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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are members of
ISO or IEC participate in the development of International Standards through technical committees
established by the respective organization to deal with particular fields of technical activity. ISO and IEC
technical committees collaborate in fields of mutual interest. Other international organizations, governmental
and non-governmental, in liaison with 1ISO and IEC, also take part in the work. In the field of information
technology, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

THe procedures used to develop this document and those intended for its further maintenancerare

described

in fthe ISO/IEC Directives, Part 1. In particular the different approval criteria needed for the-differeqt types of

dgcument should be noted. This document was drafted in accordance with the editorial ru
ISP/IEC Directives, Part 2 (see www.iso.org/directives).

Atjention is drawn to the possibility that some of the elements of this document may)be the subjec]
rights. ISO and IEC shall not be held responsible for identifying any or all such‘\patent rights. Det
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ent rights identified during the development of the document will be in the\Introduction and/or d
of patent declarations received (see www.iso.org/patents).

y trade name used in this document is information given for the\.convenience of users and
hstitute an endorsement.

r an explanation on the meaning of ISO specific terms and“€xpressions related to conformity as
well as information about ISO's adherence to the WTQ ptinciples in the Technical Barriers to Tr
e the following URL: Foreword - Supplementary information

e committee responsible for this document is\ISO/IEC JTC 1, Information technology, Sub
[ 23, Digitally recorded media for information interchange and storage.
hor revision. It also incorporates the Technical Corrigendum ISO/IEC 30192:2013/Cor 1:2015.

is corrected version of ISO/IEC ,30492:2017 incorporates the following corrections as well as o
itorial modifications:

in Annex F, the two Figufes previously entitled “F.6.” have been corrected and one figure was re-
as Figure F.7;

Figure H.2. was.replaced.
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is second edition cancels and replacesxthe first edition (ISO/IEC 30192:2013), of which it constitutes a

her minor

humbered

©

ISO/IEC 2016 — All rights reserved


http://www.iso.org/directives�
http://www.iso.org/patents�
http://www.iso.org/iso/home/standards_development/resources-for-technical-work/foreword.htm�
https://standardsiso.com/api/?name=c5acd420b9a5fb9dc4827d23c148988e

ISO/IEC 30192:2016(E)

Introduction

In March 2002, nine companies known as the Blu-ray Disc Founders, or BDF, came together to create optical-
disk formats with the large capacity and high-speed transfer rates that would be needed for recording and
reproducing of high-definition video content. This joint effort turned out to be fruitful and the BDF issued the
first version of its Blu-ray Disc™ Rewritable Format Part1 Version 1.0, in June of 2002.

Then, in October 2004, more than a hundred companies joined and the BDF became an open forum called

the Blu-ray-Bise-Assesiation-(BDA}—Fhe-BDA ed-Version2-4-of the Blu-ray-Dise T Rewritable-Forma

Part1 in October 2005 and Version 3.0 in June of 2010.

By the en
devices s

d of 2010, over a hundred million of Blu-ray Disc™ had already been shipped and the Blu-ray™
ch as players, recorders, game consoles and PC drives were in use all over the world(

The BDA &lso conducts verification activities for both disks and devices and has established ‘more than ten
Testing Céntres in Asia, Europe and the USA.

The BDA gave consumer applications the highest priority in the first few years. But it was known, of course,
that International Standardization would be required before many government ehtities and their contractors
would be allowed to use Blu-ray Disc™. In February and January of 2011, ISO/IEC JTC 1/SC 23 and JIIMA
(Japan Impge and Information Management Association) formally requested the BDA to consider International
Standardization. The reason for this was to enable the inclusion of writable BDs, along with DVDs and CDs,|in

disk) BD Rewritable disk.

This Interpational Standard spegcifiesthe mechanical, physical and optical characteristics of a 120 mm
rewritable|optical disk with a capacity of 25,0 Gbytes or 50,0 Gbytes.

Some technical errors were)found during the editorial work for JIS X 6232, which is the Japanese Industrial
Standard [dentical with,ISO/IEC 30192:2013. In December of 2014, a Defect Report was submitted by the
Japan natfonal body of ISO/IEC JTC 1/SC 23. The project editor proposed a Draft Technical Corrigendum fg
ISO/IEC 30192:20413 and it was approved by ISO/IEC JTC 1/SC 23 in May of 2015.This International
Standard [s the.updated First edition of ISO/IEC 30192:2013, including the Technical Corrigendum and

additional lcorfections for some minor editorial errors

-

A few additional specifications are required in order to write and read video recording applications, such as the
BDMV and BDAV formats, which have been specified by the BDA for use on BD Recordable disks. These
specifications, which are related to the Application, the file system and the Content-protection system, are
required for the disk, the generating system and the receiving system. For more information of the Application,
the Content-protection system and the additional requirements for the Blu-ray™ Format specifications, see
http://www.blu-raydisc.info.

The International Organization for Standardization (ISO) and International Electrotechnical Commission (IEC)
draw attention to the fact that it is claimed that compliance with this document may involve the use of patents.

ISO and IEC take no position concerning the evidence, validity and scope of these patent rights.
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The holders of these patent rights have assured ISO and IEC that they are willing to negotiate licenses under
reasonable and non-discriminatory terms and conditions with applicants throughout the world. In this respect,
the statements of holders of these patent rights are registered with ISO and IEC. Information may be obtained
from the following.

Hitachi Consumer Electronics Co., Ltd.
Intellectual Property Management
292 Yoshida-cho, Totsuka-ku, Yokohama 244-0817 Japan

Hitachi | td
IT Platform R&D Management Division Patent Strategy
322-2 Nakazato, Odawara-shi, Kanagawa-Ken 250-0872 Japan

Panasonic Corporation
Intellectual Property Center
OBP Panasonic Tower 8th Floor, 2-1-61, Shiromi, Chuoh-ku, Osaka, 540-6208, Japan

Pioneer Corporation
Intellectual Property Division, Legal and Intellectual Property Division,
1-1, Shin-Ogura, Saiwai-ku, Kawasaki-Shi, Kanagawa, 212-0031 dJapan

Sony Corporation
IP Asset Management Department, Intellectual Property,BDivision,
1-7-1, Konan, Minato-ku, Tokyo, 108-0075, Japan

Atjention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights other than those identified above. ISO and IEC 'shall not be held responsible for identifying any or all
such patent rights.

ISP (www.iso.org/patents) and IEC (http://patents.iec.ch) maintain on-line databases of patents releyant to
their standards. Users are encouraged to ¢onsult the databases for the most up to date information
concerning patents.

NQTE Blu-ray™, Blu-ray Dis¢™ ‘and the logos are trademarks of the Blu-ray Disc Association.
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INTERNATIONAL STANDARD ISO/IEC 30192:2016(E)

Information technology — Digitally recorded media for
information interchange and storage — 120 mm Single Layer
(25,0 Gbytes per disk) and Dual Layer (50,0 Gbytes per disk) BD
Rewritable disk

1| Scope

THis International Standard specifies the mechanical, physical and optical characteristics.of a 120 mm
reyritable optical disk with a capacity of 25,0 Gbytes or 50,0 Gbytes. It specifies therquality of the regorded
and unrecorded signals, the format of the data and the recording method, thereby_allowing for information
interchange by means of such disks. User data can be written, read and overwritten many times using a
reyersible method. A conforming disk is identified as a BD Rewritable disk.

THis International Standard specifies the following:

— two related but different Types of this disk;

— conditions for conformance;

—{ environments in which the disk is to be operated-and stored;

—1 mechanical and physical characteristics of-the disk, which allow mechanical interchange betjveen data
processing systems;

—1 format of the information on the disk; including the physical disposition of the Tracks and Sector;
— error-correcting codes and coding method used;

—1 characteristics of the signals recorded on the disk, which enable data processing systems to|read data
from the disk.

THis International Standard provides for interchange of disks between drives. Together with a standgrd for
voJume and file stfugtlre, it provides for full data interchange between data processing systems.
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2 Conformance
21 Optical Disk

A claim of conformance with this International Standard shall specify the Type implemented. An optical disk
shall be in conformance with this International Standard if it meets all mandatory requirements specified for its

Type.

2.2 Generating system

o

A generatipg system shall be in conformance with this International Standard if the optical disk it generates’
in accordance with 2.1.

2.3 Recpiving system

A receiving system shall be in conformance with this International Standard if it is able to handle both Types|of
optical disks according to 2.1.

2.4 Compatibility statement

A claim of |conformance by a Generating or Receiving system with this International Standard shall include a
statement|listing any other standards supported. This statement shall specify the numbers of the standards,
the opticalldisk Types supported (where appropriate) and whether supportincludes reading only or both
reading and writing.

3 Normative references
The following documents, in whole or in part, are- normatively referenced in this document and 3are

indispensgble for its application. For dated references;-only the edition cited applies. For undated references,
the latest edition of the referenced document (including any amendments) applies.

ISO/IEC 646, Information technology — ISO 7-bijt coded character set for information interchange

ISO 9352,|Plastics — Determination of resistance to wear by abrasive wheels

IEC 60068-2-2, Environment testing - Part 2-2: Tests — Test B: Dry heat

IEC 60068-2-30, Environment te'sting — Part 2-30: Tests — Test Db: Damp heat, cyclic (12 h + 12 h cycle)

IEC 6095(-1, Information technology equipment — Safety — Part 1: General requirements
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4 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

4.1

Application

application specified for a BD (4.2), for instance a video application, which requires areas for a Content-
protection system and for its own Defect-Management system on the disk

4.2
B

digsk having a Cover Layer (4.4) around 0,1 mm thick and a Substrate (4.37) around 1,1 mm_thick on which
data is read or recorded by an OPU using 405 nm laser diode and NA = 0,85 lens

Ngte 1 to entry: User Data recorded on the disk is formatted using 17PP modulation and an LDC+BIS code.

Channel bit
element by which the binary value ZERO or ONE is represented by Pits (4.24)/Marks (4.18) and Spgces (4.36)
on the disk

Caver Layer
trgnsparent layer with precisely-controlled optical properties that covers the Recording Layer clogest to the
Entrance surface of the disk

4.5
D3ata Zone n
area between the Inner Zone and the Outer Zone on\Layer Ln (4.17)

4.6

Defective Cluster
Cluster in the User-Data Area (4.41) that-has been registered in the Defect List because it hgs become
unreliable or uncorrectable

Digital-Sum Value

arfthmetic sum obtained(from a bit stream by assigning the decimal value +1 to Channel bits (4.3) get to ONE

plane defined)by the perfect flat annular surface of an ideal spindle onto which the Clamping Area pf the disk
is plamped that is normal to the axis of rotation

4.

Embossed HFM Area
area on the disk where information has been stored by means of an HFM Groove (4.13) during the
manufacture of the disk

4.10
Entrance surface
surface of the disk onto which the optical beam first impinges

4.1

Erased Groove

blank Groove on the disk that has been erased by irradiating the Track using only erase power levels Pe1o and
Pe20 as determined by the OPC algorithm
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4.12
Groove
trench-like feature of the disk connected to a Recording Layer

Note 1 to entry: In case of a Single-Layer disk, the Groove can be carried by the Substrate (4.37) and

in

case of a Dual-Layer disk, one Groove can be carried by the Substrate and the other Groove by the Spacer
Layer (4.35) or the Cover Layer (4.4) (see Figure 1 and Figure 2). Grooves are used to define Track (4.38)

locations.
The Groove corresponds to the area that has been exposed to the mastering spot.
In general i

If the Grogve is nearer to the Entrance surface (4.10) than the Land (see Figure 54), the recording.meth
is called “Pn-Groove recording”. If the Groove is farther from the Entrance surface (4.10) than the’La
the recording method is called “In-Groove recording”.

In the BD Rewritable system, there are three types of Groove:
— Wobbjed Groove (4.43) in Rewritable Area containing address information;
—  HFM [Groove (4.13) in Embossed HFM Area (4.9) containing Permanent Information.and Control data;

— Straight Groove without any modulation in the BCA Zone.

413
High-Frequency Modulated Groove

HFM grogve

Grooves (4.12) modulated in the radial direction with a rather high bandwidth signal

Note 1 to|entry: HMF Groove creates a data channel with sufficient capacity and data rate for
replicated |information.

4.14
Information Area
area on the disk in which information can be recorded

4.15
Information Zone
recorded fart of the Information Area (4:14)

4.16
Land
surface of the Recording Layerbetween successive windings of a Groove (4.12)

417
Layer Ln
one Recornding Layer,of the disk identified by n

Note 1 to Tntry: Layer L(n + 1) is closer to the Entrance surface (4.10) of the disk than Layer Ln.

418

Marks

feature of the Recording Layer which may take the form of amorphous domains in the crystalline recording
film that can be sensed by the optical read-out system

Note 1 to entry: The pattern of Marks and Spaces (4.36) represents the data on the disk.
4.19

Measurement Velocity
Measurement Velocity is the linear velocity at which the disk is measured during reading

Note 1 to entry: nx Measurement Velocity means the Measurement Velocity of n times the Reference
Velocity (4.30).
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4.20
Modulation bit

alternative form representing the data that is more suited to be transmitted via a communication channel or to

be stored on a storage system

4.21
NRZ/NRZI conversion
method of conversing a Modulation-bit stream into a physical signal

4.22

Padding
process in a drive to fill up the missing Sectors in a 64K Cluster, which is consisting of 32 Sectors;w
00h data when the host supplies less than 32 Sectors and need to fill up the Cluster

Nate 1 to entry: The plane of Polarization is the plane containing the electric field vector and the ¢
propagation of the beam.

4.26

Prptective Coating

ional additional layer on top of the)Cover Layer (4.4) provided for extra protection against scra
other types of damage

4.27

Rgad-Modify-Write

process in a drive, when-ene or more but less than 32 Sector(s) in a Cluster have to be rewritten,
tent of a 64K Cluster, which consists of 32 Sectors, replace the Sector(s) concerned and write b
Cluster to the disk

=)

ording-Layer

~+0

th all

] so as to

and (4.16)

irection of

tches and

o read full
hck the full

of the disk consisting of a stack of films of specific materials on or in which data is written during

Recording Velocity
linear velocity at which the disk is recorded

Note 1 to entry: nx Recording Velocity means the Recording Velocity of n times the Reference Velocity (4.30).

4.30
Reference Velocity
linear velocity that results in the nominal Channel-bit rate of 66,000 Mbit/s

Note 1 to entry: nx Reference Velocity means n times the Reference Velocity.
4.31

Reserved
<value> value(s) not used in this International Standard
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Note 1 to entry: In future standards, the value can be released.

4.32
Reserved
<field> field(s) not specified in use, to be ignored in interchange and to be set to ZERO as value

Note 1 to entry: In future standards, the use of a field can be defined and value(s) can be assigned.

4.33

Rewritable Area

area on the disk where information can be recorded by means of marks (4.18) and spaces (4.36) using
the phasetchange effect and during the manufacture and/or use of the disk

4.34
Sector
minimum-s$ize addressable data part of a Track (4.38) in the Information Zone (4.15)

4.35
Spacer Lgyer
transparent layer with precisely-controlled optical properties separating two Recording Layers (4.28)

4.36
Spaces
areas sepIrating Pits (4.24) or Marks (4.18) in the tangential direction in the’context of HF signals

Note 1 to ¢ntry: The pattern of Pits/Marks and Spaces represents the data’on the disk.

4.37
Substrate|
layer, whigh may be transparent or not, provided for mechanical support of the Recording Layer(s) (4.28)

4.38
Track
360° turn ¢f the continuous spiral formed by a Grepve (4.12)

4.39
Track Pitgh
distance between centrelines of a Grooeve*(4.12) in adjacent Tracks (4.38), measured in the radial direction

4.40
Transmission Stack
all layers tpgether between the-Entrance surface (4.10) of the disk and the Recording Layer (4.28) concerne

=

Note 1 to éntry: In otherwords, the Transmission Stack of a specific Recording Layer consists of all layers
that are pgssed through-by the light beam when accessing that Recording Layer.

4.41
User-Datd Area
collection pf-all Data Zone(s) on the disk and consists only of the Clusters in which User Data can be recordéd

4.42
Virgin Groove
blank Groove (4.12) on the disk which has never been recorded nor erased

4.43
Wobbled Groove
Groove (4.12) that has a periodic sinusoidal deviation from its average centreline

Note 1 to entry: By modulating the sinusoidal deviation, the wobble provides address information and
general information about the disk.

4.44
Zone
annular area of the disk
6
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5 Conventions and notations

5.1 Terminology
511 Meaning of words

In this International Standard, the following words have a special meaning.

May: indicates an action or feature that is optional.

(0] .
If implemented, the feature shall be implemented as described.

Shall: indicates an action or feature that is mandatory and to be implemented to claim)compliance with
this International Standard.

Should: indicates an action or feature that is optional, but its implementation is strengly recomnjended.
5.1.2 Levels of grouping

Many times, data is collected into that data can be collected into higher level-groetps. For the clarity ¢f the
grpuping hierarchy, in this International Standard, the following levels of hietarchy will be used.

Frame: the lowest level of grouping. Generally, frames contain bytes of information.
Blpck: the second level of grouping. Generally, blocks consist of a number of frames.
Cluster: the highest level of grouping. Clusters consist of.several blocks.

Fragment: a level of grouping that can be applied by the application. A certain amount of data will be
allocated to a (fixed) number of consecutive Clusters.

5.2 Representation of numbers

A measured value Xneasured May be rounded. 6ff to the least significant digit of the corresponding spegified
vajue x before being compared with this specified value.

EXAMPLES:
—{ The specificationis: x =1,26

+0,01 .
-0,02 *

(nominal value = 1,26 with.a positive tolerance of +0,01 and a negative tolerance of —0,02)
— A measured value in-the range 1,235 < Xpneasured < 1,275 fulfills this specification.

—{ The specification is:»< 0,3:

— A measured-valle Xmeasured < 0,35 fulfills this specification

(rounding offdsyapplied for 0,30 < Xmeasured < 0,35: Xrounded = 0,3).

— The speecification is: x < 0,3:
— A-measured value Xmeasured = 0,299 fulfills this specification
(no rounding off needs to be applied).
—"A measured value Xmeasured = 0,3 exactly does not fulfill this specification.

In case the specified value is given as “maximum x units” or “minimum x units”, the measured value shall not
be rounded off before comparing to the specified value. Parameters given in this way shall not violate the
specified limits set by the exact value of x.

EXAMPLEs:
— The specification is maximum 0,3 mm:

— A measured value of 0,300 mm fulfills this specification.

— A measured value of 0,301 mm does not fulfill this specification.
— The specification is minimum 3 dB:

— A measured value of 3,00 dB fulfills this specification.

— A measured value of 2,99 dB does not fulfill this specification.
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Numbers in decimal notation are represented by the digits 0 to 9. The decimal symbol is “,” (comma). In large
numbers, the “” (space) can be used as digit grouping symbol.

Numbers in hexadecimal notation are represented by the hexadecimal digits 0 to 9 and A to F in parentheses
or followed by lowercase “h”. The character x in hexadecimal numbers represents any digit 0 to 9 or Ato F.

Numbers in binary notation and bit patterns are represented by strings of digits 0 and 1, with the most-
significant bit shown to the left. The character x in binary numbers represents a digit O or 1.

Negative values of numbers in binary notation are given as two’s complement.

In a patterp of n bits, bit b(,_1) shall be the most-significant bit (msb) and bit by shall be the least-significant bi
(Isb). Bit bj,_) shall be recorded first.

An uninterfupted sequence of m 0’s in a bit pattern can be represented by [0™].
The setting of bits is denoted by ZERO and ONE.

In data fields composed of bytes, the data is recorded so that the Most-Significant Byte\(MSB), identified as
Byte 0, shall be recorded first and the Least-Significant Byte (LSB) last.

In a field of 8n bits, bit bg,—1)shall be the most-significant bit (msb) and bit by the least-significant bit (Isb). Bit
bn-1) shal| be recorded first.

In data fields composed of nibbles, the data is recorded so that the mast-significant nibble, identified as NibHle
0, shall be|recorded first and the least-significant nibble last.

In a field of 4n bits, bit b,y shall be the most-significant bit (msb) and bit by the least-significant bit (Isb). Bit
bn-1) shall be recorded first.

A range off values is indicated as x ~ y, where the limits x and y are included in the range.

A list of inflegers is indicated as i .. j. The list contains all integers between jand j as well as i and j (e.g.
k=0 ..7).|If the step size is different from one,this is indicated as: j, (i + step) .. j(e.g. k=1, 4 .. 16, where
step = 3).

A group off parameters is indicated as;Param m..n or P, .. P,. The group contains all parameters with an indéx
between np and n as well as m atd)n (e.g. byte 16..31, bit 7..4, AddO .. Add255).

If x is nearly equal to y, then-ibis expressed as x = y.
5.3 Integer calculus

div(n,d) represents.the integer part of the division of n by d.
mod(n,d) nepresents the remainder of the division of n by d: mod(n,d) = n — d x div(n,d).

EXAMPLE div(+11,+3) = +3 div(-11,+3) = -3 div(+11,-3) = -3 div(-11,-3) = +3
mod(+11,+3) = +2 mod(-11,+3) = -2 mod(+11,-3) = +2 mod(-11,-3) = -2

5.4 Names

The names of specific entities, e.g. particular tracks, fields, etc., are given with an initial capital. Other terms
having explicitly-defined meanings for the purposes of this International Standard are also capitalized.

6 List of acronyms

ac alternating current
ADIP Address In Pre-Groove

8
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APC Automatic Power Control
AU Address Unit

AUN Address-Unit Number

BCA Burst-Cutting Area

BIS Burst-Indicating Subcode
BPF Band-Pass Filter

CAV Constant Angular Velocity
cbs Channel bits

CNR Carrier-to-Noise Ratio

dc direct current

DIPS Disk-Definition Structure
DRFL Defect List

DI Disk Information

Dlj Dual Layer

DMA Disk-Management Area
DMS Disk-Management Structure
DOW Direct OverWrite

DOW(n) the n-th Overwrite

DOW(0) the initial recording

D$V Digital-Sum Value

D\VP Disk Write Protect

= Emergency Brake

ECC Error-Correction Code
EDC Error-Detection Code

FAA First ADIP Address (of Data Zone)
FS Frame Sync

FWHM Full Width.atHalf Maximum
HE High Rrequency

HFM High=Frequency Modulated
HWW Ffarmonic-Modulated Wave
HRPF High-Pass Filter

HTL High-To-Low

LAA Last ADIP Address (of Data Zone)
LDC Long-Distance Code

LPF Low-Pass Filter

LSB Least-Significant Byte

Isb least-significant bit

LSN Logical-Sector Number
MM MSK Mark

MSB Most-Significant Byte

ms Millisecond
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msb most-significant bit

MSK Minimum-Shift Keying

MW Monotone Wobble

NA Numerical Aperture

NHWS Normalized HFM-Wobble Signal
NRD Non-Re-allocatable Defect

NRZ Non-Return-to-Zero

NRZI Non-Return-to-Zero Inverting

ns Nanosecond

NWL Nominal Wobble Length
NWS Normalized Wobble Signal
OPU Optical Pick-up Unit

PAA Physical ADIP Address
PAC Physical-Access Control
PBA Possibly Bad Area

PIC Permanent Information and Control data
PLL Phase-Lock Loop

PoA Post-amble

PP Push-Pull

pp peak-to-peak

PrA Pre-amble

ps Picosecond

PSN Physical-Sector Number
RH Relative Humidity

RMTR Repeated Minimum-Transition Run-length

R-M-W [ Read-Modify-Write

RS Reed-Solomon (cede)

RT Relative Thickness

RUB Recording+<4hnit Block

RxIn Reflectivity x In Resolution
RxM Reflectivity x Modulation
SER Symbet-ErrorRate

SHD Second-Harmonic Distortion
SHL Second-Harmonic Level
SL Single Layer

SNR Signal-to-Noise Ratio
SPS Start-Position Shift

STW Saw-Tooth Wobble

Sync Synchronization

TP Track Pitch

TS Transmission Stack

10
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wbs Wobbles
WP Write Protect
7 General descriptions of disk

The 120 mm optical disk that is the subject of this International Standard consists of a Substrate of about
1,1 mm nominal thickness. Clamping is performed in the Clamping Zone.

The Recording Layer of the disk may use phase-change recording technology. Recorded amorphous Marks

h4

TH

ve lower reflection than the crystalline Spaces of Unrecorded Layer(s).

is International Standard provides for two Types of disks

Type SL disk: the Substrate is covered with a Recording Layer, consisting of several films”On top o

Re

(s¢e Figure 1). The capacity is 25,0 Gbytes.

Type DL disk: the Substrate is covered with two Recording Layers, each consisting of several films.

Re
se|
trg
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Tq
co

Da
re
an

TH
na
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Cq

Fg

cording Layers are separated by a transparent Spacer Layer of about 0025 mm. The first Record
en from the read-out side of the disk shall be semi-transparent. On top of this Recording Layer, a
nsparent Cover Layer of about 0,075 mm is applied. Both the Spacer Layer and the Cover Layer
pcisely-defined optical characteristics (see Figure 2). The capacity is 50,0 Gbytes.

improve scratch resistance of the disk, the Cover Layer optionally can be protected with an additi
ating.

ta can be written and overwritten onto the disk with a high-power focused optical beam. The data
hd with a low-power focused optical beam, using’the difference in the reflectivity of the amorphous|
d the crystalline Spaces.

e Recording Layer(s) contain Wobbled Groove(s) with addresses that enable a speed control and
vigation system for data to be read from or written to the Recording Layer concerned.

cording and reading of the data is accomplished through the Cover Layer or through the total stag
ver Layer, first RecordingLayer and Spacer Layer, depending on which Recording Layer is involv

called a Transmission Stack of that specific Recording Layer (see Figure 1 and Figure 2).

this

cording Layer, a transparent Cover Layer of 0,1 mm is applied with precisely-defined optical characteristics

The two
ing Layer

thall have

bnal hard

can be
Marks

k of
ed.

r reference purposes;-a‘layer that the light beam passes through when accessing a certain Recordling Layer
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Figure 1 — Outline of Type SL disk
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D
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4 Recording

Layer L1

Spacer Layer

/ Cover Layer
Entrance surface

(Protective Coating)

for optical beam

Figure 2 — Outline of Type DL disk

This Interrjational Standard specifies two kinds of Recording Velocity: 1x and 2x.

Figure 3 shows the Recording Velocity requirements for each Disk Type. At least one of the Write Strategies is
reqgired for each Recording Velocity.

12
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. Mark Push-Pull Layer Recording Velocit
Disk Type polarity polarity Ty);)e 1x 7 2X ’
Type SL HTL On-Groove SL m m
Type DL HTL On-Groove® DL m m
m Mandatory.
@ Groove polarity shall be On-Groove for both Layer LO and Layer L1.

8.

8.

Du

th¢ test environment. The test environment is the environment where the air immediately surroundin

sh

Ng
su

8.

Sq
fol

time it takes for the disk to ac€limatize to the new environment.

a)

b)

8.

Figure 3 — Recording Velocity requirements for Disk Type

General requirements
Environments
A Test environment
1.1 General

ring measurements for testing conformance of a disk with this International Standard, the disk sha

me parameters can be rather sensitive to changes in the operating environment. Where specified
owing two tests shall be performed. In both cases, the required specifications shall be fulfilled dur

apply a sudden change in relative humidity, while keeping the temperature at a constant lev
humidity = 90 %,tetperature = 25 °C - relative humidity = 45 %, temperature = 25 °C (see Fig

apply a suddep change in temperature, while keeping the absolute humidity at a consta
10,4 g/m® Y temperature = 25 °C, relative humidity = 45 % -> temperature = 55 °C, relative
10 % (see(Figure 4).

.2 Operating environment

Il be in
j the disk

all have following properties:
temperature: (23 £ 2) °C;
relative humidity: 45 % to 55 %;
atmospheric pressure: 86 kPa to 106¢kPa.
condensation on the disk shall occur. Before testing, the disk shall be conditioned in this environinent for a
fficient time.
1.2  Test conditions for sudden changes in operating environment

the
ng the

El: relative
ure 4).

nt level (=
humidity =

A

Hon - £ ahla tlo Lot ' L4t <l ol laall el alat HY lo Ll :
UTON TTT CUTTIUTTTIATNTUS WILIT UTTo 1Tt iiatvulidar owdalidaru oridil 'JI UVIUT Uddlg Irierorial |UU UVCIT UIT OlJcUll

ranges of environmental parameters in the operating environment. The operating environment is the

en

vironment where the air immediately surrounding the disk shall have the following properties:
— temperature: 5°C to 55 °C;
— relative humidity: 3 % to 90 %;
— absolute humidity: 0,5 g/m® to 30 g/m?;

— atmospheric pressure: 60 kPa to 106 kPa.

ed

There shall be no condensation of moisture on the disk. If a disk has been exposed to conditions outside those

sp

ecified above, it shall be acclimatized in an operating environment for at least 2 hours before use.
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Figure 4 — Operating environment

8.1.3 $torage environment
8.1.3.1 |General

The storage environmentis an environment where the air immediately surrounding the optical disk shall hav
the following properties:

1%

— tempgrature; —10 °C to 55 °C;
— relativethumidity: 5 % to 90 %;

—  absolUte humidity: rgim o 30 gIme;
— atmospheric pressure: 60 kPa to 106 kPa;
— temperature variation max.: 15 °C/h;

— relative humidity variation max.: 10 %/h.

8.1.3.2 Climatic storage tests

To check environmental stability of the disk, it shall be exposed to the following environments:

— Dry heat test according to IEC 60068-2-2 Ba:
T =55°C, RH =50%, 96 hours.
— Damp heat cycle test according to IEC 60068-2-30 Db:
Thigh = 40 °C, Tiow = 25 °C, RH = 95 %, cycle time = (12 + 12) hours, 6 cycles.

14
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After exposure to these environmental conditions, one should allow for some recovery time before measuring
(24 hours or 48 hours).

8.1.4 Transportation
8.1.41 General

As transportation occurs under a wide range of temperature and humidity variations, for differing periods, by
many methods of transport and in all parts of the world, it is not possible to specify mandatory conditions for
transportation or for packaging.

8.1.4.2 Packaging
8.1.4.21 General

THe form of packaging should be agreed upon between sender and recipient or, in abSence of such gn
agreement, is the responsibility of the sender. It should take into account the following’ hazards.

8.1.4.2.2 Temperature and humidity

Ingulation and wrapping should be designed to maintain the conditions fot storage over the estimatefl period of
trgnsportation.

8.1.4.2.3 Impact loads and vibrations

a)| Avoid mechanical loads that would distort the shape afthe disk.

b)| Avoid dropping the disk.

c)| Disks should be packed in a rigid box containing adequate shock-absorbent material.
d)| The final box should have a clean interior and @ construction that provides sealing to prevent the ingress
of dirt and moisture.

8.2 Safety requirements

THe disk shall satisfy the requirement'of IEC 60950-1, when used in the intended manner or in any
foreseeable uses in an information system.

8.3 Flammability

THe disk shall be made-from materials that comply with the flammability class for HB materials, or bgtter, as
specified in IEC 60950~1.

9| Reference drive

9. General

A Reference drive shall be used for the measurement of optical and electrical signal parameters in order to
confirm that a disk is in conformance with the requirements of this International Standard. The characteristincs
of the critical components of this device are specified in Clause 9.

9.2 Environmental conditions
During tests, the disk shall be in a test environment as defined in 8.1.1, unless stated otherwise.
9.3 Optical system

The basic set-up of the optical system of the Reference drive used for measuring specified (over)write and
read parameters is shown in Figure 5. Different components and locations of components are permitted,
provided that the performance remains the same as that of the set-up in Figure 5.

15
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The optical system shall be aligned such that the focused optical beam is perpendicular to the Recording
Layer on which the beam is focused at the radius where the measurement is to be performed.

The optical system shall be such that the detected light reflected from the Entrance surface of the disk is

minimized

so as not to affect the accuracy of the measurements.

=1+l HF read channel
I+ 1,

A polarizin
coming frg
light beam

The opticq
minimized
the radius
During me

measuren
limited dim

Radlal FF

read channel

[} I
an ’ Ta |l | e |1g
— L I Quadrant
Tangential \j | | photodetector
Track l le !
direction :
|
| _ _
I
e [ B Disk
Laser Collimator Polarizing SA 1/4\ Objective
diode lens beam splitter  corrector<‘plate  lens

Figure 5 — Optical-system of Reference drive

g beam splitter and a quarter-wavelength plate shall be used to separate the entrance light beam,
m the laser diode, and light beam reflected by the optical disk going towards the photodetector. The
transmitted through the splitter shall have a p:s intensity ratio of at least 100:1.

| beam shall be compénsated for Spherical Aberrations (SA) such that these aberrations are
for the thickness of\the Transmission Stack of the Recording Layer on which the beam is focused|at
where the measurement is to be performed.

Aasurements\on one Layer of a Dual-Layer disk, light reflected from the other Layer can influence the
ents on the Layer under investigation. To cope with these effects, the photodetector shall have
ensions. Its length and width shall be smaller than M x 5 um, where M is the transversal optical

magnificat]

on-from the disk to its conjugate plane near the quadrant photodetector.

16
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9.4 Optical beam

The focused optical beam used for writing and reading data shall have the properties listed below.

— Wavelength (1) of the laser beam: (405 £ 5) nm
— Polarization: circular
— NA: 085 + 0,01
— Light intensity at the rim of the pupil of the objective lens relative to the maximum intensity:

— in the tangential direction: B0 £ 5) %

— in the radial direction: (65 £ 5) %
— Maximum wave-front aberration at the Recording Layer(s): 0,033 x A rms

(after correction of tilt and spherical aberrations)
— Maximum relative-intensity noise of the laser diode: —125 dB/Hz

ac light density
10x log - /_IZ
dc light power
—1 Normalized detector size: SIMA < 25 pm?
(where S is the total surface of the quadrant photodetector)

—1 Read power for disk testing (average):

— SL disk: (0,354 0,1) mW

— DL disk: (0,70 4 0,1) mW
— Write power and pulse shape: see 29.4.2 and Annex F
9.5 HF read channel
THe HF read channel is proyided to supply a signal from which User Data can be retrieved. This signal is
g€gnerated by summing the,currents from all four elements of the photodetector (I, + I, + I + Ig). Thege
currents are modulated-by the user-written information due to the difference in reflectivity of the Marks and
Spaces caused by-the Phase-Change effects.
In the frequency-range from dc to 22 MHz the HF read channel, including the photodetectors, shall have a flat
amplitude response within £1,0 dB relative to its dc gain.
THe greup delay variation shall be maximum 2 ns pp in the frequency range from 3 MHz to 22 MHz.

For measurement of jitter, the characteristics of the signal processing, the data slicer and the PLL, etc. are

specified in Annex H.

© ISO/IEC 2016 — All rights reserved
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9.6 Rad

ial PP read channel

The radial PP read channel provides the tracking-error signal to control the servo for radial tracking of the
optical beam. It also provides a wobble signal from which the information modulated on the Grooves can be

retrieved.

The radial tracking error is generated as a signal [(/a + Ib) — (Ic + l4)] related to the difference in the amount of

light in the

two halves of the exit pupil of the objective lens.

The read amplifiers including the photodetectors in the radial PP read channel shall have a flat amplitude

response

vithin 1,0 dB relative to their dc gain from dc to 8 MHz.

9.7 Disk Clamping

While its p
most of thg
diameters

Clamping
The total g

In order to
chucking fi
exceed 0,1

The top ar

arameters are being measured, the disk shall be clamped between two concentric rings-covering
b Clamping Zone (see 10.6). The top Clamping Area shall have the same inner and.outer

as the bottom Clamping Area (see Figure 6).

shall occur between d;, = (23,5 £ 0,5) mm and doyt = (32,5 £ 0,5) mm.

lamping force shallbe F1=2,0 N+ 0,5 N.

prevent warping of the disk under the moment of force generated. by the clamping force and the
brce F,, which is exerted by the tapered cone on the rim of the ¢entre hole of the disk, F, shall not

b N (see Figure 6).

gle a of the tapered cone for centring of the disk shallibe 40,0° + 0,5°.

dout |

9.8 Rotation of the disk and Measurement Velocity

The direction of rotation shall be counter-clockwise as viewed from the objective lens.

All specifications are based on a tangential speed during reading that is equal to the Reference Velocity. This
corresponds to a Constant Linear Velocity of 4,917 m/s.

Tests for determining the recording characteristics of BD Rewritable disks shall be carried out at all Velocities

defined in each of the DI Units that are present on the disk (see 15.8.3).

18
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9.9 Normalized servo transfer function

In order to specify the servo systems for axial and radial tracking, a function Hy(iw) is used. It specifies the
nominal values of the open-loop transfer function H of the Reference servo(s).

3xiw
+

where

w =2mxf

Wy =21 X fy;

Wint = 2T X fing;

2 =1

K = order of integrator.

Here, fo is the 0 dB crossover frequency of the open-loop transfer function."The crossover frequencigs of the
lead-lag network of the servo are given by the following:

— lead break frequency: fi=1!3;
—1 lag break frequency: fo=1fox 3.

THe term [1+ﬂj in the formula above represents an.integrator function. Such an integrator or equivalent
iw

fumction is used to further reduce of low-frequency.components, especially those due to deviations with
frdquencies equal to the rotational frequency of the disk or its harmonics.

Al$o, fine is the 3 dB crossover frequency(af the integrator function.

Arjother frequency of importance is-the frequency fx at which a sinusoidal displacement with an amplitude
equal to the maximum allowed residual tracking error enax, corresponds to the maximum expected
acceleration apmax- This frequency can be calculated as follows:

fX _ L Amax

2\ ess
Bgcause the tracking-error signals from the disk can have rather large variations, the tracking-error gignal fed
into each _Reference servo loop shall be adjusted to a fixed level (effectively calibrating the total loop|gain),

which guarantees the specified bandwidth.
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9.10 Measurement Velocity and Reference servo for axial tracking

Regarding the open-loop transfer function H(f) of the Reference servo for axial tracking, |1+ H(f)| is
shown schematically by the shaded area in Figure 7.

gain (dB)

100
PR —— '

80 _//_\
77,00 \
gg‘:g:___::::::::::::::::::X_W\
40 \
"

N

~——

1 10 36 100 1x10° 10 x10> 100 x10?
frequency (Hz)
Figure 7 — Servo characteristic for axial tracking

The crossover frequency f, of Hy(f) (see 9.9) used to define the limits of |1+ H(f) |, is specified by the
following fprmula. where ayax = 6,0 m/s? is the maximum expected axial acceleration due to local

disturbanges, and anax is multiplied by a factor m = 1,25 for servo margin. The tracking error enax, caused by
this m x aax, shall be 55 nm. Thus, the\0°'dB crossover frequency shall be:

_1_ 3xmx amax =i 3 1125 X7§’O =3,2 kHz
21 e 2T 55%x10

max

The integrptor 3 dB crossover frequency shall be: fint = 100 Hz.

In the frequency-range 100 Hz to 10 kHz:
|1+ H(f) ||shall be within —10 % to +10 % of | 1 + Hn(f)| .

In the frequency range 36 Hz to 100 Hz:
|1+ H(f) | shall be within the limits defined by the following four points:
52,9 dB at 100 Hz (\1+HN(f)| at 100 Hz — 10 %);

54,6 dB at 100 Hz (|1 + Hn(H | at 100 Hz + 10 %);
77,0 dB at 36 Hz (|1 + Hn(H | at 36 Hz — 10 %);
97,0 dB at 36 Hz (|1 + Hn(H| at 36 Hz — 10 % + 20 dB).

In the frequency range up to 36 Hz:
|1+ H(f)| shall be between 77,0 dB and 97,0 dB.

The frequency fx has the following value: f, :L max _ L Lg ~16 kHz
2\ emnax  2m\55x10°
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9.11 Measurement Velocity and Reference servo for radial tracking

Regarding the open-loop transfer function H(f) of the Reference servo for radial tracking, |1 + H(f)| is shown

schematically by the shaded area in Figure 8.

gain (dB)

00 1
99,0 ;

790 :\
56,6 [~ -
54,9 ﬂ\

40 E \
20 5

1 10 36 100 1x10% 10 x10® 100 x10%
frequency (Hz)

Figure 8 —(Servo characteristic for radial tracking

THe crossover frequency f, of Hy(f)'(see 9.9) which is used to define the limits of 11+ H(f) |, is specified by the
following formula, and dpax = 2,2 m/s? is the worst-case maximum expected radial acceleration due fo local

digturbances, which anax is multiplied by a factor m = 1,25 for servo margin. The tracking error epnax, faused by
thils m x anax, shall be 16 m. Thus, the 0-dB crossover frequency shall be as follows.

; 1\/3><m><amax_1\/3><1,25x2,2
A SXMxOmax _ 1 [9xheoxse

- = =2 -36 kHz
2m e 2m\ 16x10

max

THe integrator 3 dB crossover frequency shall be: fint = 100 Hz.

Injthe,frequency range 100 Hz to 10 kHz:
| 1+ A’ [ shall be within =10 % t0 +10 % of {1 + Fn(})|

In the frequency range 36 Hz to 100 Hz:
|1+ H| shall be within the limits defined by the following four points:
54,9 dB at 100 Hz (11 + Hy(n| at 100 Hz - 10 %)

56,6 dB at 100 Hz (|1 + Hy(f| at 100 Hz + 10 %)
79,0 dB at 36 Hz (|1 + Hy(H! at 36 Hz— 10 %)
99,0 dB at 36 Hz (|1 + Hy(H!| at 36 Hz — 10 % + 20 dB)

In the frequency range up to 36 Hz:
|1+ H(f)| shall be between 79,0 dB and 99,0 dB.
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The frequency fx has the following value: f, :2i }@ = ZL fﬁ ~ 18 kHz
T\ €nax 1L x10~

10 Dimensional characteristics

10.1 General

Dimensional characteristics are specified for those parameters deemed mandatory for interchange and
compatibl i i i i isti
elements described are indicated. Figure 9 shows the dimensional requirements in summarized form. The
different parts of the disk are described from the centre hole to the outside Rim.

First Second
transition Area transition Area
: Clamping Rim
Centre Zone ' o
| hole : | 2 Information Area

Figure 9 — Overview of disk dimensions
10.2 Disk reference planes and reference axis

For Disk r¢ference planes;see also Figure 10 and Figure 11.

The Disk reference plane P is the plane determined by the surface of the Clamping Zone (see 10.6) at the
read-out s|de of the disk.

The Disk reference plane Q is the plane determined by the surface of the Clamping Zone at the Substrate sifle
of the disk

The reference axis A is the axis through the middle of the centre hole, perpendicular to the Disk reference
plane P.

The Disk reference plane R is a plane parallel to the Disk reference plane P. The distance between Disk
reference plane R and Disk reference plane P shall be e, = 100 + 25 um towards the inside of the disk (see
Figure 10 and Figure 11).

The Disk reference plane R shall intersect with Recording Layer LO at Layer LO's average position between
radius r, = 23 mm and r, = 24 mm (Layer LO is the only Recording Layer on an SL disk or the deepest
Recording Layer on a DL disk).
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Figure.10 — Details of disk dimensions
l Centre hole
< :
I Recording layer LO
; Iy Substrate
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é ; Cover Layer
"~ Turn table
I
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Figure 11 — Details of Disk reference planes P and R and Recording Layer
L0 10.3 Overall dimensions
The overall outer diameter of the disk shall be d; = (120,0 + 0,3) mm (see Figure 9).
The diameter of the centre hole shall be d, = 15,00 *§39  mm (see Figure 9).
There shall be no burr on the edge of the centre hole at the read-out side.
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The edge of the centre hole at the read-out side is the reference for centring the disk and shall be rounded off
or chamfered. The rounding radius shall be maximum r, = 0,1 mm. The height of chamfer shall be maximum
0,1 mm above the bottom surface of the First transition Area. The rounding or chamfer shall be maximum

hy = 0,25 mm from Disk reference plane P (see detail in Figure 10).

The maximum thickness of the disk is defined as the distance in the direction of the reference axis A between
the highest structure protruding from the Entrance surface of the disk and the highest structure protruding from
the top surface of the disk.

Outside the Clamping Zone, the top surface may be inside the Disk reference plane Q by maximum
h;=0,4m

Outside the Clamping Zone, the top surface may be outside the Disk reference plane Qdy maximum
hz = 0,1 mm (see Figure 10).

10.4 First transition Area

In the Inngr Area inside the Clamping Zone (d < dg), the surfaces may beinside the Disk reference planes P
and Q by naximum hs = 0,20 mm and maximum h, = 0,12 mm, respectively. These surfaces may be uneven
or may haye burrs up to maximum h; = 0,05 mm and hg = 0,05 mm.outside the Disk reference planes P and|Q,
respectively (see Figure 9 and Figure 10).

10.5 Profection ring

An optiongl ring-shaped protrusion in the Inner Area of the disk that can prevent full contact between the
surface of the disk and a surface on which such a disk is laid down. By applying such a ring, the chance for
damage tq the read-out side of the disk can be:minimized.

When applied, the Protection ring shall be located between diameter d; = 17,5 mm and diameter ds = 21,0
mm. Betwgen d; and diameter d; = 20;5 mm, the height of the Protection ring shall be maximum 0,12 mm
above the|clamping surface.

Between d, and ds, the height ©fithe Protection ring shall sink gradually to the surrounding surface (see Figure
10).

10.6 Clamping Zone

The inner fliameter. of the disk Clamping Zone shall be dg < 23,0 mm
The outer diameter of the disk Clamping Zone shall be d; > 33,0 mm (see Figure 9).

The thickness of the disk within the Clamping Zone shall be e; = 1,20f%’110?5 mm (see Figure 10).

Within the Clamping Zone, (ds < d < d-), both sides of the disk shall be flat within maximum 0,1 mm.
Within the Clamping Zone, (ds < d < d7), both sides of the disk shall be parallel within maximum 0,1 mm.

10.7 Second transition Area

The Second transition Area is an area between the Clamping Zone and the Information Area: d; < d < dg (see
Figure 9).

In the Second transition area, the surface at the read-out side of the disk may be inside the reference plane P
by maximum hg = 0,12 mm. This surface may be outside the Entrance surface in the Information Area by
maximum hyo = 0,01 mm (see Figure 10).
24
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In the Second transition area, the top surface of the disk may be outside the Disk Reference plane Q by
maximum hqq = 0,2 mm.

The step from the top surface in the area to the top surface in the Information Area is hqg. The distance
between the start and the end diameters of the step is /5. If h1g > 0,2 mm, then the slope down to the top
surface of the Information Area shall be smooth and /; > 1,8 mm, as indicated in Figure 10. If the top surface in
the Information Area is stepped down from the top surface in the Second transition area, then the step shall
end within diameter dg = 40,0 mm.

and

On each Recording Layer, the Data Zone shall be located between inner diameter dpz and outer digmeter
dbko- The Data Zones on all Recording Layers shall have the same storage capacity.

THe inner diameter dpz on Recording Layer Ln shall be dpz, = 48,0_%’?2 mm while and the outer diameter dpzo

on Recording Layer Ln shall be dpzo, <116,2 mm.

THe area between dy and dpz is called the Inner Zone and the area between dpzo and dyq is called the Outer
Zdne (see Figure 12). The total thickness of the disk in the Information Area is as specified in 10.3.

Information Area

Inner Zong Quter Zon
Information Zone <

\\J
& [ |

Lead-in Data Zone Lead-out
(Lead-out) (Quter)

dDZI

dozo

Figure 12 — Division of Information Area

10.8.2 Subdivisions of Information Zone on SL disk

The Information Area is used to record the Information Zone.
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The Information Zone is subdivided into the following main parts (see Figure
13): — Lead-in Zone (part of the Inner Zone);

— Data Zone;

— Lead-out Zone (Outer Zone).

Substrate

Recording
Layer

Lead-in Zone Data Zane Lead-out Zone
AN —>
spiral direction

Cover Layer

inner side ptical outeriside
of disk beam ofdisk

Figure 13 — Subdivision of Information Zone on SL disk

The Lead-jn Zone starts in the area extending from 44,0 mm to 44,4 mm in diameter and shall end at the
beginning jof the Data Zone at diameter dpz.

The Lead-put Zone shall start at the end of the Data Zone at diameter dpzg'and shall end at minimum 117 mm
in diameter.

10.8.3 Bubdivisions of Information Zone on DL disks

The Infor:[ation Area is used to record the Information Zone, divided over the two Recording Layers.
The Information Zone is subdivided into the following main parts (see Figure 14).

On Recording Layer LO

— Lead4in Zone (part of the Inner Zone 0),
— Data Zone 0, and

— OutenZone 0.

On Recording Layer L1

—  OuterZone 1,
— Data Zone 1, and
— Lead+out Zone (part of\the Inner Zone 1).

On Layer O, the spiral’Groove shall run from the inner side of the disk towards the outer side of the disk.
On Layer L1, the spiral Groove shall run from the outer side of the disk towards the inner side of the disk.

Substrate

Recording .

Layer LO Lead-in Zone Data Zone O Outer Zone 0

—_—

Spacer Layer spiral direction

Recording

Layer L1 Lead-out Zone Data Zone 1 Outer Zone 1

4—

Cover Layer / \ spiral direction
inner side Optical outer side
of disk beam of disk

Figure 14 — Subdivision of Information Zone on DL disk
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The Lead-in Zone starts in the area extending from 44,0 mm to 44,4 mm in diameter and shall end at the
beginning of the Data Zone 0 at diameter dpz;.

The Outer Zone 0 shall start at the end of the Data Zone 0 at diameter dpzoo and shall end at minimum
117 mm in diameter.

The Outer Zone 1 shall start at minimum 117 mm in diameter and shall end at the beginning of Data Zone 1 at
diameter dpzo1.

The Lead-out Zone shall start at the end of the Data Zone 1 at diameter dpz4 and shall end in the area
extending from diameter 44,0 mm to diameter 44,4 mm.

10.9 Rim Area

THe Rim Area is the area outside the Information Area, starting at dyo and extending to the-outer diafneter of
the disk (see Figure 9).

Infthe first 0,5 mm of the Rim Area, the surface at the read-out side of the disk §hall not be outside the
Erjtrance surface in the Information Area.

Inthe remainder of the Rim Area, the surface at the read-out side of the disk shall not be outside theg Entrance
surface in the Information Area by maximum h;; = 0,05 mm (see Figure 10).

Infthe Rim Area, the surface at the read-out side of the disk may be inside the Entrance surface in the
rmation Area by maximum hy4 = 0,12 mm (see Figure 10):

Infthe Rim Area, the top surface of the disk shall not be~dutside the top surface in the Information Arg¢a by
maximum h4s = 0,05 mm (see Figure 10).

11 Mechanical characteristics

111 Mass

THe mass, m, of the disk shall be 12.g<m <17 g.

11.2 Moment of inertia

THe moment of inertia ©f;the disk shall be <0,032 g.mz.
11[.3 Dynamic imbalance

THe dynamic imbalance of the disk shall be < 2,5 g.mm.

11.4 AAXial runout

11.41 General

When measured by an optical system using the Reference servo for axial tracking and with the disk rotating at
a scanning velocity of 4,917 m/s (for all capacities), the distance between each Recording Layer and the Disk
reference plane R (see Figure 10 and Figure 11) in the direction of the reference axis A shall be maximum

hi2 = 0,3 mm over the entire disk.

Within one Track (one revolution), the deviation of each Recording Layer from its average position in the
direction of the reference axis A shall be maximum 0,1 mm.

At the inner side of the disk, rotating at a velocity of 4,917 m/s, this corresponds to a maximum acceleration of

about 4,6 m/s?, based upon a sinusoidal deviation at the rotational frequency of the disk.
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Due to the integrator function in the reference servo (see 9.10), this component will be suppressed sufficiently
such that the residual tracking errors as defined in 11.4.2 are mainly due to local disturbances.

11.4.2 Residual axial tracking error

The residual axial tracking error of each Recording Layer for frequencies below 1,6 kHz (= fx, see 9.10),
measured using the Reference servo for axial tracking as specified in 9.10, shall be maximum 45 nm
(displacement of the objective lens needed to move the focal point of the optical beam onto the Recording
Layer).

Spikes in the residual axial tracking-error signal due to local defects, such as dust and scratches, shall be
excluded. See Annex I.

The measuiring filter shall be a Butterworth LPF, with 345 = 1,6 kHz and slope = —60 dB/decade.

This means that for frequencies <1,6 kHz, the maximum local acceleration of the RecordingcLayer in the
direction of the reference axis A will not exceed 6,0 m/s>.

The rms npise value of the residual error signal in the frequency band from 1,6 kHzte 10 kHz, measured with
an integrafion time of 20 ms and using the Reference servo for axial tracking, shall-be at maximum 32 nm.
The measuiring filter shall be a Butterworth BPF, from f_34g = 1,6 kHz with slope«= +60 dB/decade, to f_3q5 = 10
kHz with sJope = —60 dB/decade.

11.5 Radjal runout
11.5.1 General
The runou} of the outer edge of the disk shall be maximum of 0,3 mm pp.

The radiall runout of the Tracks in each Recording Layer (including eccentricity and unroundness) shall pe
measured|by an optical system using the Reference’servo for radial tracking, while the disk is rotating af a
scanning Velocity of 4,917 m/s (for all capacities):

The radial|runout shall be maximum 75 pm-pp (SL and DL disks).

At the inngr side of the disk, rotating-at_a velocity of 4,917 m/s, this corresponds to a maximum acceleration pf
about 1,7 fn/s?, based upon a sinusoidal deviation at the rotational frequency of the disk.

Due to the|integrator function in-the Reference servo (see 9.11), this component will be suppressed
sufficiently such that the résjdual tracking errors as defined in 11.5.2 and 11.5.3 are mainly due to local
disturbances.

The residdal tracking’error shall be determined by applying the radial PP read channel (/;— /3) signal for both
measurementand radial servo control purposes as indicated in Figure 5.

11.5.2 Residuatradiattrackingerrorom St disks

The residual radial tracking error for frequencies below 1,8 kHz (= fx, see 9.11), measured using the reference
servo for radial tracking as specified in 9.11, shall be a maximum of 9 nm.

Spikes in the residual radial tracking-error signal due to local defects, such as dust and scratches, shall be
excluded. See Annex I.

The measuring filter shall be a Butterworth LPF, with f34g = 1,8 kHz and slope = 60 dB/decade.

This means that for frequencies <1,8 kHz the maximum local acceleration of the Tracks in the radial direction
will not exceed 1,5 m/s.

The rms noise value of the residual error signal in the frequency band from 1,8 kHz to 10 kHz, measured with
an integration time of 20 ms and using the reference servo for radial tracking, shall be maximum 6,4 nm. The
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measuring filter shall be a Butterworth BPF, from f_34g = 1,8 kHz with slope = +60 dB/decade, to f 34 = 10 kHz
with slope = —60 dB/decade.

11.5.3 Residual radial tracking error on DL disks

The residual radial tracking error in each Recording Layer at frequencies below 1,8 kHz (= fx, see 9.11),
measured using the Reference servo for radial tracking as specified in 9.11, shall be a maximum of 13 nm.

Spikes in the residual radial tracking-error signal due to local defects, such as dust and scratches, shall be
excluded. See Annex |.

THe measuring filter shall be a Butterworth LPF, with f.34g = 1,8 kHz and slope = —60 dB/decade!

THis means that for frequencies <1,8 kHz, the maximum acceleration of the Tracks in the radial diregtion will
nat exceed 2,2 m/s.

THe rms noise value of the residual error signal in the frequency band from 1,8 kHz to’10 kHz, measpred with
an integration time of 20 ms and using the reference servo for radial tracking, shall’be a maximum of 9,2 nm.
THe measuring filter shall be a Butterworth BPF, from f_34g = 1,8 kHz with slope'= +60 dB/decade, tg
f_3hg = 10 kHz with slope = —60 dB/decade.

11[.6 Durability of Cover Layer
11[.6.1  Impact resistance of Cover Layer

Td prevent excessive damage by accidential impact, the Entrance surface of the disk should have a|certain
minimum impact resistance.

THe minimum impact resistance can be tested bygprocedures described in Annex L.
11[.6.2  Scratch resistance of Cover Layér

Td prevent excessive scratching, the surface of the disk shall have at least a certain minimum hardness.
THe scratch resistance shall be tésted by a procedure described in Annex C.

11.6.3 Repulsion of fingerprints by Cover Layer

Td prevent excessive €ontamination, the surface of the disk shall repel grime as much as possible.

THe repulsion of-grime shall be tested by a procedure described in Annex D.

12 Optical characteristics in Information Area

12.1- General

The following requirements shall be fulfilled within the Information Area of the disk.

These specifications of the Transmission Stacks (TS) include all possible layers on top of the Recording Layer
concerned (such as gluing layers in case of foils, the Spacer Layer and the semi-transparent Recording Layer
of Layer L1 in case of TS0, the Cover Layer and possibly a Protective coating).

12.2 Refractive index of Transmission Stacks (TS)

If the layers making up the total TS have different refractive indexes, then the procedure described in Annex A
shall be followed.

The refractive index n of the Cover Layer and Spacer Layer of the disk shall be 1,45 <n < 1,70.
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12.3 Thickness of Transmission Stack(s)

12.3.1 Thickness of Transmission Stack of SL disks

The average thickness between radius r, and radius r, is called the Reference Thickness of the Transmission
Stack (TS) on the disk (see 10.2 and Figure 11).

The thickn

ess of the TS, measured over the whole disk, shall fulfill the following two requirements:

a) the thickness of the TS, as determined by its refractive index, shall be within the upper shaded area in

Figure 15 (In case of a refractive index of 1,6 the thickness shall be between 95 um and 105 um and the

dashe

b) the m

requifement |AD| <2,0 pm.

12.3.2

The avera
Transmiss

The thickn

a) the th
the u

95 um and 105 um and the dashed line indicates the nominalrthickness as a function of the refract
index);

b) the th

70 um and 80 um and the dashed line indicates the nominal thickness as a function of the refract

Thickness of Transmission Stack of DL disks

d line indicates the nominal thickness as a function of the refractive index);

aximum deviation AD of the thickness of the TS from the Reference Thickness shall meet

pe thickness between radius r, and radius n, is called the Reference Thickness of the related
on Stack (TS0 or TS1) on the disk.

ess of TS0 and TS1, measured over the whole disk, shall fulfill the following four requirements:

bper shaded area in Figure 15 (in case of a refractive index of 1,6, the thickness shall be betwe]

wer shaded area in Figure 15 (in case of a reffactive index of 1,6, the thickness shall be betwe
ckness of the Spacer Layer shall bebetween 20 um and 30 um;

naximum deviation AD of the " thicknesses of TSO and TS1 from their respective Referen
nesses shall meet the requirement |AD| <2,0 pm.

ickness of TSO (all layers on top of Layer L0O), as determined by its refractive index, shall be within

en
ve

ickness of TS1 (all layers on top of Layer L1), as‘determined by its refractive index, shall be within

en
ve

the lo

index);
c) theth
d) the n

Thick
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Figure-15 — Thickness of Transmission Stacks as function of refractive index
124 Reflectivity
12,41~ Reflectivity of Recording Layer of SL disks

The reflectivity of the Recording Layer in the Information Zone, including transmission through the Cover
Layer, shall fulfill the following requirements under the measurement conditions of Annex B:

— in Unrecorded Virgin Groove: Rg-v =12 % to 24 %;
— in Unrecorded Erased Groove: Rg—e =11 % to 24 %;

at each location on the disk: 0,75 X Rgy < Rg-e < 1,25 x Ry_y;
— in Recorded Grooves for the first ten DOW cycles: Rsu = 11 t0 24 %;

at each location on the disk: 0,75 X Ryy < Rgn < 1,25 x Rg..

Written Marks shall have a lower reflectivity than the Unrecorded Layer.
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12.4.2 Reflectivity of Recording Layer of DL disks

The reflectivity of each Recording Layer in the Information Zone, including transmission through the
Transmission Stack concerned, shall fulfill the following requirements independent of the recording status of
the other Recording Layer (whether Unrecorded, Recorded or partially Recorded) under the measurement
conditions of Annex B:

— in Unrecorded Virgin Grooves: Rg—~v =4 % to 8 %;

— in Unrecorded Erased Grooves: Ry e=3.5%to 8 %:
at|each location on the disk: 0,75 X Rgy < Rge < 1,25 X Rg_y;

— in Regorded Grooves for the first ten DOW cycles: Rgn = 3,5 % to 8 %
at|each location on the disk: 0,75 x Rg—y < Rgn < 1,25.%| Rg-v.

Written Marks shall have a lower reflectivity than the Unrecorded Layer.
12.5 Birefringence

The in-plane birefringence of the Transmission Stacks shall be (see Annex J): Any<1,5 %107,
The perpendicular birefringence of the Transmission Stacks shall be (see Annéex J): An; <1,2x 107,

12.6 Angular deviation

The angular deviation is the angle a between a parallel incident beam.perpendicular to the Disk reference
plane P and the reflected beam. The incident beam shall have a diameter in the range 0,3 mm to 1,0 mm. The
angle a in¢ludes deflections of the Entrance surface and to lack of parallelism of the Cover Layer and/or
Spacer Laler (see Figure 16).

Cover Layer

Recording Layer

Subshrate

Read-out
Surface

Incident beam

Figure 16 — Definition of angular deviation

The requirements for the angle a shall be as follows.
— In the radial direction

— under the normal test conditions specified in 8.1.1: |al max. =0,60°

— under the “sudden change” test conditions specified in 8.1.1: |a] max. =0,70°
— In the tangential direction

— under the normal test conditions specified in 8.1.1: |a] max. =0,30°
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13.1 General

ISO/IEC 30192:2016(E)

The data received from the source (application or host), called User Data Frames, are formatted in a number
of steps before being recorded on the disk (see Figure 17).

User Data User-Control Data
32 frames 32 >ectors 32 units
x 2 048 bytes x 18 bytes

A 4

Data Frame

32 frames
x (2 048 bytes Data

+ 4bytes EDC)

A 4

Scrambled Data Frame

[

Phys. Sector Number

it
Addr. Unit Number

32 frames
x 2 052 bytes 16 addresses
x 9 bytes
v A v
Data Block Access Block
304 columns 24 columns
216 rows 30 rows
v Y
LDC Block BIS Block
304 columns 24 columns
216 rows data 30 rows data
32 rows parity 32 rows parity
) 2 Y
LDC Cluster BIS Cluster
152°columns 3 columns
496 rows 496 rows
7
y X y X ¥y X
LDC BIS LDC BIS LDC BIS LDC 496 rows divided in
16 Address Units
38 col. lcol.| 38col. lcol.| 38col lcol.| 38col of 31 rows each
ECC Cluster
(155 columns) )
frame
dc dc dc 496
syne dZaSta contr dzga contr dz';a contr] | Recording
20 1 1 Frames

Figure 17 — Schematic representation of encoding process They
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Physical Cluster

(1932 Channel bits
=1 288 data bits)

are transferred successively into the following:

Data Frames, Scrambled Data Frames, a Data Block, an LDC Block, and an LDC Cluster.
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The address and Control Data added by the BD Rewritable system are transferred successively into the

following:

— anAc

cess Block, a BIS Block, and a BIS Cluster.

The LDC Cluster and the BIS Cluster are multiplexed and modulated into the following:

— an ECC Cluster, subdivided into 16 Address Units;

— aPhy

The data dr

with 2 048

—  First,
Reed
efficig

— Seco
(62,3

purpg
burst

The comb

All the dat
after row,
Synchroni

The Error-
errors on fj

sical Cluster, consisting of 496 Recording Frames.

bytes of User Data. These Clusters are protected by the following two error-correction mechanis

the data is protected by a Long Distance (LDC) Error-Correction Code, consisting of (248;216,3
LSolomon (RS) code words. This code has ample parities and interleaving length with aygood ove
ncy and can correct both random errors and burst errors.

ndly, the data is multiplexed with a powerful Burst-Indicating Subcode (BIS), which consists
),33) Reed-Solomon (RS) code words. These BIS code words carry addresses for allocati
ses and Control Information belonging to the User Data. They can also. be“used to indicate lo
errors, by means of which the LDC can efficiently perform erasure corrections.

nation of these two codes is called an “LDC+BIS Code” (see Figure18).

b is arranged in an array as indicated in Figure 18. This array-is.read in the horizontal direction, ro
hnd recorded on the disk after insertion of additional dc-control bits, modulation, and insertion of
ration patterns.

Correction Codes are applied in the vertical direction; which gives a good basic break-up of burst
he disk. Additionally, the LDC code words have-been interleaved in a diagonal direction.

38 1 38 1 38 1 38
Sync bytes byte bytes byte bytes byte bytes

<& N

496

Do ....... D37 Bo D33 ...... D75 B1 D76 D113 Bz D114 D151 T
D152 D189 B3 D190 ...........

Address | 31
Unit 0 | rows

data stream

Sy

rows

on disk

Address | 31

S.

3)
all

Unit 14 | rows

Address | 31
Unit 15 | rows
....... D75 391 ‘L

Figure 18 — Schematic representation of Physical Cluster on disk

Address Units, Physical Sectors and Logical Sectors are defined as follows.

Address Units:
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For the purpose of allocating the optical pick-up to a certain position on the disk, the Physical Cluster is
subdivided into 16 Address Units, each consisting of 31 consecutive rows. The Address-Unit Numbers (AUN)
provide a fast addressing mechanism embedded in the written data.

Physical Sectors:

A Data Frame accompanied by its Control Data is called a Sector. All Sectors in all Physical Clusters all over
the disk (including the Inner and Outer Zones) are called Physical Sectors. All Physical Sectors have a virtual
number assigned, called the Physical-Sector Number (PSN). These PSNs are not recorded onto the disk;
however, they are synchronized with the AUNSs.

Lqgical Sectors:
Ngt all Physical Sectors are available for storage of User Data delivered by the application or host. The Inner
and Outer Zones are excluded. The remaining Sectors are available for storing User Data and-are called

Lggical Sectors.

13.2 Data Frames

A Data Frame consists of 2 052 bytes: 2 048 bytes of User Data and 4 bytes of\Efror-Detection Cod¢ (EDC).
THe 2 048 User Data bytes are identified as udy to ud, g47 and the 4 EDC bytes as ed; g4s t0 €d; 951 (SEE
Figure 19).

[0

0 udo 0

2 048

User Data
2052

l Uds a7 bytes
T €d; 48
4 €d; 049

EDC ed; o50
1 ed3 g51 \

Figure 19 — Data Frame
13.3 Error-Detection Code (EDC)

THe 4-byte field ed;(ygs to ed; ¢51 shall contain an Error-Detection Code computed over the 2 048 bytgs of User
Data.

Cansidering.the Data Frame as a single-bit field, starting with the most-significant bit of the first Userl Data byte
(uflp) and ending with the least-significant bit of the last EDC byte (ed, ¢51), then the msb will be b4g 445 and the
Ishy will\be by.

Each bit b; of the EDC is shown as follows for j = 0 to 31.

0
EDC(x)= Y b,x' =/(x)modG(x)

i=31

32
where I(x)= Y'b,x" and G(x)=x"+x" +x" +1
i=16 415

13.4 Scrambled Data Frame

Each Data Frame consisting of 2 052 bytes of User Data + EDC shall be scrambled with the output of the
circuit defined in Figure 20, in which bits s; (msb) to s, (Isb) represent a scrambling byte at each 8-bit shift.
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The heart of the circuit is a Linear-Feedback Shift Register (LFSR) based on the polynomial
(D(X)=X16+X15+X13+X4+ 1

Here, sy to s45 form a 16-bit shift register. At each shift clock the content of s, shifts to s, (n = 0..14), while sy
is set to sq5 @ S14 @ S12 @ s3 (@ stands for Exclusive-OR).

At the beginning of the scrambling procedure of each Data Frame, the shift register sq to s45 shall be preset
with a value derived from the (virtual) PSN associated with the Data Frame (see Clause 17). The 16-bit preset
value shall be composed in the following way:

— sq shall be set to ONE;
— S4} .. g shall be set to PSyg .. PS5 of the PSN (see Figure 20).

The same|preset value shall be used for all 32 Data Frames within the same Cluster.

PSN
MSB LSB
P P P P P P P P |P|P P
S S S S S S S S| [S|S S
3 2 2 1 1 1 8 7| (5|4 0
1 4 3 9 6 5
ONE \\
|||\¢ YVYVYVYVYVY
aralle i
E)ad _>isl 51 slslslslslsl|s s<—sh|ftc|ock
HANG: 706|5|4|3|2|1|0l<
N Jan
U N
Figure 20 — Scrambler circuit

After loadipg the preset value, s7 .. so aretaken out as scrambling byte Sy. Then, an 8-bit shift is repeated
2 051 timgs and the following 2 051 bytes are taken from s; .. s¢ as the scrambling bytes Sy to S; 5.

The 2 052|bytes ud/edy of the Data’ Frame become scrambled bytes d, where:
di= ud/edy ® Sk Aork = 0 to 2 051; @ stands for Exclusive-OR.
13.5 Data Block

In the nex{ step;32 Scrambled Data Frames (F = 0..31) are combined into one block of data as shown in
Figure 21.

« 32 Frames -
0 1 : F : 31
0 do,o do,1 : do,r : do,31
d10 d1,1 . dir : d1,31
2052 . . . . .
bytes
d2 050,0 d2 050,1 : d2 os0,F : d2 050,31
{ d2 051,0 d2 051,1 : d2 0s1,F : d2 051,31

Figure 21 — 32 Scrambled Data Frames
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These data are rearranged into an array of 216 rows x 304 columns by dividing each Scrambled Data Frame
into 9,5 columns as shown in Figure 22. This new array is called a Data Block. It should be noted that every

even Scrambled Data Frame ends halfway down a column and every odd Scrambled Data Frame starts
halfway down a column.

“«— 304 columns -
0 1 9 10 : 18 19 303
T do,o d216,0 d1 944,0 d108,1 d1 836,1 d0,2 CI1 836,31
d1,0 d217,0 d1 945,0 d109,1 d1 837,1 d1,2 d1 837,31
d2 050,0
216 d2 051,0
Rows do,1
d1,1
d106,1
‘l’ d215,0 d431,0 d107,1 d323,1 d2 051,1 d215,2 dz 051}31

Figure 22 — Composition of Data Block from 32 Scrambled Data Frames

13.6 LDC Block

THe bytes in each column of the Data Block are renumberedias shown in Figure 23 starting from the| top of

each column as follows: egr €1, .. €L .. {0 €215, in Which,L represents the code-word number (= the column
number: 0 to 303).
THe LDC Block is completed by extending eachofthe columns with 32 Parity bytes according to a
(2418,216,33) Long-Distance RS Code. The Rarity bytes are numbered: pz16,. P217,L -- PjL -- 1O P24z L.
<« 304 columns -
Code word | Code word Code word Code word | Code Word
Q 1 L 302 303
T T €0,0 €0,1 €o,L €0,302 €0,303
216 €1,0 €1,1 eq,L ©1,302 €1,303
rows €20 . : . .
with :
1LDC data :
code wofd N €215,0 €215,1 €215,L €215,302 €215,303
=248 0 P216,0 P216,1 P216,L P216,302 p21e,403
bytes 32 : : : : :
rows
with
parity ;
d d P247,0 P247,1 P2a7,L P247,302 P247,303

Figure 23 — Renumbering data bytes and forming LDC Block by adding parities

13.7 LDC Code words

The Long-Distance RS Code is defined over the finite field GF(2%). The non-zero elements of the finite field
GF(28) are generated by a primitive element a, where a is a root of the primitive polynomial p(x):

p(x)=x®+x*+ x>+ +1

The symbols of GF(2®) are represented by bytes (groups of 8 bits), using the polynomial-base representation,
with (", @®, @, .., &%, a, 1) as a basis. The root a is thus represented as:
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a =00000010

Each LDC code word, represented by the vector lyc = (€o,L .. €iL .. €215L P216.L .. PiL .. P247,L), iS @ Reed-
Solomon code over GF(2®) having 32 parity bytes and 216 information bytes. Such a code word can be
represented by a polynomial /4.(x) of degree 247 (possibly having some coefficients equal to zero), where the
highest degrees correspond to the information part of the vector (eo,. .. etc.) and the lowest degrees
correspond to the parity part of the vector (p21e. .. etc.).

lac(x) is a multiple of the generator polynomial g(x) of the LDC code word. The generator polynomial equals:

o [T

The LDC ip systematic: the 216 information bytes appear unaltered in the highest-degree positions of-each
code word|. The parity-check matrix HLpc of code Iy is such that

Hipc ¥ lgc' =0 for all LDC code words /4.
The second row hioc:z of the parity-check matrix Hioc corresponding to the zero a of.the generator polynomial

g(x), defings the code-word positions to be used for error locations. This second rew-ALpcz of the parity-check
matrix Hiog is given by the following formula:

hipcz F (a247, a* .. a, 1)
13.8 LD(Q Cluster
13.8.1 Seneral

After generating the LDC code words, the LDC Block is interleaved in a two-step process resulting in the LDC
Cluster.

13.8.2 First interleave step

)

In the first|interleaving step, the 304 columns of*height 248 are rearranged into a new array with 152 column
and 496 rqws.

Each new [column is formed by multiplexing each even column from the LDC Block with the next odd column.
The new column is filled by taking-the first byte from the even LDC Block column, then the first byte from the
odd LDC Block column, next thiessecond byte from the even LDC Block column, followed by the second byte
from the ofld LDC Block column, etc. as shown in Figure 24.
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13

Ta
ad

Al
to
en

Af
nu

<« 1562 columns -
151
T €0,0 ©0,2 ©0,302 T
€0,1 €0,3 €0,303
432 €1,0 €1,2 €1,302
rows €1,1 €13 €1,303
with
data
€215,0 €215,2 €215,302
{ €215,1 €215;3 €215,303 496
T P216,0 P216,2 P216,302 rows
P216,1 P216,3 P216,303
64 P217,0 P217,2 P217,302
rows P217,1 P217,3 P217,303
with ;
parity
P247,0 P247,2 P247,302
4 P247,1 P247,3 P247,303 {

Figure 24 — First step of interleaving

.8.3 Second interleaving step

reduce the influence of error propagation and further improve the burst-error correcting capabilitie
ditional interleaving is introduced.

rows of an LDC Block resulting from the first interleaving step, shall be shifted over mod(k x 3, 1
the left where k = div(row_number, 2),-0 <fow_number < 495. The bytes that shift out at the left s
tered in the array from the right side\(see Figure 25).

er this process, the bytes are renumbered in the horizontal direction through all the rows resulting
mbering Do to D75 391 as indicated in Figure 18

S, an

52) bytes
de are re-

in the
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13.9 Addressing and Control Data
13.9.1  General
For the purpose of accessing the data on the disk, addressing and Control Data is included.

13.9.2 Address Units

13.9.2.1 General

H by
5, which is
placed in such a way into the BIS code words (see 13.11) that it can be accessed quickly (see Figure 26).

Edch Address Field consists of nine bytes:

—| 4 bytes for the Address-Unit Number (see Clause 17);
—| 1 byte for flag bits;

—| 4 bytes for error correction.

«— 16 addresses -
0 1 : S : 15
) AFq0 AFo 4 ; AFq s : AFq.15
Address- AF 4 AF 44 : : : AF4.15
Unit Numbers : : : : : :
9 AF3 g AF3, : AFss : AF3 45
bytes flag bits AF 4 AF44 : AF4s : AF 415
AFsg AFsy : AFss : AFs 45
parities : X : : : :
»L AFsyo AF8,1 . AFg,s . AF3’15

Figure 26 — 16 Address Fields

13.9.2.2 Byte assignments for Address Fields

AHo,s = MSB of the Address-Unit Number
AR1,s = 2" SB of the Address'Unit Number
ARzs = 3 SB of the Addre’ss-Unit Number
ARs,s = LSB of the Address-Unit Number
ARa,s = flag bits: J'hese bits can be used to indicate a status of individual Data Frames in a Cluster ¢r can be
used to hold other information, such as an address. The basic format for assigning|some of
these flag bits is specified in 13.9.2.4. Flag bits not used shall be set to ZERO.
ARs,s .. AEs;s*= parity bytes for forming an (9,5,5) RS code over the Address Field.

THis'RS code is defined over the finite field GF(2®). The non-zero elements of the finite field GF(2%) dre

fod b H H ] £ kL H + £ 41 H H 1 | Lac)
g 1Craitcyu Uy a MIHTnmuave CICTiicTitu, WileTo uilo a TUUL UT LTS PJiimTmmiave PUI]IIUIIIIGI 'J\A}.

p(x)=x*+x*+x° + X% +1

The symbols of GF(2®) are represented by bytes (groups of 8 bits), using the polynomial-base representation,
with (o, o .., a, 1) as a basis. The root a is thus represented as follows:

a =00000010

Each Address-Field Code word , represented by the vector afc = (AFo,s .. AFis .. AFs,s), is a Reed-Solomon
code over GF(28), having four parity bytes and five information bytes. Such a code word can be represented
by a polynomial afc(x) of degree 8 (possibly having some coefficients equal to zero), where the highest
degrees correspond to the information part of the vector (AFo,s .. etc.) and the lowest degrees correspond to
the parity part of the vector (AFs,s .. etc.).
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afc(x) is a multiple of the generator polynomial g(x) of the Address-Field code word. The generator polynomial
equals:

3

g(x)=] Jlx-e')

i=0

The Address-Field code is systematic: the five information bytes appear unaltered in the highest-degree
positions of each code word. The parity-check matrix Harc of code afc is such that:

Harc % afc’ = 0 for all Address-Eield code waords afc

L

The second row harc2 of the parity-check matrix Harc, corresponding to the zero a of the generator polynom
g(x), defines the code word positions to be used for error locations. This second row harc2 of the parity-chec
matrix Hadc is given by the following formula:

vy

harcz|= (08, a .. 02, a, 1)
13.9.2.3 |Address-Unit Numbers

The 16 Address Fields, to be recorded in the BIS columns of the Physical Cluster-each contain a 4-bytes
Address-Unit Number (AUN).

The Addrgss-Unit Numbers shall be derived from the Physical-Sector Numbers (PSN) as defined in Figure 47.
The Addrgss-Unit Numbers increase by two for each successive Address *Unit, for reasons of synchronizatio
with the PENs (see Clause 17).

=)

The Addrgss-Unit Number of the first Address Unit of each Physical Cluster is a multiple of 32.
The first Address-Unit Number in Data Zone 0 will be 00 1000 00h (1 048 576 decimal).
The last Address-Unit Number in Data Zone 1 will be’ 01 EF FF FEh (32 505 854 decimal).

The bits of the Address-Unit Numbers shall be:set as follows:

— AUj3,q . |AUs shall be a copy of PS3q .. PSs\from the PSNs;
— AUy, .. AU, shall count from 0 to 15 inside the Physical Cluster;
— AUy shall be Reserved.
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PSN
MSB LSB
: I s el 18] 88| | I8
; i 3 g g 8 7 5|4 0
in Cluster
count ZERO
/
YVYYVYVYYVYYVYY y VYVYVYYVYYY YVVYVYVYVYVYYVYY A Vllil
I A
1 716 4 3 6 5 8 / >4 110
Address-Unit Number
Figure 27 — Composition of AUNs from PSNs
139.2.4 Assignments for flag bit
Bit b, b bs b4 b; b, b, bo
Byte
AF4s
AF4,0 Sao,1 831’1 sao,o Sa1,0 IdT+ Rd1s Rsv Rsv
AF4,1 832,1 833’1 Saz,o Sa3’0 IdTs Rd14 Rsv Rsv
AF4,2 Sa4,1 835’1 Sa4,o Sas,o IdTs Rd13 Rsv Rsv
AF4,3 Sas,1 Sa7,1 Sas,o Sa7,o IdT4 Rd12 Rsv Rsv
AF4,4 888,1 839,1 Sag,o Sag,o IdTs Rd11 Rsv Rsv
AF4,5 Sa1o’1 Sa11,1 Sa1o‘o Sa11,0 IdT2 Rd1o Rsv Rsv
AF4,5 Sa12’1 Sa13,1 Sa12,0 Sa13,o IdT4 Rds Rsv Rsv
AF4,7 8314’1 Sa15,1 Sa14,0 Sa15,o IdTo Rds Rsv Rsv
AF4,8 Sa16’1 Sa17,1 Sa15’0 Sa17,o Rsv Rd7 Rsv Rsv
AF4,9 8318,1 Sa19,1 Sa18,o Sa19,o Rsv Rde Rsv Rsv
AF4,10 8320’1 8321,1 Sazo‘o Saz1,0 Rsv Rds Rsv Rsv
AF4,11 8322,1 8323,1 Sazzlo 8323,0 Rsv Rda Rsv Rsv
AF4y12 8324,1 8325,1 8324,0 Sazsyo Rsv Rds Rsv Rsv
AF4,13 8326’1 Saz7,1 8825’0 8327,0 Rsv Rd2 Rsv Rsv
AF4y14 8323’1 8329,1 Sazs,o Sazgyo Rsv Rd1 Rsv Rsv
AF4,15 Sa3o’1 Sa31,1 Sa3o‘o Sa31,0 Rsv Rdo Rsv Rsv
Rsv Reserved unless otherwise sepcified by the Application.
Figure 28 — Flag bits from 16 Address Fields
Status bits Sa;; (0 << 31, 0 <j<1): Because each Cluster contains 32 Data Frames and there arg
Address Units, each such unit has to hold the flag bits tor two Data Frames (see Figure 23).

only 16

Bit b; and bit bs of successive flag bytes AFa,s are defined as status bits Sazs,1 and Sazs,o, respectively, for

Data Frame 28.

Bit bg and bit b, of successive flag bytes AFa,s are defined as status bits Sazs+1,1 and Sazs+1,0, respectively, for

Data Frame 2S + 1.

RID_Tag bits IdTi: Bits b; of successive flag bytes AFa,o to AF4,7 shall represent the RID_Tag value (see 21.4)
of the recorder that has recorded the Cluster containing this Address Unit. The msb shall be at IdT7 (see

Figure 28).

Bits bs of successive flag bytes AFa,s to AFa4,15 shall be Reserved.

© ISO/IEC 2016 — All rights reserved
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Recording Date bits Rd;: Bits b, of successive flag bytes AF, s shall represent the date when the Cluster
containing this Address Unit has been recorded in the following format (see Figure 28):

Rdss to Rdg :  these seven bits shall represent the actual year — 2 000 as an unsigned binary number with
Rd,s as the msb;

Rdg to Rd5 .

msb;

Rd4 to Rdy :

these four bits shall represent the actual month as an unsigned binary number with Rdsg as the

these five bits shall represent the actual day of the month as an unsigned binary number with

Rd, as the
If a drive i
13.9.2.5

Each pair
following 4

Sa,-,1/Sa,-,o

In the Uss
mode.

Furthermd
to comple

In all othe
to 00.

Conseque

if Sa,-,1/Sa,
if Sa,-,1/Sa,

13.9.3

msb.
5 not able to correctly set this field, all bits Rd; shall be set to ZERO.
Usage of status bits Sa;;

of status bits Sa;+/Sa;y is used to indicate the status of an individual Data Frame in-a Cluster. The
ettings are defined:

00: the Data Frame contains general User Data;

01: the Data Frame contains specific User Data that is allowed<obe discarded during
Read-Modify-Write (RMW) actions;

10: this value is Reserved unless otherwise specified by he*Application;

11: the Data Frame contains Padding data inserted by the drive to complete Clusters before
recording them onto the disk.

r-Data Area, all status bits Sa;:/Sa;e should be setto 01 in Clusters being written in “streaming”

re, the status bits Sa;+/Sa;o shall be set to 11-in Data Frames that have been inserted by the drive
e Clusters, before recording them onto the-disk (Padding).

r cases where the data for Data Frame i is supplied by the host, the status bits Sa;+1/Sa; g shall be 3

ntly:

o is set to 00, the content of Data Frame i shall be conserved during R-M-W actions.

ois setto 01 or 11,
the“content of Data Frame i may be discarded during R-M-W actions.
In case of doubt about the reliability of some Sa;1/Sa;y bits, the content of the
related Data Frame i shall be conserved during R-M-W actions (Sa;+/Sa; shall b
considered as having the value 00).

Usér-Control Data

et

D

For accessing User Data, special Control Data can be added to each User Data Frame. These additional
bytes can carry Application-dependent information. A User Data Frame accompanied by its User-Control Data
Unit is called a Sector. Each User-Control Data Unit consists of 18 bytes (see Figure 29).
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« 32 Units -
0 1 : S : 31
T UCoyo UCo,1 . UCo,s . UCO,31
UCi, UCi4 : : : UC1 31
18 bytes . . . . . .
{ UC17, UC17,1 : UCy7s . UC17,31

Figure 29 — 32 User-Control Data units

13

TH

.9.4 Byte/Bit assignments for User-Control Data

thg¢se bytes shall be set to 00h.

13

TH
Cco

Bd
sp

Th

Th

th

Th
fo
th

W
po

W
po

.10 Access Block

e data for the Address Fields and User-Control Data Units is mapped into-antarray of 30 rows x 2
umns, that is called an Access Block.

ecial pre-interleaved way.

e 9 bytes of each of the 16 addresses (see Figure 26) are'grouped into three groups of 3 bytes.

e positions to the left (see Figure 30).

rth and sixth row, starting with address\8-and each successive address shifted cyclically three po
left.

thin each group of bytes in the third and fourth rows, the bytes are shifted cyclically to the left ove
sition.

thin each group of byteslin the fifth and sixth rows, the bytes are shifted cyclically to the left over t
sitions.

fo

MTthematically, this mapping of the address bytes into the Access Block can be represented by the

mulas:

byte’AF,,, shall be allocated in: row r =2 x div(x, 3) + div(y, 8)
and column ¢ =3 x mod{[div(x, 3) + 16 — y], 8} + mod{[x — div(x, 3)], 3}

e User-Control Data bytes are Application dependent. If this setting is not specified by the Applicati

e three groups of bytes of each of the addresses 0 to."Zare placed in the Access Block in a diagonal
di:lection in the first, third and fifth row, starting with address 0 and each successive address shifted
e

on,

==

cause of the need for a fast access of the Address Fields, the data for these Address Fields is mgpped in a

Cyclically

e three groups of bytes of each of the addfesses 8 to 15 are placed in a diagonal direction in the gecond,

Sitions to

1 byte

vo byte

ollowing

The User-Control Data Unit is placed in the column direction, whereby each User-Control Data Unit only fills %

of

©l

a column (4 User-Control Data Units in 3 full columns; see Figure 30).
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13.11 BIS Block

The bytes in each column of an Access Block are renumbered as shown in Figure 31 starting from the top of
each column as follows: bgc b1c .. bic .. 10 bagc, Where C represents the code-word number (= the column
number: 0 to 23).

The BIS Block is completed by extending each of the columns with 32 Parity bytes according to a (62,30,33)
RS code. The Parity bytes are numbered: pbsgc pbs1,c .. pbjc .. to pbei,c.

«— 24 columns -
code code code code code
word word : word : word worfd

0 1 C 22 23

T T bo,o bo,1 . bo,c . . boyzt
b1,0 b1,1 : b1,c . \ b1,2
30 : : : : : : :
information : : : bw,c
One BIS bytes : : : : :
code word J b29,0 D291 : b2g,c ) : b29 43
=62 bytes 0 pb3o,0 pb3o,1 : pbso,c : : pb3ols
32 : : : : : : :
parity
bytes g g : g : : :
l \2 pbe1,0 pbeg1,1 : pbei,c : : Pbe1f3

Figure 31 — Renumbering data bytes and-forming BIS Block by adding parities
13.12 BIS Code words

THe BIS RS code is defined over the finite field GF(2%). The non-zero elements of the finite field GF(?) are
generated by a primitive element a, wherela is a root of the primitive polynomial p(x):

p(x)=x¥+x*+ x>+ x%+1
THe symbols of GF(28) are represented by bytes (groups of 8 bits), using the polynomial-base repregentation,
with (d’, a®, @®, .., &? a, 1) &s)a basis. The root a is thus represented as follows:

a = 00000010

E4ch BIS code word, represented by the vector bis = (bg,c .. bjc .. b2g,c Pb3o,c .- Pbjc .- Pbe1,c), is a Reed-
Sqglomon code-over GF(28) having 32 parity bytes and 30 information bytes. Such a code word can Qe
represented\by a polynomial bis(x) of degree 61 (possibly having some coefficients equal to zero), where the
highest degrees correspond to the information part of the vector (b .. etc.) and the lowest degrees
correspond to the parity part of the vector (pb 3¢ .. etc.).

bis(x) is a multiple of the generator polynomial g(x) of the BIS code word. The generator polynomial equals:

31

g(x)=] [lx-e')

i=0

The BIS code is systematic: the 30 information bytes appear unaltered in the highest-degree positions of each
code word. The parity-check matrix Hgs of code bis is such that:

Hgis x bis' =0 for all BIS code words bis

The second row hgys ; of the parity-check matrix Hgs corresponding to the zero a of the generator polynomial
g(x), defines the code word positions to be used for error locations. This second row hgs; of the parity-check
matrix Hgs is given by the following formula:
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heis2 = (061, a® .. (72, a, 1)
13.13 BIS Cluster

After generating the BIS code words, the BIS Block is mapped in an interleaved way into an array of
496 rows x 3 columns. This newly formed array is called a BIS Cluster.

The BIS Cluster is subdivided according to the Address Units as shown in Figure 18. The Units are numbered
u =0 to 15; the rows in such a Unit are numbered r = 0 to 30 and the columns are numbered e = 0 to 2 (see
Figure 32).

The essentials of the BIS interleaving scheme are the following (see Figure 23, Figure 32 and the examples
in Figure 33 and Figure 34):

— Eachfrow of a BIS Block is split into 8 groups of 3 bytes. These 3-byte groups are each plaeed in one rqw
of thel BIS Cluster.

— The gven rows of a BIS Block are mapped into Units 0 to 7 and the odd rows of the BIS Block are
mapped into Units 8 to 15.

— The 3-byte groups from an even row of the BIS Block are placed each in the same‘row of Units 0 to 7,
whergby the Units are used in reverse order (according to their numbering).
The first 3-byte group of each successive row of the BIS Block shall be placed’in a Unit with a number
whicH is one higher than the start Unit used for the previous row:

— fow N = 0 of the BIS Block is placed on rows r = 0 of Units: 0,7,6,5,..,2,1;
— fow N = 2 of the BIS block is placed on rows r = 1 of Units: 1,0,7,6,..,3, 2;
— fow N = 4 of the BIS block is placed on rows r = 2 of\Units: 2,1,0,7,..,4,3;

— etc., this process is repeated cyclically until ro@wN = 60, which is placed on rows r = 30 of Units:
6,54 3,..,0,7.

— Now, [within each Unit, each row r is shifted cyclically to the right by mod(r, 3) positions: so row r = 0 is rjot
shiftef, row r = 1 is shifted 1, row r = 2 is_shifted 2, row r = 3 is not shifted, row r = 4 is shifted 1, etc.

OT

— For tHe odd rows of a BIS Block, the:same kind of procedure is followed, but then using the Units 8 to 1
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3
< columns -
) 0 Bo B, B, 0 )
31 : \
_____ V| Bwo B Be | |
0 Bos Bos Bos |
31 : \
_____ Vol e
|
|
|
R R N Yu
0 0
496 | 16
rows 31 e Ir Units
rows |
_____ A R S
_____ e R
31
{ 1 B 487 {

Figure 32 — BIS Cluster

Mathematically, the mapping of the bytesfrom a BIS Block into a BIS Cluster can be represented by,
following formulas:

Byfte by,c or pb n,c (see Figure 31) is placed

— in Unit u = mod{[div(N, 2) + 8 — div(C, 3)], 8} + 8 x mod(N, 2),
— onrow r=div(N, 2), and
— incolumn e = mod{[C + div(N, 2)], 3}.

THe byte number m, giving the sequence number B, as the Physical Cluster is written to the disk (s¢
Figure 18)is/as follows:

m=ux31+rx3+e

© ISO/IEC 2016 — All rights reserved
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Shift right
Byte number N.C from BIS (= Filling in upward direction
mod(r,3))
Column
Unit u Row r 0 ‘19 2
0 0 0,0 0,1 0,2 0 start of Block row N =0
1 25 2.3 2.4 1 L(;ogtinuation of Block row
2 4.7 4.8 4.6 2
e} G’O R’1h R,’I 1 0
7 14,23 14,21 14,22 1
8 16,1 16,2 16,0 2 start of Block row N = 16
30 60,18 60,19 60,20 0
1 0 0,21 0,22 0,23 0 end of Block row.N'= 0
1 2,2 2,0 2,1 1 start of Blocksow’N = 2
2 4.4 4.5 4.3 2
3 6,6 6,7 6,8 0
2 0 0,18 0,19 0,20 0
1 2,23 2,21 2,22 1 end of Block row N =2
2 41 4,2 4,0 2 start of Block row N =4
3 6,3 6,4 6,5 0
3 0 0,15 0,16 0,17 0
1 2,20 2,18 2,19 1
2 4,22 4,23 4,21 2
3 6,0 6,1 6,2 0 start of Block row N =6
4 0 0,12 0,13 0,14 0
1 2,17 2,15 2,16 1
2
5 0 0,9 0,10 0,11 0
1 2,14 2,12 2,13 1
2
6 0 0,6 0,7 0,8 0
1 2,11 2,9 2,10 1
2 413 414 412 2
2 0 0.3 0.4 0.5 0 Ilcio(qtinuation of Block row
1 2.8 26 2.7 1 Ilciogtinuation of Block row
2 4,10 411 4.9 2
7 14,2 14,0 141 1 start of Block row N = 14
30 60,21 60,22 60,23 0 end of Block row N = 60

Figure 33 — Example of mapping (partial) of BIS bytes into first 8 Units
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Sd

Shift right
Byte number N,C from (= Filling in upward direction
BIS Block
mod(r,3))
Column
Unitu Rowr 0 ‘19 2
8 0 1,0 1,1 1,2 0 start of Block row N = 1
1 35 33 34 1
2 5,7 5,8 5,6 2
3 7,9 7,10 7,11 0
8 17,1 17,2 17,0 2 start of Blockqrew N = 17
30 61,18 61,19 61,20
9 0 1,21 1,22 1,23 endof\Block row N = 1
10 0 1,18 1,19 1,20
11 0 1,15 1,16 1,17
12 0 1,12 1,13 1,14
13 0 1,9 1,10 1511
14 0 1,6 1,7 1,8
15 0 13 14 15 0 I ;:ontlnuatlon of Block row N
1 3)8 3,6 3,7 1
2 5,10 5,11 5,9 2
7 15,2 15,0 15,1 1 start of Block row N = 15
30 61,21 61,22 61,23 0 end of Block row N = 61

me’conclusions are listed below

Figure 34 — Example of mapping (partial) of BIS bytes into last 8 Units

All information bytes of a BIS Block are found in the first 15 rows of each Address Unit.
All parity bytes of a BIS Block are found in the last 16 rows of each Address Unit.
Each Address Field is found in the first three rows of each Address Unit (see Figure 35).

© ISO/IEC 2016 — All rights reserved
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13.14 ECC Cluster

After constructing the LDC Cluster and the BIS Cluster, the LDC Cluster is split into 4 groups of 38 columns
each. In between these 4 groups, the three columns from the BIS Cluster are inserted one by one. After
multiplexing the BIS Cluster with the LDC Cluster, the ECC Cluster of Figure 35 is reached.

LDC BIS LDC BIS LDC BIS LDC
38 1 38 1 38 1 38
columns | column | columns | column | columns | column | columns
) AFqo AF 0 AF3,
AF3 o AF49 AFsq
AFe’o AF7‘0 AFs’o Address
ucC,, : : Unit O
""""""""" AFos | | AR | | ARy | NV
49( AF3’1 AF4,1 AF5,1
rowpg AFe 4 AF7,4 AFs Address
UCy, : : Unit 1
J

Figure 35 — ECC Cluster after multiplexing of BIS Cluster with LDC Cluster
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13.15 Recording Frames

Each row of an ECC Cluster is transformed into a Recording Frame by adding locations for Frame-Sync bits
and for the dc-control bits.

For this purpose, a stream of 1 240 data bits, which is formed by the 155 bytes of each row of the ECC
Cluster is divided into one group of 25 data bits and 27 groups of 45 data bits (see Figure 36), with the most-
significant bits of the bytes handled first.

The first group of 25 data bits is extended with 20 data-bit positions for the insertion of the Frame Sync, which
is p special sequence of 30 modulation/Channel bits.

Neéxt. each group of 45 data bits is completed with one additional bit position to form a dc-control Bidck.

155 bytes

2 4

A

38 1 38 1 38 1 38
bytes byte bytes byte bytes byte bytes

1 240 bits
25 45 45 45 45
bits bits bits | ¢ bits bits
Frame E data dc data de data dc
Sync control control control
20 «+ 25 1 45 N 45 1

dc-control block #0 dc-control block #1

< »

46 bits T 46 bits T 25,46bits 46 bits
1288 bits
Figure 36 — Composition of Recording Frame

dc-control block #2..26 dc-control block #27

» <

<

13.16 Physical Cluster

THe 496 rows from an ECC Cluster, transformed into Recording Frames, are called a Physical Clust

19
-

13.17 17PP Modulation for Recordable data

13.17.1 General

properties. PP means: Parity preserve/Prohibit RMTR.

— Parity preserve:  if the number of ONEs in the data-bit stream is even, then also the number of ONEs
in the Modulation-bit stream is even.
if the number of ONEs in the data-bit stream is odd, then also the number of ONEs in
the Modulation-bit stream is odd.
This property makes it easy to control the low-frequency content of the recorded signal efficiently (see
13.17.3).
— Prohibit RMTR: the number of consecutive minimum run-lengths (2T) is limited to six.
Because of the low signal levels on minimum run-lengths, this improves the read-out performance.
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13.17.2 Bit conversion rules

Figure 37 defines the conversion rules from data bits to Modulation bits. The data bits shall be processed from
the left to the right (msb first, see Figure 36). Remaining bits at the end of the Recording Frame shall be
encoded according to the table for terminating bits.

A ONE in the tables represents a transition in the recorded signal. The Modulation-bit stream is converted to
an NRZI Channel-bit stream (see 13.18) and subsequently recorded onto the disk.

Data bits Modulation bits

00 00 00 00 010 100 100 100

00 00 10 00 000 100 100 100

00 00 00 010 100 000

00 00 01 010 100 100

00 00 10 000 100 000

00 00 11 000 100 100

00 01 000 100

0010 010 000

00 11 010 100

01 010

10 001

11 000 !f preced!ng Modulat?on b?ts = xx1

101 if preceding Modulation bits = xx0
(oo subattuted | Moduiaton bs,.&) | Condiion fo substition
1101 11 001 000 000 if next Modulation bits = 010
Terminating Terminating
data bits Modulation bits
00 00 010 100
00 000
Figure.37— 17PP modulation code conversion table

13.17.3 Hdc-control procedure
Because a ONE in the Medulation-bit stream means a transition in the recorded signal, the polarity of this
signal can| be inverted\if an odd number of ONEs is added to the Modulation-bit stream in a controlled way.
Because ¢f the Parity-Preserve property of the 17PP modulation code, this is possible just by inserting
additional bits<into the data-bit stream and setting these to ONE if an inversion is needed.

In this way, The accumulated DSV of the recorded signal shall be minimized aiter each dc-control BIOCK Dy
setting the dc-control bit at the end of the previous dc-control Block to ZERO or ONE (see Figure 36).

13.17.4 Frame Sync

The Physical Clusters consist of 16 Address Units, where each Address Unit contains 31 Recording Frames
(see Figure 18 and Figure 36).

A modulated Recording Frame starts with a Frame Sync consisting of 30 Channel bits.

The main body of the Frame Sync is formed by a 24-bit pattern violating the 17PP modulation rules (two times
run-length of 9T).
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The last six bits define a signature that identifies one of seven different Frame Sync patterns. The 6-bit
signatures for the Frame Sync IDs are selected such that their distance with relation to transition shifts is >2.

If the last data bits preceding the Frame Sync have been coded according to the termination table (see
Figure 37), then the first Modulation bit of the Frame Sync # = ONE, else # = ZERO (see Figure 38).

The Frame Sync patterns are defined in terms of Modulation bits. A “1” in the table represents a transition in
the recorded signal. Before recording onto the disk, the Frame-Sync codes are converted to an NRZI

Channel-bit stream (see 13.18).

Sync number 24-bit Sync body 6-bit Sync ID
FSO #01 010 000 000 010 000 000 010 000 001
FS1 #01 010 000 000 010 000 000 010 010010
FS2 #01 010 000 000 010 000 000 010 101 000
FS3 #01 010 000 000 010 000 000 010 100001
FS4 #01 010 000 000 010 000 000 010 000 100
FS5 #01 010 000 000 010 000 000 010 001 001
FS6 #01 010 000 000 010 000 000 010 010 000

Bgcause seven different Frame Syncs are insufficient to identify)31 Recording Frames, each frame i
idgntified by the combination of its own Frame Sync and the Frame Sync of one of the preceding Re

Figure 38 — 30-bit Frame-Sync codes

5

D
cording

Frames. The mapping of these combinations can be made‘such that, even with missing Frame Syngsin 1, 2

or|3 preceding frames, a Recording Frame can still be.identified by its own Frame Sync and the last

Frame Sync (see Figure 39).

present

Rec. Frame n—4 | Rec. Frame n-3 | Rec. Frame n-2 | Rec. Frame n-1 Rec. Frame 1

Recording Frame n can be identified-from the Frame Sync IDs of the following:
Recording Frame n + Récording Frame n—1;
Recording Frame n % Recording Frame n-2;
Recording Frame.n + Recording Frame n-3;
Recording Frame n + Recording Frame n—4.

THe first Recording Frame of each Address Unit has a unique Frame Sync: FSO.

Figure 39 — ldentification of Recording Frames

THe other Framé. Syncs are mapped as specified in Figure 40.

© ISO/IEC 2016 — All rights reserved
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Frame number | Frame Sync Frame number | Frame Sync

0 FSO

1 FS1 16 FS5
2 FS2 17 FS3
3 FS3 18 FS2
4 FS3 19 FS2
5 sS4 20 FS5
6 FS4 21 FS6
7 FS1 22 FS5
8 FS5 23 FS1
9 FS5 24 FS1
10 FS4 25 FS6
11 FS3 26 FS2
12 FS4 27 FS6
13 FS6 28 FS4
14 FS6 29 FS4
15 FS3 30 FS2

Figure 40 — Mapping of Frame-Sync codes on Recording Frames
13.18 Modulation and NRZI conversion

Before belng recorded onto the disk, data bits are converted*to Modulation bits that, in turn, are converted tq
NRZI Chahnel bits according to the process shown in Figlre 41.

data modulation NRZI converted
. . Ex-OR .
bits bits NRZ Channel bits
» modulator > ) _|_ >
conversion
1T <

T =1 Channel clock period delay

Example of data bit pattern: 0 1 01 10 01 |-
Modulation-bit pattern: 0 1 000 1 0|0 0 1|0 1 0 |0

NRZ converted signal: |_|
NRZI converted signal:

Figure 41 — Modulation and NRZI conversion

56
© ISO/IEC 2016 — All rights reserved


https://standardsiso.com/api/?name=c5acd420b9a5fb9dc4827d23c148988e

ISO/IEC 30192:2016(E)

14 Physical Data Allocation and Linking
14.1 General

The unit of recording is a Recording-Unit Block (RUB), consisting of a Physical Cluster preceded by a Data
Run-in and followed by a Data Run-out. The Run-in and Run-out are offering sufficient buffering for facilitating
fully random write/overwrite.

Recording-Unit Blocks can be written one by one or in a continuous sequence of several RUBs

wWekka. troonain o
Ve st oarntiyg )~

In the Rewritable Areas of the disk, a wobble cycle shall correspond to 69 Channel bits if the Channel-bit rate
is Jocked to the wobble frequency. This means that a modulated Recording Frame, which is 1 932 Channel
bifs (= 1 288 data bits), covers exactly 28 wobble cycles. This locked case is considered t0,be the ngminal
sitpation.

14.2 Recording-Unit Block (RUB)
1421 General

Edch RUB consists of a Data Run-in of 2 760 cbs (nominally 40 wobble periods), a Physical Cluster [of
496 x 1 932 cbs (nominally 496 x 28 wobble periods) and a Data Rdn-out of 1 104 cbs (nominally 16 wobble
pefriods) as shown in Figure 42.

Run-in Physical Cluster, Run-out Guard_3

<40 wbs— | <496 x 28 wbs— | <16 wbs— | «8 wbs—

Figure 42 — Layout(of single written Recording-Unit Block

Egch single written RUB or each contirueusly written sequence of RUBs shall be terminated by a Gliard_3
field, ensuring that no gaps (Unrecorded Areas) will ever occur between any 2 RUBs as shown in Fixure 43.

o)

Sych a Guard_3 field shall consist of 540 cbs (nominally = 8 wobble periods).

Run-in |Physical Cluster| Run-out | Run-in [Physical Cluster| : |Physical Cluster| Run-out | Guard_3

<40 wbs— [<496 x.28 wbs— [«16 wbs— |<-40 wbs— |«<-496 x 28 wbs—| : |«496 x 28 wbs—|<16 wbs—| <8 wbs—

Figure 43 — Layout of continuously written sequence of Recording-Unit Blocks

W(th-the ‘above choices, an SPS (see 14.3.2) of about +2 wobbles maximum and a start-position acquracy of

ablout’20 5 wobble random-writing/overawriting-will lead to-an-overlap of between-3-and-13-wobbles-dnd a
=7 7 I I L

minimum length of non-overlapped Data Run-in of about 27 wobbles (minimum = 1 Recording Frame).

14.2.2 Data Run-in

14.2.21 General

The Data Run-in consists of the following parts as shown in Figure 44:
—  Guard_1: 1 100 Channel bits;

— PrA (Pre-amble): 1 660 Channel bits.

The PrA field is meant as a runin for signal processing (for locking and synchronization).
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The Guard_1 field is meant to cope with the overlaps due to the SPS and inaccuracies in determining the start
location of recording sequences.

Guard_1 PrA
1100 cbs 1 660 cbs
optional APC repeated bit pattern nominal
=~ 5 wobbles =~ 11 wobbles = 24 wobbles

Eigure 44 — Layout of Data Run-in

14.2.2.2

The Guard_1 field has a length of 1 100 Channel bits.

The conte|

These patterns result in a repeated 3T/3T/2T/2T/5T/5T sequence, which is well-suited to' re-settle the

electronic

14.2.2.3

The first fi
Automatic
chosen frg

in 14.2.2.2.

14.2.2.4

The PrA fi

The conte]

Content of Guard_1 fields

ht represented in Modulation bits is: 55 times repeated 01[0%]1[0%]10101[0%]1[0%

circuits.
Automatic Power Control (APC)

ve wobbles of the Guard_1 field at the start of a recording sequence can be used for performing a
Power-Control procedure. The Modulation-bit pattern to be tised for such an APC procedure can
ely by the recorder manufacturer and is allowed to be djfferent from the repeated pattern as defin

Content of PrA fields
eld has a length of 1 660 Channel bits.

ht of the PrA field shall be as shown in-Rigure 45.

=)

be
bd

77 timg
01[0?]1[0?]

s repeated 2 times repeated
10101[04]1[03] Sync_1 01[02]1[02]10101[04]1[03] Sync_2 01[02]1[02]10101[0%]1]]

D3]

«—15

A0 cbs ——— | < 30cbs'> «—40cbs —— <« 30 cbs —» «—20cbs

In general
Sync after

This mear

Figure 45 — Layout of PrA field

Sync_1 shall bey\FS{mod[(N + 4), 7]} and Sync_2 shall be FS{mod[(N + 6), 71}, if the first Frame
the PrA is FS(NJ (N = 0..6, see 13.17.4).

s that Sync 1 shall be FS4 and Sync_2 shall be FS6 (the first Frame Sync after the PrA is FSO0).

The first bjtof each of Sync_1, Sync_2 and the first Frame Sync after the PrA are allowed to be used for dc
control (# =ZERCor-ONEseefigure-38):

14.2.3 Data Run-out

14.2.3.1 General

The Data Run-out consists of the following parts, as shown in Figure 46:

— PoA (Post-amble): 564 Channel bits;

—  Guard_2: 540 Channel bits.

The PoA field is meant as a runout for signal processing.
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The Guard_2 field is meant to cope with overlaps due to the SPS and inaccuracies in determining the start
location of recording sequences.

PoA Guard_2
564 cbs 540 cbs
nominally nominally
=~ 8 wobbles = 8 wobbles

Figure 46 — Layout of Data Run-out

14I.2.3.2 Content of PoA fields
THe PoA field has a length of 564 channel bits as shown in Figure 47.

THe content of the PoA field shall be as shown in Figure 47.

Sync 3 24 times repeated
yne- 01[0°]1[0°11[0°]1[0°]1[0°]1[0"] 01[0%]14{03]10101[0*|1[0%]
<30 cbs —» 54 cbs 480 cbs —

Figure 47 — Layout of PoA field

Ingeneral, Sync_3 shall be chosen such that it corresponds to a frame number n + 1 if the User Datg before
the¢ PoA ends with frame number n (see 13.17.4).

ThHis means that Sync_3 shall be FSO.

THe first bit of the Sync_3 patterns shall be used.as defined in 13.17.4.

THe 9T/9T/9T/9T/9T/9T pattern after Sync, 3.can be used as a “stop of User Data” indicator.
14.2.3.3 Content of Guard_2 fields

THe Guard_2 field has a length©f.540 Channel bits.

THe content represented in Médulation bits is: 27 times repeated 01[0%1[0%]10101[0%]1[0°]
142.4 Guard_3 field

14.2.41 Genetal

Guard_3
540 cbs

repeated bit pattern optional APC
= 3 wobbles = 5 wobbles

Figure 48 — Layout of Guard_3 field
The Guard_3 field has a length of 540 Channel bits as shown in Figure 48.
The content represented in Modulation bits is: 27 times repeated 01[0%]1[0%10101[0*]1[0°]
14.2.4.2 Automatic Power Control (APC)

The last five wobbles of the Guard_3 field at the end of a recording sequence can be used for performing an
Automatic Power-Control procedure. The Modulation-bit pattern to be used for such an APC procedure can be
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chosen freely by the recorder manufacturer and is allowed to be different from the repeated pattern as
defined in 14.2.4.1.

14.3 Locating data relative to wobble addresses
14.3.1  General

The nominal start positions for recordings (and single RUB as continuous sequences of several RUBs), are
the locations of the middle of the wobble in NWL 25 in the Reference Unit between the Sync_3 Unit and the
first Data_x Unit of the ADIP words with a PAA of which bits AA1,AA0 = 00 (see 15.7,Figure 50 and

Figure 52).

The accuracy for determining the start positions shall be better than +34 cbs.
14.3.2 Btart-Position Shift (SPS)

To avoid g¢xcessive wear of the disk, the start of the writing of each recording sequences(one or more RUBs)
shall be shifted from its nominal start position by a random number of Channel bits, called the Start-Positipn
Shift (—128 cbs < SPS < +127 cbs) (see Figure 49).

NWL 25

nominal
start
position
«—|—
34" +34
cbs cbs
accuracy
range
—-128 cbs \ \ +127 cbs
PN S

SPS

A

v

_—2,35 wbs +2,33 wbs
- recording start position range g

) Run-out l Run-in
Example of SPS + inaccuracy = +58 cbs
overwriting | Run-in

SPS + inaccuracy = —80 cbs

Figure 49 — Nominal start position tor data recording

Figure 50, Figure 51 and Figure 52 show examples how newly written RUBs will overlap with previously
written RUBs.

At the start of the newly written RUB, the Run-in of the newly written RUB will overwrite a part of the Run-
out/Guard_3 of the preceding RUB (if this had been written already before).

At the end of the newly written RUB, the Run-out/Guard_3 of the newly written RUB will overwrite a part of the
Run-in of the following RUB (if this had been written already before).

In all cases, sufficient Run-in/Run-out will be left over for recapturing of the detection electronics during
random access.
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Sync_3 Unit Reference Unit 1st Data_x Unit 2nd Data_x Unit
— > | % > | <€ » | € »
i i i i i i
U LUNwL 25 UNwL 9 UNwL 37 UNwL 9 LUNwL 37
. | 25,5 wbs |
< i >
9,5 wbs|
Cluster k-1 ‘ ’
Rec.Frame 496 Run-out Guar(‘i_3
i Cluster k Cluster k Cluster k
Run-in Rec.Frame 1 Rec.Frame 2 Rec.Frame 3
SPS <>
2 -128 cbs| £ +127 cbs

nominal start position 4
for writing (=34 cbs)

NOTE SPS + inaccuracy of previous recording = 0 and SPS + inaccuracy of new recording =,0.

Figure 50 — Example of nominal start position for data recording

for writing

NOTE SPS + inaccuracy of previous recording.=+161 and SPS + inaccuracy of new recording = —

$ync_3 Unit B Reference Unit P 1st Data_x Unit 2nd Data_x Unit -
> | < H H > | < H H > | < H H >
H LINwL 25 UNwL 9 LUNwL 37 LUNwL 9 LINWL 31
‘ 25,5 wbs
9,5 wbs
Cluster k-1 ‘ ’
Run-
Rec.Frame 496 ‘ un-oug Guarv.“l_3
i Cluster k Cluster k Cluster k
Run-in Rec.Frame 1 Rec.Frame 2 Rec.Frame 3

nominal start position A

Figure 51 — Example of data recording with maximum overlap

62.

for writing

Sync_3 Unit Referencé Unit 1st Data_x Unit 2nd Data_x Unit
1 —] ] — i — i -
d UNwL 25 UNwL 9 UNwL 37 UNwL 9 UNwL 3
| 25,5 wh:
|
9,5 wbs
Cluster k-1 ‘ ’
Rec.Frame 496 ‘ 5 Guar(‘i_3
) Cluster k Cluster k Cluster k
Run-in Rec.Frame 1 Rec.Frame 2 Rec.Frame 3

nomihal start position A

NOTE SPS + inaccuracy of previous recording = —162 and S SPS + inaccuracy of new recording = +161.

15 Track format

15.1 General

Figure 52 — Example of data recording with minimum overlap

A Track is formed by a 360° turn of a continuous spiral.

Each Recording Layer shall have the same basic Tracks at about the same locations (see Figure 53).
For consistency reasons, the sole Recording Layer on an SL disk is also called Layer LO.
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15.2 Track shape

The Zone between radius r; = 21,0 mm and radius r; = 22,2 mm is reserved to be used for the BCA (see
Clause 35). In this Zone, there shall be Tracks formed by a single spiral Groove, starting from (on Layer L0O) or

ending at (on Layer L1) radius 210.%% mm.

Transition from one Groove type to another Groove type between the BCA Zone and the Embossed HFM
Area shall occur between radius r, = 22,0 mm and radius r; (see Figure 53). At this transition, the spiral
Groove shall be uninterrupted.

The Grooye Tracks in the BCA Zone shall be Straight Groove(s) (without any modulation) between radius
ry = 21 mm and the point where the encoding of the HFM Groove in the Embossed HFM Area starts (on’Layer
LO) or ends (on Layer L1) (see Clause 18).
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Inner Zone n _,_Data Zone n
BCA Embossed HFM Area Rewritable Area
> | & > |
B — —_— R —_
Layer L0St —— PO UaUWe UaUaUaW
raig roove HFM Groove Wobbled Groove i
Y7 n S tracking
7 r direction
7 r3 5
Layer L1 D e e e U,
Straight Groove HFM Groove ‘Wobbled Groove tracking
/4 D _ dpzy direction
Connection Connection
Area Area

In
un
be

TH

Figure 53 — Connection areas between different Groove types

interruptedly from the end of the Groove in the BCA Zone (on Layer LO) or continuinguninterrupte
ginning of the Groove in the BCA Zone (on Layer L1).

e Groove Tracks in the Embossed HFM Areas move with a rather high-frequency deviation in the

the Embossed HFM Areas (see Clause 16), the Tracks are formed by a single spiral Gréoye, continuing

dly to the

radial

difection around their nominal centrelines, providing a high bit rate/high-capacity data channel for the storage

of

TH

In
en
HH

TH
ar
SO

Th

replicated information (HFM Groove).
e shape of each Track is determined by the requirements in Clause*26.

the Rewritable Areas (see Clause 16), the Tracks are forme@/by a single spiral Groove, starting fr
d of the Embossed HFM Area (on Layer L0O) or ending at the beginning of the Groove in the Embg
M Area (on Layer L1).

e Groove in the Rewritable Areas move with a mainly monotone sinusoidal deviation in the radial
pund their nominal centrelines [Wobbled Groove(s)]. The sinusoidal deviation is modulated by repl
me cycles at certain locations by different patterns.

th¢ modulated parts represent addreSsing information called Address In Pre-Groove or ADIP (see 11

N(
us
sa

Th

At
un
W

DTE Although the term of."Pre-Groove" is not defined in this International Standard, "ADIP
ed as an acronym of "Address In Pre-Groove" in optical disk standards. The meaning of "Pre-Gro
me as that of "Groove" in‘this International Standard.

e shape of each Jrack is determined by the requirements in Clause 27.

the connection-between the Embossed HFM Area and the Rewritable Area, the spiral Groove shg
interrupted. \Between the replicated information in the HFM Groove and the ADIP information in th
bbbledGroove, it is allowed to have a Groove-only part (without any modulation) for a maximum o

the tangential direction along the Track.

Gr

bm the
ssed

Hirection
acing

e wobble can be used for speed control'of the disk and synchronization of the write clock of the difive while

7).

is widely
pve" is the

Il be

-

f 1 mm in

oove geometry

The Grooves shall be nearer to the Entrance surface of the disk than the Land.

The Grooves shall be at the inner side of their average centreline at the start of the Monotone Wobbles (see
Figure 54). Recordings shall be made on the Grooves.
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Land
Groove

Substrate

Transmission Stack

read-out
beam

Figure 54 — Outline of Groove geometry (radial cross-section of the disk)
15.3 Trag¢k Path

On Layer |0, the spiral shall run from the inner side of the disk towards the outer side of the disk when the
disk rotatgs according to the specification in 9.8.

On Layer |1, the spiral shall run from the outer side of the disk towards the inner side’ of the disk when the
disk rotatds according to the specification in 9.8.

On an SL disk, the Tracks shall start at the beginning of the Inner Zone, terminate at the end of the Outer
Zone and [shall be continuous in the Information Zone (see Figure 12 and\Figure 13).

On a DL disk, the Tracks on Layer LO shall start at the beginning 6f\the Inner Zone, terminate at the end of the
Outer Zone 0 and be continuous in the Information Zone. On Layer L1, the Tracks shall start at the beginnin
of the Outer Zone 1, terminate at the end of the Inner Zone 1 and be continuous in the Information Zone (se
Figure 12jand Figure 14).

W

15.4 Trag¢k Pitch
15.4.1 Track Pitch in BCA Zone

The TracK Pitch (TP) in BCA Zone is thedistance between the average centrelines of a Groove in adjacent
Tracks, measured in the radial directiony

The TracK Pitch shall be (2,0 £ Q,1) um.

In the area between r, and-;.mm, the Track Pitch has to change over from 2,0 um to the Track Pitch of the
Embossed HFM Area (onlrayer LO) or vice versa (on Layer L1).

15.4.2 [frack Pitch in Embossed HFM Areas

The TracK Pitch (TP) in Embossed HFM Areas is the distance between the average centrelines of a HFM
Groove in qdjaﬂnnt Tracks measured in the radial direction

The Track Pitch shall be (0,350 + 0,010) um.
The Track Pitch, averaged over the Embossed HFM Areas, shall be (0,350 + 0,003) um.
15.4.3 Track Pitch in Rewritable Areas

The Track Pitch (TP) in Rewritable Areas is the distance between the average centrelines of a Wobbled
Groove in adjacent Tracks, measured in the radial direction.

The Track Pitch shall be (0,320 + 0,010) um.

The Track Pitch, averaged over the Rewritable Areas, shall be (0,320 + 0,003) um.
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15.4.4 Track Pitch between Embossed HFM Area and Rewritable Area

The change in Track Pitch from 0,35 um to 0,32 um (on Layer LO) or vice versa (on Layer L1) shall be realized
within maximum 100 Tracks (revolutions), which Tracks shall be located completely in Protection-Zone 2 (see
Figure 81).

15.5 Track layout of HFM Groove

15.5.1 General

In[15.5, only the encoding format of the data will be described. The locations and their content will-b¢ defined
in Clause 18 and 18.2.

THe data in HFM Groove is recorded in 4K partitions, called PIC Clusters. Each such PIC.Cluster coptains two
D3ta Frames, each with 2 048 bytes of data. The Error-Correction mechanisms used to'protect this gata and
the procedures used to build up fully-formatted partitions are very similar to those described in Clauge 13.

A reduced combination of an LDC + BIS Code is used as shown schematically i Figure 55.

Fqgr detailed descriptions of the related processing steps and applied codées;reference will be made {o the
dgscriptions in Clause 13.

Sync

1 byte 10 bytes 1. byte 9 bytes

data-stream : 216 data
248 rows > :
________________ ondisk | i | :
oy
T
32 patrities
\! Baa7 ... Da 711 J

Figure 55 — Schematic representation of 4K PIC Cluster on disk
18.5.2 DataFormat
15.5.2.1 Data Frame

Edch.Data Frame is extended with a 4-byte Error-Detection Code (EDC) as described in 13.2 and 13.3.

15.5.2.2 Scrambled Data Frame

Each Data Frame with its EDC is scrambled according to the procedure described in 13.4. For the preset of
the scrambler, AUN1s5 .. AUN1 (see 15.4.1 and 13.9.2.3) shall be used instead of PS19 .. PSs.

15.5.2.3 Data Block

Each two Scrambled Data Frames are mapped into an array of 216 rows x 19 columns as described in 13.5
and indicated in Figure 22 (only columns 0..18).
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15.5.2.4 LDC Block

Next, 32 rows with Error-Correction Parities are added according to the procedure described in 13.6 and
13.7, with the difference being that there are only 19 columns (L = 0..18). The result of this processing is a
matrix of 248 rows x 19 columns.

15.5.2.5 Interleaving

The interleaving procedure is different from the one described in 13.8 and its subclauses.

Only the decond interleaving step, described in 13.8.3 is applied, where each successive row is shifted one
more bytel position to the left [shift = mod(k, 19), in which k is the row number, 0 < k < 247]. The bytes that

shift out af the left side are re-entered in the array from the right side (see Figure 56).

«— - -
bytes
<« shift 0 €0,0 €0,1 €0,18 T
« shift 1 €11 €1,2 €1,18 efo
« shift 2 €2,2 €23 €2,18 €2,0 €2,1
<« shift 18 €18,18 €18,0 €18,17 248
<« shift 0 €19,0 €19,1 €19,18 rows
<« shift mod(k,19)

« shift 18 P246,18 | P246,0 p246,17
<« shift 0 P247,0 P247,1 P247,18 J

After this process, the bytes are renumbered in‘the horizontal direction through all the rows, resulting in the
numbering Dy to D441 as indicated in Figure 55.

15.5.3 Addressing and Control-Data

15.5.3.1 |General

Unlike the|format in Rewritable Areas of the disk, a BIS Block, is composed of 4 BIS Code words, and filled
with 8 addresses of nine(bytes each, in 18 rows and two User-Control Data Units of 24 bytes each, in 12 rov

(see Figune 57).

Figure 56 — Interleaving of PIC LDC Block

S
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< 4 columns
0 1 2 3
) 0 AF0,0 AF0,3 AF0,2 AF0,1 T
1 AF0,4 AF0,7 AF0,6 AF0,5
2 AF1,1 AF1,0 AF1,3 AF1,2
3 AF1,5 AF1,4 AF1,7 AF1,6
4 AF2,2 AF2,1 AF2,0 AF2,3
5 AF2,6 AF2,5 AF2,4 AF2,7
6 AF3.3 AF3.2Z AF3T AF3,0
7 AF3,7 AF3,6 AF3,5 AF3,4
8 AF4,0 : : AF4 .1 18 rows
9 AF4,4 : : : addresses$
10 AF5,1 AF5,0
11 AF5,5 : :
1BIS 12 AF6,2 AF6,1 AF6,0
Code word 13 AF6,6 : : :
=62 bytes 14 AF7,3 : AF7,1 AF7,0
15 AF7,7 : : :
16 AF8,0 : ; AF8,1
17 AF8,4 AF8,7 AF8/6 AF8,5 J
18 uCo,0 uc12,0 UCo,1 uc12,1 )
19 UC1,0 UC13,0 ucC1,1 uUC13,1 12 rows
: : : : : User Contrpl
28 uc10,0 uC22,0 uc10,1 uc22,1 Data
29 uc11,0 Uc23,0 UC11,1 ucC23,1 J
30 pb 30,0 pb 30,1 pb 30,2 pb 30,3 )
31 pb 31,0 pb 31,1 pb 31,2 pb 31,3 32 rows
: : : : : parities
\ 61 pB61,0 pb 61,1 pb 61,2 pb 61,3 \
code word 0 | code word 1 | code word 2 | code word 3 ‘
Figure 57 — PIC BIS Block
15.5.3.2 Address Field
Caomparable.tothe Rewritable Areas of the disk, where each 1/16 of a 64K Cluster (=4K bytes) is idgntified by
one Address-Unit Number (see 13.9.2 and subclauses), each 4K PIC Cluster shall be identified by ohe
Address-Unit Number. These Address-Unit Numbers shall increase by two for each successive 4K HIC
Clpuster.

Each PIC BIS Block contains 8 repetitions (S = 0 .. 7) of the same address, where the flag bits are used to
identify the repetition number.

AF, s = MSB of Address-Unit Number (all the same for S=0..7)
AF, s = 2" SB of Address-Unit Number (all the same for S=0 .. 7)
AFys = 3™ SB of Address-Unit Number (all the same for S=0..7)
AF; s = LSB of Address-Unit Number (all the same for S=0..7)
AF4,S = flag bits:
bit 7 to bit 3 shall be set to Reserved
bit 2 to bit 0 shall be set to the binary value of S
AFs s .. AFg s = parity bytes for forming an (9,5,5) RS code over the Address Field
The parity bytes shall be calculated according to the definitions given in 13.9.2.2.

67
© ISO/IEC 2016 — All rights reserved


https://standardsiso.com/api/?name=c5acd420b9a5fb9dc4827d23c148988e

ISO/IEC 30192:2016(E)

The 8 addresses are mapped into the PIC BIS Block in a special pre-interleaved way.

The bytes of addresses 0 to 3 are placed in a diagonal direction in the even numbered rows, starting with byte
0 of address 0 in row 0, column 0 and each successive address being shifted cyclically one more position to
the left (see Figure 57).

The bytes of addresses 4 to 7 are placed in a diagonal direction in the odd numbered rows, starting with byte
0 of address 4 in row 1, column 0 and each successive address being shifted cyclically one more position to
the left.

Mathematjcally, this mapping of the address bytes into the PIC BIS Cluster can be represented by the
following formulas:

byte AF,, shall be allocated in row: r=2xx+div(y, 4);
and in column: ¢ =mod[(x + 8 — y), 4].

15.5.3.3 |User-Control Data

There are|two User-Control Data Units, each consisting of 24 bytes. Bytes 0 to 11 ofthe first User-Control
Data Unit ghall be placed in column 0, rows 18 to 29 of the PIC BIS Block and bytes™2 to 23 in column 1,
rows 18 tq 29. In the same way, bytes 0 to 11 of the second User-Control Data<Unit shall be placed in column
2 and bytgs 12 to 23 in column 3 (see Figure 57).

All bytes gf both User-Control Data Units shall be Reserved.
15.5.3.4 |BIS Code words

The PIC BIS Block is completed by adding 32 rows with parity bytes (see Figure 57) according to the
procedure described in 13.11 and 13.12, with the difference that there are only two columns (¢ = 0..3). The
result is npw a matrix of 62 rows x 4 columns.

15.5.3.5 |BIS Cluster

Finally, the matrix of BIS Code words is reconstructed into one-column of 248 bytes that can be inserted in the
PIC Clust¢r as indicated in Figure 55.

Bytes By tp B423 are filled by successively copying bytes from the even rows by going through the BIS Block
cyclically inh a diagonal direction starting from row 0, column O (see Figure 58).

Bytes B124 to Bagr are filled by successively copying bytes from the odd rows by going through the BIS Block
cyclically ih a diagonal direction starting from row 1, column 0.

Mathematjcally, the.mapping of the bytes from the PIC BIS Block into the PIC BIS Cluster can be representgd
by the follpwing\formulas:

IS . bt H Al ] £ 41 RIC DI 1
Let byte b,C o uane UyLU mrrouovw 7 arnu LuUtdimmT v Ul Ui1v Do DJIVUIN,

and byte B; is the f byte in the column of the BIS Cluster,

then r=mod(2 x i, 62) + div(i, 124)
¢ =mod(i, 4)

and vice versa i =124 x mod(r, 2) + div(r, 2) + 31 x mod{[4 — ¢ + div(r, 2)], 4}.
As a result of this interleaving, the one-column 248-byte BIS Cluster is divided into 8 groups of 31 bytes,

where each 31-byte group is composed of nine address bytes, six UC data bytes, and 16 parity bytes in
succession. The address bytes, due to the pre-interleaving, appear in the correct order for direct access.
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15

15

.5.4

5.41

BIS Block BIS Cluster
i c=0 1 2 3 « 1 byte >
r=0 0 93 62 31 Bo T
1 124 217 186 155 ;
2 32 1 94 63 :
3 156 125 218 187 :
4 33 2 95 :
5 157 126 219 B;
O 94 9
7 158 127
8 4 35
9 128 159
10 5
11 129 Bi2s 248
12 6 B2z rows
13 130 ;
53 243
54 120 27
55 244
56 28 121
57 152 245
58 60 29 122
59 184 153 246
60 92 61 30 123
61 216 185 154 247 Baa7 d

Recording Frames

General

Figure 58 — Reading order for constructing PIC BIS Cluster

Inthe next processing‘step, the 19 columns of an interleaved LDC Block are multiplexed with the on

BIB Cluster and extebded with a column of synchronization patterns as defined in Figure 55.

Es

ch row of this-21-column by 248-row matrix is called a PIC Recording Frame.

B-column
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15.5.4.2 Modulation

The 168 bits of each PIC Recording Frame, except some of the bits of the Synchronization pattern, are
converted into Modulation bits by applying a Biphase modulation method. In this modulation method, a bit with
value ZERO is represented by a transition at the start of the bit cell and a bit with value ONE is represented by
a transition at the start and in the middle of the bit cell (see example in Figure 59).

The Modulation bits are recorded on the disk by a deviation of the Groove from its average centreline as
indicated in Figure 59. The length of each bit cell shall be 36T, where T corresponds to the length of a
Channel bitin the Rewritable data Areas

example of data-bit stream
0 1 0 1 1 0
average \ __/ _/
Groove_ ........................................... J D ..
centre
\ / /
<“———r|<——>
36T 36T

Figure 59 — Biphase modulated HFM Groove

15.5.4.3 |Frame Sync

Each Recprding Frame starts with a Synchronization pattera,equivalent to 8 data bits. The first 4 bits are
replaced By 4 bit cells with a special pattern that violates.the normal Biphase encoding rules (see Figure 60:
two possible patterns depending on the initial phase)

SyneEattern

'
¥

data Synchody Syncidentification clata
— - | -

~
|

- - - - Do ‘ D1 Dz ‘ Far

Figure 60 — Biphase Synchronization pattern

Seven different Sync patterns are identified by the last 4 bits: IDy .. ID, and a Parity bit (see Figure 61).
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Sync number IDo ID+ ID2 Parity
FSO 0 0 0 0
FS1 0 0 1 1
FS2 0 1 0 1
FS3 0 1 1 0
FS4 1 0 0 1
FS5 1 0 1 0
FS6 1 1 0 0

By
Fri

TH

patterns (see also 13.17.4). The first Recording Frame of each group has the unique Sync pattern F

Th

Tr

Figure 61 — Sync identification

means of the PIC BIS column, the 248 rows of a PIC Cluster can be divided into 8 groups of 31 R
bmes, where each group of Recording Frames carries an address in its first nine rows (see 15.5.3

e 31 successive Recording Frames of each such group are identified by a special'sequence of Sy

e other Sync patterns are mapped as specified in Figure 62.

Frame number | Sync number | Frame numbek |* Sync number

0 FSO

1 FS1 16 FS5
2 FS2 17 FS3
3 FS3 18 FS2
4 FS3 19 FS2
5 FS1 20 FS5
6 FS4 21 FS6
7 FS31 22 FS5
8 FS5 23 FS1
9 FS5 24 FS1
10 FS4 25 FS6
11 FS3 26 FS2
12 FS4 27 FS6
13 FS6 28 FS4
14 FS6 29 FS4
15 FS3 30 FS2

Figure 62 — Mapping of Sync patterns on PIC Recording Frames 15.6

ack‘layout of Wobbled Groove(s)

ecording
5).

nc
0.

UJ

15

.6.1 General

The wobble of the Tracks is a more or less sinusoidal deviation from their average centrelines.

The nominal wobble length NWL (equivalent to 69 Channel bits) shall be

av

5,1405 um + 0,005 um for a disk with a User Data capacity of 25,0 GB per Layer

eraged over the Rewritable Areas.

This corresponds to a fundamental frequency fyop = 956,522 kHz at the Reference Velocity.
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15.6.2 Modulation of wobbles
15.6.2.1 General

The basic shape of the wobble is a cosine wave: cos(2r x fyop X t ). Wobbles with this basic shape are
called “Monotone Wobbles” (MW).

Some wobbles are modulated and two modulation methods shall be used simultaneously

— the first modulation method is called “MSK-cos” (Minimum-Shift Keying—cosine variant), and

— the s¢cond modulation method is called “HMW” (Harmonic-Modulated Wave).

In the Protection-Zone 3 Area in the Outer Zone(s) (see Clause 16 and 20.9), the Groove shall be
modulateq by MSK-cos only and NOT by HMW.

Both modulation methods shall represent ADIP information as defined in 15.7.
15.6.2.2 |MSK-cos modulation

MSK-cos modulation is applied by replacing three consecutive Monotone Wobbles’by one MSK Mark (MM).
An MSK Mark consists of the following three nominal wobble lengths NWL with the following wobble
patterns ap indicated in Figure 63:

— the fiflst NWL starts the MSK Mark with a cosine wobble with a frequency = 1,5 x fyop;
— the sgcond NWL continues the MSK Mark with a cosine wobble with a frequency = fyob;

— the third NWL terminates the MSK Mark with a cosine wobble with a frequency = 1,5 X f0p-

wobble:
—C0S(21XfwobXt)
start of
wobbles wobble: wobble:
+c0s[2mX(1,5Xfop) 1] —05[21%(1,5%fwob) Xt]
inner pide
of dis < > | < > | < >
y

outerfsidef | &————>» | €——> |« > — > ([ ——>

of dis \ \ MSK Mark (MM) / /

Monotone Wobbles (MW): +cos(2nXfyobX t)
Figure 63 — Definition of MSK Mark

15.6.2.3 HMW modulation

HMW modulation is applied by replacing a number of consecutive Monotone Wobbles with the same number
of Saw-Tooth Wobbles (STW). A Saw-Tooth Wobble is formed by combining the basic cosine with a sine
wave of twice the frequency as shown below.

CoS( 21 X fyop X t) + @ x sin[ 21 % (2 X fyop) X t] in which a = 0,25
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Such a combination of a cosine with the fundamental frequency and a certain amount of second harmonic
represents a first-order approximation of a saw-tooth wave. The “+” or “-” sign creates a left or right
inclination, where the “+” sign is used to represent the bit value ONE and the “~” sign is used to represent the

bit value ZERO (see Figure 64).

+cos(2mxf_ xt)raxsinPmx@xf_)xt]  +cos(2mxf_ xt)-axsin[2mx(2xf_)xt]

o one ¥ Vone zero ¥, VzERO
inner side - | » - - | »
of disk
/ A a\ \ I o, \
L] Ej T [ J [ L i
Illr A if] * i L oy 4 \‘II
f i 4 I
U
i
| L9 % & o
outerside
R 4 - [ “— = L A 4 *
of disk - | r
" SawTooth Wobbles SawToothWobbles $7
™ — ; .--“".‘-
Monatone wobbles {RIW): i y
onatane wabbles (M) +cos|2m «f, Wi

Figure 64 — Definition of Saw~Tooth Wobbles
15.7 ADIP Information

15.7.1 General

Data to be recorded onto the disk shall be aligned-with the ADIP addresses modulated in the wobblg.
THerefore, 56 NWLs shall correspond to two Recording Frames (see 13.15). Each group of such 56 NWLs is
called an ADIP Unit (see Figure 65).

2 Recording Frames
<«——— 1932 Channel bits 1 932 Channel bits e
Sync Data Sync data
«~=95-> «—=95->
wobbles wobples
one ADIP Unit
56 NWLs

Figure 65 — General ADIP structure
15.7.2  ADIP-Unit Types

By inserting MM’s into the 56 NWLs of an ADIP Unit with unique distances between adjacent MM’s, different
types of ADIP Units can be created.

The ADIP Units representing a data bit are additionally modulated with STW'’s.
Furthermore, a reference STW Unit is defined. Each type of ADIP Unit starts with an MM.
The following types of ADIP units are defined (see Figure 66):

Monotone Unit: consisting of one MM followed by 53 MWs;

73
© ISO/IEC 2016 — All rights reserved


https://standardsiso.com/api/?name=c5acd420b9a5fb9dc4827d23c148988e

ISO/IEC 30192:2016(E)

Reference Unit: consisting of one MM followed by 15 MWs, 37 STWs and one MW;
Sync_0 Unit:  consisting of one MM followed by 13 MWs, one MM, 7 MWs, one MM and 27 MWs;
Sync_1 Unit: consisting of one MM followed by 15 MWs, one MM, 7 MWSs, one MM and 25 MWs;
Sync_2 Unit: consisting of one MM followed by 17 MWs, one MM, 7 MWSs, one MM and 23 MWs;
Sync_3 Unit: consisting of one MM followed by 19 MWs, one MM, 7 MWs, one MM and 21 MWs;
Data_x Unit: with x representing ONE or ZERO:
Data_1 Unit: consisting of one MM followed by 9 MWs, one MM, three MWs, 37 STWs and one MW;
Data_0 Unit: consisting of one MM followed by 11 MWSs, one MM, one MW, 37 STWs and one MW.

The4S Lot £, =S H $i il AN Dot 4 1L Lot o P~ + 4 bt
y O UTIHO di's UoTU TUI OyII\JIIIUIIILGLIUII MPUTPUOST O WITNC U1 Udld_ T UTHU To UoTU U TOUUTTOTTTU LTS VI

value ONE and the Data_0 Unit is used to represent the bit value ZERO.

NWL number 0....3.. 18 w55
Monotone Unit [ EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEaNE)
Reference Unit I T T T T T T T T T T T NRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRERN]
Sync_0 Unit [ EEEEEEEEEEEN ENEEEE HSEEEEEEEEEEEEEEEEEENAEANEEE
Sync_1 Unit -1111111111111IIIIII-IIIIIIIIIIIIIIIIUHIII]
Sync_2 Unit [ SEEEEEESEEEEEEEEEE SEEEEEE 2 SEEEEEEEEEEEENGANEEEEEN
Sync_3 Unit [ EEEEEEEEESEEEEEEEEE SEEEEEE 2 EEEEEEEFENEAEEEEEEENE]
Data_0 Unit I T T T T T7 77 e NRRRRRRRRRRRRRRRRRRRRRERNKRRRRRRRRRRRN]
Data_1 Unit | DS I VA VA VA A VA VA WA VA VA WA VA VA VA VA VA A WA WA VA VA A VY 728 ¥ 2 VA VA A WA WA VA VA VA VA VA VA YA YA B

I MSK Mark
[J Monotone Wobble
N SawTooth Wobble representing a “ZERO” 7] SawTooth Wobble representing a “ONE”

Figure 66 — ADIP:Unit types
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15.7.3  ADIP Word structure

83 ADIP units are grouped into one ADIP word.

This means that three ADIP words correspond to 3 x 83 x 2 = 498 Recording Frames, which is equivalent to

one Recording-Unit Block (RUB) (see 14.2).

Each ADIP word shall be constructed as indicated in Figure 67.

ISO/IEC 30192:2016(E)

ADID ! lnit 1 teahar ADID. ! lnit Tune ADIP nibble ADIP code-word
T bit number nibble number
0 Monotone —
1 Sync 0 —
2 Monotone —
3 Sync_1 —
4 Monotone — —
5 Sync_2 —
6 Monotone —
7 Sync_3 —
8 Reference —
9 Data_x b
10 Data_x b,
11 Data_x bs c
12 Data_x bo
13 Reference — —
14 Data_x bs
15 Data_x b, c
16 Data_x b, 1
17 Data:x bo
18 Reference — —
8+ix5 Reference — —
9+jx5 Data_x bs
10+i%x5 Data_x b,
11 61% 5 Data_x b, ¢
124 [ x 5 Data_x bg
78 Reference — —
79 Data_x b;
80 Data x b,
81 Data_x b, 14
82 Data_x bg

© ISO/IEC 2016 — All rights reserved

Figure 67 — ADIP word structure
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15.7.4  ADIP Data structure

15.7.4.1 General

Each ADIP word contains in a total of 60 bits, which forms a code word, according to a non-systematic Reed-
Solomon Error-Correction Code. This code word is constructed from 36 information bits. Before encoding the
information, the 36 information bits are ordered into 9 4-bit nibbles, ny to ng, as defined in the array of

Figure 68.

Nibble b, b, b4 by

No AA23 AA22 AA21 AA20 )

N4 AA19 AA18 : : 6 ADIP

: : : : : nibbles address
Ns AA3 : : AAQ \2

Ne AX11 : : : 0

: : : : : 3 nibbles’ “AUX data
Ng AX3 : : AX0 J

Figure 68 — ADIP-information structure

The nibblgs ng to ng are transcoded to nibbles ¢y to ¢4 by an error-correction system (see 15.7.5).

Because this error-correction system is non-systematic, there is no simple direct relationship between the bi

in the infofmation array and the coded bits in the ADIP Unit.

15.7.4.2 |ADIP-Information bit assignments

The informpation contained in the ADIP data bits shall be as follows.

— AA23..AAO: These 24 bits shall contain the Physical ADIP Address (PAA). AA23 shall be the m
and AADO shall be the Isb. This address shall_consist of the following three parts.

— AA23..AA21: These three bits,shall indicate the Layer number and shall be set to: 000 on Layer
and t¢ 001 on Layer L1. All other séttings shall be Reserved.

— AA2(..AA2: These 19, bits shall contain a sequential number, which shall increase by one af

each three consecutive ABDIP-words (synchronized to the RUBs, see 14.2).

AA1,AA0: These two)bits shall be set to 00, 01 and 10, consecutively, in each three successive A
words corresponding-to one RUB. The setting 11 shall not be used.

The first address<insthe Information Zone on Layer L0 shall be such that the first address in the Data Zone,

which is

02(00 00h, is located at radius 24,0 4% mm.

er

The last address of the Data Zone on Layer LO (LAA) shall be located at a radius <58,1 mm.

The first address of the Data Zone on Layer L1 (FAA) shall be located at a radius <58,1 mm.

The last address of the Data Zone on Layer L1 (3D FF FEh) shall be located at a radius 24,0 %1 mm.
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AX11..AXO0: These 12 bits contain auxiliary information about the disk.
— In the Data Zone(s) and the Outer Zone(s) of the disk, the auxiliary bits shall be set to ZERO.

— In the Inner Zone(s) of the disk, the auxiliary bits shall be used as follows:

© ISO/IEC 2016 — All rights reserved


https://standardsiso.com/api/?name=c5acd420b9a5fb9dc4827d23c148988e

ISO/IEC 30192:

2016(E)

— AX11..AX0 from 96 consecutive ADIP words (equivalent to 32 RUBs), shall form one ADIP Aux

Frame with 144 bytes.

— The first bits of each ADIP Aux Frame shall be located in an ADIP word with a PAA that is
of 128 (PAA = xxxx xxxx xxxx xxxx x000 0000).

— The content of the 144 bytes are defined in 15.8.

15.7.4.3 Relation between Physical ADIP Addresses on Layer L0 and Layer L1

a multiple

bnd Layer

L1| located at the same radius (having the same distance in number of ADIP words from their respective Inner

Zdne) shall have inverted bits AA20 to AA2 (see Figure 69).

In this way, the PAAs on Layer L1 increase from the outer side towards the inner side of the disk, wh

ich is in

the tracking direction. Simultaneously, the inverted address bits AA20..AA2 of PAA/have the same felation

with the radius as the equivalent non-inverted bits on Layer LO.

Layer number Sequence number Intra-RUB number
PAAconlLayer | Apo3 . AA21 =000 AA20 .. AA2 AAT,AAD = 00,01,19
LO from inner to outer
PAAronLayer | apo3  AA21 =001 AA20.BA2 AA1,AA0 =00,01,1Q
L1 from outer to inner
Layer LO first address last address
0200 00h ..... PARs | . LAA
7 o T T
Inner Zone ol U L Outer Zone
3D FF FEh ..... PAA, | ... FAA
Layer L1 last address first address

Figure 69 — lllustration of PAA relation between Layer L0 and Layer L1

Mathematically, this can be expressed as follows.

After adding CO 00 01h to.PAA,, all 24 bits are inverted, resulting directly in the full corresponding address

PAA1 on Layer L1.

Mathematically: RAAT=PAA, +C00001h

(The addition.af 1 corrects for the order of the intra-RUB numbers, while the addition of CO 00 00h tdkes care

of the correct’Layer number.)

In [this,way, the last address of Data Zone 1 can be derived as follows: 3D FF FEh=020000h+C0q001h,

and the first address of Data Zone 1 is: FAA=LAA+C00001h

© ISO/IEC 2016 — All rights reserved
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15.7.5 ADIP Error Correction

The error-correction system is a nibble-based, (15,9,7) non-systematic Reed-Solomon (RS) code defined over
the finite field GF(2%). The total number of nibbles in a code word is 15, the code words are calculated from
nine information nibbles and the minimum distance of this code is seven.

The non-zero elements of the finite field GF(2*) are generated by a primitive element a, where a is a root of
the primitive polynomial p(x):

p(x)=x4+x+1

The symb}:ls of GF(24) are represented by nibbles (groups of 4 bits), using the polynomial-base
representation, with (013, az, a, 1) as a basis. The root a is thus represented as follows:

a=[0010

The code word, represented by the vector (cy ¢ .. 13 Cq4), Can be calculated from the information symbols nj
to ng with the following formula:

7
C(x)::Zc, x X" =3 "nyx g (x)+ng x g,(x)

i=0 i=0

where g,(X) is the parent generator polynomial:

i=0

and g”(x)|is a specific generator polynomial for each symbol.n; (i=0 .. 7).
g"’( ) is derived from the parent generator polynomial g,(x) by removing one of the zeroes z; of gp(x)
and normalizing the result such that g")(z,) = 1. The zero z; to be removed is given by:

+6
Zi = q

The genelfjator polynomials are then calculated as follows:

; g" ()
g (x)=g—X)
( B,
where g\ (x):M and B7= G"[z]
X—2Z;

Before regording.on the disk, all bits of the nibbles cq to c44 shall be inverted.

Remark 1]

Because the code is non-systematic, an additional calculation is needed to derive the information symbols
from the corrected code-word symbols after standard RS-decoding.

The information symbols ng to n; can be obtained by evaluating the corrected code word C(x) in the zero
corresponding to the information symbol, i.e. by calculating a syndrome:

14
_ _ i+6)_ (i+6)xj
ni_SHG_C(a )—ZCM—/X“
j=0

ng is a systematic symbol and can be obtained from C(x) directly by copying symbol c,.

Remark 2:
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Each information symbol n; corresponds to a ZERO in the parent generator polynomial gp(x). Figure 70 gives
the corresponding zero factor for each information symbol (note that ng does not have a corresponding zero).

If an information symbol is known and its corresponding zero-extends the existing series of zeroes
rresponding to (x — @°) .. (x — @°) .. , the Hamming distance’will increase. For instance if no is known, the

mming distance will become d = 8. If both ny and n4 are known, the Hamming distance will beconfe d = 9
etg.

co
Ha3

In
Bd

Th

Symbol Corresponding
zero factor
(x—a)
(x—a")
(x— o)
(x—a’)
(x—a)
(x—d°)
No (x—d°)
N4 (x- 07)
Nz (x—d°)
N3 (x—a°)
Ng (x—a")
Ns (x—a'
Ne (x—a'")
Ny (x—a")

Figure 70 — Corresponding zero factor for'each information symbol

is phenomenon can be used for additional checking of the reliability of the decoding result.

other words, prior knowledge of information symbols can increase the Hamming distance of the code.
cause the addresses in the ADIP increase(linearly, such prior knowledge is present.

© ISO/IEC 2016 — All rights reserved
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15.8 Disk Information in ADIP Aux Frame

15.8.1

The information nibbles from the auxiliary fields of 96 consecutive ADIP words are grouped into frames of
bytes and carry several disk parameters. The nibbles are re-ordered into bytes according to Figure 71.
Several Disk-Information (DI) Aux Frames can be grouped into a DI Block. All Disk-Information Blocks shall

General

have the same content.

Ry’rp
umber b7 De D5 D4 D3 b2 D1 Do
0 AX11 AX10 AX9 AX8 AX7 AX6 AX5 AX4
word1 | word1 | word1 | word1 | word1 | word1 | word1 | wordA
1 AX3 AX2 AX1 AXO0 AX11 AX10 AX9 AX8
word 1 word 1 word 1 word 1 word2 | word2 | word 2 |~word 2
5 AX7 AX6 AX5 AX4 AX3 AX2 AX1 AXO0
word?2 | word2 | word2 | word2 | word2 | word 2 | word?’ | word 2
3 AX11 AX10 AX9 AX8 AX7 AX6 AX5 AX4
word3 | word3 | word3 | word3 | word3 | word 3 \-word 3 | word 3
141 AX11 AX10 AX9 AX8 AXT AX6 AX5 AX4
word 95 | word 95 | word 95 | word 95 | word 95 | word 95 | word 95 | word 95
142 AX3 AX2 AX1 AXO0 AX11 AX10 AX9 AX8
word 95 | word 95 | word 95 | word 95 word 96 | word 96 | word 96 | word 96
143 AX7 AX6 AX5 AX4 AX3 AX2 AX1 AXO0
word 96 | word 96 | word 96_| word 96 | word 96 | word 96 | word 96 | word 96

15.8.2

The DI Au
such a Lo
to comple

Bytes eq,.
Informatiol

Figure 71 —< ADIP Aux Frame byte ordering

Error protection for Disk-Information Aux Frames

x Frames are protected by-a Long-Distance RS Error-Correction Code according to 13.7. Because
ng-Distance Code is/built up from 248 bytes, 104 dummy bytes (not recorded on the disk) are add
e the Long Distance.DI Aux Frame code words (see Figure 72).

.. €103, in 1357 represent the dummy bytes (all set to FFh), bytes e494,,. .. €215, represent the Disk-
h bytes, and(bytes pa16, .. P247,. represent the Parity bytes.

bd
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15.

15.8.3.1 General

A
Fri

thé same DI Aux Frames.

TH
frg

In
A4

TH
sh

DI

that have different definitionsfor their content, a unique identification of such DI Units is needed. Byt

DI
Wi

< DI Block
DI Aux Frame | DI Aux Frame | DI Aux Frame DI Aux Frame | DI Aux Frame
N-1 0 1 N-1 0
< dummy bytes: 1 DI Aux Frame from disk: ——
104 hytes added to each DI Aux Frame 96 ADIP words x12 hits = 144 bytes
O
FFh Disk-Information Unit (112 bvtes) @‘it\
oY
< 216 2= 321
< Long-Distance, Error-Correction Code word >

Figure 72 — Disk-Information structure and error-correction format

8.3 Disk-Information Data structure

DI Block can consist of a multiple of 144-byte DI Aux Frames (See' Figure 72). If needed, additiona
bmes, up to a maximum total of 31, can be used. Each Recording Layer shall carry the same DI B

e sequence of DI Aux Frames shall be repeated throughout the Inner Zones, starting with DI Aux
m PAA 01 B8 00h on Layer LO and from PAA 3E:00 00h on Layer L1.

Protection-Zone 2 (see Figure 81 and Figure 82), the auxiliary bits can be set to ZERO or can con

e 112 Disk-Information bytes in each DI Aux Frame are called a Disk Information (DI) Unit. Each [
all start with 8 bytes, forming the ‘DI-Unit header (see 15.8.3.2).

Units can contain different sets of parameters, such as different write strategies. To distinguish D

tUnit header, the D]<Fermat Number, shall be used for this purpose. With this byte, 256 types of D
h different content-gan be distinguished.

If

consecutive DI'Units, in which case, bit b7 of byte six indicates that the next DI Unit in the sequence

C

Ar usage of DI Blocks is given in 15.8.3.7.

DI Aux
ocks with

Frame 0

tain DI

x Frames (such that the sequence is contiguous with a DI Aux Frame 0 at the addresses specified above).

DI Unit

Units
e 2 in the
Units

he number ef parameters of a single set do not fit in one DI Unit, such a set shall be stored in mulfiple

tinuatiorr of the actual one.

Ssa

In future extensions of this International Standard, additional DI Aux Frames may be needed, e.g. to define
higher Recording Velocities and new write strategies. Whenever new DI Aux Frames are added, the existing
ones can still be used if appropriate and in that way, backwards compatibility with existing drives can be
facilitated. Each drive should check all DI Aux Frames present on the disk and, based on the DI Format
Number (byte 2) and the indicated Recording Velocity (bytes 32 to 35), only use the ones that it is supporting
(see also 15.8.3.7).

© ISO/IEC 2016 — All rights reserved

81


https://standardsiso.com/api/?name=c5acd420b9a5fb9dc4827d23c148988e

ISO/IEC 30192:2016(E)

15.8.3.2 General definitions for DI Unit

Each DI Unit shall consist of a header, a body and a footer as depicted in Figure 73.

Byte number Content Number
of bytes
Oto1 Disk-Information identifier 2
2 DI-Format Number 1
3 Number of DI Aux Frames _in ea(_:h DI Blgck (5 _bits) _ 1
NUmoer O the Layer 1O WHICT IS DI UNItapplies (S DIS)
hgader 4 Legacy information 1
5 DI-Unit sequence number in DI Block 1
6 Continuation flag (1 pit) o . . ]
Number of DI bytes in use in this DI Unit (7 bits)
7 Reserved 1
Hody 810 99 DI-Unit content 92
100 to 105 |Disk-Manufacturer ID 6
106 to 108 |Media-Type ID 3
fqoter ;
109to 110 |Time stamp 2
111 Product Revision number 1

Figure 73 — General DI-Unit format

Bytes 0 t¢ 1: Disk-Information identifier

These two bytes shall be set to 44 49h, répresenting the characters “DI”.

Byte 2: DI-Format Number

This byte shall identify the content of the DI Unit or DI Unit set (See description of Byte 6).
For disks with BCA code; the msb of this byte shall be set to ZERO.

For disks without BCA code, the msb of this byte shall be set to ONE.

NOTE The DI-Format Number only defines the content of the DI Unit and has no relation with the Clgss
number and the Version number as defined in byte 11.

In the future, this Internatiohal Standard may be extended to allow for new features, such as higher recording
velocities pr higher data densities. To prevent backwards-compatibility problems of such newer disks with
older drivgs as much’as possible, a Class number and a Version number have been introduced.

The Class number will be incremented if a BD Layer according to the new specifications should not be
accessed by tegacy drives atatt, reitter for reading mor forwriting(e-g—to prevent possibte danmage to thedisk
or to the drive). If the read compatibility can be made to conform to an existing Class, no new Class number is
needed.

The Version number will be incremented if the new specifications imply an extension/change for which no
Class-number update is needed (read compatibility is maintained), but for which new specifications will result
in a write-compatibility break. Although such a BD Layer is carrying a higher Version number, it still could
contain a DI Unit according to a previously defined DI Format, if this Layer can be recorded according to the
write strategy as defined in such DI Unit.

As a consequence of this, drives should always check for the presence of a DI Unit with a DI-Format number

known to the drive. In such cases, the recording parameters (such as e.g. recording velocities, recording
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power, timing requirements) needed to set the related write strategy can be checked and if these are within
the capabilities of the drive, the drive should accept the disk for recording.

By using the Class number and Version number as described above, backwards compatibility of future disks
can be maximized while still preventing possible damage to disks and drives.

Each Layer Type (defined by bytes 8 to 10) has its own independent DI Format numbering. The DI-Format
Number is also an indication for the write-strategy type, which is specified in the DI Unit or DI Unit set.

Byte 3: Number of DI Aux Frames in each DI Block / Number of the Layer to which this DI Unit
applies
Bifs by to b3:  These five bits shall specify the number of DI Aux Frames N in each DI Block)(+'< M < 31).
Bifs b, to bg:  These three bits shall specify the number of the Recording Layer to which-the specifications
in this DI Unit apply.
Byte 4: Legacy information
This byte shall be set to:
01h on SL disks,
02h on DL disks,
00h on other disks.
Byte 5: DI-Unit sequence number in DI Block

This byte shall specify the sequential DLUnit number within the DI Block.

It shall be set to a number n, where*n indicates the actual number of the DI Unit with
actual DI Block (0 <n<N-1):

The sequence of DI Unitsishall be ordered (see Figure 74) first according to increas
Nominal Recording Yelocity (byte 32 to 33), second, within each sequence of DI Un
the same Nominal Recording Velocity, according to ascending Layer number (byte 3
third accordingte\the preference of the Write Strategy (identified by the DI-Format N
but need not be'in the sequence of DI-Format Numbers).

in the

ng

ts with
) and
umber,

Sequencemumber | Recording Velocity Layer number Write strategy
0 0 preferred WS
1 alternative WS
: 1 preferred WS
k-1 vi alternative WS
k _ preferred WS
: ' alternative WS
: K 1 preferred WS
2k -1 alternative WS
2k 0 most-preferred WS
V2 > V1
k=1 Ieast-pref.erred WS
V3 > V2 0 :
N -1 etc. etc.

Figure 74 — Example of DI-Block sequence
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Byte 6:

bit b7:

Continuation flag / Number of DI bytes in use in this DI Unit

This bit shall specify whether the parameter set in this DI Unit is continued in the next DI
Unit or if the next DI Unit is the start of a new set of parameters.

It shall be set to:
Zero if the next DI Unit is the start of a new set of parameters, or

ONE if the parameter set in this DI Unit is continued in the next DI Unit (see Figure 75).

bits bg to Ijy:

Byte 7:

These seven bits shall indicate the number of bytes in use in the actual DI Unit up to the.ld
unused (Reserved) bytes immediately preceding the footer (see e.g. Figure 76).

Byte 2 = ..
Byte 3= N/ Layer LO
Byte5=n-1
Byte 6, bitb; =0 end of preceding parameter'set
1 Byte 2 = x start of actual parameter set
| Byte 3 = N/ Layer L1 :
| Byte 5=n
| Byte 6, bit b; =1
parameter set =i 2 —X :
for Layer L1 Ehin & =il Layer L ntinGation of actual parameter set
y _ Byte 5= + 1 contintation of actual parameter se
spans 3 DI Units . _ :
| Byte 6, bit b; =1
| Byte 2 = x
| Byte 3 = N/ Layer L1
1 Byte 5=n+2 :
Byte 6, bit b; =0 end of actual parameter set
Byte 2 = .. start of next parameter set
Byte 3 = N/Layer LO
Byte 5=n +3
Byte 6;-bitb; = ..

Figure 75 — Example of DI-Unit extension

Reserved

Bytes 8 t¢ 99: DI-Unit content

These 92 bytes shall store the specific content of the DI Unit, such as e.g. general disk

parameters, read/write powers and write strategy parameters.

Bytes 100 to 105: Disk-Manufacturer ID

The format and the content of these six bytes require agreement between the interchange

parties, else these bytes shall be set to all 00h.

Bytes 106 to 108: Media-Type ID

84

st

The format and the content of these three bytes require agreement between the interchange

parties, else these bytes shall be set to all 00h.
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Bytes 109 to 110: Time stamp

These 2 bytes provide information about the production date of the Master disk from which
this disk has been replicated. All disks with the same Disk-Manufacturer ID and the same
Media-Type ID, regardless of the Time stamp, shall have the same recording properties
(only minor differences are allowed: the Time stamp shall be irrelevant for recorders).

Bits b7 to by of byte 109 plus bits b7 to b, of byte 110 shall form one 12-bit binary number
representing the year of production.

production.

rth of

If the Time stamp is not used, both bytes shall be set 00h.

Byte 111: Product Revision number

This byte shall identify the Product Revision number in binary fiotation. All disks with the
same Disk-Manufacturer ID and the same Media-Type ID, regardless of the Product

Revision numbers, shall have the same recording propefties (only minor differenges are
allowed; Product Revision numbers shall be irrelevant for recorders).

The content of this byte can be chosen freely by the disk manufacturer. This Intefnational

Standard does not specify the format and the‘content of this byte. It shall be ignofed in
interchange.
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15.8.3.3 Definitions for DI format 1(N-1 write strategy A)

The content of the body of DI Units according to DI Format 1 shall be as depicted in Figure 76.

Byte number Content Number of bytes
Oto7 DI-Unit header 8
810 10 BD Layer-Type identifier 3
11 Disk size / Class / Version 1
12 BD structure 1
13 Channel-bit length 1
14 to 15 Reserved 2
16 BCA descriptor 1
17 maximum transfer rate 1
18 to 23 Reserved 6
24 to 31 Data-Zone allocation 8
32 to 35 Recording Velocities 4
36 to 39 Maximum dc read powers 4
40t0 43 Maximum HF-modulated read powers 4
44 to 47 Reserved 4
48 to 55 Write-power settings at Nominal Recording\elocity 8
56 to 63 Write-power settings at Maximum Recording Velocity 8
64 to 71 Write-power settings at Minimum Recording Velocity 8
72 Twp write multi-pulse duration 1
73t0 75 Ttop first-write-pulse duration 3
dTop first-write-pulse start time
761078 at Nominal Recording Velocity 3
dTtop first-write-pulse.start time
791081 at Maximum Recording Velocity 3
dTiop first-write-pulse start time
8210 84 at Minimum Recording Velocity 3
85 to 87 Reserved 3
88 Te erase multi-pulse duration 1
dTg first-erase-pulse start time
8910 91 at Nominal Recording Velocity 3
dTEe first-erase-pulse start time
921094 at Maximum Recording Velocity 3
dTe first-erase-pulse start time
9510 X at Minimum Recording Velocity 3
98 Erase-flag bits 1
99 unused = 00h 1
100 to 111 DI Unit footer 12
Figure 76 — Content of Disk Information for DI format 1
Bytes 0 to 1: Disk-Information identifier
See 15.8.3.2.
Byte 2: DI-Format Number
This byte shall be set to 01h for disks with BCA code.
This byte shall be set to 81h for disks without BCA code.
86
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is DI Unit

Byte 3: Number of DI Aux Frames in each DI Block / Number of the Layer to which th
applies
See 15.8.3.2.
Byte 4: Legacy information
See 15.8.3.2.
Byte 5: DI-Unit sequence number in DI Block
See 15.8.3.2.
Byte 6: Continuation flag / Number of DI bytes in use in this DI Unit
This byte shall be set to 63h to indicate that the first 99 bytes of the®|"Unit are us
that there is no continuation in the next DI Unit. All remaining bytes_of the DI Unit i
(excluding the bytes in the DI Unit footer) are unused and shall'be set to 00h.
Byte 7: Reserved
See 15.8.3.2.

Bytes 8 to 10:

BD Layer-Type identifier

These three bytes identify the type of the . BD Layer to which this DI Unit applies ar
be set to 42 44 57h, representing the characters “BDW?”, in each Rewritable Layer

ed and
ody

d shall

disk.

Df the
is

ith a
for

ayer

Byte 11: Disk size/Class/Version

Bits b7 to bg: These two bits specify the disk size. They shall be set to 00, to indicate a 120 mm

Bifs bs to by: These two bits specify the Class number. The Class number identifies BD Layers
same Layer Type butwith different basic specifications. BD Layers according to th
International Standard shall have these bits set to 00. Drives that are not familiar v
particular Class of layers should not access the Data Zone of such layers (neither
reading nor for writing)

Bifs bz to by: These-4"bits specify the Version number. They shall be set to 0010, to indicate a L
aceording to this International Standard.

Byte 12: BD structure

Bifs b; tohs»” These 4 bits specify the total number of BD Recording/Recorded Layers on the disk
On SL disks they shall be set to 0001 to indicate one Recording Layer.
On DL disks they shall be set to 0010 to indicate two Recording Layers.

Bits bs to bp:  These 4 bits specify the type of BD Recording/Recorded Layer to which this DI Unit
Bits bz to by shall be set to 0100, to indicate a rewritable Recording Layer.

Byte 13: Channel-bit length.

Bits by to by: These 4 bits shall be set to 0000.

Bits b to by: These 4 bits specify the main data Channel-bit length, which shall be the same on

Recording Layers.

© ISO/IEC 2016 — All rights reserved
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Bytes 14 to 15:

Byte 16:

Bits by to

They shall be set to

0001: to indicate a Channel-bit length of 74,5 nm (25,0 GB per Layer),
other settings: Reserved.

Reserved

BCA descriptor

Bits bs to

Byte 17:

Bytes 18
Bytes 24

Bytes 24

Bytes 28 t

fo 23:

to 31:

p 27:

p 31:

These 4 bits shall indicate the presence of a BCA code on this disk:
0000: indicates that there is no BCA code,

0001: indicates that the BCA code present,

other settings: Reserved.

Maximum transfer rate

This byte shall specify the maximum read transfer rate needed by the Application as a
number n such that

n = maximum read transfer rate in Mbit/s (n <255; M = 106).
n shall be set to 00h, to indicate no maximum-fransfer rate is specified.
Reserved
Data-Zone allocation
These bytes specify the first Physical ADIP Address of the Data Zone of the related Layer.

In each DI Unit relating:.to-Layer LO, these bytes shall be set to 00 02 00 00h to indicate
PAA 131 072 as theTfirst PAA of Data Zone 0.

In each DI Unitrelating to Layer L1, these bytes shall be set to a value FAA, which shall b
00 26 B1 8Qhfor a disk with a User-Data capacity of 25,0 GB per Layer, to indicate FAA 3
the first PAA of Data Zone 1.

o O

Thesebytes specify the last Physical ADIP Address of the Data Zone of the related Layer.

[n each DI Unit relating to Layer LO, these bytes shall be set to a value LAA, which shall b

00 19 4E 7Eh for a disk with a User-Data capacity of 25,0 GB per Layer, to indicate LAA 3
the last PAA of Data Zone 0

[

[

Bytes 32 to 35:

Bytes 32 to 33:

88

In each DI Unit relating to Layer L1, these bytes shall be set to 00 3D FF FEh to indicate
PAA 4 063 230 as the last PAA of Data Zone 1.

Recording Velocities

These bytes specify the Nominal Recording Velocity, to be used with the parameters as
defined in this DI Unit as a 2-byte binary number (byte 32 is MSB).

It shall specify the Nominal Recording Velocity as a number n such that
n =100 X Vhom
n shall be equal to 01 ECh to indicate a Nominal Recording Velocity of 4,92 m/s,
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Byte 34: This byte shall specify the Maximum Recording Velocity, to be used with the parameters as
defined in this DI Unit.

It shall specify the Maximum Recording Velocity as a number n such that
n =100 % Viax / Vnom (n > 100)

Here, n shall be equal to 64h to indicate a Maximum Recording Velocity equal to the
Nominal Recording Velocity.

byte 35: This byte shall specity the Minimum Recording Velocity, to be used with the paranjeters as
defined in this DI Unit.

It shall specify the Minimum Recording Velocity as a number n such that
n =100 % V nin/ Vaom (n<100)

Here n shall be equal to 64h to indicate a Minimum Recording Velocity equal to the Nominal
Recording Velocity.

If these bytes specify a velocitiy range (value of byte 34 > value of byte 35); then recording shall be possible
atfany velocitiy within this range. The actual values of the write strategy parameters for the velocitiy
concerned, can be derived from the specified values for the Minimum, Nominal and Maximum Recofding
Vglocities by interpolation.

Bytes 36 to 39: Maximum dc read power

The maximum read power is defined-as the maximum optical power on the Entrance
surface of the disk, at which at least 10° successive reads can be applied without legrading
the recorded signals (see 30:8).

=

Byte 36 This byte shall specify the maximum dc read power P, at the Reference Velocity, i
milliwatts, as a number n such that

n =100 xR,

Byte 37 This byte'shall specify the maximum dc read power P, at the Nominal Recording \elocity as
defined in bytes 32 and 33 of this DI Unit, in milliwatts, as a number n such that

n=100 x P,

Byte 38 This byte shall specify the maximum dc read power P, at the Maximum Recording|Velocity
as defined by byte 34 of this DI Unit, in milliwatts, as a number n such that

n=100 x P,

Byte 39 This byte shall specify the maximum dc read power P, at the Minimum Recording Velocity
as defined by byte 35 of this DI Unit, in milliwatts, as a number n such that

n=100 x P,

NOTE For reading at lower velocities than the lowest specified velocity, a reduction of the read power might be
necessary to guarantee stability of the recordings on the disk.

Bytes 40 to 43: Maximum HF-modulated read powers

The maximum read power is defined as the maximum optical power on, the Entrance
surface of the disk, at which at least 10° successive reads can applied without degrading
the recorded signals (see 30.8).

89
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Byte 40 This byte shall specify the maximum HF-modulated read power P, at the Reference
Velocity, in milliwatts, as a number n such that

n=100 x P,

Byte 41 This byte shall specify the maximum HF-modulated read power P, at the Nominal Recording
Velocity as defined in bytes 32 and 33 of this DI Unit, in milliwatts, as a number n such that

n=100 x P,

Byte 42 This byte shall specify the maximum HF-modulated read power P, at the Maximum
Recording Velocity as defined by byte 34 of this DI Unit, in milliwatts, as a number n_such
that

n=100 x A,

Byte 43 This byte shall specify the maximum HF-modulated read power P, at the Minimum
Recording Velocity as defined by byte 35 of this DI Unit, in milliwatts{asa number n such
that

n=100 x P,

NOTE For reading at lower velocities than the lowest specified velogity, a reduction of the read power
might be necessary to guarantee stability of the recordings on the disk«

Bytes 44 to 47: Reserved
Bytes 48 to 71: Write-power settings

For each of the byte fields fto (f + 7), with f= 48, 56 and 64, the following values are
defined at three different Recordingvelocities:

Byte f: Pio: Pinp can be used as astarting value for the determination of Pget in the OPC
procedure (see Annex G).

This byte shall spegifythe indicative value Pinp Of Parget, in milliwatts, as a number n such
that

n=20><P|ND

Byte (f+ 1): mnp: -MyNp can be used as a starting value for the determination of Piaget in the OPC
procedure (see Annex G).

This byte shall specify the modulation at Pp as determined by the media manufacturer ag a
number n such that

n =200 x mnp

Byte (f + 2): p: This byte shall specify the write-power multiplication factor p, used in the OPC algorithm
(see Annex G), as a number n such that
n=100xp
Byte (f + 3): ggw: This byte shall specify the write bias/write-peak power ratio egw, used in the OPC

algorithm (see Annex G), as a number n such that
n =200 % ggw

Byte (f + 4): &c: This byte shall specify the cooling/write-peak power ratio ¢¢, used in the OPC algorithm
(see Annex G), as a number n such that
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Byte (f + 5): ge1: This byte shall specify the erase/write-peak power ratio-1, €gq, used in the OPC
algorithm (see Annex G) as a number n such that
n =200 x &g,
Byte (f + 6): &e2: This byte shall specify the erase/write-peak power ratio-2, €g,, used in the OPC
algorithm (see Annex G) as a number n such that
n =200 x g
&2 shall be equal to &g4.
Byjte (f+ 7): k: This byte shall specify the target value for k, used in the OPC procedure (see Annex G)
as a number n such that
n=20xk
Bytes 48 to 55: Write-power settings at Nominal Recording.Velocity
Byte 48: Pinp at Nominal Recording Velocity
Byte 49: myyp at Nominal Recording Velocity
Byte 50: p at Nominal Recording Velogcity
Byte 51: ggw at Nominal Recording’Velocity
Byte 52: &c at Nominal Recording Velocity
Byte 53: &e1 at Nominal\Recording Velocity
Byte 54: &2 at Nominal Recording Velocity
Byte 55: k at Nominal Recording Velocity
Bytes 56 to 63: Write~power settings at Maximum Recording Velocity
Byte 56: Pinp at Maximum Recording Velocity
Byte 57: myyp at Maximum Recording Velocity
Byte 58: p at Maximum Recording Velocity
Byte 59 €gw at Maximum Recording Velocity
Byte 60: &c at Maximum Recording Velocity
Byte 61: &e1 at Maximum Recording Velocity
Byte 62: &2 at Maximum Recording Velocity
Byte 63: k at Maximum Recording Velocity

Bytes 64 to 71: Write-power settings at Minimum Recording Velocity

Byte 64:

Pixp at Minimum Recording Velocity
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Byte 65: myyp at Minimum Recording Velocity
Byte 66: p at Minimum Recording Velocity
Byte 67: ggw at Minimum Recording Velocity
Byte 68: &c at Minimum Recording Velocity
Byte 69: &e1 at Minimum Recording Velocity
Byte 70: geratMinimumRecording-Yetoeity
Byte 71: k at Minimum Recording Velocity
Byte 72: Twp write multi-pulse duration

This byte shall specify the duration of the second and higher pulses of the multi-pulse traif
for recording Marks (see F.2).

The multi-pulse duration Typ consists of two contributions: a variable part and a fixed part
(Tmp = Twpvar + Twpfix)-

The first 4 bits (bit b; to bs) of this byte shall specify the variable part as a fraction of the
actual Channel-bit clock period as an unsigned binary‘number p such that

The last 4 bits (bit bz to byg) of this byte shall specify the fixed part expressed in
nanoseconds as an unsigned binary-number g such that

q = Twpfix
Bytes 73 to 75: Tiop first—write-pulse’/duration
Byte 73: This byte shall specify-the duration of the first pulse of the multi-pulse train for recording

Marks with run-lengths > 4T (see F.2).

The first-pulsg duration Tiop 41 cONsists of two contributions: a variable part and a fixed part
(Ttop,4T > Ttop,var + 7-top,fix)-

Thefirst 4 bits (bit b; to by) of this byte shall specify the variable part as a fraction of the
aetual Channel-bit clock period as an unsigned binary number j such that

H— 7-to.var
Jj=16x% .,.L
Tw

The last 4 bits (bit bz to bg) of this byte shall specify the fixed part expressed in
nanoseconds as an unsigned binary number k such that

k= Ttop,fix

Byte 74: This byte shall specify the duration of the first pulse of the multi-pulse train for recording
Marks with a run-length of 3T (see F.2).

The first-pulse duration Typ 37 cOnsists of two contributions: a variable part and a fixed part

(Ttop,3T = Ttop,var + Ttop,fix)-
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The first 4 bits (bit b; to by) of this byte shall specify the variable part, as a fraction of the
actual Channel-bit clock period, as an unsigned binary number j such that

j= 16 x 7-top,var
T,

w

The last 4 bits (bit bz to by) of this byte shall specify the fixed part, expressed in
nanoseconds, as an unsigned binary number k such that

=T
Top,TIX

Byjte 75: This byte shall specify the duration of the first pulse of the multi-pulse train forrecqrding
Marks with a run-length of 2T (see F.2).

The first-pulse duration Ty 21 CONSists of two contributions: a variable part and a fixed part
(Ttop,ZT = Ttop,var + Ttop,fix)-

The first 4 bits (bit b; to bs) of this byte shall specify the variable’ part, as a fraction[of the
actual Channel-bit clock period, as an unsigned binary number j such that

T
[ = 16 X top, var
/ T,

w

The last 4 bits (bit bz to bg) of this byte shall'specify the fixed part, expressed in
nanoseconds, as an unsigned binary number k such that

k= Ttop,fix
Bytes 76 to 84: dTop first-write-pulse.start time

For each of the byte fields fto (f + 2), with f= 76, 79 and 82, the following values gre
defined at the following-three different Recording Velocities.

Byte f: The first five bits_(bit b; to b;) of this byte shall specify the start time of the first pulge of the
multi-pulse frain for recording Marks with run-lengths > 4T, relative to the trailing|edge of
the first Channel-bit of the data pulse (positive values are leading, negative values|are

lagging; see F.2).

The'first-pulse start time dTip 41 is expressed as a fraction of the actual Channel-Qit clock
period as a signed two’s-complement binary number i such that

j:’]6x&

w

The last three bits (bit b, to bg) of this byte shall be Reserved.

Byte (f+ 1): The first five bits (bit by to b;) of this byte shall specify the start time of the first pulse of the
multi-pulse train for recording Marks with a run-length of 3T, relative to the trailing edge of
the first Channel bit of the data pulse (positive values are leading, negative values are
lagging; see F.2).

The first-pulse start time dTip 31 is expressed as a fraction of the actual Channel-bit clock
period as a signed two’s-complement binary number i such that

i=16x Lo

w

93
© ISO/IEC 2016 — All rights reserved


https://standardsiso.com/api/?name=c5acd420b9a5fb9dc4827d23c148988e

ISO/IEC 30192:2016(E)

Byte (f+ 2):

Bytes 76
Byte 76:
Byte 77:
Byte 78:
Bytes 79
Byte 79:
Byte 80:
Byte 81:
Bytes 82
Byte 82:
Byte 83:
Byte 84:
Bytes 85

Byte 88:

94

The last three bits (bit b, to bg) of this byte shall be Reserved.

The first fivr bits (bit b; to bs) of this byte shall specify the start time of the first pulse of the
multi-pulse train for recording Marks with a run-length of 2T, relative to the trailing edge of
the first Channel bit of the data pulse (positive values are leading, negative values are
lagging; F.2).

The first-pulse start time dTip 21 is expressed as a fraction of the actual Channel-bit clock
period as a signed two’s-complement binary number i such that

to 78:

fo 81:

to 84:

to 87:

Te erase multi-pulse duration

The last three bits (bit b, to bg) of this byte shall be Reserved.
dT,, first-write-pulse start time at Nominal Recording Velocity
dTwp at Nominal Recording Velocity for recording Marks with\run“lengths >4T.
dTp at Nominal Recording Velocity for recording Marks.with a run-length of 3T.
dTip at Nominal Recording Velocity for recording Marks with a run-length of 2T.
dT, first-write-pulse start time at MaximumRecording Velocity
dTp at Maximum Recording Velocity for, recording Marks with run-lengths >4T.
dTwp at Maximum Recording Velocity for recording Marks with a run-length of 3T.
dTp at Maximum Recording Velocity for recording Marks with a run-length of 2T.
dT,, first-write-pulse start time at Minimum Recording Velocity
dTip at Minimum Reeording Velocity for recording Marks with run-lengths >4T.
dTip at Minimum Recording Velocity for recording Marks with a run-length of 3T.
dTip at(Minimum Recording Velocity for recording Marks with a run-length of 2T.

Reserved

This byte shall specify the basic duration of the pulses of the multi-pulse train for recording
of Spaces (see F.2).

The multi-pulse duration Tg consists of two contributions: a variable part and a fixed part
(Te = Tevar + TEfix)-

The first 4 bits (bit b; to by) of this byte shall specify the variable part, as a fraction of the
actual Channel-bit clock period, as an unsigned binary number v such that

T
V:16x E,var
w

The last 4 bits (bit bs to by) of this byte shall specify the fixed part, expressed in
nanoseconds, as an unsigned binary number w such that

W = T fix
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Bytes 89 to 97: dT first-erase-pulse start time

For each of the byte fields fto (f + 2), with f =89, 92 and 95, the following values are
defined at three different Recording velocities:

Byte £ The first five bits (bit by to bs) of this byte shall specify the start time of the first erase pulse
following the recording of Marks with run-lengths >4T, relative to the trailing edge of the last
Channel bit of the data pulse (positive values are leading, negative values are lagging; see
F.2).

The first-erase-pulse start time dTg 41 is expressed, as a fraction of the actual Chapnel-bit
clock period, as a signed two’s-complement binary number u such that

dT,

E

u=16 x

w

The last three bits (bit b, to by) of this byte shall be Reserved.

Byte (f+ 1): The first five bits (bit b; to bj) of this byte shall specify the\start time of the first erase pulse
following the recording of Marks with a run-length of 3T, relative to the trailing edgé of the

first Channel bit of the data pulse (positive values arg leading, negative values are|lagging;
see F.2).

The first-erase-pulse start time dTg st is expressed, as a fraction of the actual Chapnel-bit
clock period, as a signed two’'s-complemient binary number u such that

u=16><ﬂ
T

w
The last three bits (bit b, ta:by) of this byte shall be Reserved.

Byte (f + 2): The first five bits (bit b7 to bj) of this byte shall specify the start time of the first erase pulse
following the recording of Marks with a run-length of 2T, relative to the trailing edgé¢ of the

first Channelbit.of the data pulse (positive values are leading, negative values are|lagging;
see F.2).

The first<erase-pulse start time dTgt is expressed, as a fraction of the actual Chapnel-bit
cloek period, as a signed two’s-complement binary number u such that

u=16><ﬂ
T

w

The last three bits (bit b, to by) of this byte shall be Reserved.

Bytes 89 to 91: dTg first-erase-pulse start time at Nominal Recording Velocity

Byte 89: dTe at Nominal Recording Velocity when the preceding Mark has a run-length >4T.
Byte 90: dTe at Nominal Recording Velocity when the preceding Mark has a run-length of 3T.
Byte 91: dTe at Nominal Recording Velocity when the preceding Mark has a run-length of 2T.
Bytes 92 to 94: dTg first-erase-pulse start time at Maximum Recording Velocity

Byte 92: dTe at Maximum Recording Velocity when the preceding Mark has a run-length >4T.
Byte 93: dTg at Maximum Recording Velocity when the preceding Mark has a run-length of 3T.
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Byte 94: dTg at Maximum Recording Velocity when the preceding Mark has a run-length of 2T.
Bytes 95 to 97: dTg first-erase-pulse start time at Minimum Recording Velocity
Byte 95: dTg at Minimum Recording Velocity when the preceding Mark has a run-length of 4T.
Byte 96: dTe at Minimum Recording Velocity when the preceding Mark has a run-length of 3T.
Byte 97: dTe at Minimum Recording Velocity when the preceding Mark has a run-length of 2T.
Byte 98: Erase-flagbits{see 2}
Bits by to Ibs: Reserved.
Bit bs: if set to ZERO, Pgr shall be equal to Pg4 at the Minimum Recording Velagcity:

if set to ONE, Pgf shall be equal to Pg; at the Minimum Recording Velocity.
Bit by: if set to ZERO, Pg, shall be equal to Pg4 at the Minimum Recerding Velocity.

if set to ONE, Pg, shall be equal to Pg; at the Minimum Recording Velocity.
Bit ba: if set to ZERO, Pgr shall be equal to Pg4 at the Maximum Recording Velocity.

if set to ONE, Pgr shall be equal to Pg; at the Maximum Recording Velocity.
Bit ba: if set to ZERO, Pg, shall be equal to Pg4 at.the Maximum Recording Velocity.

if set to ONE, Pg, shall be equal to Pgy'at the Maximum Recording Velocity.
Bit by: if set to ZERO, Pgg shall be equalto Pg4 at the Nominal Recording Velocity.

if set to ONE, Pgr shall be equal to Pg; at the Nominal Recording Velocity.
Bit by: if set to ZERO, Pg, shall be equal to Pg4 at the Nominal Recording Velocity.

if set to ONE,-Pgp shall be equal to Pg, at the Nominal Recording Velocity.
Byte 99: Reserved
Bytes 100 to 111: DI Unit footer

See 15.8:3.2.

15.8.3.4 |Definitions for DI format 2 (N-1 write strategy B)
The conteptof the body of DI Units according to DI Format 2 shall be as depicted in Figure 77.
96

© ISO/IEC 2016 — All rights reserved


https://standardsiso.com/api/?name=c5acd420b9a5fb9dc4827d23c148988e

ISO/IEC 30192:2016(E)

Byte number Content Number of bytes

Oto7 DI-Unit header 8
81010 BD Layer-Type identifier 3
11 Disk size / Class / Version 1

12 BD structure 1

13 Channel-bit length 1
Hte15 Reserved 2
16 BCA descriptor 1

17 Maximum transfer rate of application 1

18 to 23 Reserved 6
24 to 31 Data-Zone allocation 8
3210 35 Recording Velocities 4
36 to 39 Maximum dc read powers 4
40t0 43 Maximum HF-modulated read powers 4
44 to 47 Reserved 4
48 to 55 Write-power settings 8
56 Twmp write multi-pulse duration 1
57 to 68 dTop first-write-pulse start time 12

69 to 92 Ttop first-write-pulse duration 12 %2

93to 94 Tvp last-pulse duration 2
95 to 97 dTe erase level start time 3
98 to 99 unused = all 00h 2
100 to 111 DI Unit footer 12

Figure 77 — Content of Disk Information for DI format 2

Bytes 0 to 31: Same as specifications in 15.8.3.3, except for the following bytes:

Byte 2: DI-Format Number
This byte shall be set to 02h for disks with BCA code.
This byte shall be set to 82h for disks without BCA code.

Byte 6: Continuation flag / Number of DI bytes in use in this DI Unit
This byte shall be set to 62h to indicate that the first 98 bytes of the DI Unit are us¢d and
that the.re is no contiquation in thg next DI Unit. All remaining bytes of the DI-Unit Tody
(excluding the bytes in the DI-Unit footer) are unused and shall be set to 00h.

Bytes 32 to 35: Recording velocities

Byte 32 to 33: These bytes specify the Nominal Recording Velocity to be used with the parameters as

defined in this DI Unit as a 2-byte binary number (byte 32 is MSB).

It shall specify the Nominal Recording Velocity as a number n such that
n =100 % Vyom

n shall be equal to

01 ECh to indicate a Nominal Recording Velocity of 4,92 m/s.
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Byte 34

Byte 35:

Bytes 36

Byte 36

Byte 37

Byte 38

Byte 39

NOTE

or:
03 D7h to indicate a Nominal Recording Velocity of 9,83 m/s.

This byte specifies the Maximum Recording Velocity to be used with the parameters as
defined in this DI Unit.

It shall specify the Maximum Recording Velocity as a number n such that

n =100 X Vinax/Vhom (n > 100)

to 39:

Here, n shall be equal to 64h to indicate a Maximum Recording Velocity equal to the
Nominal Recording Velocity.

This byte specifies the Minimum Recording Velocity to be used with the parameters as
defined in this DI Unit.

It shall specify the Minimum Recording Velocity as a number n such that
n =100 % Viin/Viom (n < 100)

Here, n shall be equal to 64h to indicate a Minimum Recording Velocity equal to the
Nominal Recording Velocity.

Maximum dc read powers

The maximum read power is defined as the maximum optical power on the Entrance
surface of the disk, at which at least 10° successive reads can be applied without degradimg
the recorded signals (see 30.8).

This byte shall specify the maximum dc read power P,, at the Reference Velocity, in
milliwatts, as a number n such.that

n=100 x P,

This byte shall specify.the maximum dc read power P,, at the Nominal Recording Velocity
as defined in bytes'32 and 33 of this DI Unit, in milliwatts, as a number n such that

n=100(x )P,

This bytetshall specify the maximum dc read power P,, at the Maximum Recording Velocit
as defined by byte 34 of this DI Unit, in milliwatts, as a number n such that

n=100 x P,

This byte shall specify the maximum dc read power P,, at the Minimum Recording Velocity
as defined by byte 35 of this DI Unit, in milliwatts, as a number n such that

For reading at lower velocities than the lowest specified velocity a reduction of the read power

n=100 x P,

might be necessary to guarantee stability of the recordings on the disk.
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Byte 40
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Maximum HF-modulated read powers

The maximum read power is defined as the maximum optical power, on the Entrance
surface of the disk, at which at least 10° successive reads can applied without degrading
the recorded signals (see 30.8).

This byte shall specify the maximum HF-modulated read power P,, at the Reference
Velocity, in milliwatts, as a number n such that

n=100 x P,

Byjte 41

Byjte 42

Byjte 43

This byte shall specify the maximum HF-modulated read power P, at the Nominal
Recording Velocity as defined in bytes 32 and 33 of this DI Unit, in milliwatts, as ajnumber n
such that

n=100 x A,

This byte shall specify the maximum HF-modulated read power P,, at the Maximun
Recording Velocity as defined by byte 34 of this DI Unit, in-milliwatts, as a number|n such
that

n=100 x P,

This byte shall specify the maximum HF-modulated read power P,, at the Minimunp
Recording Velocity as defined by byte 35 of.this DI Unit, in milliwatts, as a number|n such
that

n=100 x P,

NOTE For reading at lower velocities than\the lowest specified velocity, a reduction of the r¢ad power

might be necessary to guarantee stability of.the recordings on the disk.

Bytes 44 to 47:

Bytes 48 to 55:

Reserved

Write-power settings

Byte 48: Pwo: Ping can be used as a starting value for the determination of Piarget in the ORC
procedure (see Annex G).
This byte shall specify the indicative value Pinp Of Parget, in milliwatts, as a numben n such
that
n =20 x Pyp
Byte 49: mp: Minp €an be used as a starting value for the determination of Piarget in the OPC
procedure (see Annex G).
This byte shall specify the modulation at Pyp as determined by the media manufacturer, as
a number n such that
n =200 x mp
Byte 50: p: This byte shall specify the write-power multiplication factor p, used in the OPC algorithm
(see Annex G), as a number n such that
n=100xp
Byte 51: ggw: This byte shall specify the write bias/write-peak power ratio egw, used in the OPC

algorithm (see Annex G), as a number n such that
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Byte 52:

Byte 53:

n =200 x ggw

&c: This byte shall specify the cooling/write-peak power ratio &¢, used in the OPC algorithm
(see Annex G), as a number n such that

n =200 x &

&e: This byte shall specify the erase/write-peak power ratio &g, used in the OPC algorithm
(see Annex G), as a number n such that

Byte 54:

Byte 55:

Byte 56:

Bytes 57 o 68: dT first-write-pulse start time

n =200 x &

k: This byte shall specify the target value for k, used in the OPC procedure (see Annex Q)
as a number n such that

n=20xk
Reserved
Tup write multi-pulse duration

This byte shall specify the duration of the second and higherpulses of the multi-pulse traif
for recording Marks (see F.3).

The multi-pulse duration Typ consists of two contributions: a variable part and a fixed part
(Tmp = Twmpvar + T fix)-

The first 4 bits (bit b; to by) of this byte shalkspecify the variable part, as a fraction of the
actual Channel-bit clock period, as an unsigned binary number p such that

The last 4 bits (bit bz to bg) of this byte shall specify the fixed part, as a fraction of the time
period Tx, where Tx =.15,15 ns at 1x Recording Velocity or Tx = 7,58 ns at 2x Recording
Velocity. The value'is'expressed as an unsigned binary number g such that

T
=16x MP, fix
d T,

X

The first five bits (bit b; to b;) of these bytes specify the start time of the first pulse of the
multi-pulse train for recording Marks with run-lengths of 2T, 3T and >4T that succeed a 21|,
3T, 4T or >5T Space (see F.3)

Bytes 57 to 60:

100

The first-pulse start time dTip, is expressed, as a fraction of the actual Channel-bit clock
period, as a signed two’'s-complement binary number j such that

i=16x Lo
-

w

The last three bits (bit b, to by) of these bytes shall be Reserved.

These bytes specify the start time of the first pulse of the multi-pulse train for recording
Marks of run-lengths >4T that succeed a Space with run-lengths of 2T, 3T, 4T or >5T,
relative to the trailing edge of the first Channel bit of the data pulse (positive values are
leading, negative values are lagging; see F.3).
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Byte 57: This byte shall specify the start time of the first pulse for recording Marks with run-lengths
>4T that succeed a Space with a run-length >5T.

Byte 58: This byte shall specify the start time of the first pulse for recording Marks with run-lengths
>4T that succeed a Space with a run-length of 4T.

Byte 59: This byte shall specify the start time of the first pulse for recording Marks with run-lengths
>4T that succeed a Space with a run-length of 3T.

Byte 60: This byte shall specify the start time of the first pulse for recording Marks with run-lengths
>4T that succeed a Space with a run-length of 2T.

Byftes 61 to 64: These bytes specify the start time of the first pulse of the multi-pulse train for-recofding
Marks of a run-length 3T that succeed a Space with a run-length 2T, 3T\ 4T or >5T, relative
to the trailing edge of the first Channel bit of the data pulse (positive-values are legding,
negative values are lagging; see F.3).

Byjte 61: This byte shall specify the start time of the first pulse for recording Marks with a rup-length
of 3T that succeed a Space with a run-length >5T.

Byte 62: This byte shall specify the start time of the first pulsefor recording Marks with a rup-length
of 3T that succeed a Space with a run-length of 4T.

Byte 63: This byte shall specify the start time of thefirst pulse for recording Marks with a rup-length
of 3T that succeed a Space with a run-léngth of 3T.

Byte 64: This byte shall specify the start time\of the first pulse for recording Marks with a rup-length
of 3T that succeed a Space with;a run-length of 2T.

Bytes 65 to 68: These bytes specify the start time of the first pulse of the multi-pulse train for recofding
Marks of a run-length of (2T that succeed a Space with a run-length of 2T, 3T, 4T qr >5T,
relative to the trailing.edge of the first Channel bit of the data pulse (positive value$ are
leading, negative.values are lagging; see F.3).

Byte 65: This byte shall*specify the start time of the first pulse for recording Marks with a rup-length
of 2T that\slicceed a Space with a run-length of >5T.

Byite 66: This.byte shall specify the start time of the first pulse for recording Marks with a rup-length
of, 2T that succeed a Space with a run-length of 4T.

Byte 67: This byte shall specify the start time of the first pulse for recording Marks with a rup-length
of 2T that succeed a Space with a run-length of 3T.

Byite 68: This byte shall specify the start time of the first pulse for recording Marks with a rup-length

£ O 4l n ] Q asklo ! P e =
Ul 21T Ulat oulLlLTTU d opaltt WIllT a TuUrr=icrigurur 1.

Bytes 69 to 92: Tiop first—write-pulse duration

These bytes specify the duration of the first pulse of the multi-pulse train for recording Marks
with run-lengths of 2T, 3T, and >4T that succeed a Space with a run-length of 2T, 3T, 4T or
>5T (see F.3).

The first-pulse duration T, consists of two contributions: a variable part and a fixed part
(Ttop= Ttop,var + Ttop,fix)-

For each of the byte fields fto (f+ 1), with f=69, 71, .. 91 the following values are defined:
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Byte f:

Byte (f+ 1):

The first five bits (bit b; to b;) of this byte shall specify the variable part, as a fraction of the
actual Channel-bit clock period, as an unsigned binary number j such that

top, var

T

w

j=16x

The last three bits (bit b, to bg) of this byte shall be Reserved.

The first five bits (bit by to b;) of this byte shall specify the fixed part as a fraction of the time

Bytes 69 tp 76:

Bytes 69 and 70:

Bytes 71 and 72:

Bytes 73 and 74:

Bytes 75 and 76:

Bytes 77 tp 84:

Bytes 77 and 78:

Bytes 79 and 80:

Bytes 81 Tnd 82:

nnnnnn T u:kn-—n I = 41: 4E na nl- A Dnnnv-rlinn \LalacibhvvrorT o= 7 £EQ e nl- N Ra rdina
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Velocity. The value is expressed as an unsigned binary number k such that

top, fix

k=16 x

X

The last three bits (bit b, to bg) of this byte shal be Reserved.

These bytes specify the duration of the first pulse of the multi-pulse train for recording Marks
with run-lengths >4T that succeed a Space with a run-length of27,°3T, 4T or >5T (see F.3).

These bytes specify the duration of the first pulse for recording Marks with run-lengths >4T
that succeed a Space with a run-lengths >5T.

These bytes specify the duration of the first pulse for recording Marks with run-lengths >4T
that succeed a Space with a run-length of 4T.

These bytes specify the duration of the first pulse for recording Marks with run-lengths >47
that succeed a Space with a run-length<of 3T.

These bytes specify the duration of the first pulse for recording Marks with run-lengths >4T
that succeed a Space with a-ran=length of 2T.

These bytes specify the duration of the first pulse of the multi-pulse train for recording Marks
with a run-length of 3T .that succeed a Space with a run-length of 2T, 3T, 4T or >5T (see
F.3).

These bytes(specify the duration of first pulse for recording Marks with a run-length of 3T
that succeed a Space with a run-length >5T.

Thesge bytes specify the duration of the first pulse for recording Marks with a run-length of
31 that succeed a Space with a run-length of 4T.

These bytes specify the duration of the first pulse for recording Marks with a run-length of
3T that succeed a Space with a run-length of 3T.

Bytes 83 and 84:

Bytes 85 to 92:

Bytes 85 and 86:

Bytes 87 and 88:

102

These bytes specify the duration of the first pulse for recording Marks with a run-length of
3T that succeed a Space with a run-length of 2T.

These bytes specify the duration of the first pulse of the multi-pulse train for recording Marks
with a run-length of 2T that succeed a Space with a run-length of 2T, 3T, 4T or >5T (see
F.3).

These bytes specify the duration of the first pulse for recording Marks a with run-length of
2T that succeed a Space with a run-length >5T.

These bytes specify the duration of the first pulse for recording Marks with a run-length of
2T that succeed a Space with a run-length of 4T.
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Bytes 89 and 90: These bytes specify the duration of the first pulse for recording Marks with a run-length of
2T that succeed a Space with a run-length of 3T.

Bytes 91 and 92: These bytes specify the duration of the first pulse for recording Marks with a run-length of
2T that succeed a Space with a run-length of 2T.

Bytes 93 to 94: T.p last-pulse duration.

These bytes specify the duration of the last pulse of the multi-pulse train for recording Marks
with run-lengths of 3T and >4T (see F.3). The last-pulse duration T,p consists of two
contributions: a variable part and a fixed part (Tup = Tipyar + Tipfix)-

The first 4 bits (bit b; to bs) of each byte shall specify the variable part, as a fractiop of the
actual Channel-bit clock period, as an unsigned binary number s such that

s= 16 x TLP,var
T,

w

The last 4 bits (bit bz to by) of each byte shall specify the. fixed part as a fraction of|the time
period Tx where Tx = 15,15 ns at 1x Recording Velocity.or Tx = 7,58 ns at 2x Recqrding
Velocity. The value is expressed as an unsigned binary number t such that

T

t - 16 X LP, fix
Tx
Byjte 93: This byte shall specify the duration ofthe last pulse of the multi-pulse train for recqrding

Marks of run-lengths >4T (see F.3).

Byte 94: This byte shall specify the duration of the last pulse of the multipulse train for recofding
Marks of a run-length of 3T(see F.3).

Bytes 95 to 97: dTe erase level'start time

The first six bits\(bit b; to b,) of these bytes specify the start time of the erase level,
succeeding‘the recording of Marks with run-lengths of 2T, 3T and >4T (positive values are
leading;-negative values are lagging; see F.3).

The start time of the Erase level dTg is expressed as a fraction of the actual Chanmel-bit
clock period as a signed two’s-complement binary number u such that

u=16><ﬂ

w

The last two bits (bit b4 to bg) of these bytes shall be Reserved

Byte 95: This byte shall specify the start time of the Erase level succeeding the recording of Marks
with run-lengths >4T.

Byte 96: This byte shall specify the start time of the Erase level succeeding the recording of Marks
with a run-length of 3T.

Byte 97: This byte shall specify the start time of the Erase level succeeding the recording of Marks
with a run-length of 2T.

Bytes 98 to 99: Reserved.
Bytes 100 to 111: DI Unit footer
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See 15.8.3.2.
15.8.3.5 Definitions for DI format 3 (N/2 write strategy)

The content of the body of DI Units according to DI Format 3 shall be as depicted in Figure 78.

Byte number Content Number of bytes
Oto7 DI-Unit header 8
81010 BD Layer-Type identifier 3
TT Disk size / Class / Version T
12 BD structure 1
13 Channel-bit length 1
14 to 15 Reserved 2
16 BCA descriptor 1
17 Maximum transfer rate of application 1
18 to 23 Reserved 6
24 to 31 Data-Zone allocation 8
32 to 35 Recording Velocities 4
36 to 39 Maximum dc read powers 4
40t0 43 Maximum HF-modulated read powers 4
44 to 47 Reserved 4
48 to 55 Write-power settings 8
56 to 57 Twp write multi-pulse duration 2
58 to 61 dTrop first-write-pulse start time 4
62 to 69 Ttop first-write-pulse duration 4x2
70to 73 Tvp last-write-pulse duration 2x2
74t0 77 dTe Erase level start time 4
78 t0 99 unused = all 00h 22
100 to 111 DI Unit footer 12
Figure 78 -~ Content of Disk Information for DI format 3
Bytes 0 to 31: Same as specifications in 15.8.3.3, except for the following bytes:
Byte 2: DI-Format/Number
This-byte shall be set to 03h for the disks with BCA code.
This byte shall be set to 83h for the disks without BCA code.
Byte 6: Continuation flag / Number of DI bytes in use in this DI Unit

This byte shall be set to 4Eh to indicate that the first 78 bytes of the DI Unit are used and
that there is no continuation in the next DI Unit. All remaining bytes of the DI-Unit body
(excluding the bytes in the DI-Unit footer) are unused and shall be set to 00h.

Bytes 32 to 35: Recording velocities

Bytes 32 to 33: These bytes specify the Nominal Recording Velocity, to be used with the parameters as
defined in this DI Unit, as a 2-byte binary number (byte 32 is MSB).

It shall specify the Nominal Recording Velocity as a number n such that

n =100 % Vom

104
© ISO/IEC 2016 — All rights reserved


https://standardsiso.com/api/?name=c5acd420b9a5fb9dc4827d23c148988e

ISO/IEC 30192:2016(E)

Here, n shall be equal to

01 ECh to indicate a Nominal Recording Velocity of 4,92 m/s,
or

03 D7h to indicate a Nominal Recording Velocity of 9,83 m/s.

Byte 34: This byte shall specify the Maximum Recording Velocity to be used with the parameters as
defined in this DI Unit.

It shall specify the Maximum Recording Velocity as a number n such that

1= 100 X Vimax/Viaom (1 > 100)

=

Here, n shall be equal to 64h to indicate a Maximum Recording Veloeity equal to t
Nominal Recording Velocity.

e

Byjte 35: This byte shall specify the Minimum Recording Velocity to be.used with the paramgters as
defined in this DI Unit.

It shall specify the Minimum Recording Velocity as ahumber n such that
n =100 X Viin/Viom (n < 100)

Here, n shall be equal to 64h to indicateca Minimum Recording Velocity equal to the
Nominal Recording Velocity.

Bytes 36 to 39: Maximum dc read powers

The maximum read power is defined as the maximum optical power, on the Entrapce
surface of the disk, at which at least 10°® successive reads can be applied without legrading
recorded signals (see.30.8).

Byte 36 This byte shall specify the maximum dc read power P,, at the Reference Velocity, |n
milliwatts, as-asnumber n such that

n<=100 x A,

Byte 37 This byte shall specify the maximum dc read power P, at the Nominal Recording Yelocity,
as defined in bytes 32 and 33 of this DI Unit, in milliwatts, as a number n such that

n=100 x P,

Byte 38 This byte shall specify the maximum dc read power P,, at the Maximum Recordind Velocity,
as defined by byte 34 of this DI Unit, in milliwatts, as a number n such that

n=100 x P,

Byte 39 This byte shall specify the maximum dc read power P,, at the Minimum Recording Velocity,
as defined by byte 35 of this DI Unit, in milliwatts, as a number n such that

n=100 x P,

NOTE For reading at lower velocities than the lowest specified velocity, a reduction of the read power
might be necessary to guarantee the stability of the recordings on the disk.

Bytes 40 to 43: Maximum HF-modulated read powers
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Byte 40

Byte 41

The maximum read power is defined as the maximum optical power, on the Entrance
surface of the disk, at which at least 10° successive reads can applied without degrading
the recorded signals (see 30.8).

This byte shall specify the maximum HF-modulated read power P,, at the Reference
Velocity, in milliwatts, as a number n such that

n=100 x P,

This byte shall specify the maximum HF-modulated read power P,, at the Nominal

Byte 42

Byte 43

NOTE
might be 1

Bytes 44
Bytes 48

Byte 48:

Byte 49:

to 47:

to 55:

Recording Velocity as defined in bytes 32 and 33 of this DI Unit, in milliwatts, as a numben n
such that

n=100 x P,

This byte shall specify the maximum HF-modulated read power P,, at the Maximum
Recording Velocity as defined by byte 34 of this DI Unit, in milliwatts, as'a number n such
that

n=100 x P,

This byte shall specify the maximum HF-modulated read,power P,, at the Minimum
Recording Velocity as defined by byte 35 of this DI Unit,;\in milliwatts, as a number n such
that

n=100 x P,

For reading at lower velocities than the lowest specified velocity, a reduction of the read power
ecessary to guarantee the stability of the recordings on the disk.

Reserved
Write-power settings

Pio: Pinp can be usedias a starting value for the determination of Pget in the OPC
procedure (see Annex G).

This byte shall specify the indicative value Piyp Of Parget, in milliwatts, as a number n such
that

n=20><P|ND

myb: Minp can be used as a starting value for the determination of Piaget in the OPC
procedure (see Annex G).

This byte shall specify the modulation at Pyp, as determined by the media manufacturer, as

Byte 50

Byte 51:

106

a number n such that
n =200 x mnp

p: This byte shall specify the write-power multiplication factor p, used in the OPC algorithm
(see Annex G), as a number n such that

n=100xp

ggw: This byte shall specify the write bias/write-peak power ratio egw, used in the OPC
algorithm (see Annex G), as a number n such that

n =200 x ggw
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Byte 52: &c: This byte shall specify the cooling/write-peak power ratio &¢, used in the OPC algorithm
(see Annex G), as a number n such that
n =200 x &
Byte 53: &e: This byte shall specify the erase/write-peak power ratio g, used in the OPC algorithm
(see Annex G), as a number n such that
n =200 x g
Byfte 54: k: This byte shall specify the target value Tor , used in the OPC procedure (see Annex G),
as a number n such that
n=20xk
Byjte 55: Reserved
Bytes 56 to 57: Twp write multi-pulse duration
These bytes shall specify the duration of the second and higher pulses of the mult|-pulse
train for recording Marks (see F.4).
The multi-pulse duration Typ consists of two conftributions: a variable part and a fiYed part
(Twp = Tupyar * Twpfix)-
Byte 56: The first five bits (bit b; to b;) of this byte:shall specify the variable part, as a fractign of the
actual Channel-bit clock period, as an@nsigned binary number p such that
p = 16 X MP, var
w
The last three bits (bit bx:to by) of this byte shall be Reserved.
Byte 57: The first five bits (bit’b; to b;) of this byte shall specify the fixed part as a fraction of the time
period Tx where\Tx = 15,15 ns at 1x Recording Velocity or Tx = 7,58 ns at 2x Recqrding
Velocity. The value is expressed as an unsigned binary number g such that
q = 16 X MP, fix
X
The last three bits (bit b, to by) of this byte shall be Reserved.
Bytes 58t0'61: dTy,, first-write-pulse start time
The first five bits (bit b; to b;) of these bytes specify the start time of the first pulse|of the

multi-pulse train for recording Marks with run-lengths of 2T, 3T, [4T,6T,8T], and [5T,7T,9T]
(positive values are leading, negative values are lagging; see F.4).

The first-pulse start time dTip is expressed, as a fraction of the actual Channel-bit clock
period, as a signed two’s complement binary number i such that

i=16x Lo
.

w

The last three bits (bit b, to by) of these bytes shall be Reserved.
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Byte 58:

Byte 59:

Byte 60:

This byte shall specify the start time of the first pulse of the multi-pulse train for recording
Marks with run-lengths of [5T,7T,9T], relative to the trailing edge of the first Channel bit of
the data pulse (positive values are leading, negative values are lagging; see F.4).

This byte shall specify the start time of the first pulse of the multi-pulse train for recording
Marks with run-lengths of [4T,6T,8T], relative to the trailing edge of the first Channel bit of
the data pulse (positive values are leading, negative values are lagging; see F.4).

This byte shall specify the start time of the first pulse of the multi-pulse train for recording
Marks with a run-length of 3T relative to the trailing edge of the first Channel bit of the dat

Byte 61:

Bytes 62 to 69:

Byte f:

Byte (f + 1

~

pulse (positive values are leading, negative values are lagging; see F.4).

This byte shall specify the start time of the first pulse of the multi-pulse train for recording
Marks with a run-length of 2T, relative to the trailing edge of the first Channel hit,of the dat
pulse (positive values are leading, negative values are lagging; see F.4).

[

Tiop first—write-pulse duration

These bytes specify the duration of the first pulse of the multi-pulse)train for recording Marks
with run-lengths of 2T, 3T, [4T,6T,8T] and [5T,7T,9T] (see F.4),

The first-pulse duration Ty, consists of two contributions; a variable part and a fixed part
(Ttop = Ttop,var + 7—top,fix)-

For each of the byte fields fto f+ 1, with f= 62, 64,66 and 68, the following values are
defined.

The first six bits (bit b; to by) of this byte shall specify the variable part, as a fraction of the
actual Channel-bit clock period, as an«unsigned binary number j such that

- 16 x 7-top,var
/ T,

w

The last two bits (bit b4\to by) of this byte shall be Reserved.

The first six bits (bityb; to by) of this byte shall specify the fixed part as a fraction of the tim
period Tx whefe)Tx = 15,15 ns at 1x Recording Velocity or Tx = 7,58 ns at 2x Recording
Velocity. TheZvalue is expressed as an unsigned binary number k such that

D

k — 16 X 7_top,fix
T

The last two bits (bit by to by) of this byte shall be Reserved.

Bytes 62 to63:

Bytes 64 to 65:

Bytes 66 to 67:

Bytes 68 to 69:
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with run-lengths of [5T,7T,9T] (see F.4).

These bytes specify the duration of the first pulse of the multi-pulse train for recording Marks
with run-lengths of [4T,6T,8T] (see F.4).

These bytes specify the duration of the first pulse of the multi-pulse train for recording Marks
with a run-length of 3T (see F.4).

These bytes specify the duration of the first pulse of the multi-pulse train for recording Marks
with a run-length of 2T (see F.4).

© ISO/IEC 2016 — All rights reserved


https://standardsiso.com/api/?name=c5acd420b9a5fb9dc4827d23c148988e

ISO/IEC 30192:2016(E)

Bytes 70 to 73: T r last-pulse duration

These bytes specify the duration of the last pulse of the multi-pulse train for recording Marks
with run-lengths of [4T,6T,8T], and [5T,7T,9T] (see F.4).

The last-pulse duration T, p consists of two contributions: a variable part and a fixed part
(Tee = Tipar + Tipfix)-

For each of the byte fields f to f+ 1, with f = 70 and 72, the following values are defined:

Byfte 7

Byte (f+ 1):

Bytes 70 to 71:

Bytes 72 to 73:

Bytes 74 to 77:

The Tirst five bits (bit b, T0 b3) of this byie shall specify the variable part, as a fractign of the
actual Channel-bit clock period, as an unsigned binary number s such that

s= 16 x TLP,var
T

The last three bits (bit b, to by) of this byte shall be Reserved.

The first five bits (bit b; to bs) of this byte shall specify the(fixed part as a fraction of the time
period Tx where Tx = 15,15 ns at 1x Recording Velocity-or Tx = 7,58 ns at 2x Recqrding
Velocity. The value is expressed as an unsigned binary number f such that

T
t= 16 % LP, fix
T

X

The last three bits (bit b, to by) of this-byte shall be Reserved.

These bytes specify the duration-of the last pulse of the multi-pulse train for recording Marks
with run-lengths of [5T,7T,9T]\(see F.4).

These bytes specify the/duration of the last pulse of the multi-pulse train for recording Marks
with run-lengths of [4T,6T,8T] (see F.4).

dT¢ Erase level start time

Thedirst six bits (bit b; to by) of these bytes specify the start time of an Erase level
succeeding the recording of Marks with run-lengths of 2T, 3T, [4T,6T,8T] and [5T,1T,9T]
(positive values are leading, negative values are lagging, see F.4).

The start time of the erase level dTg is expressed, as a fraction of the actual Chanhel-bit
clock period, as a signed two’s-complement binary number u such that

Byte 74:

Byte 75:

Byte 76:

w
The last two bits (bit by to by) of these bytes shall be Reserved.

This byte shall specify the start of the Erase level for recording Marks with run-lengths of
[5T,7T,9T].

This byte shall specify the start of the Erase level for recording Marks with run-lengths of
[4T,6T,8T].

This byte shall specify the start of the Erase level for recording Marks with a run-length of
3T.
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Byte 77: This byte shall specify the start of the Erase level for recording Marks with a run-length of
2T.

Bytes 78 to 99: Reserved
15.8.3.6 Write strategy requirements

The write strategy requirements for disks are depicted in Figure 79.

Repording-Velosity Write strategy
N-1 A N-1B N/2
1x Mandatory Optional Optional
2X — Optional® Optional®
% At lgast one of these two write strategies shall be present.

Figure 79 — Write-strategy type requirements

15.8.3.7 |Usage of DI Units for Write strategies

By using the concept of multiple DI Units, identified by their DI-Format Number, (byte 2), the BD system
facilitates the (future) use of disks with different Recording Velocities and withcohe, two or more Recording
Layers, while keeping backwards compatibility in the best possible way.

Generally] each different Recording Velocity might need a different write strategy (different set of parameter$
which writg strategy furthermore can depend on the applied technelogy. Additionally, each Recording Layer
might neef a different set of values for the write-strategy parameters.

~

Disks shall contain at least two DI Units for each Recording:Layer, as depicted in Figure 79; at least one
containind parameters for 1x Recording Velocity and atleast one containing parameters for 2x Recording
Velocity. Additional DI Units, containing alternative write-strategy parameter sets, may be added in order of
preference (see Figure 74).

For 1x Refording Velocity, the N-1 write strategy A described by DI Format 1 shall always be placed in the [
Block seqlience as the most-preferred write strategy.

Byte 3 is get according to the specifications in 15.8.3.2.
Byte 4 is get to 01h for SL disks;

02h for DL disk.

Byte 5 is Used according to the description in 15.8.3.2.

In all DI Upits“defining 1x recording parameters, bytes 32 to 35 shall be set to the following.

Bytes 32t0 33: These bytes are set to 01 ECh to indicate a Nominal Recording Velocity of 4,92 m/s.

Byte 34: This byte is set to 64h to indicate a Maximum Recording Velocity equal to the Nominal
Recording Velocity.

Byte 35: This byte is set to 64h to indicate a Minimum Recording Velocity equal to the Nominal
Recording Velocity.

In all DI Units defining parameters for 2x Recording Velocity, bytes 32 to 35 are set to as follows.
Bytes 32 to 33:  These bytes are set to 03 D7h to indicate a Nominal Recording Velocity of 9,83 m/s.

Byte 34: This byte is set to 64h to indicate a Maximum Recording Velocity equal to the Nominal
Recording Velocity.
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Byte 35:

An example of those assignments is shown in Figure 80.

This byte is set to 64h to indicate a Minimum Recording Velocity equal to the Nominal

Recording Velocity.

ISO/IEC 30192:2016(E)

SL disk

DL disk

byte 2: DI-Format Number

byte 2: DI-Format Number

byte 3:# of DI's / Layer L# 3/0 byte 3:# of DI's / Layer L# 4/0
byte 4. — 1 byte 4. — 2
byte 5: sequence # 0 byte 5: sequence # 0
byte 32 to 35: Recording Velocity 1x byte 32 to 35: Recording Velocity 1X
byte 2: DI-Format Number 3 byte 2: DI-Format Number. 1
byte 3:# of DI's / Layer L# 3/0 byte 3:# of DI's / Layer L# 4/1
byte 4: — 1 byte 4: — 2
byte 5: sequence # 1 byte 5: sequence # 1
byte 32 to 35: Recording Velocity 1x byte 32 to 35: Recording Velocity 1X
byte 2: DI-Format Number 2 byte 2: DI-Format Number 3
byte 3:# of DI's / Layer L# 3/0 byte 3:# of DI's / Layer L# 4/Q
byte 4: — 1 byte 4:5£ 2
byte 5: sequence # 2 byte b vsequence # 2
byte 32 to 35: Recording Velocity 2x byte 32 to 35: Recording Velocity 2X
REPEAT byte 2: DI-Format Number 2
byte 3:# of DI's / Layer L# 4/1
byte 4: — 2
byte 5: sequence # 3
byte 32 to 35: Recording Velocity 2X
REPEAT
At 1x Recording VeloCity, the write At 1x Recording Velocity, the write

strategy describedby DI Format 1 is
preferred, the wiite ‘strategy described by

DI Format 3 can be used as alternative,

at 2x Recording Velocity, the write

strategy)described by DI Format 2 is used

strategy described by DI Format 1 is use

on both Layer LO and Layer L1,

at 2xRecording Velocity, the write strate

described by DI Format 3 is used on Lay:
LO, and the write strategy described by D

Format 2 is used on Layer L1.

Figure 80 — Example of DI sequence
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16 General description of Information Zone

16.1 General

The Information Zone, which contains all information on the disk that is relevant for data interchange, is
located in the Information Area extending from dy to dqo. (see 10.8.1 and Figure 17).

The inner part of Inner Zone(s) (Protection-Zone 1 + PIC) shall contain HFM Groove which can hold replicated
information about the disk. The other parts of the Inner Zone(s), Data Zone(s) and Outer Zone(s) constitute

Change effect.
16.2 Format of Information Zone on Single-Layer disk

For consigtency reasons, the sole Recording Layer on an SL disk is also called Layer LO.

The Information Zone is divided in three parts: a Lead-in Zone (part of the Inner Zone 0),@a Data Zone and a
Lead-out Xone (Outer Zone 0) (see Figure 81).

The Data Fone is intended for recording User Data. The Lead-in Zone contains replicated and Rewritable
control information and an area for disk and drive testing. The Lead-out Zone allews for a smooth runout ang
also contdins Control Information.

16.3 Format of Information Zone on Dual-Layer disk

The Information Zone is divided in six parts: a Lead-in Zone (part of the Inner Zone 0), Data Zone 0 and Outer
Zone 0 on Layer L0, Outer Zone 1, Data Zone 1 and a Lead-out(Zone (part of the Inner Zone 1) on Layer L1
(see Figure 81 and Figure 82).

Data Zong 0 and Data Zone 1 are intended for recording-User Data. The Lead-in Zone and the Lead-out Zope
contain replicated and Rewritable Control Information~and an area for disk and drive testing. Outer Zone 0 apd
Outer Zone 1 allow for a smooth runin/runout fortheir respective Layers and also contain Control Informatio

=

17 Layaout of Rewritable Area of Information Zone

The Rewr|table Area of the Information Zone is constituted from parts of the Inner Zone(s), the Data Zone(s
and the Opter Zone(s). The starting-radii for the Zones indicated in Figure 81 and Figure 82 are the nominal
values of the centre of the first/last Groove Track of that Zone.

The Physical ADIP Addresses (PAA) listed are the first/last address in the Groove Tracks of each Zone. Alsp
the numbgrs of Physical/Clusters (RUBs) that can be recorded per Zone are indicated.

The valuep given.in.the table of Figure 81 are for a disk capacity of 25,0 Gbytes or 50,0 Gbytes.

112
© ISO/IEC 2016 — All rights reserved


https://standardsiso.com/api/?name=c5acd420b9a5fb9dc4827d23c148988e

ISO/IEC 30192:2016(E)

Nominal First PAA
Descrip- | startin of Zone Number
Layer LO tion P radiusg : of Phys.
(mm) Last PAA Clusters
of Zone
First transition Area ending radius 11,5 mm
Clamping Zone starting radius 11,5 mm
ending radius 16,5 mm
Second transition Area starting radius 16,5 mm
ending radius 21,0 mm
starting radius “wide pitch” BCA
21,0 mm Grooves
Protection = -—-
-Zone 1 ez
Embossed (First AUN =
HFM Area O0OD8E COh| PR 720
(HFM PIC 22,512 : ([ 4KB)
Groove) Last AUN =
00 0D A3 FEh)
Protection 01B4 80h
Zone.? 23,252 : 224
Lead-in 01 B7 FEh
Zone
(part of INFO2 23 289 01 B? 00h 256
| '"“eg)z°“e 01 BB FEh
v 01 BC 00h
Information OPC 23,329 : D 048
Zone 01 DB FEh
Information l 01 DC 00h
Area ) Reserved | 23,647 : P 048
tracking 01 FB FEh
direction 01 FC 00h
Rewitable INFO1 23,961 : 256
01 FF FEh
(Wobbled 24,000 02 00 00h
Groove) Data : 381 856
Zone 0 :
LAA
+
Lead-out 58,000 LAA. 2h -
Zone INFO 3/4 )
R /t LAA + 4 30h
uter :
Zone 0 Protection 58017 LAA + 4 32h —
-Zone 3 :
ending radius
58,5 mm
Rim Area starting radius 58,5 mm

Figure 81 — Layout of Information Zone on Layer L0
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The values given in the table of Figure 82 are for a disk capacity of 50,0 Gbytes.

Nominal Last PAA
Descrip- | ending of Zone Number
Layer L1 tion radius : of Phys.
(mm) First PAA Clusters
of Zone
Ending radius “wide pitch”
21,0 mm Grooves
PIUtUbt;UII 22,2 - -
-Zone 1
Embossed (Last AUN =
HFM Area 01 F2 71 3Eh | (2 720
(HFM PIC 22,512 : ()% 4KB)
Groove) First AUN €
01 F2 5C 00h)
Protection 3R 7EN
Zone 2 23,252 : 224
Lead-out 3E 48 00h
Zone 3E 47 FEh
(Inner INFO2 | 23,289 : 256
, Zone 1) 3E 44 00h
tracking
direction SE 43 FEh
0 Reservedy: 23,329 : 2048
| 3E 24 00h
Information | |nformation 3E 23 FEh
Area Zone OPC 23,647 : 2048
0 3E 04 00h
| 3E 03 FEh
Rewritable INFO 1 23,961 : 256
3E 00 00h
(Wobbled 24,000 3D FF FEh
Groove) Data 381 856
Zone 1 :
FAA®
FAA —2h
Outer |INFO 3/4| 58,000 : 268
Zone 1 FAA —4 30h
Protection 58,017 FAA - 4 32h —
-Zone 3 :
starting radius
58,5 mm
® FAA=tAATCO000th—(see 157437

Figure 82 — Layout of Information Zone on Layer L1
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Physical-Sector numbering

A Cluster contains 32 Physical Sectors and each Physical Sector contains 2K data bytes. Although their
numbers are not included in the data recorded on the disk, each Physical Sector is associated with a (virtual)
Physical-Sector Number (PSN).

The PSNs increase by one for each successive Physical Sector in the tracking direction of the related
Recording Layer.

The PSN of the first Physical Sector of each Physical Cluster is a multiple of 32.

Bifs PS3¢ to PS,; of the PSN shall be Reserved.

Bils PS,6 to PS,4 of the PSN shall be set to the Layer number.
THe first PSN in the Data Zone 0 is 00 10 00 OOh.

The last PSN in the Data Zone 0 is 8 x LAA + 15, which is 00 CA 73 FFh on a 25,0 GB and 50,0 GB|disk.
The first PSN in the Data Zone 1 is 8 x FAA, which is 01 35 8C 00h on a 50,00GB disk.

THe last PSN in the Data Zone 1 is 01 EF FF FFh.

set to
Layer number PSN
MSB l LSB
P PIPT [P P P P P Pl P[P P
S sis| |s S S S 3 s| |s|s s
3 212| |2 2 1 1 8 7| |5|a 0
1 7l6] |4 3 6 5
in Cluster
count ZERO
Address-Unit Number i l i i /
YYVYVYVY YYVWYVVYVYY YVYVYVVYY YVY
7 ATAT A 7 A A A Al [ATA AlA
U ulul |u u U U U ul [u|u ulu
3 212 2 2 1 1 8 7 5|4 1(0
1 7l6| |4 3 6 5
setto
00, 01, 10
consecutively
Y YVYVYN A YVYVYVY Y Vil
AT JATZ A A A A AlA[A
Al |AlA AlA A A A AlA|A
2| |22 1|1 1 8 7 2|10
3| |1]0 7|6 5
Physical ADIP Address
Ei

These PSNs are converted to Address-Unit Numbers, which shall be recorded in the BIS columns of the ECC
Clusters (see 13.9.2).

Finally, a Physical ADIP Address is derived from the PSN/AUN as defined in Figure 83. This PAA identifies
the location on the disk where the data has to be recorded.
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18 Inner Zone
18.1 General

On Layer L0, the innermost Zone of the Information Zone is called the Lead-in Zone. On Layer L1, the
innermost Zone of the Information Zone is called the Lead-out Zone.

Both Inner Zone 0 (Lead-in Zone part) and Inner Zone 1 (Lead-out Zone part) contain an Embossed HFM
Area and a Rewritable Area (see Figure 84 and Figure 85).

In the Embossed HFM Area on Layer LO, Groove shall be encoded according to the format defined in 15.5
and its subclauses.

On Layer |0, this encoding shall start at radius 22,2_%% mm, such that the AUN of the first Clustershall be
00 0D 85 F4h.

The addrgsses shall be continuously increasing as described in 15.5.3.2 and shall endwith
AUN = 00|0D A3 FEh in the last 4K Cluster at the outermost radius of the PIC Zone:

On Layer |1, this encoding shall end at radius 22,2_%’% mm, such that the AUN-of the last Cluster shall be
01 F2 7A DAh.

The addrgsses shall be continuously increasing as described in 15.5:3.2 and shall start with
AUN = 01|F2 5C 00h in the first 4K Cluster at the outermost radius.ef the PIC Zone.

In the Protection-Zone 1 of both Inner Zones, the contents of'the Data Frames can be set to all 00h or they
can be eqpal to the content in the PIC Zone.

The Proteftion-Zone 1 is intended to be a protection@rea against overwriting of the PIC Zone by the BCA
code.

In the Permanent Information and Control datal (PIC) Zone(s), general information about the disk and variou
other infomation can be stored in the Embossed HFM Groove.

12}

In the Rewrritable Area, Groove(s) shalt’be wobbled as defined in 15.6.

The Rewrltable Area of the Inner Zone(s) is used to execute OPC (Optimum Power Control) procedures ang
to store specific informationtabout the disk, such as Disk-Management information and Control information.
Also, a Zgne has been reserved where drives can store their own specific information.
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Inner Description First PAA Number of Purpose
Zone 0 of Zone | Phys. Clusters
Protection . _ —
Zone 1
Embossed PIC . . Permanent Information
HFM and Control data Zone
— Pg‘;g';” 01 B4 80h 224 —
Reserved 8 01 B8 00h 32
Reserved 7 01 B8 80h 32 future extehdidh
Reserved 6 01 B9 00h 32
INFO 2 Reserved 5 01 B9 80h 32
PAC 2 01 BA 00h 32 Physical-Accegs
Control
DMA 2 01 BA 80h 32 Disk Management
Control Data 2 | 01 BB 00h 32 data informatign
\2 Buffer 2 01 BB 80h 32 —
Rewritable OPC Test Zone 01 BC 00h 2 048 OPC testing
J Reserved — 01 DC 00h 2048 future extension
tracking Buffer 1 01 FC 00h 32 —
direction
Drive Area 01 FC 80h 32 Drive-specific
information
Reserved 3 01*ED 00h 32
INFO 1 Reserved 2 01 FD 80h 32 future extension
Reserved 1 01 FE 00h 32
DMA 1 01 FE 80h 32 Disk Management
Control([Data 1 | 01 FF 00h 32 data informatign
PAC 1 01 FF 80h 32 Physical-Accegs
Control
(Data Zone 0) | 02 00 00h

Figure 84 — Inner Zone 0 (Lead-in Zone)
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Inner Description First PAA Number of Purpose
Zone 1 of Zone | Phys. Clusters
(Data Zone 1)
PAC 1 3E 00 00h 32 Physical-Access Control
Control Data 1 | 3E 00 80h 32 data information
DMA 1 3E 01 00h 32 Disk Management
INFO 1 Reserved 1 3E 01 80h 32
Reserved 2 3E 02 00h 32 future extension
Reserved-3—T3E0280h 32
Drive Area 3E 03 00h 32 drive-specific information
\ Buffer 1 3E 03 80h 32 —
Rewritable OPC Test Zone 3E 04 00h 2048 OPC testing
J Reserved — 3E 24 00h 2048 future extension
Iroking Buffer2 | 3E 44 00h 32 -
Control Data 2 | 3E 44 80h 32 data information
DMA 2 3E 45 00h 32 Disk Management
INFO 2 PAC 2 3E 45 80h 32 Physical-Access Control
Reserved 5 3E 46 00h 32
Reserved 6 3E 46 80h 32 future extension
Reserved 7 3E 47 00h 32
Reserved 8 3E 47 80h 32
_ Protocton | 3e 48 0on 224 —
PIC \ . Permanent Information
and Control data Zone
Empossed Protection . . .
HFM Zone 1
Figure.85 — Inner Zone 1 (Lead-out Zone)
18.2 Permanent Information and.Control data (PIC) Zone
18.2.1 General
The Permanent Information’and Control data (PIC) Zone is an Embossed HFM Area with data for various
purposes,|such as diskiinformation. If no specific PIC data is supplied, all User-Data bytes (before scrambling)
shall be s¢t to 00h:xBoth layers shall contain the same PIC data.
18.2.2 [Content of PIC Zone

The PIC Zone shall consist of five repetitions of a PIC-Info Fragment, where each PIC-Info Fragment consists
of 544 PIC Clusters (for a total of 2 720, see Figure 86). The PIC Clusters shall be formatted as described in

15.5.

The PIC-Info Fragments shall start

on Layer LO at AUNs: 00 0D 8E COh, 00 0D 93 00h, 00 0D 97 40h, 00 OD 9B 80h and 00 0D 9F COh,

and

on Layer L1 at AUNs: 01 F2 5C 00h, 01 F2 60 40h, 01 F2 64 80h, 01 F2 68 COh and 01 F2 6D 00h.
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PIC-Info PIC AUN AUN
Fragment number Cluster number on Layer LO on Layer L1

0 00 0D 8E COh 01 F2 5C 00h
1 00 0D 8E C2h 01 F2 5C 02h
IFO 2 00 OD 8E C4h 01 F2 5C 04h
543 00 OD 92 FEh 01 F2 60 3Eh
0 00 0D 93 00h 01 F2 60 40h

1 . X
543 00 0D 97 3Eh 01 F2 64 7Eh
0 00 OD 97 40h 01 F2 64 80h

IF2 : :
543 00 OD 9B 7Eh 01 F2:68 BEh
0 00 0D 9B 80h 01 F2 68 COh

IF3 : :
543 00 OD 9F BEh 01 F2 6C FEh
0 00 0D 9F COh 01 F2 6D 00h

IF4 : :
543 00 OBA3 FEh 01 F271 3Eh

Figure 86 — PIC-Zone

THe first PIC Cluster of each Info Fragment shall contain@a copy of the Disk-Information Block as corjtained in
th¢ ADIP Aux Frames (see 15.8.3 and Figure 87). Onlythe first 112 bytes of each Disk-Information Aux

Frame shall be included (excluding the 32 parity. bytes). If less than 32 DI Units are present, then the

remaining bytes up to byte 3 584 shall be set to-00h.

THe last 512 bytes of the first PIC Clusterof each Info Fragment shall contain the Emergency-Brake|data set

(s¢e 18.2.3 and Figure 87).

Byte position

in PIC Cluster Content Number of bytes
0to 111 DI Unit 0 112
112 to 223 DI Unit 1 112
: : 112 x 28
3360 to 3471 DI Unit 30 112
347210 3 583 Reserved 112
3584 to 4 095 EB Data Set 512

Figure 87 — First PIC Cluster of each Info Fragment

All other PIC Clusters shall be Reserved unless specified otherwise (e.g. in other Applications).

18.2.3

Emergency Brake

As a protective measure, a data set is defined that can be used by specific drive models to recognize disks
that need special handling to prevent destructive malfunction.

This data is called Emergency Brake (EB) data.

The EB data is specified in bytes 3 584 to 4 095 of the first PIC Cluster of each Info Fragment. It consists of
an EB Header, EB-data field(s) and an EB Footer. EB-data fields shall be included only after mutual
agreement between the disk manufacturer and the drive manufacturer involved, when specific drives require

© ISO/IEC 2016 — All rights reserved

119


https://standardsiso.com/api/?name=c5acd420b9a5fb9dc4827d23c148988e

ISO/IEC 30192:2016(E)

special actions when handling such disks, e.g. to prevent damage to the disk or the drive. Up to a maximum of
62 EB-data fields may be applied.

The Emergency-Brake data shall be implemented as depicted in Figure 88.

Byte number Function Definition Number of bytes
3 584 to 3 585 Identifier 2
3 586 Version 1
3 587 EB Reserved 1
Header
3 588 List length 1
3 589 to 3 591 Reserved 3
3592 to 3 593 Drive-Manufacturer ID 2
3594 to 3 595 EB Drive Model 2
3 596 to 3 597 Data field 1 Firmware Version 2
3 598 to 3 599 Drive Actions 2
(384 +ix8)to (3584 +ix8)+1 Drive-Mandfacturer ID 2
(3584 +ix8)+2t0 (3584 +x8)+3 DataEf'?el g Driye-Model 2
(35B4 +ix8)+4t0(3584 +ix8)+5 (1<i<N) Fifmware Version 2
(35B4 +ix8)+6t0(3584+ix8)+7 Drive Actions 2
(3984 + Nx 8)1t0 (3584 + N x 8) + 1 Drive-Manufacturer ID 2
(3584 +Nx8)+2t0(3584+Nx8)+3 Datai?eld N Drive Model 2
(3584 +Nx8)+4t0(3584+Nx8)+5 (N <62) Firmware Version 2
(3584 + Nx8)+6t0(3584+Nx8)+7 Drive Actions 2
[3584 +|[(N+1)x8]to[3584 + (N + 1) x 8-+ EB Footer Terminator 8
[3584 + (N +2)x 8]to4 095 Unused Reserved 512-(N+2)x8
Figure-88 — Definition of Emergency-Brake data
Bytes 3 5B4 to 3 585: EB Identifier
These-bytes shall be set to 45 42h, representing the characters “EB”.
Byte 3 58p: EB Version
This byte shall be set to 01h, representing Version one of the Emergency-Brake format.
Byte 3 58/: Reserved

This byte shall be set to 00h.
Byte 3 588: EB list length N

This byte shall represent the number of EB-data fields.

This byte shall be set to 00h when no EB-data fields are present.
Bytes 3 589 to 3 591: Reserved

These bytes shall be set to 00 00 00h.

Bytes (3 584 + i x 8) to (3 584 + i x 8) + 1 (1 <i < N): Drive-Manufacturer ID
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The format and the content of these two bytes require agreement between the
interchange parties, else these bytes shall be set to all 00h.

Bytes (3584 +ix 8)+2to (3584 +ix8)+3(1=<i< N): Drive-Model Number

These two bytes represent the Drive-Model Number and shall be defined by the drive
manufacturer. This International Standard does not specify the format and the
content of this byte. It shall be ignored in interchange.

Bytes (3584 +ix8)+4to(3584+x8)+5(1=i<N): Drive-Firmware Version

These two bytes represent the Drive-Firmware Version and shall be defineq by the
drive manufacturer. This International Standard does not specify the"format|(and the
content of this byte. It shall be ignored in interchange.

Bytes (3 584 +i x 8) + 6 to (3 584 + i x 8) + 7 (1 £ i < N): Drive-Manufacturer Actions

These two bytes represent the actions to be performed.by the drive model to handle
this disk. These bytes shall be defined by the drive-manufacturer. This International
Standard does not specify the format and the cohtent of this byte. It shall bg ignored
in interchange.

Bytes [3 584 + (N+1) x 8] to [3 584 + (N+1) x 8] + 7 (0 < N < 62).'EB Terminator

These bytes shall be set to FF FF FEE\FF FF FF FF FFh to indicate the end pf the EB
data.

Bytes [3 584 + (N+2) x 8] to 4 095 (0 < N < 62): Reserved
These bytes shall be Reserved.
18.3 Rewritable Area of Inner Zone(s)

18.3.1  Protection-Zone 2

THis Zone of 224 Physical Clusters, starting at PAA 01 B4 80h on Layer L0 and at PAA 3E 48 00h on Layer
L1|, is intended to be a buffer Zone for the transition from the Embossed HFM Area to the Rewritable|l Area
(s¢e 15.4.4).

18.3.2 INFO 2/Reserved 8

THis Zone of 32-Physical Clusters, starting at PAA 01 B8 00h on Layer LO and at PAA 3E 47 80h on|Layer L1,
is Application/dependent.

—_

Fgr the.disks with BCA code, if this setting is not specified by the Application, these bytes shall be lef

unirecorded

For the disks without BCA code, this Zone shall be recorded all 00h before shipping.
18.3.3 INFO 2/Reserved 7

This Zone of 32 Physical Clusters, starting at PAA 01 B8 80h on Layer LO and at PAA 3E 47 00h on Layer L1,
shall be unrecorded.

18.3.4 INFO 2/Reserved 6
This Zone has the size of 32 Physical Clusters starting at PAA 01 B9 00h on Layer LO and at PAA 3E 46 80h

on Layer L1 and shall be unrecorded.
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18.3.5 INFO 2/Reserved 5

The use of this Zone of 32 Physical Clusters, starting at PAA 01 B9 80h on Layer L0 and at PAA 3E 46 00h on
Layer L1, is Application dependent.

For the disks with BCA code, this Zone shall be left unrecorded unless otherwise specified by the Application.
For the disks without BCA code, this Zone shall be recorded all 00h before shipping.

18.3.6 INFO 2/PAC 2

This Zone|of 32 Physical Clusters, which starts at PAA 01 BA 00h on Layer LO and at PAA 3E 45 80h on
Layer L1, Js intended to be used for storing Physical-Access Control (PAC) Clusters (see 21.2). Unused
Clusters i this Zone shall contain all 00h or left unrecorded.

18.3.7 NFO 2/DMA 2

This Zone|of 32 Physical Clusters starts at PAA 01 BA 80h on Layer LO and at PAA 3E45-00h on Layer L1
and is intgnded for use by the Disk-Management system (see Clause 22). Unused Clusters in this Zone sha
contain al|l 00h or left unrecorded.

18.3.8 NFO 2/Control Data 2

This Zone|of 32 Physical Clusters starts at PAA 01 BB 00h on Layer L@)and at PAA 3E 44 80h on Layer L1
and is intgnded to store Control information.

Unused Clusters in this Zone shall contain all 00h .
18.3.9 NFO 2/Buffer 2

This Zone|of 32 Physical Clusters starts at PAA 01 BB, 80h on Layer LO and at PAA 3E 44 00h on Layer L1
and shall be unrecorded.

18.3.10 PPC/Test Zone

The Test Zone of 2 048 Physical Clusters'starts at PAA 01 BC 00h on Layer LO and at PAA 3E 04 00h on
Layer L1 and is reserved for testingand/or OPC procedures.

After using any part of this area;the used Tracks shall either be erased by irradiating these tracks using only
the optimym erase powers orbe overwritten with Clusters containing arbitrary User Data using the optimum
write powers.

18.3.11 Reserved

This Zone|of 2048 Physical Clusters starts at PAA 01 DC 00h on Layer LO and at PAA 3E 24 00h on Layer 1.1
and shall beZunrecorded.

18.3.12 INFO1/Buffer 1

This Zone of 32 Physical Clusters starts at PAA 01 FC 00h on Layer LO and at PAA 3E 03 80h on Layer L1
and shall be unrecorded.

18.3.13 INFO 1/Drive Area (optional)
18.3.13.1 General

The use of this Zone of 32 Physical Clusters starting at PAA 01 FC 80h on Layer LO and at PAA 3E 03 00h on
Layer L1 is optional. It can be used by drives to store Drive-specific Information, restricted to be used only by
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lowing format shall be used. The Clusters in this Zone shall be ignored in interchange.

.3.13.2 Format of Drive-specific Information

Each Drive-specific Information shall be contained in one 2K Data Frame. The first 128 bytes of such a Data

Frame shall contain a signature of the drive that has created the related Data Frame, according to the

fol

lowing format:

48 bytes for the Manufacturers name, represented by characters from the ISO 646 character set;

Th
dr

TH
Cl
In{
(ofe
Fr

Fa
dig

Ini
sp
Dr
A
Ar]

48 bytes of additional identification, represented by characters from the ISO 646 character set;
32 bytes for a unique serial number of the drive.

ve designer.

ster. Each time a new drive is going to write its Drive-specific Information, the, eldest Drive-specific

bme 0 (see Figure 89).

k twice.

ea.

©l
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e format of the remaining 1 920 bytes of the Data Frame is not defined and can be chosen freely by the

ormation located in Data Frame 31 of the Physical Cluster is removed from\the Physical Cluster, the
htent of Data Frames 0 to 30 are moved into Data Frames 1 to 31 and the-new information is written in Data

e Drive-specific Information of the last 32 drives that have used this option, shall be stored in one Physical

r robustness reasons, the Physical Cluster containing the Drive-specific Information frames is writfen on the

tially, the two Physical Clusters starting at PAA 01 FC 86h-and 01 FC 84h shall be used to store the Drive-
ecific Information. When both Physical Clusters beconié unreliable, the next two Physical Clusterq of the
ve Area can be used to store the Drive-specific Information. For a fast and efficient access to the Prive
ba, the DDS in the DMA Zones contain an address pointer to the first valid Physical Cluster in the Drive
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, Shift in
Drive Area | Phys. Cluster Data Frame
Damaged drive i Manufacturers
name
Damaged drive i— 1 One 2K Additional ID
Sector
Valid Drive Info 32 x 2K Unique Seriall
LELLUIS INUTTIoET
Copy Dr|ve Info !
Spall es Shift at Dnve-spe_cmc
: Information
Each update .
in free format
drive j — 31
1 Shift out
Figure 89 — Format of Drive Area (example)
18.3.14 |NFO 1/Reserved 3
This Zone|of 32 Physical Clusters, starting at PAA 01 FD 00h on Layer LO“and at PAA 3E 02 80h on Layer L

shall be lgfft unrecorded.

18.3.15

This Zone|
shall be l¢

18.3.16

This Zone|
L1, shall b

18.3.17

This Zone|
is intende
contain al

18.3.18

This Zone|
is intende

NFO 1/Reserved 2

of 32 Physical Clusters, starting at PAA 01 FD 80h on Layer LO and at PAA 3E 02 00h on Layer L
ft unrecorded.

NFO 1/Reserved 1

of 32 Physical Clusters, starting at-PAA 01 FE 00h on Layer LO and at PAA 3E 01 80h on Layerr
e left unrecorded.

NFO 1/DMA 1

of 32 Physical Clustefs,)starting at PAA 01 FE 80h on Layer LO and at PAA 3E 01 00h on Layer L
i for use by the Disk-Management system (see Clause 22). Unused Clusters in this Zone shall
00h or be left unrecorded.

NFO1/Controle Data 1

of 32Rhysical Clusters, starting at PAA 01 FF 00h on Layer LO and at PAA 3E 00 80h on Layer L
i to_store Control information. Unused Clusters in this Zone shall contain all 00h.

18.3.19 INFO1/PAC 1

—_

—_

[N

—

This Zone of 32 Physical Clusters, starting at PAA 01 FF 80h on Layer LO and at PAA 3E 00 00h on Layer L1,
is intended to be used for storing Physical-Access Control (PAC) Clusters (see Clause 21). Unused Clusters
in this Zone shall contain all 00h or be left unrecorded.

19 Data Zone

On an SL

disk, the Data Zone can contain a total of 381 856 Clusters of User Data on a 25,0 GB disk.

On a DL disk, the Data Zones can contain a total of 763 712 Clusters of User Data on a 50,0 GB disk.
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20 Outer Zone(s)
20.1 General
On an SL disk, the outermost Zone of the Information Zone functions as a Lead-out Zone (see Figure 90).

On a DL disk, the Outer Zone 0 and Outer Zone 1 function as a transition area between the Data Zones on
Layer LO and Layer L1 (see Figure 91).

Outer o - First PAA Number of
Zone 0 PeSUTPEOT of Zone Phys.Clusters
(Data Zone 0)
Buffer 3 LAA + 2h 32 —
INFO 3 DMA 3 LAA + 82h 32 Disk Management
J Control Data 3 LAA +102h 32 data information
Rewritable — Angular buffer LAA +182h 76 —

J DMA 4 LAA + 2 B2h 32 Disk Management
tracking INFO4 | ControlData4 |LAA+332h 32 data information
direction

Buffer 4 LAA + 3 B2h 32 —
— Protection-Zone 3 | LAA +4 32h — —
Figure 90 — Outer Zone 0/Lead-out Zone

Outer Descriofion First PAA Number of PUrDOSE
Zone 1 R of Zone Phys.Clusters P
— Protection-Zone 3 — —
Buffer 4 FAA —4 30h 32 —

J INFO 4 Control Data 4 FAA — 3 BOh 32 data information
Rewritable DMA 4 FAA — 3 30h 32 Disk Management

\2 D) Angular buffer | FAA —2 BOh 76 —
tr'ackl.ng Control Data 3 FAA — 1 80h 32 data information
direction

INFO 3 DMA 3 FAA — 1 00h 32 Disk Management
Buffer 3 FAA — 80h 32 —
(Data Zone 1) FAA
Figurn 91 — Quter Zone 1
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20.2 INFO 3/Buffer 4

This Zone

of 32 Physical Clusters shall be left unrecorded.

20.3 INFO 3/DMA 3

This Zone

of 32 Physical Clusters is intended for use by the Disk Management system (see Clause 22).

Unused C
20.4 INF
This Zone
Unused C
20.5 Ang
This Zone
20.6 INF
This Zone
Unused C
20.7 INF
This Zone
Unused C
20.8 INF
This Zone
20.9 Pro
This Zone

All ADIP |

Usters In this Zone shall contain all 00h or be left unrecorded.

D 3/Control Data 4

of 32 Physical Clusters is intended to store Control information.
usters in this Zone shall contain all 00h.

ular buffer

with the size of 76 Physical Clusters shall be left unrecorded.

D 4/DMA 4

of 32 Physical Clusters is intended for use by the Disk Management system (see Clause 22).
usters in this Zone shall contain all 00h or be left unrecorded.

D 4/Control Data 4

of 32 Physical Clusters is intended to store . Control information.
usters in this Zone shall contain all 00h,

D 4 | Buffer 6

of 32 Physical Clusters shall be unrecorded.

fection-Zone 3

contains an Unrecorded Groove.

nits in the-Grooves in this Zone shall be modulated by MSK-cos only and not by HMW (see 15.6.2).

~
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21 Physical-Access Control Clusters

21.1 General

Physical-Access Control (PAC) Clusters provide a structure on the disk for the exchange of additional
information between interchange parties. PAC Clusters shall be recorded in the INFO1/PAC1 Zone and
backup copies shall be recorded in the INFO2/PAC2 Zone. All PAC Clusters shall have the same format for

their first 384 data bytes, which constitute the PAC Header.

Drjves designed before the introduction date a new PAC will, in general, not be able to interpretit an
therefore shall treat such a PAC as a so-called “Unknown PAC”. By obeying standard “Unknowh-PA|
defined in the header of the PACs, compatibility problems and unwanted destruction of data’for sped
applications can be avoided as much as possible.

Drjves designed after the introduction date of a new PAC can be assumed to bg familiar with the spe
application/function connected to the new PAC. Such drives can therefore ignore the “Unknown-PA(
and apply the rules defined in the “PAC-specific information” fields of the PA€E. For such “Known PA

are no physical-access restrictions unless specified otherwise in the “PAC-specific information” fields.

21.2 Layout of PAC Zones

On SL disks, the INFO1/PAC1 and INFO2/PAC2 Zones each.form one area of 32 Clusters available
storage of PAC.

On DL disks, the INFO1/PAC1 Zones on Layer LO and-Layer L1 form one area of 64 Clusters availa
storage of PAC, and the INFO2/PAC2 Zones on lcayer LO and Layer L1 form another area of 64 Clu
avpilable for the storage of PAC.

).

Eqch PAC Cluster shall be recorded in both-Zones, INFO1/PAC1 and INFO2/PAC2, so there will alw
twp copies of each PAC Cluster recorded. A PAC shall always be updated first in the INFO1/PAC1 24
thén be copied to the INFO2/PAC2-Zone, which eases the handling of possible power-down failures
PAC-Update Count of the PAC €luster recorded in the INFO2/PAC2 Zone shall be the same as the
Update Count of the PAC Cluster recorded in the INFO1/PAC1 Zone.

If @ PAC Cluster is found\te be defective during recording, the defective Cluster shall be skipped and
as|invalid in the DD8.(s€e Figure 92). Such a PAC should be recorded in the next available Cluster.

The status of alldocations in both the INFO1/PAC1 and INFO2/PAC2 Zones shall be indicated in the
(s¢e 22.2.2) by a 2-bit pattern as follows:

b(n+1), b Content in PAC location

d
C Rules”,
ific

cific
Rules”
Cs”, there

for the

ble for the
sters

ays be
one and
The
DAC_

indicated

DDS

unrecorded

e (also to be used if Layer not present)

01 available for re-use®
10 contains an invalid PAC?
11 contains a valid PAC

a PAC Clusters with status 01 or 10, as indicated in
the DDS, shall not be transferred outside the drive,
though overwriting is allowed (independent on the setting
of bit by and b, of the Unknown-PAC Rules).

Figure 92 — Status of PAC locations
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21.3 General structure of PAC Clusters

The User Data of PAC Clusters shall be formatted according to Figure 93. The first 384 bytes constitute the
PAC Header.

_Byte position Content
Data Frame | in Data Frame Number of bytes

0 Oto2 PAC_ID 3

0 3 PAC format 1

0 410/ FPAC-Update Count 4

0 8 to 11 Unknown-PAC Rules 4

0 12 Unknown-PAC Entire_Disk_Flags 1

0 13 to 14 Reserved 2

0 15 number of Segments 1

0 16 to 23 Segment_0 8

0 24 to 31 Segment_1 8

0 32 to 263 : 29x8
0 264 to 271 Segment_31 8

0 272 to 383 Reserved 112
0 384 Known-PAC Entire_Disk_Flags 1

0 385 to 387 Reserved 3

0 388 to 2 047 PAC-specific information 1660
1 0to 2047 PAC-specific information 2048
30 0to 2047 PAC-spegific information 2048
31 0to 2047 Reserved 2048

Figure 93 — General layout of PAC Clusters

The PAC |ID shall identify the specific type of-PAC Cluster.
— If set o 00 00 00h, the PAC Cluster is.unused.

The PAC_ID of all subseguent PAC Clusters in the INFO1/PAC1 Zone or INFO2/PAC2 Zone sHall
be set to 00 00 00h ‘orithose subsequent Cluster locations shall be unrecorded.
— If setfo 50 52 4Dh, the PAE Cluster is the Primary PAC as defined in 21.4.

— If set o 44 57 50h£the’PAC Cluster is the DWP PAC as defined in 21.5.
— If setfo 49 53'39n, the PAC Cluster is the IS1 PAC as defined in 21.6.

— If set 104953 32h, the PAC Cluster is the IS2 PAC as defined in 21.6.

— If set to FF FF FFh, the PAC Cluster is unused.

The PAC was previously used and is now available for re-use.
Other values for the PAC_ID can be assigned in future releases of this International Standard.

Each new PAC added to the INFO1/PAC1 Zone or INFO2/PAC2 Zone shall be recorded in the first available
Cluster in these Zones (indicated by status 00 or 01 in the DDS, see Figure 92)

The PAC-format field shall indicate the version number of the specific PAC.

The PAC-Update Count shall specify the total number of update operations of the current PAC. This field
shall be set to 00 00 00 00h during the first format operation only and it shall be incremented by one each time
the current PAC is re-written.
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The Unknown-PAC Rules shall specify the required actions when the content and use of the PAC are
unknown (i.e. the PAC_ID is not set to a known value). These bytes form a field consisting of 32 individual bits
(bit b4 shall be the msb of byte 8 and bit by shall be the Isb of byte 11). The actions described below shall be
taken (when the PAC is unknown) for any Cluster contained within the related Area (see Figure 94). The
actions described for the User-Data Area shall be taken only within the specified Segments if Segments have
been defined; else these actions shall be taken for any Cluster contained within the full User-Data Area.

If a drive encounters multiple Unknown PACs on one disk, it shall use the OR-function of the Unknown-PAC
Rules (in other words, if one of the PACs excludes an action, the same rule of the other PACs is irrelevant).

Control Mandataory
Area Bits type setting
bsq to bas Reserved 0000 000(
i i
Reserved 8 bas write
b read -
b it ONE
Reserved 7 b21 \:g;:
INFO 2 2 _
b1g write ONE
Reserved 6
bg read -
Reserved 5 bz write -
be read -
. bqs write ZERO
INFO 1 Drive Area bre oad ZERO
it NE
Reserved 3 b3 write ©
b2 read -
INFO 1 Reserved 2 b1 write ONE
b1o read -
b it ONE
Reserved 1 9 write
bg read -
DMA Zones (ot including the :
INFO 1,2,3,4 DDS; se6.22.2) b, write -
b Reserved unless otherwisé¢
6 specified by the Applicatiof
INFO 1,2,3.4 [ "Control Data Zones bs write -
bs read -
b ite -
Data Zenes User-Data Area / Segments 2 Wi
b, read -
INFO 1and 2 | PAC Cluster by write -
bo read -
- No mandafnry pr’ring qpp(‘ifipd as well ZFRO as ONF can be allowed dpppnding on
specific PAC.

Figure 94 — General bit assignments for Unknown-PAC Rules
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For all Zones/Areas, except the PAC Cluster, the bits have the following meaning:

— Control type = write
— if set to ZERO: to indicate that writing in the related Zone/Area is allowed;
— if set to ONE: to indicate that writing in the related Zone/Area shall not be allowed;

— Control type = read
— if set to ZERO: to indicate that reading in the related Zone/Area is allowed;
— if set to ONE: to indicate that reading in the related Zone/Area shall not be allowed
(the meaning of “reading shall not be allowed” in this context is that the data content of the
Clusters in the related Area(s) are not allowed to be transferred outside the drive or presented to

the-user).

For the PAC Cluster, the bits have the following meaning:

— Control type = write

— | if set to ZERO: to indicate that overwriting the current PAC Cluster or changing its'status bits in the
DDS is allowed;
— | if set to ONE: to indicate that neither overwriting the current PAC Cluster ner/changing its stafus
bits in the DDS shall be allowed, except during Re-initialization;

— Control type =read

— | if set to ZERO: to indicate that reading and transferring the content of’'the current Cluster outside
the drive are allowed;
if set to ONE: to indicate that the content of the current PAC Claster, except for the first 384 byles
of the first Data Frame, shall not be transferred outside thedrive, to be enforced by setting |all
bytes not belonging to the PAC Header to 00h before passing the content of the Cluster.

The Unknown-PAC Entire_Disk_Flags byte shall specify Unknown-PAC Rules that cover the entire disk.
— Bits by to by : These bits shall be Reserved.
— Bitbo: Re-initialization.
—1 If set to ZERO: Re-initialization is allowed, if not blocked by any other Write Protect mechanigsm
for the entire disk.

—1 If set to ONE: Re-initialization shalknot be allowed if the PAC is Unknown to the drive.

The number of Segments shall specify the total number N (0 < N < 32) of Segments specified in the current
PAC.

Moreover the total number of Ségments defined for all PACs on a disk shall not exceed 32.

D" numberof Segments in PAG; < 32

overallPACs

The Segment, ifield shall specify the starting and ending address of a contiguous range of Clusters, called p
Segment.[Segments shall be assigned, starting from Segment_0 to Segment_(N — 1) (N < 32).

Segments specified within one PAC shall not overlap and shall be sorted in ascending order according to their
addresses. Segments shall only start and end at Cluster boundaries. All Segment_i fields, where i > N, shall
be set to all 00h.

— The first 4 bytes of the Segment i field, if used, shall contain the first PSN of the first Cluster
belonging to the Segment.

— The last 4 bytes shall contain the last PSN of the last Cluster belonging to the Segment.
These Segments shall only be applied to the Unknown-PAC Rules. If overlapping Segments in different PAC

Clusters are encountered, the drive shall apply the OR-function to the related Unknown-PAC Rules in the
overlap Areas.
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The Known-PAC Entire_Disk_Flags byte specifies rules for the entire disk in case the drive is able to
interpret the PAC.
— Bits by to by : These bits shall be Reserved.
— Bit bg : Re-initialization.
— If set to ZERO: Re-initialization is allowed, if not blocked by any other Write Protect mechanism for
the entire disk.

— If set to ONE: Re-initialization shall not be allowed.

The PAC-specific information fields contain information that is specific to the current PAC.

21

TH
W3
lay

.4 Primary PAC Cluster (mandatory)
e Primary PAC Cluster shall be included on each disk to provide information about the datejwhen|the disk
s initially recorded and to identify each recorder that has recorded individual Clusters on the disk.[The
out of the Primary PAC Cluster shall be formatted as depicted in Figure 95.
Data Frame ir? thzoFsrlgomne Content Number of bytes
0 Oto2 PAC_ID 3
0 3 PAC format 1
0 4t07 PAC-Update Count 4
0 8to 11 Unknown-PAC Rules 4
0 12 Unknown-PAC Entire_Disk_Flags 1
0 13to 14 Reserved 2
0 15 number of Segments 1
0 16 to 23 Segment 0 8
0 24 to 31 Segment_1 8
0 32 to 263 : 29x8
0 264 to 271 Segment_31 8
0 272 to 383 Reserved 112
0 384 Known-PAC Entire_Disk_Flags 1
0 385 o387 Reserved 3
0 38810389 number of Recorder ID entries 2
0 39010 393 Year/Month/Date of initial recording 4
0 394 Re-initialization RID_Tag # 1
0 395 to 511 Reserved 117
0 512 to 639 Recorder ID for RID_Tag 01h 128
0 640 to 767 Recorder ID for RID_Tag 02h 128
0 768 to 895 Recorder ID for RID_Tag 03h 128
0 1920 t0 2 047 128
1 0to 127 Recorder ID for RID_Tag xxh 128
15 1920 to 2 047 Recorder ID for RID_Tag FCh 128
16 0to 2047 Reserved 2048
31 0to 2047 Reserved 2048

Figure 95 — Layout of Primary PAC Cluster

The PAC_ID shall be set to 50 52 4Dh, representing the characters “PRM”.

The PAC-format field shall be set to 00h, to indicate this is a Primary PAC Version zero.

© ISO/IEC 2016 — All rights reserved
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The PAC-Update Count shall specify the total number of update operations of the current PAC. This field
shall be set to 00 00 00 00h during the first format operation only, and shall be incremented by one each time

the current PAC is re-written.

The Unknown-PAC Rules shall be set as shown in Figure 96.

Control Mandatory
Area Bits type setting
b3q to bas Reserved 0000 0000
b33 write ZERS
Reserved 8
v b2, read ZERO
b21 write ONE
R d 7
NEO 2 esenve bo read ZERG
Reserved 6 b1e write ONE
b1g read ZERO
bq7 write ZERO
R
eserved 5 brs read ZERO
. b15 writé ZERO
INFO 1 Drive A
° rive Area brg read ZERO
bqs write ONE
R
eserved 3 b1z read ZERO
b11 write ONE
INFO 1 R d 2
eserve bao read ZERO
bg write ONE
Reserved 1 be read ZERO
DMA Zones (not including the .
INFO 1,2,3,4 DDS: see 22.2) b; write ZERO
b Reserved unless otherwise
6 specified by the Application
bs write ZERO
INFO 1,2,3,4 Control-Data Z
ontrol-Data Zones be road ZERO
bs write ZERO
D -
Data Zones User-Data’Area / Segments b, road ZERO
b, write ZERO
INFO 1 and 2 PAC Cluster be road ZERO
Figure 96 — Bit assignments for Unknown-PAC Rules for Primary PAC
The Unknown-PAC Entire_Disk_Flags byte shall be set to 00h to indicate Re-initialization of the disk is
allowed i;Fﬂs PAC is Unknown to the drive and there are no other mechanisms blocking Re-initialization.

The number of Segments shall be set to 00h.
The Segment_i fields shall be set to all 00h.

The Known-PAC Entire_Disk_Flags byte shall be set to 00h to indicate Re-initialization of the disk is
allowed in case the drive is able to interpret this PAC and there are no other mechanisms blocking Re-
initialization.

The number of Recorder ID entries field shall specify the number (<252) of 128-byte Recorder IDs
contained in bytes 512 to 2 047 of Data Frame 0 and bytes 0 to 2 047 of Data Frames 1 to 15. The maximum
number of available locations is 252 (see also description at Recorder ID for RID_Tag xxh).
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The Year/Month/Date of initial recording fields shall indicate the year (4 digits BCD), the month (two digits
BCD) and the date (two digits BCD) when the very first recording on this disk was made. If a drive is not able

to

Th

correctly set this field, these bytes shall be set to 00h.

e Re-initialization RID_Tag # shall specify the Recorder-ID Tag number of the recorder that last

Initialized/Re-initialized the disk.

The Recorder ID for RID_Tag xxh fields shall contain the 128-byte drive signatures of all recorders (up to a
maximum of 252) that have made any recordings on this disk. Such drive signatures shall be entered
according to the following format (see 18.3.13.2):

TH
du
ch

Figure 95) assigned to each specific recorder. After all available Recorder1D fields have been used,

wh

TH
13

48 bytes for the Manufacturers name, represented by characters from the ISO 646 characterse
48 bytes of additional identification, represented by characters from the ISO 646 character set;
32 bytes for a unique serial number of the drive.

e first time a recorder writes data to a disk, it shall add its Recorder ID to this list., There shall be n
plicate entries and new entries shall only be appended to the end of the list.This list shall not be s
anged in any other way, since the relative location of each entry determinés'the RID_Tag value (s

ose Recorder ID can not be registered in the PAC anymore, shall use the RID_Tag value FFh.

e RID_Tag value assigned to a specific recorder shall be recotded in the Address Units as define
.9.2.3 to indicate that the Cluster has been recorded by that recorder.

D
orted or
be
recorders

] in
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21.5 Disk Write-Protect PAC Cluster (optional)

The Disk Write-Protect (DWP) PAC Cluster is optional and can be used to protect a disk against unintended
write actions or write actions by unauthorized persons. For the latter purpose, a password can be included. If
a valid DWP PAC Cluster exists on the disk, products that understand the PAC shall follow the rules indicated
by the WP control bits, else they shall follow the Unknown-PAC Rules. The layout of the DWP PAC Cluster
shall be formatted as depicted in Figure 97.

ta-Frame P gitzo.':srig?:c Content Numberofbytes

0 Oto2 PAC_ID 3

0 3 PAC format 1

0 4t07 PAC-Update Count 4

0 8 to 11 Unknown-PAC Rules 4

0 12 Unknown-PAC Entire_Disk_Flags 1

0 13 to 14 Reserved 2

0 15 number of Segments 1

0 16 to 23 Segment 0 8

0 24 to 31 Segment_1 8

0 32 to 263 : 29x8
0 264 to 271 Segment_34 8

0 272 to 383 Reserved 112
0 384 Known-PAC Entire_Disk_Flags 1

0 385 to 387 Reserved 3

0 388 WP control byte 1

0 389 to 395 Reserved 7

0 396 to 427 WP password 32
0 428 to 2 047 Reserved 1620
1 0to 2 047 Reserved 2048
31 0 te'2-047 Reserved 2048

Figure 97 — Layout of DWP PAC Cluster
The PAC |ID shall'‘be’set to 44 57 50h, representing the characters “DWP”.
The PACformat field shall be set to 00h, to indicate this is a DWP PAC Version zero.

The PAC-Update Count shall specify the total number of update operations of the current PAC. This field
shall be set to 00 00 00 00h during the first format operation only and shall be incremented by one each time
the current PAC is re-written.
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The Unknown-PAC Rules shall be set as shown in Figure 98.

Control Mandatory
Area Bits type setting
b3q to bas Reserved 0000 0000
bas write ZERO
R d8
eserve b2 read ZERO
b21 write ONE
R d7
i eserve b read ZERO
N P4
e Reserved 6 brs write ONE
b1s read ZERO
b4z write ZERO
R
eserved 5 bre read ZERO
. b15 write ZERO
INFO 1 D A
© rive Area bra read ZERO
b1z write ONE
R
eserved 3 bra read ZERO
b11 write ONE
INFO 1 R d?2
eserve b1o read ZERO
o write ONE
Reserved 1 b read ZERO
DMA Zones (not including the ; 5
INFO 1,2,3,4 DDS: see 22.2) b, write ZERO/ONE
b Reserved unless otherwis¢
6 specified by the Application
bs write ZERO/ONE
INFO 1,2,3,4 | Control Data Z
ontrol Data Zones bs road ZERO
b; write ZERO/ONE
Data Zones User-Data Area/Segments b, road ZERO
b, write ONE
INFO 1 and 2 | PAC Clust
an yerer bo read ONE

Figure-98 — Bit assignments for Unknown-PAC Rules for DWP PAC

Bits b;, bg, bs and/s-shall be set to ZERO if bit by of the WP control byte is set to ZERO (WP off) and bits b,
be| bs and b; shall-be set to ONE if bit by of the WP control byte is set to ONE (WP on).

The Unknown-PAC Entire_Disk_Flags byte shall be set to 01h to indicate Re-initialization of the d|sk is not
allpwedif this PAC is Unknown to the drive.

The-rumber-of Segments—shall-besetto-06h
LTI VO OULU TU UVUTT.

The Segment_i fields shall all be set to all 00h.

The Known-PAC Entire_Disk_Flags byte shall be set to 00h to indicate Re-initialization of the disk is
allowed in case the drive is able to interpret this PAC and there are no other mechanisms blocking Re-
initialization.
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The WP control byte shall specify the allowed and required actions (see Figure 99).
Bits by to b;: These bits shall be Reserved.
Bit b,: WP with/without password (PWD).

— If set to ZERO: no checking of the password is needed.

— If set to ONE: in case bit by is set to ONE, to indicate that the write protection is switched on,
host-initiated write actions shall only be allowed if the password supplied by the host matches
with the password contained on the disk.

Bit by: method of write protection,

If set to ZERO: Virtual WP: after executing the required actions as specified in Figure 99, host-
initiated write actions shall be executed without changing the write-protection settings on the disk.
If set to ONE: Physical WP: after executing the required actions as specified in Figure 99, host-
initiated write actions shall only be executed after setting bit by to ZERO, to indicate that the wijite
protection is switched off.
—  Bit bg: WP on/off,

If set to ZERO: write protection is switched off (WP off) meaning host-initiated write) actions gre
allowed without any restrictions.
if set to ONE: write protection is switched on (WP on), meaning that all write actions initiated |pby
the host shall be blocked by the drive; writing of User Data is only allowed~after executing the
required actions as specified in Figure 99.

If the write protection is switched on, re-initializing the disk shall not bé-allowed.

The WP cpntrol byte shall only be changed after executing the required actions as specified in Figure 99.

The WP
shall be s

ssword can consist of up to 32 characters from the ISO 646)character set. Trailing bytes not usgd
t to 00h. The WP password shall never be transferred outside the drive.

If all byteg of the WP password field are set to 00h, then the WPpassword feature is inactive and bit b, of th
WP contrql byte shall be set to ZERO.

D

If the WP password field is set to all FFh, then the disk.is\permanently write protected and further host-initiated
write actigns on the disk shall not be allowed. Bits b,{ b, and b, of the WP control byte shall be set to 111.

WP dontrol Status Actions
. For changing WP control
by, | B4 | bo For writing data bits or the password
0 D | O no PWD/virtual/\WP off Allowed Allowed
0 b | 1 no PWDAVttial/WP on Allowed after confirmation | Allowed after confirmation
by the host by the host
0 0 no PWB/physical/WP off Allowed Allowed
Allowed after confirmation Allowed after confirmation
0 1 no-PWD/physical/WP on by the host and changing
by the host
to WP off
Allowed after confirmation
1 ) .0 with PWD/virtual/WP off Allowed of the password supplied
by thoa hoct
Allowed after confirmation | Allowed after confirmation
11011 with PWD/virtual/WP on of the password supplied | of the password supplied
by the host by the host
Allowed after confirmation
11110 with PWD/physical/WP off | Allowed of the password supplied
by the host
g!lcm/eed :;tsevrvocr(c)jnzrl,lma::gg Allowed after confirmation
111 |1] with PWD/physical/WP on b PPICAY ¢ the password supplied
by the host and changing by the h
to WP off y the host
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Figure 99 — Status and allowed actions defined by Write-control bits
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The 1IS1 PAC and IS2 PAC may be recorded on a disk. When BCA code is not recorded on a disk, 1S1/IS2
PAC structures shall be recorded in INFO1/PAC1 and INFO2/PAC2 before being shipped. When BCA code is
recorded on a disk, IS1/1S2 PAC structures shall not be recorded.

The layout of the IS1 PAC and 1S2 PAC Cluster shall be formatted as depicted in Figure 100.

Byte position
Data Frame | in Data Frame Content Number of bytes

0 Oto2 PAC_ID 3

0 3 PAC format 1

0 4t07 PAC-Update Count 4

0 8to 11 Unknown-PAC Rules 4

0 12 Unknown-PAC Entire_Disk_Flags 1

0 13 to 14 Reserved 2

0 15 number of Segments 1

0 16 to 23 Segment_0 8

0 24 to 31 Segment_1 8

0 32 to 263 : 29x 8
0 264 to 271 Segmenti31 8

0 272 to 383 Reserved 112
0 384 Known-PAC-Entire_Disk_Flags 1

0 385 t0 2 047 Reserved 1663
1 0to 2047 Reserved 2048
31 0to 2 047 Reserved 2048

THe PAC_ID shall be set to 49 53 31h, representing the characters “IS1” for IS1 PAC. The PAC_ID

sef to 49 53 32h, representing-the'characters “IS2” for IS2 PAC.

Figure 100 — Gehneral layout of IS1 and 1IS2 PAC Clusters

THe PAC-format field shall be set to 00h for both PACs, to indicate this is Version zero.

THe PAC-Update Count shall be set to 00 00 00 00h for both PACs.

THe Unknown-PAC Rules shall be set to 00 AA 2A 00h for IS1 PAC and shall be set to 00 AA 2A G

PAC.

shall be

Bh for 1IS2

THe Unknown-PAC Entire_Disk_Flags byte shall be set to 01h for IS1 PAC and shall be set to 00k for IS2

PAC:

The number of Segments shall be set to 00h for both PACs.

The Segment_i fields shall be set to all 00h for both PACs.

The Known-PAC Entire_Disk_Flags byte shall be set to 01h for both PACs

© ISO/IEC 2016 — All rights reserved
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22 Disk

Management

22.1 General

Disk Management defines and controls method of recording data on the disk including Defect Management
data. Defect Management is used to solve problems related to areas on the disk that may have become
defective or unreliable through damage or contamination.

Depending on the Application and/or the applied File System, Defect Management can be handled by the

drive or by
In the Def

defec

unreli
the al

22.2 Dis

2221

A Disk-M3
Disk-Defir
Defect Lis

Wheneve

All 4 occu
same info
Zones shg
failures. Al
and all DR
Terminato

DMS on dn SL disk

On an SL

thU FI:U Syatcl .
bct List, the following two types of defects can be distinguished:
ts called NRD which stands for Non-Re-allocatable Defect;

pble areas on the disk, called PBA which stands for Possibly Bad Area. Before using such a PBA
ocation of data, the reliability of the area should be checked.

K-Management Structure (DMS)
General

nagement Structure is made up of a Disk-Definition Structure (DDS) and a Defect List (DFL). T]
ition Structure consists of one Cluster that shall be repeated 4 times for robustness reasons. T
t consists of 4 consecutive Clusters on an SL disk and 8.conhsecutive Clusters on a DL disk.

a disk leaves a recorder, all DMS shall correctly reflect the current status of the disk.

rences of the DMS, recorded in the DMA Zon€svin the Inner and Outer Zone(s), shall contain the
rmation, except for the First PSN of Defect List (see 22.2.2, byte 24 of Data Frame 0). The DMA
Il be updated in the order DMA 1, DMA 2,"DMA 3, DMA 4 for ease of handling possible power-do
fter such an update, all DDS Update:Counts (see 22.2.2, byte 4 of Data Frame 0) shall be the san
L-Update Counts (see 22.2.4, byte 4 of Data Frame 0 / Cluster 0 and 22.2.5, Defect-List
r) shall be the same.

disk, the DMA Zones-consist of 32 consecutive Clusters as indicated in Figure 101.

Tracking direction

Cluster
3

Cluster
32

Cluster
31

Cluster
2

Cluster
1

Layer LO

Figure 101 — Clusters of DMA Zones on SL disk

or

e

The DDS shall always be recorded in the first 4 Clusters of each DMA Zones.
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The DFL is recorded initially in Clusters 5 to 8 of each DMA Zone. Whenever any of the 4 Clusters of the DFL
in a DMA Zone starts to become unreliable, the complete DFL is moved to the next 4 Clusters of the DMA

Zone concerned (see Figure 102). The position of the valid DFL is indicated in the DDS.

Cluster 1to 4

DDS (four repetitions)

Cluster5t0 8

First position of DFL

Damaged DFL

Cluster 9 to 12 Second position of | Valid DFL
DFL

Cluster 13 to 16 Third position of DFL Empty

Cluster 29 to 32 Seventh position of | Empty

DFL

DMS on a DL disk

Fi

THe DDS shall always be recorded in the first4 Clusters of each DMA Zone. The next 4 Clusters arg

Layer LO

Layer L1

Réserved.

The DFL is recorded initially in Clusters 9 to 16 of each DMA Zone. Whenever any of the 8 Clusters
DKL in a DMA Zone starts to beéome unreliable, the complete DFL is moved into the next 8 Clusters
DMA Zone concerned (see (Figdre 104). The position of the valid DFL is indicated in the DDS.

Figure 102 — Example of DMA Zone on SL disk

O$ a DL disk, the DMA Zones consist of 64 Clusters divided over the two Reeording Layers as indic
ure 103.

Tracking direction

hted in

Cluster Cluster Cluster Cluster Cluster
1 2 3 31 32
Cluster Cluster Cluster Cluster Cluster
64 63 35 34 33

Tracking direction

Figure 103 — Clusters of DMA Zones on DL disk

Cluster 1 to 4

DDS (four repetitions)

Cluster 5to 8

Reserved

bf the
of the

22.2.2

Cluster 9 to 16 First position of DFL Damaged DFL

Cluster 17 to 24 Second position of | Valid DFL
DFL

Cluster 25 to 32 Third position of DFL Empty

Cluster 57 to 64 Seventh position of | Empty

DFL

Figure 104 — Example of DMA Zone on DL disk

Disk-Definition Structure (DDS)

The DDS specifies the format and status of the disk with respect to the Disk Management. The format of the
DDS is defined in Figure 105.

© ISO/IEC 2016 — All rights reserved
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Data Frame ir?)g(aatzolzsllgﬁwne Content NUS;/ ?:Sr of
0 Oto1 DDS identifier 2
0 2 DDS format 1
0 3 Reserved 1
0 4t07 DDS-Update Count 4
0 81to 15 Reserved 8
0 16 to 19 First PSN of Drive Area 4
0 24 to 27 First PSN of Defect List 4
0 28 to 31 Reserved 4
0 32to 35 Location of LSN 0 of User-Data Area 4
0 36 to 39 Last LSN of User-Data Area 4
0 40 to 51 Reserved unless otherwise specified by the 12
Application
0 52 Flag A 1
0 53 Reserved 1
0 54 Reserved unless otherwise specified.by the 1
Application
0 55 Reserved 1
0 56 to 59 Reserved unless otherwise specified by the 4
Application
0 60 to 63 Resérved 4
0 64 to 71 Status bits of INFO1/PAC1 locations on Layer LO 8
0 721079 Status bits of INFO2/PAC2 locations on Layer LO 8
80 to 87 Status bits of INFO1/PAC1 locations on Layer L1 8
88 to 95 Status bits of INFO2/PAC2 locations on Layer L1 8
0 96 to 2 047 Reserved 1952
1 0to 2047 Reserved 2048
31 0to 2047 Reserved 2048
Figure 105 — Format of DDS
The DDS |dentifier shall be set to 44 53h, representing the characters “DS”.
The DDS format field\shall be set to 00h, identifying a DDS.
The DDS Update-Count shall specify the total number of update operations of the DDS. This field shall be s
to 00 00 0PA0h during the first format operation only and shall be incremented by one each time the DDS is
re-written.

et

The First PSN of Drive Area field shall specify the first PSN of the first Cluster of the pair of Clusters that

contains the Drive-specific Information Frames.

If the Drive Area is unrecorded, this field shall be set to 00 00 00 00h.

The First PSN of Defect List field shall specify the first PSN of the Defect List in the DMA Zone containing
this particular DDS.

The Location of LSN 0 of User-Data Area field shall specify the PSN of the first User Data Frame in the first
Cluster after the Lead-in Zone. This field shall be set to 00 10 00 00h unless otherwise specified by the
Application.
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The Last LSN of User-Data Area field shall specify the Logical-Sector Number (LSN; see Clause 23) of the
last Sector available for the storage of User Data and shall be set to 00 BA 73 FFh for SL disks and
01 74 E7 FFh for DL disks unless otherwise specified by the Application.

The 8-bit Flag A field specifies the status of an SL disk or a DL disk. This byte shall be set to 03h on SL disks
and OFh on DL disks unless otherwise specified by the Application.

The Status bits of INFO1/PAC1 locations on Layer L0 field shall specify the recording status of all 32
Clusters in the INFO1/PAC1 Zone on Layer LO (see Figure 106). The bit pairs shall be set as defined in 21.3.

Byte position Bits INFO1/PAC1 location PAA
64 b7 b 01 FF 80h
64 bs b, 01 FF 84h
64 b; b, 01 FF 88h
64 b4 by 01 FF 8Ch
65 b7 b 01 FF 90h
70 b4 by 01 RFECh
71 b; bg 01 FF FOh
71 bs b4 01 FF F4h
71 b3 b 01 FF F8h
71 b4 be 01 FF FCh

Figure 106 — Status bits and related INFO1/PAC1 address locations on Layer L0

THe Status bits of INFO2/PAC2 locations on Layer L0 field shall specify the recording status of al| 32
Clusters in the INFO2/PAC2 Zone on Layer LQ (see Figure 107). The bit pairs shall be set as defined in 21.3.

Byte position Bits INFO2/PAC2 location PAA
72 b7 b 01 BA 0Oh
72 bs by 01 BA 04h
72 b; b, 01 BA 08h
72 b4 b 01 BAOCh
73 b7 b 01 BA 10h
78 b4 by 01 BA6Ch
79 b7 b 01 BA 70h
79 bs b, 01 BA 74h
79 b3 b 01 BA78h
79 b4 by 01 BA7Ch

Figure 107 — Status bits and related INFO2/PAC2 address locations on Layer L0
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The Status bits of INFO1/PAC1 locations on Layer L1 field shall specify the recording status of all 32
Clusters in the INFO1/PAC1 Zone on Layer L1 (see Figure 108). The bit pairs shall be set as defined in 21.3.

The Stat
Clusters i

142

Byte position Bits INFO1/PAC1 location PAA
80 b7 be 3E 00 00h
80 bs by 3E 00 04h
80 bs b, 3E 00 08h
80 b1 b 3E 00 0Ch
81 b7 bg 3E 00 10h
86 b1 b 3E 00 6Ch
87 b7 be 3E 00 70h
87 bs by 3E 00 74h
87 bs b, 3E 00 78h
87 b1 bo 3E 00 7Ch

Figure 108 — Status bits and related INFO1/PAC1 address locations on Layer L1

bits of INFO2/PAC2 locations on Layer L1 field shall specify.the recording status of all 32
the INFO2/PAC2 Zone on Layer L1 (see Figure 109). The bit'\pairs shall be set as defined in 21.3.

Byte position Bits INFQ2/PAC2 location PAA
88 b7 b 3E 45 80h
88 bs b4 3E 45 84h
88 bs b, 3E 45 88h
88 b1 by 3E 45 8Ch
89 b7 b 3E 45 90h
94 b1 by 3E 45 ECh
95 b7 b 3E 45 FOh
95 bs b4 3E 45 F4h
95 bs b, 3E 45 F8h
95 b1 by 3E 45 FCh

Figure 109-— Status bits and related INFO2/PAC2 address locations on Layer L1
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22.2.3 Defect List (DFL)

The first of the 4 or 8 Clusters constituting the DFL contains a Defect-List Header followed by a List of
Defects. The List of Defects shall be terminated by a Defect-List Terminator.

The DFL shall be composed as shown in Figure 110.

Cluster Start Byte position Content
number/ in Data Frame Number of bytes
Data Frame
0/0 0 Defect-List Header 64
0/0 64
: List of Defects 65 472
0/31
1/0 0
: List of Defects 65 536
1/31
K/0 0
: List of DefecCts nx8
nx8 Defect-List Terminator 8
: (n+1)x8 set 00h
K/31
K =3 on an SL disk and K=7 on a DL disk

Figure 110 — Format of DFL

THe Defect-List Header (DLH) identifies the Defect List and contains information about the composition of the
Ligt of Defects (see 22.2.4).

(49
D

THe List of Defects contains aist of Clusters determined to be defective during use of the media (s
22.2.5).

THe Defect-List Terminator closes the List of Defects and shall be written immediately following thg actual
lagt entry in the List)of Defects. The Defect-List Terminator can be located in any of the 4 (SL disk) of 8 (DL
digk) Clustersseonstituting the DFL, depending on the number of entries in the List of Defects. All renpaining
bytes following'the Defect-List Terminator shall be set to 00h.

22.2.4.  Defect-List Header (DLH)

The format of the DLH is defined in Figure 111.
The DFL Identifier shall be set to 44 4Ch, representing the characters “DL”.
The DFL format field shall be set to 00h, identifying a DFL.

The DFL-Update Count shall specify the total number of update operations of the Defect List. This field shall
be set to 00 00 00 00h during the first format operation only and shall be incremented by one each time the
DFL is re-written.
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The number of DFL entries shall indicate the total number of entries in the DFL and shall be N_DFL = No.

of NRD + No. of PBA, unless otherwise specified by the Application.

For an SL disk: N_DFL <32 759
For a DL disk: N_DFL < 65 527

Cluster Byte position Content
number/ in Data Frame Number of bytes
Data Frame
0/0 Oto1 DFL identifier 2
0/@ 2 DFL format 1
0/d 3 Reserved 1
0/d 4t07 DFL-Update Count 4
0/d 8to 11 Reserved 4
0/q 12t0 15 number of DFL entries (N_DFL) 4
0/@ 16 t0 19 Reserved unless otherwise 4
specified by the Application
0/d 20 to 23 number of NRD entries 4
0/@ 24 to 27 Reserved unless otherwise 4
specified by the Application
0/@ 28 to 31 number of PBA entries 4
0/d 3210 35 Reserved unless otherwise 4
specified by the Application
0/d 36 to 63 Reserved 28
Figure 111 — Format-of DLH

The number of NRD entries shall specify the total number of NRD entries in the DFL.
The numbler of NRD entries is a variable number that can be changed during the use of the disk.

The number of PBA entries shall specify the‘tetal number of PBA entries in the DFL.
The numbler of PBA entries is a variable number that can be changed during the use of the disk.

22.2.5 |ist of Defects

The formagt of the List of Defects(isyshown in Figure 112.

The DFL ¢ntries shall be formatted as specified in 22.2.6. DFL entries consist of 8 bytes and are recorded

contiguously, even across\the borders of Data Frames and Clusters.

The Defeg¢t-List Terminator (DFL Terminator) shall be composed of the following two 4-byte parts:

— the fifst 4 byfes shall be set FF FF FF FFh;

— the s¢cond 4 bytes shall be equal to the DFL-Update Count in the header of the DFL (can be used

check the validity of the Defect List at power-down failures).
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Cluster "
number/ St_art Byte position Content Number of
in Data Frame bytes
Data Frame
0/0 64 DFL entry O 8
0/0 72 DFL entry 1 8
0/0 ix8+64 DFL entry i 8
0,.’0 2032 DEL-entry-246 8
0/0 2040 DFL entry 247 8
0/1 0 DFL entry 248 8
0/1 8 DFL entry 249 8
0/1 2040 DFL entry 503 8
0/n 0 DFL entry n x 256 8 8
0/31 2040 DEl entry 8 183 8
m/0 0 DFL entry mx 8 192 - 8 8
m/0 jx8 DFLentry mx 8192 -8+ 8
m/0 2040 DFL entry m x 8 192 — 8 + 255 8
m/1 0 DFL entry m x 8 192 — 8 + 256 8
mi1 2040 DFL entry m x 8 192 — 8 + 511 8
min 0 DFL entry m x 8 192 + n x 256 — 8 8
m/31 2040 DFLentrymx 8192 +8191-8 8
Kin [(N_DFL—-1)x 8 + 64 DFL entry (N_DFL — 1) 8
(K=m) —nx 2048 — K x 65 536]
Kin [N_DFL % 8 + 64 DFL terminator 8
—nx 2048 — K x 65 536]
Kin [(N_DFL +1)x 8 + 64
—nx2048 — K x 65 536] set to 00h "
Ki(n +1) 0 set to 00h 2048
to K/31

K =3 on an SL disk and K=7 on a DL disk

Figure 112 — Format of List of Defects
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22.2.6 DFL Entries

Each DFL entry shall be formatted as shown in Figure 113. The bytes of the DFL entry are converted into a
64-bit sequence with the msb’s first.

The List of Defects shall be sorted in ascending order as if each entry were a single 64-bit unsigned integer of
which the msb is ignored (always supposed to be ZERO), which means that first sorted by Status 1, and
within Status 1 by Defective Cluster first PSN, and within Defective Cluster first PSN by Status 2, and within
Status 2 by number of successive Clusters.

byte [0/bit 7..4 byte 0/bit 3..0 and byte 1t0 3 byte 4/bit 7..4 byte 4/bit 3..0 and byte 510 7
of DL entry i of DFL entry i of DFL entry i of DFL entry i
bs' . b31 .
1 b . b b . b
bBO 59 32 b28 27 0
Status 1 Defective Cluster first PSN Status 2 Number of successive Clusters

Figure 113 — DFL entry format

The Defegtive Cluster first PSN shall identify the PSN of the first Physical Sector of the Cluster to be
indicated. |Only the 28 least-significant bits of the PSN shall be stored in bits bsg b3, (the 4 most-significant
bits are discarded). Each Defective Cluster shall appear only once in the List ofyDefects.

The numBer of successive Clusters field shall indicate the number of-successive Clusters covered by the
possibly bpd area (the value 0 00 00 00h indicates that the number ef.unreliable Clusters is unknown) when
Status 1 field is set to 0100 (see Figure 114). When Status 1 field is-hot set to 0100, this field is Reserved
unless otHerwise specified by the Application.

The Status 1 field shall indicate the status of the entry as:shown in Figure 114.

Status 1 Type Definition
0001 NRD The entry identifies'a defective location.

The entry identifies an area on the disk that might be defective and has to
be checked. The Defective Cluster first PSN shall identify the PSN of the
first Physical Sector of the first Cluster related to an error event.

PBAs-shall not include any NRD locations.

01|00 PBA

Other

settings Reserved unless)otherwise specified by the Application

Figure 114 — DFL-Entry Status 1 definition

The Status 2 field shall indicate the status of the entry as shown in Figure 115.

Statps 2| Definition

00po This (default) setting shall be used if none of the following settings is valid.

0100 (Only allowed in combination with Status 1 = 0100 unless otherwise specified by the
Application.)
The Clusters do not contain any relevant User Data. During Read-Modify-Write actions
the content of such Clusters can be discarded (related status bits Sa;;/Sa;o at new
location can be set to 11).
If the Clusters covered by a PBA might contain valid User Data, the Status 2 of such a
PBA shall be set to 0000.

other

settings Reserved unless otherwise specified by the Application

Figure 115 — DFL-Entry Status 2 definition
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23 Assignment of Logical-Sector Numbers (LSNs)

ISO/IEC 30192

:2016(E)

Logical-Sector Numbers shall be assigned contiguously over all Clusters available for the storage of User
Data starting from LSN 0 and increasing by one for each successive User Data Frame (see Figure 116).

Unless otherwise specified by the Application, LSN 0 is assigned to the first User Data Frame in the first
Cluster after the Lead-in Zone (at PSN = 1 048 576).

The last LSN on Layer LO is equal to 8 x LAA + 15— 1 048 576 and is assigned to the last User Data Frame in

th

last Cluster before the | ead-out Zone/Outer Zone 0 (at PSN =8 x LAA + 15 = X).

| SN

00 00-00h

The first LSN on Layer L1 shall be one higher than the last LSN on Layer LO and is assigned to.the fjrst User
D4ta Frame in the first Cluster after the Outer Zone 1 (at PSN = 8 x FAA = X +FE 0000 00h.
THe last LSN on Layer L1 is equal to 16 x LAA + 31 — 2 097 152 and is assigned to the\Jast User Daja Frame
in the last Cluster before the Lead-out Zone (at PSN = 01 EF FF FFh).
Inner Outer Outer Inner
Layer LO . -
radius }l\ radius radius Law L1 radius
/ / AN
User-Data Area | .\~ __ L]
User-Data Area
E Lead-in Outer Outer Lead-out
b | Zone Zone 0 . Zone 1 ZJone
: f —
D " PSN
00 10 00 00h X X +FE 00 00 00h 01 EF FF AHFh
Figure 116 — Assignment of Logical-Sector Numbers
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24 Characteristics of Grooved Areas

The signal values specified in Clause 24 to Clause 28 are valid for all disk capacities, unless specified
otherwise.

In this International Standard, the following two types of signals are distinguished:
— signals generated by the Groove structures on the disk;

— signals generated by User-written Marks

In CIauseJZS to Clause 28 the signals generated by the Groove structures are defined and specified (the
format of the Grooves has been defined in Clause 15).

All requirements in Clause 25 to Clause 28 shall be fulfilled in all layers independent of the recording status
of other Recording Layer (whether unrecorded, recorded or partially recorded) from the innérradius of the
Embossed HFM Area(s) (start/end of the PIC Zone) at nominal radius 22,4 mm up to thelinner radius of the
Outer Zone(s) + 20 pym (dpzo/2 + 20 pm). It is recommended that the requirements aré.also fulfilled in the
remainderl] of the Outer Zone(s).

25 Method of testing for Grooved Area
251 General

When meagsuring the signals, the influence of local defects, such as*dust and scratches, are excluded. Loca
defects m|ght cause tracking errors, erroneous ADIP informatien“or uncorrectable Data (see Clause 34).

25.2 Environment

All signalg shall be within their specified ranges if the.disk is in its range of allowed environmental conditions
as defined in 8.1.1.

25.3 Reference drive
25.31 General

All signalg shall be measured inthe‘appropriate channels of a Reference drive as specified in Clause 9 and
in Annex H.

25.3.2 Read power

The read power is\the optical power incident on the Entrance surface of the disk. The read power shall be
(0,35 £ 0,1) mW-for an SL disk and (0,70 £ 0,1) mW for a DL disk.

25.3.3 Read channels

The drive shall have two read channels as defined in 9.5 and 9.6.
The HF signal from the HF read channel shall not be equalized, except when measuring jitter (see Annex H).

For measurement of the Push-Pull signals, the radial PP read channels shall be filtered by a first order LPF
with f—SdB = 30 kHz.

For measurement of the wobble signals, the radial PP read channels shall be filtered by a first order LPF with
f—3dB =8 MHz.
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25.3.4 Tracking requirements

During measurement of the signals, the axial tracking error between the focus of the optical beam and the
Recording Layer shall be maximum 55 nm, and the radial tracking error between the focus of the optical beam
and the centre of the Track shall be maximum 16 nm.

25.3.5 Scanning velocity

The actual rotation speed of the disk shall be such that it results in an average Channel-bit rate of
66.000 Mbit/s or an average wobble frequency of 956,522 kHz.

25.4 Definitions of signals

THe amplitudes of all signals are linearly related to currents through a photodetector and therefore lipearly

related to the optical power falling on the detector.

Sq

Th

Pu
TH

channel (see Figure 8), when the focus of the optical beam.crosses the Tracks. The Push-Pull signa
used by the drive for radial tracking (see Figure 117).

Injgeneral, the difference signal (/1 — /) is normalized relative to the Low-Pass Filtered total detector

(h

me signals are normalized relative to the total detector current in an Unrecorded,, Grooved Area.
is total detector current is referred to as
le=(h+ Iz)groove-

sh-Pull signal:
e Push-Pull signal is the Low-Pass Filtered sinusoidal difference signal (/;— /) in the radial PP reg

+ I;) . The peak-to-peak value of this real-timesnérmalized Push-Pull signal is defined as follows:

I1(t)+l2(t) peak-peak (l1+l2)a”2 (l1+l2)att1

d
can be

current
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detect
curren
(mA)

T

(li + 15)
sum signal

(Il - IZ)max

Wobble sjgnal

The wobb

read chan
also Anne
The signa
IW
NWS=—2P0_
(/1 _/2 )pp

150

(h=1)
difference signal

(Il - IZ)min

Figure 117 — Definition of Push-Pull sighals

t;

e signal ly,p is the peak-to-peak value of the sinusoidal difference signal (/1 — k) in the radial PP
hel (see Figure 8), when the focus of the optical beam follows the Tracks according to 25.3.4. Seg
x M and Annex E for a measurement method.

shall be normalized by the peak-to-peak value of the Push-Pull signal (/1 — 1) pp:

\

radial position
(time

on“Track
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26 Signals from HFM Grooves

26

.1 Push-Pull signal

The peak-to-peak value of the real-time normalized Push-Pull signal (PPhorm nuem) Shall meet the following
requirements:

26

TH
ce
sh

At
Nd

At
Nd

N(

Sig
Ar

26

TH
PI

— in the Embossed HFM Areas 0,26 < PPnorm,uem < 0,52.

-2 HEM-Wobble-signal

ntreline. Due to interference with the wobbles of adjacent Tracks, the amplitude of the HEM iwobbl
ows a variation (called “wobble beat”).

locations where the HFM wobble signal shows minimum amplitudes due to the wobble beat, the
rmalized HFM-Wobble Signal (NHWS) shall be: 0,30 = NHWSin < 0,60.

locations where the HFM wobble signal shows maximum amplitudes due.to the wobble beat, the
rmalized HFM-Wobble Signal shall be: NHWSax < 3 X NHWShin

DTE Because the shape of the HFM-Wobble Signal dete€ted in the Embossed HFM Arg

nificantly from the wobble signal in the Rewritable Areas,-the measurement procedure as d¢
nex E is not suitable for measuring these HFM-Wobble Signals.

.3 Jitter of HFM signal

e binarized HFM wobble signal from the HFM Grooves represents the Embossed HFM informatio
C Zone. The jitter of the leading edges and thejitter of the trailing edges of this binarized signal sh

measured separately relative to a PLL clock.

Bg

TH

th the leading-edge jitter and the trailing-edge jitter shall be <4,5 %.
e jitter shall be measured under the following conditions:

ac coupling (High-Pass-Filter): first order, f_3qg = 10 kHz;

no equalization;

normalized by 18T clock period (see 15.5.4.2).

e Normalized HFM-wobble Signal is a measure of the deviation of the Groove Track from its”average

e signal

as differs

scribed in

N in the
all be
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27 Signals from Wobbled Groove(s)

27.1 Phase depth

The single-pass phase depth of the Groove shall not exceed 90°.
27.2 Push-Pull signal

The peak-to-peak value of the real-time normalized Push-Pull signal (PPhorm) Shall meet the following
requirements in each | ayer:

in Unrecorded Areas (all neighboring Tracks unrecorded):

0121 < PPnorm,unrec- s 0145!

— maximnum variation of Push-Pull signal within 150 Tracks in Unrecorded Areas:
(PPnorm,unrec)-nax _(PPnorm,unrec)min <015 for SL disks:
(P’Dnorm,unrec)max +(P’Dnorm,unrec)min
(P’Dnorm,unrec}nax B P’Dnorm,unrec)min <018 for DL disks:
(PPnorm,unrec)maX +(PPnorm,unrec)min

maximum variation of Push-Pull signal within one Layer in Unrecorded{Areas:

i
b

(PP

norm,unrec

(PP

norm,unrec

)max _(PPnorm,unrec
)., +(PP

norm,unrec

<0,25;

in Re

ratio

27.3 Wo

27.31

The norm
The distan
can be ca

27.3.2

corded Areas (all neighboring Tracks recorded);

Oy21 S PPnorm,rec s 0!45;

bf average Push-Pull signals in Recorded and Unrecorded Areas within one Layer:

Pnorm,rec

0,75 < <125.

norm,unrec

bble signal
General

hlized wobble signal is a measure of the deviation of the Groove Track from its average centreline
ce that the actual centre of the Wobbled Groove Track deviates from the average Track centre lin
culated aecarding to Annex M.

Measurement of NWS

[¢)

Due to inteHerence-v
(called “wobble beat”)

. The wobble signals shall be measured in an Unrecorded Area while continuously

tracking the Spiral Groove. A measurement procedure is described in Annex E.

At locations where the wobble signal shows minimum amplitudes (excluding the effects of MSK Marks), the
Normalized Wobble Signal shall be: 0,20 < NWSpin < 0,55.

At locations where the wobble signal shows maximum amplitudes due to the wobble beat, the
Normalized Wobble Signal shall be: NWSax <3 x NWSin.

27.3.3 Measurement of wobble CNR

The narrow band SNR (or CNR) of the wobble signal after recording shall be greater than 26 dB at the
locations where the wobble signal shows minimum amplitudes.
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The carrier shall be measured at 956,5 kHz and while the noise level shall be measured at 500 kHz (see
Annex E).

27.3.4 Measurement of harmonic distortion requirements

To guarantee a minimum quality of the HMW modulation, the Second-Harmonic Distortion of the wobble
signal shall be sufficiently low compared to the Second-Harmonic Level originating from the HMW modulation.

The Second-Harmonic Level (SHL) and the Second-Harmonic Distortion (SHD) shall be determined by
measuring the fundamental wobble frequency level and the second harmonic frequency level at two locations

of the disk. Both levels shall be measured in the Data Zone and in Protection-Zone 3.

THe ratio of the SHD and SHL, normalized to the local fundamental wobble frequency level, shall mg

th

TH

28

Th

otherwise.

In

Cl
us

Al

other Recording Layer (whether unrecorded, recorded or partially recorded) from the inner radius of

R4

following requirements:
SHDI/SHL < —12 dB with zero radial tilt;
SHD/SHL < —6 dB within + 0,70° of radial tilt.

e measurements shall be made using a spectrum analyzer (see AnnexE):

$ Characteristics of Recording Layer

e signal values specified in Clause 28 to Clause 31 are validfor all disk capacities, unless specifie

this International Standard, the following two types\0f signals are distinguished:
signals generated by Groove structures onthe disk;
signals generated by User-written Marks:

buse 28 to Clause 31 specify a series-of tests to assess the recording properties of the Recording
ed for writing data.

requirements in Clause 28\t0' Clause 31 shall be fulfilled in all layers independent of the recording

writable Area (start/end’of the INFO/OPC Zone) at nominal radius 23,2 mm up to the inner radius

et one of

d

Layer, as

status of
he
of the

Outer Zone(s) + 20 @ni(dpzo/2 + 20 pm). It is recommended that the requirements are also fulfilled ip the

re

mainder of the-Quter Zone(s).
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29 Method of testing for Recording Layer
29.1 General

The tests shall be performed in the Rewritable Areas. The write and read operations necessary for the tests
shall be made on the same Reference drive.

When measuring the signals, the influence of local defects, such as dust and scratches, are excluded. Local
defects might cause tracking errors or uncorrectable Data (see Clause 33).

29.2 En\Jironment

All signalg shall be within their specified ranges when the disk is in its range of allowed environmental
conditiond as defined in 8.1.1.

29.3 Reference drive
29.3.1 (General

All signalg shall be measured in the appropriate channels of a Reference drive asSpecified in Clause 9 and jn
Annex H.

29.3.2 Read power

The read power is the optical power, incident on the Entrance surface.of the disk and only used for reading
the informption. The read power shall be (0,35 + 0,1) mW for an Sk disk and (0,70 £ 0,1) mW for a DL disk.

29.3.3 Read channels

The drive ghall have two read channels as defined in 9.5and 9.6. The HF signal from the HF read channel
shall not He equalized, except when measuring jitter (see Annex H).

29.3.4 [fracking requirements
During thg writing and reading of the signals, the axial tracking error between the focus of the optical beam

and the Recording Layer shall be a maximum of 55 nm, and the radial tracking error between the focus of th
optical begm and the centre of the Track shall be maximum 16 nm.

[

29.3.5 PBcanning velocities

Write test$ shall be carried out at all velocities defined in each of the DI Units that are present on the disk (s¢e
15.8.3).

During reading, thesactual rotation speed of the disk shall be such, that it results in an average Channel-bit
rate of 66,000{Mbit/s or an average wobble frequency of 956,522 kHz.

29.4 Write conditions
29.41  Write-pulse waveform

Marks and Spaces are written on the disk by pulsing a laser. The laser power is modulated according to one
of the write-pulse waveforms given in Annex F. A 2T to 9T NRZI run-length is written by applying a multi-pulse
train of write pulses.

The laser power during recording has the following four levels:
— the write peak power Py;

— the bias write power Pgw;
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— the cooling power Pk;
— the erase power Pg (or Pgq and Pg; in case of the N-1 write strategy A, see Annex F)

which are the optical powers incident on the Entrance surface of the disk.

Marks are created by the write peak power Py , Spaces are created by the erase power Pg (or Pgq and Pgs).

The values of Py, Pgw, Pc, Pe or Peq and Pg; shall be optimized according to Annex G.

lues,
the Disk

THhe optimized write powers Pwo, Pewo, Pco, Peo Or Pe1o and Pgyo shall meet the conditions as shown in
Figure 118 (values in mW).

Single-Layer disk Dual-Layer disk
1x Recording 2x Recording 1x Reeording 2x Recording
Velocity Velocity Velocity Velocity

Min. Max. Min Max. Min. Max. Min. Max.

Pwo 3,0 6,0 3,0 7,0 6,0 12,0 6,0 14,0
Pewo 0,1 4,0 0,1 7,0 0,1 8,0 0,1 14,0
Pco 0,1 4,0 0,1 7,0 0,1 8,0 0,1 14,0
Peo / Pe1o 0,3 4,6 0,3 5,4 0,6 9,2 0,6 10,8
Pe2o 0,3 4,6 0,3 54 0,6 9,2 0,6 10,8

Figure 118 — Write power values for Single and Dual-Layer disks at 1x and 2x Recording Velocity

29.4.3 Write conditions for jitter measurement

THe test for jitter shall be carried out on any group of five adjacent Tracks, designated (m —2), (m-1), m,
(m+ 1), (m+ 2) in the Rewritable-Areas of the disk.

THe five Tracks are recopded-consecutively with random data with a write power Py = Pwo as specified in
29.4.1. To measure thejitter after n overwrites [jitter @ DOW(n)], all five Tracks are overwritten n timjes with
random data with a write power Py = Pwo.

294.4 Write{conditions for cross-erase measurement

The test for.cross-erase shall be carried out on any group of five adjacent Tracks, designated (m — 2)), (m — 1),
m) (mA\F), (m + 2), in the Rewritable Areas of the disk.

TC mifializa tha maaciiramant tha fivn Teanlio arn raoardAd o Hin e raantadh v aith ranAdans Aot 1g |th a erte
ozt e T CaSur O G triCTv o tioar C T e CorGC ottt e ST o P CatCtry—witr oGO Satavv |

power Py = Pwo as specified in 29.4.1. After that, the initial values of the needed parameters are measured.
This initial condition is defined as the DOW(0)xe condition.

To measure the cross-erase after n overwrites [cross-erase @ DOW(n)xg], the Tracks (m— 1) and (m + 1), are
overwritten n times with Py = 1,1 x Pyo (all power levels shall be proportional to Py, see 29.4.1).

29.4.5 Write conditions for inter-velocity overwrite measurements

The test for inter-velocity overwrite shall be carried out on any group of five adjacent Tracks, designated
(m-2),(m-=1), m,(m+ 1), (m+ 2), in the Rewritable Areas of the disk.
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To initialize the measurement, the five Tracks are recorded at one of the specified Recording Velocities ten
times repeatedly with random data with a write power Py = Pwo as specified in 29.4.1. After that, the five

Tracks shall be overwritten once at another Recording Velocity.

29.5 Definition of signals

The amplitudes of all signals are linearly related to currents through a photodetector and therefore linearly

related to the optical power falling on the detector.

Jitter:

Jitter is the¢ standard deviation o of the time variations of the transitions in the binary read signal. This binaty,
read signal is obtained by feeding the HF signal from the HF read channel through an equalizer, a LPF and
slicer (seq Annex H). The jitter of the leading edges and the jitter of the trailing edges is measured separately
relative tola PLL clock and normalized by the Channel-bit clock period.

30 Signals from Recorded Areas

30.1 HF signals

The HF si
get modul

Recording Layer (see Figure 119).

30.2 Modulated amplitude

The modulated amplitude /g, is the peak-to-peak value of the HF’signal generated by the largest Mark and
Space lengths. The peak value lgy is the peak value of the HF ‘signal before ac coupling.

The modulated amplitude /5, is the peak-to-peak value of the HF signal generated by the smallest Mark ang
Space lengths. The 0 level is the signal level obtained’from the measuring device when no disk is inserted.

NOTE

=

p

I8pp

i
A’A\,’A

pnal is obtained by summing the currents of the four elements of the photodetector. These currents
bted by the different reflectivity of the Marks and Spaces representing the information on the
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In the Sync patterns, run-lengths of\ QT occur. However, the recurrence of these 9Ts is very low and
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therefore their influence on the HF peak-to-peak signal is negligible.

Figure 119 — Schematic representation of HF signal from Marks and Spaces

Because the I, is a relatively small signal, its amplitude can not be determined reliably from a random HF
signal. Therefore, it is recommended to record an area with consecutive 2T Marks and Spaces only and to
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record an area with consecutive 8T Marks and Spaces only. The signals can now be measured accurately
with appropriate measuring equipment.

The modulation signals shall meet the following requirements:
— /8pp /IBH = 0,40;
— ISpp /Igpp 2 0,25;

Lpp 1 Igpp 2 0,050 for disks with a capacity of 25,0 GB and 50,0 GB.

THe variations of the modulation signals shall be

—  (lsHmax — lsHmin) / lsmax < 0,33 within one layer at DOW(0) (continuously recorded), and

—  (IsHmax — lsHmin) / lsmax < 0,15 within one revolution at DOW(0) (continuously recofded)

Fgr DL disks, the ratio between the modulation signals on Layer LO and Layer L1'shall be

— —0,25 < (lgn,o — lsn,L1) / (lsmo * lsne) < 10,25 at DOW(0) (continuously.recorded)

where lgn 0 and /sy, L1 are measured at the same position, both in radialkand in tangential direction.
30.3 Reflectivity-Modulation product

THe reflectivity of the disk multiplied by the Modulation (= nermalized /gp, modulated amplitude) shall be (see

Arjnex B):

I
—  RxM=R,,x (%) , with 0,050<RxM<@/15 for SL disks, and

8H

I
— RxM=R,, x(lﬂj , with 0,018'<RxM <0,048 for DL disks.

8H

THe reflectivity of the disk multiplied by the /; resolution (= normalized /,5, modulated amplitude) shall be

l
—  Rxl,=Ry,x (%) ,(\Rx1,>0,0050 for SL disks with capacity of 25,0 GB, and

8H

l
—  Rxl,=Ry, x[ﬂj ,  Rxl,>0,0012 for DL disks with capacity of 50,0 GB.
/

8H

30.4 Asymmetry

THeHF signal asymmetry shall meet the following requirement:

lgn+lg  lop+la

~010<| —2 2 <4015
ISpp

30.5 Jitter
The Tracks on which the jitter is to be measured, shall be recorded as specified in 29.4.3.
The jitter shall be measured on the centre Track m of the five recorded Tracks, at the Reference Velocity.

After n overwrites (0 < n < 10) of Track m, both the leading-edge jitter and the trailing-edge jitter in Track
m (measured separately) shall fulfill the following requirements:
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On an SL disk and on Layer L0 of a DL disk for all disks, independent on capacity:
— £7,0 % when measured using the circuit specified in Annex H and this circuit set to Limit-Equalizer mode,
and

— <6,5 % when measured using the circuit specified in Annex H and this circuit set to Limit-Equalizer mode
and the edges that are adjacent to a 2T Mark or a 2T Space are not included in the jitter measurement.

On Layer L1 of a DL disk for all disks, independent on capacity:

— <8,5 % when measured using the circuit specified in Annex H and this circuit set to Limit-Equalizer mode,
and

— <6,5 Pb when measured using the circuit specified in Annex H and this circuit set to Limit-Equalizer mode
and the edges that are adjacent to a 2T Mark or a 2T Space are not included in the jitter measurement.

NOTE Not including edges that are adjacent to a 2T Mark or a 2T Space means (that in the jitter
measurenent only those edges are taken into account that are in between an nT Mark/Space and an mT
Space/Mdark, with bothn=3 and m = 3.

30.6 Crols-erase

The Tracks on which the cross-erase is to be measured, shall be recorded as specified in 29.4.4. After n
overwrited (0 < n < 10) of Tracks (m— 1) and (m + 1), the modulation and.jitter in Track m shall fulfill the
following fequirements.

[(/8pic /I Jat DOW(n)ye ] 090

Usp |/ Jat DOW(0)xe

After n overwrites, both the leading edge jitter and the trailing edge jitter (measured separately) shall fulfill th
following fequirements.

D

On an SL|disk and on Layer L0 of a DL disk-for all disks, independent on capacity:

— <7,0 Po when measured using the circuit specified in Annex H and this circuit set to Limit-Equalizer mode.
On Layer|L1 of a DL disk for all disks,/independent on capacity:

— <9,0 po when measured using the circuit specified in Annex H and this circuit set to Limit-Equalizer modle,
and

— <7,0 Po when measured using the circuit specified in Annex H and this circuit set to Limit-Equalizer mode
and the edges that are adjacent to a 2T Mark or a 2T Space are not included in the jitter measurement.

NOTE Not inrcluding edges that are adjacent to a 2T Mark or a 2T Space means that in the jitter

measurenent only those edges are taken into account that are in between an nT Mark/Space and an mT
Space/M l‘l(, with-both-n=3 and-m-=-3.

30.7 Inter-velocity overwrite

The Tracks on which the inter-velocity overwrite is to be measured and shall be recorded as specified in
29.4.5 for all combinations of all specified Recording Velocities.

The jitter shall be measured on the centre Track m of the five recorded Tracks, at the Reference Velocity and

shall fulfill the following requirements:

On an SL disk and on Layer L0 of a DL disk for all disks, independent on capacity:

— <7,0 % when measured using the circuit specified in Annex H and this circuit set to Limit-Equalizer mode,
and
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— <6,5 % when measured using the circuit specified in Annex H and this circuit set to Limit-Equalizer mode
and the edges that are adjacent to a 2T Mark or a 2T Space are not included in the jitter measurement.

On Layer L1 of a DL disk for all disks, independent on capacity:

— <£8,5 % when measured using the circuit specified in Annex H and this circuit set to Limit-Equalizer mode,
and

— <6,5 % when measured using the circuit specified in Annex H and this circuit set to Limit-Equalizer mode
and the edges that are adjacent to a 2T Mark or a 2T Space are not included in the jitter measurement.

NTTE Not including edges that are adjacent to a 2T Mark or a 2T Space means thatiir] the jitter
measurement only those edges are taken into account that are in between an nT Mark/Space and an mT
Space/Mark, with bothn=3 and m = 3.
30.8 Read stability

up to 10° successive reads from a single Track with a DC read power of

— 0,40 mW for SL disks at 1x speed reading,
— 0,44 mW for SL disks at 2x speed reading,
— 0,70 mW for DL disks at 1x speed reading, and
— 0,80 mW for DL disks at 2x speed reading

the disk shall remain within all specifications in the operating environment.
Up to 10® successive reads from a single Track withtan HF-modulated read power (averaged) of

— 0,30 mW for SL disks at 1x speed reading,
— 0,33 mW for SL disks at 2x speed:-réading,
— 0,60 mW for DL disks at 1x speed reading, and
— 0,70 mW for DL disks at 2x speed reading

the disk shall remain within all specifications in the operating environment.

THe modulation should fulfill the following requirements (see Figure 120):
— modulation frequency (= 1/Thr.aser) (400 + 40) MHz;

—|  pulse-wi + pS;
[Se'width (300 + 30)

o7
U, T

z 0
L\

' £ 1 <l
rativ ur gyoan puwcel ariu avladytc PpUvwTl y

— bottom level between peaks flat.
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Light
intensity THF-laser

pulse width
(FWHM)

Additional
[Equivaler

Figure 120 — Schematic representation of light pulses from Laser Diode

time

y, the SER (see 34.1) shall be < 4,2 x 107 in any LDC Block.
tto < 317 counts (= 4,2 x 107 x 75 392 bytes)].

31 Local defects

Defects on the Recording Layer or in the Transmission Stack, such as “airgubbles” or “black dots” (such as

dust encld
Track jum

The size g
— air bu
— black
— black
32 Cha

Clause 32
They cheg

User-writt
33 Mett

33.1 Ger

sures in the Transmission Stack or pin holes in the Reflective)layer) shall not cause any unintend
bing or uncorrectable errors (see also 33.4 and Clause 34).

f such defects shall be

bbles: diameter<'100 um,
dots with birefringence: diameter < 150 um, and
dots without birefringence: diameter < 150 um.
racteristics of User Data

to Clause 34 describes a.series of measurements to test conformance of User Data on the disk.
k the legibility of User-written Data. The data is assumed to be arbitrary.

bn Data may have'been written by any drive at any speed in any operating environment.

1od of testing for User Data

eral

The read {

estsdescribedim Clause-32to Clause-34sttattbe performed-omthe Referencedrive:

Whereas Clause 24 to Clause 30 disregard local defects, Clause 32 to Clause 34 includes them as
unavoidable deterioration of the read signals. The gravity of a defect is determined by the correctability of the
ensuing errors by the error detection and correction circuit in the read channel defined below. The
requirements in Clause 32 to Clause 34 define a minimum quality of the data, necessary for data interchange.

33.2 Environment

All signals
conditions

160

shall be within their specified ranges when the disk is in its range of allowed environmental
as defined in 8.1.1.
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33.3 Reference drive

33.3.1 General

All signals shall be measured in the appropriate channels of a Reference drive as specified in Clause 9.
33.3.2 Read power

The read power is the optical power incident on the Entrance surface of the disk. The read power shall be
(0,35 £ 0,1) mW for an SL disk and (0,70 £ 0,1) mW for a DL disk.

33.3.3 Read channels

THe drive shall have two read channels as defined in 9.5 and 9.6.

THe HF signal from the HF read channel shall be equalized and filtered before processing. The threghold level
fof converting an HF signal into a binary read signal shall be controlled to minimize the effects of Mark and

Space size changes, due to parameter variations during writing. For measurement-of disk quality, the
characteristics of the equalizer, filter and slicer, as well as the characteristics-of\the PLL shall be the [same as
specified in Annex H (Limit Equalizer) for the jitter measurement.

33.3.4  Error Correction

Carrection of errors in the data bytes shall be carried out by ancerror detection and correction system based
on the definitions in Clause 13.

33.3.5 Tracking requirements
Dyring measurements of the signals, the axial trackingerror between the focus of the optical beam gnd the

Recording Layer shall be maximum 55 nm and théradial tracking error between the focus of the optical beam
and the centre of the Track shall be maximum=46 nm.

33.3.6 Scanning velocities

THe actual rotation speed of the disk'shall be such that it results in an average Channel-bit rate of
66,000 Mbit/s or an average wabble frequency of 956,522 kHz.

33.4 Definition of signals
Byte error:

A byte error occursAvhen one or more bits in a byte have a wrong value, as detected by the related ¢rror
detection and/or-correction circuits.

Burst error:

A Burst error is defined to be a sequence of bytes where there are not more than two correct bytes Hetween
any two erroneous bytes. For determining burst errors, the bytes shall be ordered in the same sequence as
they were recorded on the disk (see 13.1 and 13.8).

The length of a burst error is defined as the total number of bytes counting from the first erroneous byte that is
separated by at least three correct bytes from the last preceding erroneous byte until the last erroneous byte
that is separated by at least three correct bytes from the first succeeding erroneous byte.

The number of erroneous bytes in a burst is defined as the actual number of bytes in that burst that are not
correct.

See example in Figure 121.
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<— burstlength=9 bytes —
number of erroneous bytes in burst = 6

¢ = correct byte, x = erroneous byte

Figure 121 — Example of burst error
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Symbol Error Rate:

The Symbol Error Rate (SER) averaged over N LDC Blocks is defined as the total number of all erroneous
bytes in the selected LDC Blocks divided by the total number of bytes in those LDC Blocks:

N

Z Eai

i=1
Nx75392

where

E, is the number of all erroneous bytes in LDC Block /;

i

N is the number of LDC Blocks.
Random Symbol Error Rate:

THe Random Symbol Error Rate is defined as the Symbol Error Rate where all erroneous bytes confained in
burst errors of length 240 bytes are counted neither in the numerator nor in the«denominator of the SER
cajculation:

S, -E,)

i=1

N
Nx75392-% E,
i=1

where
E, is the number of all erroneous bytes in LDC\Block /;

i

E, is the number of all erroneous bytes in-burst errors 240 bytes in LDC Block /;

N is the number of LDC Blocks.

34 Minimum quality of recorded information
34.1 Random Symbol ErrorRate

When checking the quality of the disk, the area selected for determining SER and burst errors shall e
overwritten ten times-with arbitrary User Data.

THe Random SER after ten overwrites shall fulfill the following requirement:

Random SER < 2,0 x 107 averaged over any 10 000 consecutive LDC Blocks.

34|.2 Maximum burst errors

In each Recording-Unit, Block the number of burst errors with length 240 bytes shall be less than 8 and the
sum of the lengths of these burst errors shall be <600 bytes.

34.3 User-written Data

User-written Data in a Recording-Unit Block (RUB) as read in the HF read channel shall not contain any byte
errors that cannot be corrected by the error-correction system defined in Clause 13.
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35 BCA

The Zone between ry and r; is reserved for use as a Burst-Cutting Area (BCA) (see 15.2 and Figure 53).

The BCA shall be used to add information to the disk after completion of the manufacturing process.

The BCA code can be written by a high-power laser system or by the initializer in the case of Rewritable disks.

All information in the BCA code shall be written in CAV mode, where every revolution has exactly the same
content, which content shall be radial aligned (see Figure 122)

The BCA fode shall be located between radius 21333 mm and radius 22,0°52 mm on Layer LO. (the

BCA codgis allowed to overlap the Protection-Zone 1 partially).

No BCA cpde shall be written on Layer L1, but some effect of writing the BCA code on Layer,1.0 could be
visible on Layer L1.

The BCA tode shall be written as a series of low-reflectance stripes arranged in circumferential direction.
Each of the stripes shall extend fully across the BCA in the radial direction.

The informpation in the BCA code can be read by a drive at any radius betweetradius 21,3 mm and radius
22,0 mm ¢n Layer LO.

The decis|on to record the BCA code is Application dependent. BCA\code shall not be recorded in the BCA
unless otHerwise specified by the Application. The format and content of the BCA code is defined by
agreemenit between the interchange parties.

Burst-Cutting Area

BCA code

Figure 122 — Schematic representation of BCA
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Annex A
(normative)

Thickness of Transmission Stacks in case of multiple layers

A.1 General

In
d€

A

TH

A

TH

TH
fol

a)
b)

N(
in

A
As

case the Total Transmission Stack consists of k Tayers, the Tollowing procedure shall be applied in
termining the thickness of the individual layers:

the values d; .. di represent the thicknesses of layers 1 ..k;
the values n4 .. ngrepresent the refractive indices of layers 1 ..k;

let D(n) be the nominal thickness at refractive index n according to Figure 45;

kel
. d.
then the thickness dj of Layer k should be equal to: d,=D(n, )x| 1= L 1.
: -l [1: 52

2 Refractive Index n;of all layers in Cover Layer and Spacer Layer

e refractive index n; of each layer in the Cover and Spacer’'Layers shall be 1,45 < n; <1,70.

3 Thickness variation of the Transmission Stack

d:

I

D(”i).

e Relative Thickness of the Transmission Stack jis defined as: RT; = z

k
i=1

e Relative Thickness RT of the Transmission Stacks, measured over the whole disk, shall fulfill th
owing requirements:
the Relative Thickness RTq of the Transmission Stack TS0 shall be: 95 <100 x

the Relative Thickness RT; of the Transmission Stack TS1 shall be: 70<75 X

DTE The thiCkneéss of the Recording Layer is very thin and negligible in the calculation of the
case of Type‘DL disk.

4 Example of thickness calculation for SL

sume a Cover sheet with refractive index ny = 1,70 and a nominal thickness of 75 uym is attached

St

W

RTo < 105;
RT, = 80.

thickness

o the

bstrate hy a gllling sheet with a refractive index No = 1,4’:\

From Figure 15 we can find: D(n4) = 102,4 and D(n;) = 98,5.

From the above given formula, we can calculate

©l

d,=98,5x% 1—i =26,356 um.
1024

)
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Annex B
(normative)

Measurement of reflectivity

B.1 General

The reflecfivity of a disk can be measured in several ways. The two most common methods are

— parallel method, and
— focuded method.

The reflectivity of the disk is measured by the focused method with the help of a Reference disk with known
reflectivity, while the reflectivity of the Reference disk is calibrated by the parallel methed.

When meagsuring the reflectivity in the focused way, only the light returned by the Reflective Layer of the dis
(Rm) will fall onto the photodetector. The reflected light coming from the front surface of the disk and the ligh
coming frgm the parasitic reflectance’s inside the disk will mainly fall outside the photodetector. Because in
the parallgl method only the “total” reflectance (R)) can be measured, a ¢alculation is needed to determine the
“main” reflectance from the Reflective Layer.
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B.2 Calibration method

A good Reference disk free of birefringence shall be chosen, for instance with a 0,1 mm glass Cover Layer
with a golden reflective mirror. This Reference disk shall be measured by a parallel beam as shown in
Figure B.1

Ry to Fint {
detector An

Rs

B
Incident
beam

R| reflectivity of the Recording Layer (including the double pass Transmission Stack transmission)
r | reflectivity of the Entrance surface

R reflectivity as measured by the fecused beam (is by definition = R,/Ig)
Ig| incident beam

R{ reflectance caused by the reflectivity of the Entrance surface

R4 main reflectance caused.by the reflectivity of the Recording Layer
Ry reflectance caused by the internal reflectance’s between the Entrance surface and the Recordipg Layer
Ry measured value\(Rd + Rm + Rint)

Figure B.1 — Reflectivity calibration

THe reflectivity of the Entrance surface is defined by

2
r = (n—_U . where n is the index of refraction of the Cover Layer.

The main reflectance Ry, = Ry — Rs — Rint Which leads to

(1—r)2x[R”—rj
R f 2&2 IB .

res
s 1—r>{2— R”J
Is

The Reference disk shall be measured on a Reference drive. The total detector current (the sum of all four
quadrants = /i,t5) Obtained from the Reference disk and measured by the focused beam is equated to R, as
determined above.
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Now the arrangement is calibrated and the focused reflectivity is a linear function of the reflectivity of the
Recording Layer and the double pass Transmission Stack transmission, independently from the reflectivity of
the Entrance surface.

B.3 Measuring method

B.3.1 Reflectivity in Unrecorded, virgin Rewritable Areas

A method of measuring the reflectivity using the Reference drive.

a) Meas
b) Meas
wher
recor
c) Calcy
follow
B.3.2 Re
A method
a) Meas
b) Meas
wher
have
powe
c) Calcy
follow
B.3.3 Re
A method
a) Meas
b) Meas
two g
shall
c) Calcy
168

ure the total detector current (/; + I)g from a Groove Track in an area of the disk under investigat
b the Groove Track and the two adjacent Tracks on each side of the Groove Track never have be
fed nor erased.

late the unrecorded virgin disk reflectivity Rg_y in the Groove Tracks of the Rewritable Area

_ (/1+/2)G

flectivity in Unrecorded, Erased Rewritable Areas

S

of measuring the reflectivity using the Reference drive.

ure the total detector current (/4 + I).s from the Reference disk with calibrated reflectivity Ryes.

ure the total detector current (/4 + I;)g from a Groove Traek in an area of the disk under investigat
e the Groove Track and the two adjacent Tracks oneach side of the Groove Track to be measur

been erased. Erasure of these Tracks shall be done by irradiating the Tracks using only the
r as determined from the OPC algorithm (see. Aninex G).

late the unre(corde)d erased disk reflectivity Rq_. in the Groove Tracks of the Rewritable Area
l1+15 5

S: Rg.e :(I1+—I2);x Rees -
flectivity in Recorded Rewritable Areas

of measuring the reflegtivity using the Reference drive.

ure the total detectar_eurrent (/4 + f).f from the Reference disk with calibrated reflectivity Ryes.

djacent Tracks on each side of the Groove Track also have been recorded. Recording of the Trag
be done.using the optimum powers as determined from the OPC algorithm (see Annex G).

laterthe recorded disk reflectivity Rgy in the Groove Tracks of the Rewritable Area as follows:

on
ed
Pe

as

ure lgy from arecorded Groove Track in an area of the disk under investigation where at least the

ks

————184
8H = 7\ < ref -
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