area to be formatted. Upon completion of this format operation, all
those fields shall be set to zero.

The recommended formatting procedure of the Fast Re-format is as follows;

*  Step 1: To make sure the recorded ORO field and OR1 field point the correct location. If those are not the correct
location, those fields shall be updated.

e Step 2: To pad the area between two logically recorded areas on Layer 1, if those exist and outer one of the areas is
located outer than OR1.

e Step 3: To pad from ORO to EDO, then to pad from EDO to OR1. To record Lead-in Area, Lead-out Area and Middle
Area in this step.

e Step 4: To update the RMD and RW-Physical format information.

This is one of the procedure to achieve the stopping function for this format operation. See Section 4.21.8.7.
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Original condition

Lead-out Area ERZ ORI LRA Fixed MA
- l—————
Layer 1
Layer 0 [ ]
R / ——————
Lead-in Area PLIA ORO, LJA Fixed MA

Requested size and setting of RMD Format Information2 = the end address of the requested area

Layer 1 |
Layer 0 Y =

Requeste d| size Format Informationl = the start
ane | address to be padded

Format operation
Step 1: To pad the physically unrecorded area Ebetween two logically recorded areas

padded

Layer 1 |
Layer 0 A |

OR1

Layer 1 |
Layer 0 Y |

ORO, LJA

|

] |

PLJA | |
|

Step 3: To pad the remaining area to be formatted and record Lead-in Area, Lead-out Area
and Middle Area

padded
Layer 1 | % %
Layer 0 ‘\
N\ recorded padded recorded

Step 4: To update RMD and RW-Physical format information

MDA, ERZ OR1
Layer 1 | %
Layer 0 |
MDO, ORO /\SMAP
Recorded with D Recorded with Recorded with Recorded with D Physically
Lead-in attribute Lead-out attribute Data attribute Middle Area attribute unrecorded
Intermediate Logically 7 Buffer
|
Marker D unrecorded /% Block

Figure 117 - Example of Fast Re-format operation - Case 1
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Original condition
Lead-out Area ERZ ORI LRA Fixed MA
- -~
Layer 1
Layer 0 [ ]
— / D
Lead-in Area PLIA ORO, LIA Fixed MA
Requested size and setting of RMD
Requested size
Layer 1 | ’ % ' % 7
Layer 0 Y |= | i
Format Information2 = Format Informatiqml
Format Information] - 1 | |
Result of formatting - type 1 : |
el |
Typ OR1 | |
|
Layer 1 | i
Layer 0 | [
MDO, MDA, ORO, ERZ  /\SMAP |
|
|
e 2 |
Typ | ORI |
|
Layer 1 |
Layer 0 |
MDO, MDA, ERZ ASMAP ORO
Recorded with D Recorded with Recorded with Recorded with D Physically
Lead-in attribute Lead-out attribute Data attribute Middle Area attribute unrecorded
Intermediate Logically 7 Buffer
.
Marker D unrecorded /% Block
Figure 118 - Example of Fast Re-format operation - Case 2

4.21.8.6.1 Reported Formattable Capacity

The Number of Blocks field of the first DVD-RW Fast Re-format Formattable Capacity Descriptor reported by READ
FORMAT CAPACITIES command shows the capacity of the quickest formatting of the mounted disc. The capacity
shall be reported according to the following formula with one exception;

Number of Blocks = Capacity of the Max(35mm - Middle Area size, Min(OR0, OR1)).

When both OR0 and OR1 indicate EDO, in other word, all the blocks in Data Recordable Area on both layers are
physically recorded, the Number of Blocks field shall be set to the maximum capacity of the disc. See Figure 119.

The Number of Blocks field of the second DVD-RW Fast Re-format Formattable Capacity Descriptor reported by
READ FORMAT CAPACITIES command shows the maximum capacity of the mounted disc. If all the blocks on both
layers are physically recorded, Number of Blocks fields of the first Descriptor and the second Descriptor report the
same value.
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Case 1
ORI1
Lead-out Area Fixed MA
Layer 1
Layer 0 N
4><—F> -————
Lead-in Area t ORO Fixed MA
35 mm in radius ﬁ ™1™ Size for shifted MA
eported size in Number of Blocks field
Case 2
ORI1
Layer 1
Layer 0 N
Reported size in Number of Blocks field
Case 3
ORI1
Layer 1 |

B
Layer 0 N

. ORO
Reported size in Numbeér of Blocks field —
Case 4
OR1
<
Layer 1 E
Layer 0 N\ .
>
. ORO
Reported size in Number of Blocks field
Recorded with Recorded with Recorded with Recorded with D Physically
Lead-in attribute Lead-out attribute Data attribute Middle Area attribute unrecorded
Intermediate Logically 7 Buffer
.
Marker D unrecorded // Block

Figure 119 - Example of the reported Number of Blocks for Fast Re-format

The host can select the Number of Blocks field value in the Format Descriptor of FORMAT UNIT command to its

desired value. But it is recommended to set to the value reported by the Number of Blocks field in the first descriptor of
this Format Type returned by READ FORMAT CAPACITIES command to minimize the formatting time.
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4.21.8.7 Stop Format operation

The format operation of the DVD-RW DL disc may take a long time. In the case of the Blank state disc, Full Format
operation takes about 1 hour in 2x-speed writing. To stop the operation, the CLOSE TRACK/SESSION command with
Close Function = 000b is newly defined. The logical unit shall stop the format operation if the stop function is
supported for the executing format operation.

If the executing format operation requires the data preservation, i.e. Grow format Quick Grow format and Fast Re-
format, some post-processing, e.g. recording Intermediate Marker, updating RMD, is necessary. The disc may become
Intermediate state. Disc Status field shall be set to 12h or 13h appropriately. Format Operation Code field, Format
Information1 field and Format Information2 field shall be set to zero. The parameters to specify the RZone shape
should be updated to reflect the finished format operation. The recorded user data outside the area to be formatted may
become inaccessible. If the logical unit fails to update the post-processing, the logical unit shall terminate the command
with the CHECK CONDITION Status. 3/31/01 FORMAT COMMAND FAILED error may be reported.

If the executing format operation does not require the data preservation, i.e. Full format, CD/RW DVD/RW Full format
and Quick format, post-processing is not necessary. But in this case, the disc may be inaccessible unless the disc is
formatted again.

If the logical unit cannot stop the executing format operation according to the above rules, the logical unit shall terminate
the command with CHECK CONDITION Status, 5/24/00 INVALID FIELD IN CDB.

4.21.9 Closing on DVD-RW DL discs

4.21.9.1 Disc closing

To change the disc state from the Intermediate state to the Complete state, CLOSE TRACK/SESSION command with
Close Function = 010b is used. This operation is a kind of disc closing for DVD-R. A Lead-in Area, Lead-out Area and
Middle Area shall be recorded if they are not recorded yet. See Figure 120.

By closing the disc, ERZ field in RMD shall not be changed and shall be copied to SMAP field in RW-Physical format
information. If ERZ does not reach to EDA, the area between those is logically unrecorded area. See case 3 in
Figure 120.

All the Layer jump recording related fields, i.e. LJA field, PLJA field and JI field, shall be reset to zero. See case 1 in
Figure 120. If no layer jump has occurred, the RZone become Contiguous condition. See case 2 in Figure 120.

It is possible to close the disc in non time-consuming way. For example, if all areas of a disc are already recorded and the
disc is Quick formatted with user data size = 0, the NWA appears at LBA 0. When a host writes some amount of data on
this medium from the NWA and then the host requests to close the medium, the logical unit needs not write an actual
Shifted Middle Area just after the written host data. In this case, the logical unit may check the existence of Middle Area
at ORO by referring the bit 4 of the Pre-recorded/Embossed information code in the Format 3 RMD FieldO. If there
is a Middle Area at ORO and the ORO is located outer than the area where the Shifted Middle Area is to be located, new
Middle Area inner than the recorded Middle Area shall not be recorded. See case 3 in Figure 120. If there is no Middle
Area at ORO and the ORO is located outer than the area where the Shifted Middle Area is to be located, then Middle Area
may be recorded from the ORO + 1. In both cases, the logical unit shall store the original Shifted Middle Area start
address into the SMAR field of Format 3 RMD FieldO and the SMAP field of Table 40 - DVD-RW DL Ver. 2.0 unique
part of RW-Physical format information on page 108.
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Case 1
Before closing
Lead-out Area ERZ Fixed MA
> -~
Layer 1 % !
Layer 0 L r '
-~
Lead-in Area PLIA / LRA - LA | SMAR Fixed MA
After closing MDA, ERZ :
Layer 1 |
Layer 0 |
SMAP MDO
Case 2
Before closing
Layer 1 |
Layer 0 L ]
LRA, ERZ ORO/|
After closing |
Layer 1 |
Layer 0 |
MDO, MDA, ERZ ORO SMAP
Case 3
Before closing LRA, ERZ
o
Layer 1 | %
Layer 0 ]
LJA | ORO
After closing MDA, ERZ
/ |
Layer 1 | ‘
Layer 0 |
\ SMAP  ORO MDO,
Recorded with D Recorded with Recorded with Recorded with D Physically
Lead-in attribute Lead-out attribute Data attribute Middle Area attribute unrecorded
Intermediate Logically 7 Buffer
Marker D unrecorded // Block
Figure 120 - Example of Disc Closing
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4.21.9.2 LJB closing

LJB closing is used to reset the set LJA and/or JI fields. The CLOSE TRACK/SESSION command with Close Function
= 001b is newly defined for this purpose.

If the RZone is in Contiguous condition and LRA is on L0, the logical unit shall pad all the physically unrecorded blocks
exist between LRA and EDA, and shall keep them logically unrecorded. If the RZone is in Contiguous condition and
LRA is on L1, the logical unit shall pad all the physically unrecorded blocks exist between LRA and EDA, and shall
keep them logically unrecorded. LRA, ERZ, MDO and MDA shall never be changed.

If the RZone is in Non-contiguous condition but LRA is inner than EDA, the logical unit shall terminate the command
with CHECK CONDITION Status, 5/24/00 INVALID FIELD IN CDB.

If the RZone is in Non-contiguous condition, LRA is on L0 and is outer than or equal to EDA, the logical unit shall
make all the blocks between Lead-in Area and LRA, and between LRA and Lead-out Area be logically recorded. If
physically unrecorded blocks exists in that regions, the logical unit shall pad all of that blocks. LRA field value shall be
copied to PLJA. LRA, ERZ and MDA fields shall point the location of EDA, LJA and JI fields shall be set to zero.
NWA shall point the location pointed by PLJA field + 17 if PLJA is not zero, otherwise, NWA is not valid.

If the RZone is in Non-contiguous condition and LRA is on L1, the logical unit shall make all the blocks between Lead-
in Area and LJA (if LJA is zero, then EDO instead), and between LJA or EDO and Lead-out Area be logically recorded. If
physically unrecorded blocks exists in that regions, the logical unit shall pad all of that blocks. LJA field value shall be
copied to PLJA. LRA, ERZ and MDA fields shall point the location of EDA, LJA and JI fields shall be set to zero.

NWA shall point the location pointed by PLJA field + 17 if PLJA is not zero, otherwise, NWA is not valid.

4.21.9.3 Stop Close operation

The disc close and LIB closing operation of the DVD-RW DL disc may take long time. In the case that the Layer O is
fully logically recorded and Layer 1 is fully physically unrecorded, the Close operation takes about 30 minutes in 2x-
speed writing. To stop the operation, the CLOSE TRACK/SESSION command with Close Function = 000b is newly
defined. The logical unit skall stop the Close operation if the stop function is supported for the executing Close
operation. When the Close operation is stopped, RMD shall be updated.

When the Close operation is stopped, the physical disc state may be in Intermediate state, all Format Operation Code
field, Format Information1 field, and Format Information2 field in Format 3 RMD shall be reset to 00h, and all the
logically recorded data shall still be readable. The Intermediate Marker shall be re-recorded at the original location if the
physical disc state is in Intermediate state and the Intermediate Marker has been overwritten during the Closing
operation. In this case, all the fields in Format 3 RMD to specify the RZone structure, i.e. SRZ field, ERZ field, LJA
field, LRA field and PLJA field shall be preserved.
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4.22 Recording for DVD-Download disc

The concepts of recording media with CSS encryption are designed to be identical to the methods used by the drive and
host for non-CSS media, with a minimal set of commands inserted to modify the encryption status of the sectors which
are to be recorded.

4.22.1 The basics for DVD-Download Disc for CSS Managed Recording

DVD-Download disc is developed to provide CSS Managed Recording with the same capacity as DVD-ROM/-R Single
Layer/Dual Layer disc. The major characteristics of DVD-Download disc are as follows.

e The physical structure of DVD-Donwload disc is similar to the DVD-R media.

e Lead-in area except Buffer Zone 2 of DVD-Download SL Rev. 1 disc is pre-recorded. See Figure 15 - Data structure
of Lead-in Area on page 96. The first sector of the Buffer zone 2 is Linking sector.

*  There is no RMA and no R Physical Format Information zone.
e Middle area address of DVD-Download DL media is pre-recorded. Therefore layer jump address is fixed.

There are 3 specifications for DVD-Download disc.

1. DVD-R for General Optional Specification: DVD Download Disc for CSS Managed Recording (DVD-
Download) Revision 1.0 [single layer]

2. DVD Specifications for DVD Download Disc for CSS Managed Recording (DVD-Download) Par t 1
PHYSICAL SPECIFICATIONS Versionl1.0 [single layer]

3. DVD Specifications for DVD Download Disc for Dual Layer (DVD-Download for DL) Part 1 PHYSICAL
SPECIFICATIONS Version 2.0 [dual layer]

Note: No.l and No.2 specifies DVD-Download Single Layer disc. No.2 is minor version change from No.l. After No.2
has been released (it may be September 2008), disc manufacture and drive manufacture cannot take a verification
examination of DVD Forum for new product by No.l specification.

Table 140 shows the comparison chart of some parameters between different versions of DVD-Download disc format
and DVD-ROM/-R media.

Table 140 - Comparison of DVD media format

DVD Version | DVD-Download | DVD-Download DVD-R for DVD-ROM
Characteristics Rev 1.0 Ver 1.0/2.0 General SL/DL SL/DL
Capacity per side (120 mm) 4,7 gbytes® 4,7/8.54 gbytes® 4,7/8.54 gbytes® max. 4,7/8.5 gbytes®
Channel bit length (um) 0,133 0,133/0.147 0,133/0.147 0,133/0.147
Track pitch (um) 0,74 0,74 0,74 0,74
Number of Layers per side 1 172 172 172
Data Type bit always 0 always 0 0/1° always 0
Lead-in area pre-recorded till Control Data zone antrol Data zone embossed

Buffer Zone 2 is pre-recorded is pre-recorded
Disc indicator field value 0100b 0101b not defined not defined
R Physical Information zone not defined not defined defined -
RMA not defined not defined defined -
f(:lnfier zone 2/ Extra Border Bufter zone 2 Buffer zone 2 Extra Border zone embo;gi: 123uffer
Standard recording speed 2x to 8x 2x to 8x 1% to 16x°¢ -

a. gbytes = 1000 x 1000 x 1000 bytes
b. Refer to Table 14 - Data Type bit definition on page 95
c. Specified by Optional Specification.
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4.22.2 Associated Profile and Feature

When a recordable DVD-Download disc is installed in a logical unit, the logical unit reports the DVD-Download disc
recording Profile (0018h) in the Current Profile field of Table 339 - Feature Header on page 562.

4.22.3 Recording model

Disc-at-once recording of DVD-Download Disc for CSS Managed Recording media follows the same restrictions and
basic write methods as Disc-at-once recording of previous DVD-R SL media, including the 35mm minimum recorded
radius requirements. Sample sequence of disc-at-once recording for DVD-Download Disc for CSS Managed Recording
is as follows;

1. Host may check for presence of DVD-Download disc recording Profile (0018h) and DVD CSS Managed
recording Feature support via GET CONFIGURATION command.

2. Host sets the Write Type field in the Write Parameters mode page to disc-at-once.
In the case of DVD-Download DL disc writing, host may check Layer Boundary address by Layer Boundary
Information (Format Code = 20h) of READ DISC STRUCTURE command and RZone size by READ TRACK
INFORMATION command. Refer to note of this subsection.

Host authenticates and obtains BUS KEY via normal CSS methods.
Host reads Disc Key by normal CSS methods.

Host authenticates and obtains BUS KEY via normal CSS methods.

A

Host sends the Scramble Content Allocation information (Title Set Zone information and array of Start LBA /
LBA Count / CSS scrambled Title Key data by using the SEND DISC STRUCTURE command with Format
Code = 17h). The Scramble Content Allocation information shall be protected by the BUS KEY.

Host specifies user data size by using the RESERVE TRACK command.

8. Host issues WRITE (10) command starting from logical sector number 0.
The logical unit shall perform Optimum Power Calibration (OPC).
The logical unit shall start writing from the Lead-in through Data Recordable Area at this time.

9. Host issues WRITE (10) for remaining user sectors
If any sectors in WRITE (10) command exist in the LBA Extents with a Title Key the drive shall apply
appropriate CPR_MALI and title key settings for the sectors by checking user data.

10. The logical unit shall detect the final reserved user data has been recorded and begin writing the lead-out data
immediately without requiring further commands from the host.
e The logical unit shall accept and immediately complete any of the following commands if the
IMMED bit is set to one during the writing of the Lead-out:
¢ SYNCHRONIZE_CACHE

¢ CLOSE_TRACK (Track Number == 1)
¢ CLOSE_SESSION (Session Number == 1)

e Ifthe host sends these commands at this time, the logical unit shall continue the process of writing
the lead-out data without interruption.

Note: For DVD-Download DL disc, logical unit does not support Layer Jump recording. Therefore in the Track
Information Block, LIRS field is set to zero and Next Layer Jump Address field may be set to Zero.

4.22.4 CPR_MAI handling

Audiovisual data to be written on the DVD-Download disc is usually scrambled by CSS. Host sends scrambled
audiovisual data that is formatted into Pack(s) of DVD Video format. See Section 4.14, "DVD Video format information
for CSS Managed Recording" on page 113. Some data in Packs are scrambled. Some data in Packs are not scrambled.
Those Packs are formatted into VOB file(s). Host specifies the Scramble Content Allocation information that contains
the Title Set Zone information and the set of scrambled VOB file data location (Start LBA field, LBA Count field) and
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the CSS scrambled Title Key (CSS scrambled Title Key field) to be written in sector header to logical unit by SEND
DISC STRUCTURE command with Media Type = 0000b, Format Code = 17h. Only one Title Set Zone can exist on a
disc. All the Scramble Extents shall be allocated within the specified Title Set Zone without overlap.

The first 16-byte of the Scramble Content Allocation information specifies Title Set Zone information. One or more
Scramble Extent information entry may follow the Title Set Zone information. The logical unit shall accept minimum 15
locations data of the Scramble Extent information. The Scramble Content Allocation information (Title Set Zone and
Scramble Extent) shall be arranged to ECC boundary. Minimum one ECC block shall be located between two Scramble
Extents. See Figure 121.

Only one SEND DISC STRUCTURE command with Format Code = 17h is available before start of a Disc-at-Once
recording. The Scramble Content Allocation information sent by a SEND DISC STRUCTURE command with Format
Code = 17h will be replaced by the next SEND DISC STRUCTURE command with Format Code = 17h.

Title Set Zone
g L
Ist Entry 2nd Entry 14th Entry ~ 15th Entry
Title#1 Title#2 Title#14 Title#15
- - | - > - |
Lead| File system ! ! ! ! Lead
-in | VMGI VISL § g VIS2 | VTS14 I VIS15 other zone _out
Video title #1 > < Video title #2 >\
VTSI VTSI VTSI
VOB file(s) BUP IFO VOB file(s) BUP
Scramble Extent #1 minimum 1 ECC block Scramble Extent #2 ]
2nd entry N 3rd entry
' ECC block boundary
I VTSIIFO or VTSI BUP for Video title
|
D Padded area with null data in an ECC block to arrange the Scramble Extent to ECC block boundary
Figure 121 - Example of Scramble Content Allocation

The logical unit shall write the sector with appropriate values of CPM bit, CGMS field and bytes for Title Key in sector
header by referring the Scramble Content Allocation information and CP_SEC bit by referring the
PES_scrambling_control field in the user data. Table 141 explains the sector header value setting. See Section 4.14.2,
"Scrambled data indicators" on page 114 about field descriptions.
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Table 141 - Sector header value setting

Inside of Title Set Zone
. Outside of Inside of Scramble Extent
Field in sector header . Outside of
Title Set Zone ULSICEl0 " "
Scramble Extent PES_scrambling_ | PES_scrambling_

control = 00b constrol = 01b

CPM 0b 1b

CP_SEC 0b 0b | 0b | 1b

CGMS 00b 11b

Title Key 00 00 00 00 00h 00 00 00 00 00h | Specified value | Specified value
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5.0 HD DVD model

The HD DVD model is the description for the HD DVD media (HD DVD-ROM/-R/-RW/-RAM). See 2.2.82, "HD DVD
Standard" on page 62.

The HD DVD has many advantages over the existing CD and DVD technology. HD DVD Format is based on the current
DVD Format.

L]

L]

HD DVD-ROM is based on DVD-ROM.
HD DVD-R is based on DVD-R.

HD DVD-RW is based on DVD-RW
HD DVD-RAM is based on DVD-RAM.

5.1 HD DVD media description

HD DVD media can contain information on one side (Single Sided) or on both sides (Double Sided).
HD DVD-ROM/-R/-RW disc has two types of layer structure: Single Layer (SL) and Dual Layer (DL).

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. Layer on HD DVD-RAM contains a Double spiral track.

HD DVD-ROM DL discs have two types of track path: Parallel Track Path and Opposite Track Path. HD DVD-R DL
and HD DVD-RW DL discs have only Opposite Track Path.

One ECC block, having 75 712 bytes, consists of 32 sectors.
Addressing from the host is LBA (Logical Block Address) only.
When reading from LBA space, only user data is sent to the host after error correction from the logical unit.

Some data on HD DVD media is used only inside of the HD DVD logical unit and is not transferred to the host
computer. This is due in part because the Physical Addresses (PSN) that the HD DVD uses are not allowed across the
Interface.

The host Read & Write unit (User Data) is 2 Kilobytes (2 048 Bytes).
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5.1.1 HD DVD specifications
Table 142 specifies some HD DVD parameters.

Table 142 - General Parameters of HD DVD Discs

—_ — . — E % - _ -
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s 8|5 8| % g = = b & E 5 = — 2E | % = =
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el & s |5 |2 L= |2 2|8 |E|ES| 2|8
> =| 2 =| T = 2 = = 2 = 5 2 s les | 2 = =
3533 & |§ | = | & s | S | = g2 | 8 £ 22| 5 | 5 | Z
s 2|8 2 20 m o) = S B < Q Q g5 9 = S
g 5|s35| 8 5 2 = = ] = o o g = o 2 S
S < 2 s £ = = = 3 5 e > £ o
o] @) [} o) = g = o = O] = = g =
& z | & | & | & 5 5 |3 | 8 |8 § | 5 | ¢
B = © = s 3 2 s
HD DVD-ROMSL| 15 | 47
N/A
HD DVD-ROMDL| 30 | 94 A @ | @@ | ®
1o bvDRSL | 15 | 27 0,306 | 0,204 | 0,408 | 2,652 | 0,68 ~
~ 7,1 | 6,61
HD DVD-R DL =
0 %0 B ® | ® | ® | ®6 =
© 5 A) | A)
HDDVD-RWSL | 15 | 47 0,153 | 0,102 | 0,204 | 1,326 | 0,40 = | g
2 g 32,40 | 18,28
HDDVD-RWDL | 30 | 90 | ,s 2043 © E
p 171
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0,130 | 0,087 | 0,173 | 1,126 | (B) (B) ’
~ ~ ~ ~ | 034 6,0
6,03
0,140 | 0,093 | 0,187 | 1,213

a. (A): the System Lead-in Area, and the System Lead-out Area in Opposite Track Path (OTP) mode of DL discs.
b. (B): the Data Lead-in Area, Data Area, Data Lead-out Area, and Middle Area in Opposite Track Path (OTP) mode of DL discs.

3.2 Track structure

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

Figure 122 through Figure 130 show examples of LBA to Physical Sector Number translations for HD DVD media.
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System Lead-in Data Lead-in
Area Area
Connection area
Data Area Data Lead-out Area
_— Lo

Physical
Sector

Number

/ / \ /
02FFFFh 030000h End PSN (0)
O1FFEFh ——— > Toward Outer Diameter
End PSN (0): The end Physical sector number of Data Area of LO
030000h PSN »  End PSN (0)
(inner) (outer)
Data Area of LO
0 LBA » Last LBA
~@)—— Volume Space —
Figure 122 - Physical and logical layout of HD DVD-ROM SL media
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System Lead-in Data Lead-in
Area Area

Connection area

Data Area Data Lead-out Area
D L1
—l> L0
Physical ]
Sector
Number
7 7\ T~
02FFFFh 030000h EndPSN (1) ~ EndPSN(0)
01FFFFh
—— > Toward Outer Diameter
End PSN (0): The end Physical sector number of Data Area of LO
End PSN (1): The end Physical sector number of Data Area of L1
030000h PSN » End PSN (0) 030000h PSN » End PSN (1)
(inner) (outer) | (inner) (outer)
Data Area of LO Data Area of L1
0 LBA » Last LBA
< Volume Space >

Figure 123 - Physical and logical layout of Parallel Track Path HD DVD-ROM media
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——]
End PSN (1)
Address in L1
System Connection area End PSN (0)
Lead-out Q
area \ Data Lead-out
\ Area Data Area Middle Area
P
| < L1
—> L0
Data A
S N ~Data Lead-in ata Area Middle Area
Area
Physical System
ysica i /
Sector ;‘::: n A Connection area
Number
Address in LO
/ / \ End PSN (0)
02FFFFh 030000h
01FFFFh

= Toward Outer Diameter

End PSN (0): The end Physical sector number of Data Area of LO.
End PSN (0): The number calculated so that each bit of the End PSN (0) is inverted. End PSN (0) is a multiple of 32.
End PSN (1): The end Physical sector number of Data Area of L1

»

030000h PSN » End PSN (0) End PSN (0) PSN » End PSN (1)
(inner) (outer) | (outer) (inner)
Data Area of LO Data Area of L1
0 LBA P Last LBA
< Volume Space »

Figure 124 - Physical and logical layout of Opposite Track Path HD DVD-ROM media
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System Lead-in Data Lead-in
Area . Area
Connection area
Data Area Data Lead-out Area
—D L0
Physical
Sector
Number
/ / \ /
02FFFFh 030000h End PSN (0)
O01FFFFh ——— > Toward Outer Diameter

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

030000h PSN » End PSN (0)
(inner) (outer)
Data Area of LO
0 LBA P Last LBA

~<@)—————— Volume Space ——————— @

Figure 125 - Physical and logical layout of HD DVD-R SL media
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End PSN (0): The end Physical sector number of Data Area of L0.

End PSN (1): The end Physical sector number of Data Area of L1

value of End PSN (0) is obtained from RMD.

——]
End PSN (1)
Address in L1
System Connection area ‘End PSN (0)
Lead-out Q
area \ Data Lead-out
\ Area Data Area Middle Area
P
| < L1
| = L0
Data A
S N ~Data Lead-in ata Area Middle Area
Area
Physical System
ysica i /
Sector ;‘::: n A Connection area
Number
Address in LO
/ / \ End PSN (0)
03FFFFh 040000h
01FFFFh

End PSN (0): The number calculated so that each bit of the End PSN (0) is inverted. End PSN (0) is a multiple of 32.

Note: End PSN (0) is just before the Middle Area, even if Middle Area is expanded. If Middle Area is expanded, the

> Toward Outer Diameter

»

040000h PSN » End PSN (0) End PSN (0) PSN » End PSN (1)
(inner) (outer) | (outer) (inner)
Data Area of LO Data Area of L1
0 LBA P Last LBA
< Volume Space »

Figure 126 - Physical and logical layout of HD DVD-R DL media

Final

Page 305



HD DVD model

Revision 1.11 Track structure
System Lead-in Data Lead-in
Area Area
Connection Area
Data Area Data Lead-out Area
—_— > Lo
Physical
Sector
Number
/ / \ /
02FFFFh 030000h End PSN (0)
O01FFFFh ——— > Toward Outer Diameter

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

030000h PSN » End PSN (0)
(inner) (outer)
Data Area of LO
0 LBA P Last LBA

~<@)—————— Volume Space ——————— @

Figure 127 - Physical and logical layout of HD DVD-RW SL media
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End PSN (0): The end Physical sector number of Data Area of L0.

End PSN (1): The end Physical sector number of Data Area of L1.

value of End PSN (0) is obtained from RMD.

——]
End PSN (1)
Address in L1
System Connection Area End PSN (0)
Lead-out Q
Area \ Data Lead-out
\ Area Data Area Middle Area
P
| < L1
| = L0
Data A
S N ~Data Lead-in ata Area Middle Area
Area
Physical System
ysica i /
Sector kﬁ:: n A Connection Area
Number
Address in LO
/ / \ End PSN (0)
03FFFFh 040000h
01FFFFh

End PSN (0): The number calculated so that each bit of the End PSN (0) is inverted. End PSN (0) is a multiple of 32.

Note: End PSN (0) is just before the Middle Area, even if Middle Area is expanded. If Middle Area is expanded, the

> Toward Outer Diameter

»

040000h PSN » End PSN (0) End PSN (0) PSN » End PSN (1)
(inner) (outer) | (outer) (inner)
Data Area of L0 Data Area of L1
0 LBA » Last LBA
< Volume Space »

Figure 128 - Physical and logical layout of HD DVD-RW DL media
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Defect Controls Defect Controls
€— < < - -1
System Data Data Area
Lead-in Lead-in 2:&; Lead-out
Connection Area Area
Area
Groove
/
/j
Land
. /
Physical
Sector
Number
/

4300000 L EndPSN (L)=4ED73h
01FFFFh End PSN (G) = CED73h
030000h

——————— > Toward Outer Diameter

End PSN (L): The end Physical sector number of Data Area of Land
End PSN (G): The end Physical sector number of Data Area of Groove

Defect Controls are non user addressable blocks, used for drive controlled defect management. These
blocks contain Defect Management Areas (DMAs) and DMA Managers. Defect controls begins 02CE0Oh
on Land, 4ED740h on Groove.

Figure 129 - Physical and logical layout of HD DVD-RAM media (1)
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-9 Data Area (Land) &
030000h PSN » End PSN (L) = 4ED73Fh
(inner)
Primary Guard Guard Guard
Spare User Area 0 Area User Area 1 Area | e Area User Area 18
Area
- Zone 0 4)‘4— Zonel ——P» ’4— Zone 18 ——P»
- Data Area (Groove) &
830000h PSN » End PSN (G) = CED73Fh
(inner
Guard Guard Guard Supplementary
User Area 0 Area User Area 1 Area | Area User Area 18 Spare
Area
|f— Zone0 *)‘4— Zone 1 4)‘ -— Zone 18 —
- Land Y Groove -

Sectors assigned

Sectors assigned

Sectors assigned

Sectors assigned

Sectors assigned

Sectors assigned

Figure 130 - Physical and logical layout of HD DVD-RAM media (2)

- HD DVD-RAM media contains 19 zones.

to Zone 0 to Zone 1 to Zone 18 to Zone 0 to Zone 1 to Zone 18
0 LBA >
End LBA of Land = 4A92BFh | Start LBA of Groove = 4A92C0h Last LBA = 92CAEOh
- Volume Space &

- Each of these zone has nearly equal radial size except Zone 0 and 18, therefore number of ECC blocks per zone increase
from at the Inner Diameter to at the Outer Diameter.

- There are two types of Spare Area, Primary Spare Area (PSA) and Supplementary Spare Area (SSA).

- HD DVD-RAM media shall have PSA, and may have SSA. Pre-assigned SSA is selectable and SSA is expandable after
Formatting.

- The User Area may contain defective blocks which are replaced by blocks in the Spare Area; therefore, the number of
user accessible blocks in each zone is kept at a predetermined number.
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5.3 Data segment structure
5.3.1 Data segment layout

The Data is physically recorded and read as a Data segment unit on disc by the logical unit. User data included in one
ECC is recorded in the Data field of the Data segment. The layout of a Data segment is shown in Figure 131. According
to this layout, lossless linking scheme is used especially for the HD DVD-R. The Data field consists of 32 sectors. A

sector is created by using a Data frame which consists of Data ID, IED, RSV, User Data and EDC. The Data frame
layout is shown in Figure 132.

PSN >

Data segment Data segment Data segment Data segment

Data segment
VFO Postamble Reserved Buffer
field Data field (ECC block + SYNC data field field field
71 bytes 77 376 bytes 2 bytes 4 bytes 16 bytes
Sector Sector Sector Sector
0 1 30 31

Figure 131 - Layout of a Data segment
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172 Bytes 172 Bytes
< Dt D
4 Bytes 2 Bytes 6 Bytes
A DataID| IED RSV User Data 160 bytes User Data 172 bytes (D160-D331)
(D0-D159)
User Data 172 bytes (D332-D503) User Data 172 bytes (D504-D675)
2 User Data 172 bytes (D676-D847) User Data 172 bytes (D848-D1 019)
S
o
User Data 172 bytes (D1 020-D1 191) User Data 172 bytes (D1 192-D1 363)
User Data 172 bytes (D1 364-D1 535) User Data 172 bytes (D1 536-D1 707)
V User Data 172 bytes (D1 708-D1 879) User Data 168 bytes (D1 880-D2 047) EDC
4 Bytes
Figure 132 - Data frame layout

5.3.2 Data configuration of Data ID field

4 Bytes
DataID | IED
1 Byte 3 Bytes
Sector information Data Field number

3 Bit 1Bit 2 Bits 1Bit 1Bit
Data L
reserved Recording Type Area Type ayer
sy Type number
See 01 System Lead-in or Data Leadein S 1Layerd
stem Lead-1n or Data Lead-In ayer
Table 144 10 D)a;ta Lead-out Table 145
11 Middle

Figure 133 - Data ID field definition

The Data ID is located at the beginning of each sector and consists of 4 bytes. The Data Field number comprises PSN for
HD DVD-ROM, HD DVD-R and HD DVD-RW. In the case of HD DVD-RAM, see Table 143.
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Table 143 - Data Field Number for HD DVD-RAM media

Area Contents
System Lead-in Area PSN
Defect Management Area PSN
Disc Identification Zones PSN
Used ECC block? in Data Area LBA + 030000h

One of the three conditions®
(1) bit O to bit 4 in the first Physical sector: 0

b
Unused ECC block” in Data Area the following Physical sectors: numbers serially increment from the first Physical sector

(2) between 000000h to 00001Fh
(3) unwritten

a. Used ECC block: ECC block which contains user data.
b. Unused ECC block: ECC block which contains no user data.
c. All the Physical sectors in a ECC block are in the same condition.

Table 144 - Recording Type bit definition for HD DVD-RAM media *

Area Definition
System Lead-in Area Ob
Data Lead-in Area, Data Lead-out Area 0Ob

0Ob: General dataP
1b: Real-time data®

a. The definition of the bit for other than HD DVD-RAM media is Reserved.

b. General data: Linear replacement algorithm is applied to an ECC block containing
the corresponding sector if the ECC block is defective.

c. Real-time data: Linear replacement algorithm is not applied to an ECC block con-
taining the corresponding sector even if the ECC block is defective.

Data Area

The Data Type bit specifies the data type of a sector as defined in Table 145.

Table 145 - Data Type bit definition

Media Type Data Type bit
0 1
HD DVD-ROM Read-only data N/A
HD DVD-RAM Read-only data Rewritable data
HD DVD-R Read-only data Padding data?
HD DVD-RW Read-only data/Re-recordable data N/A

a. Padding data is the data which does not include user data which is indicated by the host by using the
command for writing, such as WRITE (10) command.
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5.4 Data structure of Lead-in Area

System Lead-in
Area

Connection Area

Data Lead-in
Area

Shaded portions have embossed Data.
R-PFI: R-Physical Format Information Zone
Disc ID Zone: Disc Identification Zone
DM Zone: Defect Management Zone

HD DVD-RW SL

Figure 134 - Data Structure of the Lead-in

HD DVD-RW DL

1 PSN Initial Zone Initial Zone Initial Zone PSN Initial Zone
All 00h All 00h All 00h All 00h
1E000h B [
Buffer Zone Buffer Zone Buffer Zone Buffer Zone
All 00h All 00h All 00h All 00h
1E400h S e
Control Control Control Control
Data Zone Data Zone Data Zone Data Zone
192 ECC 192 ECC 192 ECC 192 ECC
blocks blocks blocks blocks
1FC00h ~ - B [
Buffer Zone Buffer Zone Buffer Zone Buffer Zone
1FFFFh All 00h All 00h All 00h All 00h
y
Connection Connection Connection Connection
Zone Zone Zone Zone
A 26B00h Guard Track 29A00h
Zone (829A00h) | Guard Track
27000h" - Disc Test Blank Zone o
Zone 2A400h .

.- (82A400h) Disc Test
27200h_ ] Drive Test | Zone
29D00h Zone 2B400h - -
2BD00Oh - Guard Track (82B400h) Drive Test

Reserved Zone Zone
2BEOOh ~ 2CA00h "~
RDZ (82CA00h) Gua;d Track
one
2CEOOh ~ Guard Track .
L-RMZ Zone 2CD00h ]

.- (82CD00h) Disc ID

2FF00h Zone
R-PFI .
.- 2CE00h
2FFEOh Reference Reference (82CE00h) DB/II\I/?AZ&
Code Zone Code Zone
30000h o o
38100h" - 1 Drive Test
Zone
3CC00h Disc Test
Zone
3CCCOh Blank Zone
3CDOOh - Data Area Data Area |~ | - Data Area
RDZ (Primary
3CE00k - S Spare Area)
L-RMZ
3FF00h ~ B
R-PFI
3FFEOh - "I | Reference
Code Zone
40000h" - o

S B N e DataArea |---------

41F80h Data Area
HD DVD-ROM HD DVD-R SL HD DVD-R DL HD DVD-RAM
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5.4.1 Structure of Lead-in Area

The structure of Lead-in Area is shown in Figure 134. The Lead-in Area consists of System Lead-in Area, Connection
Area and Data Lead-in Area.

5.4.2 System Lead-in Area

5.4.2.1 Control Data Zone
The Control Data Zone comprise 192 ECC blocks.

Figure 134 shows structure of a Control Data Zone.

Physical sector number
01E400h
16 ECC blocks Control data section
4 01E600h
Copyright data section
16 ECC blocks
01E800h
128 ECC blocks reserved
ry 01F800h
16 ECC blocks Control data section
01FA00h
16 ECC blocks Copyright data section
01FBFFh
Figure 134 - Structure of a Control data zone

5.4.2.1.1 Control data section

The structure of a Control data section is shown in Table 146.

Table 146 - Structure of a Control data section

Sector Number Description
0 Physical format information
1 Disc manufacturing information
2 Copyright protection information
3 Unplayable Drive manufacturer ID information
4-31 Reserved

5.4.2.1.1.1 Control Data Zone sector descriptions
Table 147 shows the format of the Physical Format descriptor.
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Table 147 - Common part of Physical Format Information

Book Type Part Version
1 Disc Size Maximum Transfer Rate
2 Reserved | Number of Layers Track Path Layer Type
3 Linear Density Track Density
4-15 Data Area Allocation
16 BCA Flag | Reserved
17 Revision number of maximum recording speed?
18 Revision number of minimum recording speed®
19-25 Revision number table of recording speed®
26 Class®
27 Extended Part Version
28-31 Reserved
32-2 047 Medium Unique Data

a. For HD DVD-ROM, these fields are reserved.

The Book Type field is described in Table 148.

Table 148 - Book Type field definition

Book Type Value Definition
0000b DVD-ROM
0001b DVD-RAM
0010b DVD-R
0011b DVD-RW
0100b HD DVD-ROM
0101b HD DVD-RAM
0110b HD DVD-R
0111b HD DVD-RW
others Reserved

The Part Version field identifies the version number within a Book Type. Table 149 shows the definition of the field.

Table 149 - Part Version field definition

I Part Version Value Definition
I 0011b Version is specified at byte 27
I others Reserved

The Disc Size field, when set to 0000b, indicates a 120 mm disc. When set to 0001b, indicates an 80 mm disc. All other
values are reserved.

The Maximum Transfer Rate field identifies the maximum data transfer rate found in the contents (e.g., video data) on
the medium. See Table 150.
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Table 150 - Maximum Transfer Rate field definition

Value Definition
0000b 2.52 Mbps
0001b 5,04 Mbps
0010b 10,08 Mbps
0011b 20,16 Mbps
0100b 30,24 Mbps
1111b Not specified (Only for the writable medium)
Others Reserved

The Number of Layers field identifies the number of Layers on the current side. 00b indicates one Layer, O1b indicates
two Layers, and other values are reserved.

The Track Path field, when set to Ob, indicates a PTP or Single Layer disc. When set to 1b, indicates an OTP disc.

The Layer Type field identifies the Layer according to Table 151.

Table 151 - Layer Type field definition

Bit

Definition

When set to one, the Layer contains embossed user Data Area

When set to one, the Layer contains recordable user Data Area

When set to one, the Layer contains re-writable user Data Area

0
1
2
3

Reserved

The Linear Density field identifies the bit density according to Table 152.

Table 152 - Linear Density field definition

Value Definition

0000b 0,267 um/bit

0001b 0,293 pum/bit

0010b 0,409-0,435 um/bit

0100b 0,280-0,295 um/bit

0101b 0,153 pm/bit

0110b 0,130-0,140 pm/bit

others Reserved

The Track Density field identifies the track density according to Table 153.
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Table 153 - Track Density field definition

Value Definition
0000b 0,74 pm/track

0001b 0,80 pm/track

0010b 0,615 pm/track

0011b 0,40 pm/track

0100b 0,34 pm/track

others Reserved

Table 154 describes the contents of the Data Area Allocation field.

Table 154 - Data Area Allocation field definition

HD DVD-ROM SL,
HD DVD-ROMDL | HD DVD-R SL, HD DVD-R DL,
Byte | HD DV(];ZFI;?M DL (OTP) HD DVD-RW SL | HD DVD-RW DL LDV L)
4 00h
5 Starting PSN of . .
6 Starting PSN of Data Area (030000h) Data Area Star;;?l%ilziljko(fo?gz%g;)e am
7 (040000h)
8 00h
9 .. Maximum PSN of .
0 End PSN of Data Area Outer limit of Data Data Recordable End PSN of Data Area in land
Recordable area track
11 area
12 00h
13 Offset value between start PSN
14 . End PSNin Layer | of the Data Area in land track
000000k End PSNin LO 000000k 0 and start PSN of the Data Area
15 in groove track

For HD 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.

The BCA Flag identifies the existence of Burst Cutting Area (BCA) on the medium. Ob indicates non-existence of BCA,
1b indicates existence of BCA on the medium.

The Revision number of maximum recording speed indicates the Revision number of maximum applicable recording
speed of this disc.

The Revision number of minimum recording speed indicates the Revision number of minimum applicable recording
speed of this disc.

The Revision number table field indicates the supported Revision numbers. These bit assignment rule is same as Byte 17.
The Class field indicates all Basic recording speeds contained in applicable recording speeds that the disc supports.
The Extended Part Version field indicates the major and minor digits of the Book Part version respectively.

Table 155 and Table 156 show the format unique descriptors for each media type.
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Table 155 - HD DVD-ROM unique part of Physical Format Information

32 Actual number of maximum reading speed
33 Layer format table I
Reserved Layer 1 Layer 0 I
[ 342047 Reserved |

The Actual number of maximum reading speed field specifies the actual number of maximum reading speed that is
allowable for this disc.

The Layer format table field specifies the format of each layer for Twin format disc (Hybrid disc) which has both
DVD-ROM and HD DVD-ROM. The Layer 0 field is set to 100b and the Layer 1 field is set to 000b.

Table 156 - HD DVD-RAM/-R/-RW unique part of Physical Format Information

32 Actual number of maximum reading speed
33-34 Reserved
35 Lowest compatible Part version
36-127 Reserved
128 plg/llz:iliy Reserved
129 Velocity
130 Rim intensity in tangential direction
131 Rim intensity in radial direction
132 Read power
133 Real number of 1st recording speed®
134 Real number of 2nd recording speed®
147 Real number of 15th recording speed®
148 Real number of 16th recording speed®
149 Reflectivity of Data Area for Layer 0*
150 Track
Shape for Amplitude of Push - Pull signal for Layer 0%
Layer 0?
151 On track signal for Layer 0%
152 Reflectivity of Data area for Layer 1°
153 Track
Shape for Amplitude of Push - Pull signal for Layer 1°
Layer 1b
154 On track signal for Layer 1°
155-2 047 Reserved

a. For HD DVD-RAM, these fields are reserved.
b. For HD DVD-RAM, HD DVD-R SL and HD DVD-RW SL, these fields are reserved.
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The Actual number of maximum reading speed field specifies the actual number of maximum reading speed that is
allowable for this disc.

The Lowest compatible Part version specifies the lowest number of the Book Part version which the disc complies
with.

The Mark polarity bit, when set to Ob, indicates that signal from mark is larger than signal from space, Low-to-High
disc. When set to 1b, indicates that signal from mark is smaller than signal from space, High-to-Low disc.

The Velocity field defines linear velocity for the disc.

The Rim intensity in tangential direction field specifies the Rim intensity in tangential direction of the reference
Optical Head that Read power field is defined.

The Rim intensity in radial direction field specifies the Rim intensity in radial direction of the reference Optical Head
that Read power field is defined.

The Read power field specifies the Read power on the read-out surface of the disc for playback.

The Real number of 1st recording speed field specifies the real number of 1st recording speed. The actual 1st
recording speed is one tenth of the field value. For example, 0000 1010b indicates 1x.

The Reflectivity of Data Area field specifies the Reflectivity of Data Area. The actual Reflectivity of Data Area is one
second of the field value. For example, 0010 1000b indicates 20%.

The Track Shape bit specifies the track shape of the disc. This bit, when set to Ob, indicates that the track is on groove.
When set to 1b, indicates that the track is on land.

The Amplitude of Push - Pull signal field specifies the Amplitude of Push - Pull signal. The actual Amplitude of Push -
Pull signal is one hundredth of the field value.

The On track signal field specifies the amplitude of On track signal.
5.4.3 Connection Area

The Connection Area is located between System Lead-in Area and Data Lead-in Area. This area does not have any
embossed pits or grooves.

5.4.4 Data Lead-in Area

The structure of Data Lead-in Area for each media is different.
5.4.4.1 Data Lead-in Area for HD DVD-ROM

5.4.4.1.1 Reference Code Zone

This zone contains repetition of the Data Symbol “164” with added scrambled data.
5.4.4.2 Data Lead-in Area for HD DVD-RAM

5.4.4.2.1 Guard Track Zone

The ECC blocks of Guard Track Zone do not contain data.
5.4.4.2.2 Disc Test Zone

This zone is intended for quality tests by the disc manufacturer.
5.4.4.2.3 Drive Test Zone

This zone is intended for tests by a drive.

5.4.4.2.4 Disc Identification Zone

This zone contains Drive information and a reserved area.
5.4.4.2.5 Defect Management Zone

This zone contains DMA (Defect Management Area) manager sets and DMA (Defect Management Area). See
5.17.6 "Defect management for HD DVD-RAM media" on page 450.
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5.4.4.3 Data Lead-in Area for HD DVD-R SL

5.4.4.3.1 Guard Track Zone

The ECC blocks of Guard Track Zone do not contain data.
5.4.4.3.2 Disc Test Zone

This zone is intended for quality tests by the disc manufacturer
5.4.4.3.3 Drive Test Zone

This zone is intended for tests by a drive.

5.4.4.3.4 Recording Management Data Duplication Zone (RDZ)

When RMZ is extended, the latest RMD is recorded in this zone. For more explanation of RMZ and RMD, see
5.13.2.1 "RMZ (Recording Management Zone)" on page 335 and 5.13.3 "Recording model for HD DVD-R media" on
page 348.

The size of RDZ is 128 ECC blocks. The first ECC block of RDZ is used as RDZ Lead-in. The rest of the RDZ is used to
store up to 127 RMDs.

Data Lead-in

<
<

v

Guard track zone RDZ L-RMZ

P

v
A

RDZ Lead-in
i RMDs

<
<

Figure 135 - Layout of the RDZ

5.4.4.3.5 Recording Management Zone (L-RMZ)

This zone consists of RMD. The size of L-RMZ is 392 ECC blocks. See 5.13.3 "Recording model for HD DVD-R media"
on page 348.

5.4.4.3.6 R-Physical format information

This zone is comprised of 7 ECC blocks. The content of the first ECC block in this zone is repeated 7 times. The
structure of R-Physical format information is shown in Table 157. The format of the Physical Format descriptor is same
as the format of the Physical Format descriptor in System Lead-in Area (Table 147, Table 156) except the Data Area
allocation field and the Start PSN of Border Zone field. The definition of the Data Area allocation field is shown in
Table 158, the definition of the Start PSN of Border Zone field is shown in Table 159.
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Table 157 - Structure of the R-Physical Format Information Zone

Sector number Description
0 Reserved
1 Disc manufacturing information
2 Physical format information
3-31 Reserved
Table 158 - Data Area allocation filed definition
Byte definition
4 00h
5-7 Start PSN of the Data Area (30000h)
8 00h
9-11 Last recorded PSN of last RZone in the User data zone
12 00h
13-15 000000h
Table 159 - Start PSN of Border Zone field definition
I Byte definition I
I 256-259 Start PSN of the current Border-out I
I 260-263 Start PSN of the next Border-in I

5.4.4.3.7 Reference Code Zone

This zone contains repetition of the Data Symbol “164” with added scrambled data.
5.4.4.4 Data Lead-in Area for HD DVD-R DL

5.4.4.4.1 Blank Zone

The ECC blocks of Blank Zone do not contain data.

5.4.4.4.2 Guard Track Zone

The ECC blocks of Guard Track Zone are filled with 00h before recording on L1.
5.4.4.4.3 Disc Test Zone

This zone is intended for quality tests by the disc manufacturer

5.4.4.4.4 Drive Test Zone

This zone is intended for tests by a drive.

5.4.4.4.5 Recording Management Data Duplication Zone (RDZ)

This zone contains RDZ Lead-in. The size of RDZ is 8 ECC blocks. The first ECC block of the RDZ is used as RDZ

Lead-in. The rest of the RDZ is reserved.
5.4.4.4.6 Recording Management Zone (L-RMZ)
This zone consists of RMD. The size of L-RMZ is 392 ECC blocks.
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5.4.4.4.7 R-Physical Format Information

This zone is comprised of 7 ECC blocks. The content of the first ECC block in this zone is repeated 7 times. The
structure of R-Physical format information is shown in Table 160. The format of the Physical Format descriptor is same
as the format of the Physical Format descriptor in System Lead-in Area (Table 147, Table 156) except the Data Area
allocation field. The definition of the Data Area allocation field is shown in Table 161.

Table 160 - Structure of the R-Physical format information Zone

Sector number Description
0 Reserved
1 Disc manufacturing information
2 Physical format information
3-31 Reserved

Table 161 - Data area allocation filed definition

Byte definition
4 00h
5-7 Start PSN of the Data area (40000h)
8 00h
9-11 Last recorded PSN of last RZone
12 00h
13-15 End PSN in Layer O

5.4.4.4.8 Reference Code Zone

This zone contains repetition of the Data Symbol “164” with added scrambled data.
5.4.4.5 Data Lead-in Area for HD DVD-RW SL

5.4.4.5.1 Guard Track Zone

The ECC blocks of Guard Track Zone do not contain data.

5.4.4.5.2 Disc Test Zone

This zone is intended for quality tests by the disc manufacturer

5.4.4.5.3 Drive Test Zone

This zone is intended for tests by a logical unit.

5.4.4.5.4 Recording Management Data Duplication Zone (RDZ)

The size of RDZ is 128 ECC blocks. The first ECC block of RDZ is used as RDZ Lead-in. The next 7 ECC blocks are
used to record RMD. The rest of RDZ is blank. The layout of RDZ is shown in Table 136.

RDZ Lead-in is recorded before recording the first RMD in L-RMZ.

The latest RMD is recorded from inner ECC block to outer ECC block one by one. When the outermost ECC block is
recorded, the next RMD is recorded at the innermost ECC block. This recording order continues cyclically in 7 ECC
blocks.

If an ECC block has EDC error at the latest RMD recording, the defect status of RDZ is renewed and the latest RMD
with the renewed defect status is recorded in the next ECC block.
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RMD which has the largest order number in the latest RMD set is copied in RDZ when at least one of the following
conditions are satisfied.

e A disc state becomes Finalized or Full-finalized state
e Adisc is to be ejected and the latest RMD is not copied.

Guard Track Zone RDZ L-RMZ

> »

RDZ Lead-in

»

l ECC blocks for RMD recording

Blank

Figure 136 - Layout of RDZ

5.4.4.5.5 Recording Management Zone (L-RMZ)

This zone consists of 98 RMD sets which are identified by the RMD set number from 0 to 97. Each RMD set consists of
4 RMD orders which are identified by the RMD order number from O to 3.

RMD is recorded in a RMD set from inner to outer one by one. 4 ECC blocks in an RMD set are recorded the same
RMD except for the RMD order number.

When the outermost RMD set #97 is recorded, the next RMD is recorded at the innermost RMD set #0. This recording
order continues cyclically in 98 RMD sets.

When the renewed RMD is recorded in a RMD set, the RMD serial number is incremented by 1. The initial value of the
RMD serial number is 0.

If a RMD set has 2 or more ECC blocks with EDC error at the latest RMD recording, the defect status of RMZ is
renewed and the latest RMD with the renewed defect status is recorded in the next RMD set without increasing the RMD
serial number.

If blank RMD sets are remained at Finalization, the latest RMD is recorded in the blank RMD sets without increasing the
RMD serial number.
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L-RMZ

A 4
4

set #0 set #1 set #2 set #3 set #4 set #5

RMD RMD RMD RMD RMD RMD RMD RMD
set #96set #97

A 4
4

)

RMD RMD RMD RMD
order #0 | order #1 | order #2 | order #3

Figure 137 - Layout of L-RMZ

5.4.4.5.6 R-Physical Format Information Zone

This zone is comprised of 7 ECC blocks. The content of the first ECC block in this zone is repeated 7 times. The
structure of R-Physical Format Information Zone is shown in Table 162. The format of the Physical Format descriptor is
same as the format of the Physical Format descriptor in System Lead-in Area (Table 147, Table 156) except the Data

Area allocation field. The definition of the Data Area allocation field is shown in Table 163.

If a ECC block has EDC error at the recording, the Defect status of R-PFI Zone is renewed.

Table 162 - Structure of R-Physical Format Information Zone

Sector number Description
0 Reserved
1 Disc manufacturing information
2 Physical format information
3-31 Reserved

Table 163 - Data Area allocation filed definition

Byte definition
4 00h
5-7 Start PSN of the Data Area (30000h)
8 00h
9-11 Last PSN of RZone
12 00h
13-15 000000h
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5.4.4.5.7 Reference Code Zone

This zone contains repetition of the Data Symbol “164” with added scrambled data.
5.4.4.6 Data Lead-in Area for HD DVD-RW DL

5.4.4.6.1 Blank Zone

The ECC blocks of Blank Zone do not contain data.

5.4.4.6.2 Guard Track Zone

The ECC blocks of Guard Track Zone are filled with O0h before recording on L1.
5.4.4.6.3 Disc Test Zone

This zone is intended for quality tests by the disc manufacturer.

5.4.4.6.4 Drive Test Zone

This zone is intended for tests by a drive.

5.4.4.6.5 Recording Management Data Duplication Zone (RDZ)

The size of RDZ is 8 ECC blocks. The first ECC block of RDZ is used as RDZ Lead-in. The next 7 ECC blocks are used
to record RMD. The layout of RDZ is shown in Table 138.

The rules of RDZ recording is the same as that of HD DVD-RW SL except at finalization. See Section 5.4.4.5.4,
"Recording Management Data Duplication Zone (RDZ)" on page 322. If blank ECC blocks are remained at Finalization,
the latest RMD is recorded in the remaining ECC blocks of RDZ.

Blank Zone RDZ L-RMZ

» »

RDZ Lead-in

»

l ECC blocks for RMD recording

Figure 138 - Layout of RDZ

5.4.4.6.6 Recording Management Zone (L-RMZ)

This zone consists of 98 RMD sets which are identified by the RMD set number from 0 to 97. Each RMD set consists of
4 RMD orders which are identified by the RMD order number from 0 to 3.

The rules of RDZ recording is the same as that of HD DVD-RW SL. See Section 5.4.4.5.5, "Recording Management
Zone (L-RMZ)" on page 323.
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L-RMZ

RMD RMD RMD RMD RMD RMD
set #0 set #1 set #2 set #3 set #4 set #5

RMD RMD
set #96set #97

)

RMD
order #0

RMD
order #1

RMD
order #2

RMD
order #3

Figure 139 - Layout of L-RMZ

5.4.4.6.7 R-Physical Format Information Zone

This zone is comprised of 7 ECC blocks. The content of the first ECC block in this zone is repeated 7 times. The
structure of R-Physical Format Information Zone is shown in Table 164. The format of the Physical Format descriptor is
same as the format of the Physical Format descriptor in System Lead-in Area (Table 147, Table 156) except the Data
Area allocation field. The definition of the Data Area allocation field is shown in Table 165.

The R-PFI Zone is recorded at Finalization.

If a ECC block has EDC error at the recording, the Defect status of R-PFI Zone is renewed.

Table 164 - Structure of the R-Physical format information

Sector number Description
0 Reserved
1 Disc manufacturing information
2 Physical format information
3-31 Reserved
Table 165 - Data area allocation filed definition
Byte definition
4 00h
5-7 Start PSN of the Data area (40000h)
8 00h
9-11 Last PSN of RZone
12 00h
13-15 End PSN of RZone in Layer 0
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5.4.4.6.8 Reference Code Zone

This zone contains repetition of the Data Symbol “164” with added scrambled data.

5.5 Data structure of Lead-out Area
5.5.1 System Lead-out Area

The System Lead-out Area is located Layer 1 in Opposite Track Path HD DVD-ROM/-R/-RW DL media. See
Figure 124. This area is set to 00h.

5.5.2 Data Lead-out Area

The Data Lead-out Area is located in all HD DVD media. The structure of the Data Lead-out Area in each HD DVD
media refer to below.

5.5.2.1 Data Lead-out Area for HD DVD-ROM

The Data Lead-out Area for HD DVD-ROM is located in all kind of HD DVD-ROM media. See Figure 122, Figure 123,
Figure 124. This area is set to 00h.

5.5.2.2 Data Lead-out Area for HD DVD-R SL

The Data Lead-out Area for HD DVD-R SL discs is located outer area. The structure of Data Lead-out Area is different
between finalized disc and non-finalized disc.

For non-finalized disc, Data Lead-out Area consists of Guard Track Zone, Drive Test Zone and Disc Test Zone. This
area size is variable. There are two kinds of the Data Lead-out Area structure, shown in Figure 140. One is the original
structure, the other is the structure after extending test zone.

Data PSN
Area
731840h
Guard Track Zone
r - -- 735440h
Guard Track Zone Extended Drive Test Zone
Data — ' 739040h
Lead-out Drive Test Zone Drive Test Zone
----- 73CA40h
Area Disc Test Zone Disc Test Zone
----- 73CC40h
‘ Guard Track Zone Guard Track Zone
Before extending Test Zone After extending Test Zone
Figure 140 - Structure of Data Lead-out Area for non-finalized HD DVD-R SL media

For finalized disc, Data Lead-out Area is located from Border-out (Area type 10h) or Terminator to outer of the disc. See
5.13.10 "Disc Final Closure" on page 358.
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5.5.2.3 Data Lead-out Area for HD DVD-R DL

The original Data Lead-out Area for HD DVD-R DL is located inner area on L1. The original Data Lead-out Area
consists of Guard Track Zone, Drive Test Zone, Disc Test Zone and Blank Zone. See Figure 141.

Data
Area
PSN
‘ FBCDO0Oh
Guard Track Zone
Data FCE600h
Lead-out Drive Test Zone
Area FD3100h
Disc Test Zone
FD3200h
' Blank Zone

Figure 141 - Structure of original Data Lead-out area for HD DVD-R DL media

5.5.2.4 Data Lead-out Area for HD DVD-RW SL

The original Data Lead-out Area for HD DVD-RW SL is located outer area. The structure of the original Data Lead-out
Area is the same as that of HD DVD-R SL'. See Figure 140.

5.5.2.5 Data Lead-out Area for HD DVD-RW DL

The original Data Lead-out Area for HD DVD-RW DL is located inner area on L1. The structure of the original Data
Lead-out Area is the same as that of HD DVD-R DL. See Figure 141.

5.5.2.6 Data Lead-out Area for HD DVD-RAM

The Data Lead-out Area for HD DVD-RAM is located outer area, both land and groove. This area consists of Defect
Management Zone, Guard Track Zone, Drive Test Zone and Disc Test Zone. They are shown in Figure 142.

1. Drive Test Zone extension is not defined for HD DVD-RW SL.

Page 328 Final



HD DVD model
Revision 1.11 HD DVD READY condition/NOT READY condition

Data PSN
Area Land Groove

) 4ED740h CED740h
Defect Management Zone

4F0940h CF0940h
Guard track Zone

Data 4F0C40h CF0C40h
Lead-out Drive Test Zone
Area 4F2240h CF2240h

Disc Test Zone

4F3240h CF3240h
Guard Track Zone

y

Figure 142 - Structure of Data Lead-out Area for HD DVD-RAM

5.6 HD 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:
1. There is no disc mounted, see 5.8, "Removable medium" on page 330
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. The logical unit shall attempt to spin up and make the disc ready for media accesses when a
new 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 in the IDLE or STANDBY state 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., 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.

5.7 Error reporting

If any of the following conditions occur during the execution of a command, the logical unit shall return CHECK
CONDITION status. The appropriate Sense Key and additional sense code 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.
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Table 166 - Error conditions and Sense Keys

Condition Sense Key
Invalid logical block address ILLEGAL REQUEST
Unsupported option requested ILLEGAL REQUEST
Attempt to read a blank block (where illegal) ILLEGAL REQUEST
Attempt to play a data block as audio ILLEGAL REQUEST
Logical unit reset or medium change since last command UNIT ATTENTION
Self diagnostic failed HARDWARE ERROR
Unrecovered read error MEDIUM ERROR / HARDWARE ERROR
Recovered read error RECOVERED ERROR
Overrun or other error that might be resolved by repeating the command ABORTED COMMAND

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

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

5.8 Removable medium

HD DVD medium is sometimes contained within a cartridge to prevent damage to the recording surfaces. The
combination of medium and optional cartridge is often called a volume.

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 or is able to format it. A mounted disc may not be
accessible by a host if it has been reserved by another host. A disc is de-mounted at any other time (e.g., during loading,
unloading, or storage).

A host may check whether a disc is mounted by issuing a TEST UNIT READY command. In addition, there now exists
the Removable Medium Feature. This Feature allows the host 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 a host to restrict the demounting 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 demounting of the disc. If the host issues a START STOP
UNIT command to eject the disc, and is prevented from demounting by the PREVENT ALLOW MEDIUM REMOVAL
command, the START STOP UNIT command is rejected by the logical unit.

5.9 Logical blocks

Blocks of data are stored on the medium along with additional information that the controller uses to manage the storage
and retrieval. The format of the additional information is unique and is hidden from the host 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 FORMAT CAPACITIES 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 is terminated with CHECK CONDITION Status, 5/21/00 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. The block length shall not be different for each logical block on the medium. The block
descriptor in the MODE SENSE (10) data describes the block length that is used on the medium. The block descriptor
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shall not be present for an ATAPI Multi-Media logical unit. In addition, the Block Descriptor has been made Obsolete in
this specification.

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].

5.10 Data cache

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 accessible by the host. 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 host 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 host may wish to have the blocks of data read from the medium instead of from the cache memory. The
force unit access (FUA) bit is used 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 host to control other behavior of the cache memory:

¢ 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 (10) command is used by the host to guarantee that data in the cache has been moved
to the media.

5.11 Seek

The SEEK command provides a way for the host to position the logical unit in preparation for access to a particular
logical block at some later time. Since this positioning action is implicit in other commands, the SEEK command may
not be useful with some logical units.

5.12 Difference between HD DVD and DVD
Table 167 shows Profile for HD DVD.

Table 167 - Profile for HD DVD

Profile
0050h: HD DVD-ROM

0051h: HD DVD-R

0052h: HD DVD-RAM

5.12.1 HD DVD-ROM vs. DVD-ROM
¢ AACS Authentication

e retrieving Copyright data section from the Lead-in Area
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Table 168 - Mandatory Features for HD DVD-ROM, DVD-ROM

Feature HD DVD-ROM DVD-ROM
0000h Profile List Mandatory Mandatory
0001h Core Mandatory Mandatory
0002h Morphing Mandatory Mandatory
0003h Removable Medium Mandatory Mandatory
0010h Random Readable, PP = 1 Mandatory Mandatory
0050h HD DVD Read Mandatory -
001Fh DVD Read - Mandatory
0100h Power Management Mandatory Mandatory
0105h Timeout Mandatory Mandatory
0107h Real-Time Streaming Mandatory Mandatory

5.12.2 HD DVD-R vs. DVD-R

¢ AACS Authentication

» retrieving Copyright data section from the 