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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 m

embers of

ISO or IEC participate in the development of International Standards through technical committees

tent rights identified during the development of the document will be in the Introduction and/or g
lisf of patent declarations received (see www.iso.org/patents):

Any trade name used in this document is information.given for the convenience of users and does
copstitute an endorsement.

Far an explanation on the meaning of 1ISO specific terms and expressions related to conformity as
as| well as information about ISO's adherence to the WTO principles in the Technical Barriers to Tr|
see the following URL: Foreword - Supplementary information

THe committee responsible for this document is ISO/IEC JTC 1, Information technology, SC 23, Di
regorded media for informationinterchange and storage.
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Introduction

In March 2002, 9 companies started BDF (Blu-ray Disc Founders) aiming for the creation of the Formats with
large capacity and high speed transfer rate, that enable the recording and reproducing of the high definition
video contents. In October 2004, more than 100 companies joined and BDF was changed to an open forum
named B = i iati i i i = isg™
Recordable Format Partl and in April 2008 Version 1.3 of Blu-ray Disc™ Recordable Format Partl was issued,
which engbled the Recording Velocity up to 6x. In June 2010, BDA issued Blu-ray Disc™ Recordable-or
Partl Version 2.0, which specifies the TL and QL of BD Recordable disk.

By the endl of 2010, over 100 million Blu-ray Disc™ had already been shipped, and Blu-ray™ _devices such fas
players, rgcorders, game consoles and PC drives were in use all over the world.

The BDA |also conducts verification activities for both disks and devices and has established more than [LO
Testing Cénters 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 Internjational Standardization would be required before many governmént entities and their contractgrs
would be gllowed to use Blu-ray Disc™. In February and January of 2014, the chairs of ISO/IEC JTC 1/SC R3
and JIIMA (Japan Image & Information Management Association) fermally requested the BDA to consider
International Standardization. The reason for this was to enable the inclusion of writable BDs, along wjith
DVDs and CDs, in an International Standard specifying test metheds for the estimation of lifetime of opti¢al
storage nedia for long-term data storage. In October 2011, the President of the BDA responded that his
organizatipn had decided to pursue International Standard of\the basic physical formats for the Recordalle
and Rewritable Blu-ray™ Formats.

In December of 2011, the BDA sent project proposals.for the International standardization of four formats to
ISO/IEC JTC 1/SC 23 via the Japan national body.~in July of 2013, ISO/IEC published the four Internatioal
standards| They are ISO/IEC 30190 - 120 mm,Single Layer (25,0 Gbytes per disk) and Dual Layer (50,0
Gbytes pdr disk) BD Recordable disk, ISO/IEC30192 - 120 mm Single Layer (25,0 Gbytes per disk) and Dyal
Layer (50J0 Gbytes per disk) BD Rewritable disk, ISO/IEC 30191 - 120 mm Triple Layer (100,0 Gbytes per
disk) and Ruadruple Layer (128,0 Gbytes per disk) BD Recordable disk and ISO/IEC 30193 - 120 mm Triple
Layer (100,0 Gbytes per disk) BD Rewritable disk.

In July of|2014, the BDA developed a double sided Triple Layer BD Recordable disk of 200,0 Gbytes and
revised Blp-ray Disc™ Recordable Format Partl Version 2.0 to Version 2.1. In the same month, the BDA sé¢nt
a project proposal to reviseJSO/IEC 30191 to include the double sided Triple Layer BD Recordable disk|to
ISO/IEC JITC 1/SC 23 via_the Japan national body. The revised edition of ISO/IEC 30191 includes the 120 mpm
Triple Laygr (100,0 Ghbytes single sided disk and 200,0 Gbytes double sided disk) and Quadruple Layer (128,0
Gbytes single sided\disk) BD Recordable disk.

This Interpatiopal Standard specifies the mechanical, physical and optical characteristics of a 120 mm
recordabl¢ optical disk with a capacity of 100,0 Gbytes, 128,0 Gbytes or 200,0 Gbytes.

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 or 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 assumed 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:

Hitachi Consumer Electronics Co.,Ltd.
Intellectual Property Management

29

2, Yoshida-cho, Totsuka-ku,Yokohama, 244-0817, Japan

Hi
IT
32

P4
In
(@]

Pi

achi, Ltd.,
Platform R&D Management Division PatentStrategy
2-2, Nakazato, Odawara-shi, Kanagawa, 250-0872, Japan

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

bneer Corporation

Intellectual Property Division, Legal & Intellectual Property Division,

1-

Sq
IP
1_

At
rig
su

IS
to
co

N(

|, Shin-Ogura, Saiwai-ku, Kawasaki-Shi, Kanagawa, 212-0031, Japan

ny Corporation
Asset Management Department Intellectual Property Divisiof))
/-1, Konan, Minato-ku, Tokyo, 108-0075, Japan

ention is drawn to the possibility that some of the glements of this document may be the subjec
hts other than those identified above. ISO and IEC\shall not be held responsibility for identifying
ch patent rights.

D (http://www.iso.org/patents) and IEC (http://patents.iec.ch) maintain on-line databases of paten

hcerning patents.

DTE  Blu-ray™, Blu-ray Disc™ and the logos are trademark of the Blu-ray Disc Association.
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Information technology — Digitally recorded media for
Information interchange and storage — 120 mm Triple Layer
(100,0 Gbytes single sided disk and 200,0 Gbytes double sided
disk) and Quadruple Layer (128,0 Gbytes single sided disk) BD
Recordable disk

1| Scope
THis International Standard specifies the mechanical, physical and optical characteristics of al 120 mm
recordable optical disk with a capacity of 100,0 Gbytes, 128,0 Gbytes or 200,0,Gbytes. It specifies the quality
of the recorded 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 ©nce and read many times using a
nan-reversible method. This disk is identified as BD Recordable disk.

THis International Standard specifies

—{ three related but different Types of this disk,

— the conditions for conformance,

—1 the environments in which the disk is to be operated and stored,

—{ the mechanical and physical characteristics of the disk, so as to provide mechanical interchangg between
data processing systems,

—1 the format of the information on the*disk, including the physical disposition of the Tracks and Se[tors,
— the error correcting codes-and'the coding method used,

— the characteristics ofthe“signals recorded on the disk, enabling data processing systems to read the data
from the disk.

THis International~Standard provides for interchange of disks between disk drives. Together with g standard
fof volume and'file structure, it provides for full data interchange between data processing systems.

© ISO/IEC 2015 — All rights reserved 1
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2 Conformance

2.1 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 Gernmet atillg DyDtCIII

A generat|ng system shall be in conformance with this International Standard if the optical disk it generates|
in accordgnce with 2.1.

S

2.3 Regeiving system
A receivinp system shall be in conformance with this International Standard if it is able 0 handle both a Typ¢

TL disk and a Type QL disk according to 2.1. Handling of a Type TL/D disk is optionahfer a receiving systen.
See Clauge 7 for the Types of disk.

2.4 Compatibility statement
A claim of conformance by a Generating or Receiving system with this’ International Standard shall includg a
statement| listing any other standards supported. This statement shall specify the numbers of the standargs,

the opticgl disk Types supported (where appropriate) and whether support includes reading only or bgth
reading and writing.

3 Normative references
The following referenced documents are indispetisable for the application of this document. For dated
reference$, only the edition cited applies. Fof\lundated references, the latest edition of the referencgd
document|(including any amendments) applies.

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

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

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

IEC 60068-2-30, Environfmental testing — Part 2-30: Tests — Test Db: Damp heat, cyclic (12 h + 12 h cycle

IEC 60950-1, Infornmation technology equipment — Safety — Part 1: General requirements

© ISO/IEC 2015 — All rights reserved
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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, for instance a video application, which requires some areas for a Content-

protection system and for its own Defect-Management system on the disk

Ndtel to entry User Data recorded on the disk is formatted using the 17PP modulation and*an LDC+BIS G

ment by which the binary value ZERO or ONE is represented<y Marks and Spaces on the disk

4.%
Cqver Layer

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

4.6
D4qta Zone n
area between the Inner Zone and the Outer-Zone on Layer Ln

4.7

Dgfective Cluster
Clyuster in a User-Data Area that has been registered in a Defect List as unreliable or uncorrectable

4.

Digital-Sum Value (DSY)

arfthmetic sum obtained from a bit stream by assigning the decimal value +1 to Channel bits set to
thg¢ decimal valug'-1 to Channel bits set to ZERO

4.

Disk reference plane

plane.defined by the perfect flat annular surface of an ideal spindle, onto which the Clamping Zone
is clamped, that is normal to the axis of rotation

ch data is

ode.

est to the

ONE and

Df the disk

4.10
Embossed HFM Area

area on the disk where information has been stored by means of an HFM Groove during the manufacture of

the disk
4.11

Entrance surface
surface of the disk onto which the optical beam first impinges
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412
Groove
trench-like feature of the disk, connected to a Recording Layer

Notel to entry One Groove can be carried by the Substrate and the other Groove by the Spacer Layer or the Cover
Layer, (see Figure 1, Figure 2 and Figure O.1). Grooves are used to define Track location. The Groove corresponds to the
area that has been exposed to the mastering spot. In general the Groove can be a depression in the carrier, or elevation
on the carrier. If the Groove is nearer to the Entrance surface than the Land (see Figure 55), the recording method is
called “On-Groove recording”. In the BD Recordable system there are three types of Grooves:

— Wobbled Groove in Recordable Areas containing address information, and

— HFM Groove in Embossed HEM Areas containing Permanent Information and Control data, and

— Straight Groove without any modulation in the BCA Zone.

4.13
HFM (High-Frequency Modulated) Groove
Groove mpdulated in the radial direction with a rather high bandwidth signal

Notel to entry HFM Groove creates a data channel with sufficient capacity and data rate for replicated information,

4.14
Informatipn Area
area on thie disk in which information can be recorded

4.15
Informatipn Zone
actually recorded part of the Information Area

4.16
Land
surface of{the Recording Layer between successive windings of a Groove

4.17
Layer Ln
one Recording Layer of the disk identified by n

Notel to entry Layer L(n+1) is closer to the Entrance surface of the disk than Layer Ln.

4.18

Marks
feature of the Recording Layer which may take the form of lower/higher reflectivity domains in the Unrecorded
Recording Layer, that can be-sénsed by the optical read-out system

Notel to entry The pattern of Marks and Spaces represents the data on the disk.
4.19

Measurement Velocity
linear veldcity<attwhich the disk is measured during reading

Notel to eniry nx Measurement Velocity means the Measurement Velocity of n times the Reference Velocity.

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 converting a Modulation-bit stream into a physical signal
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4.22
Padding

process in a drive to fill up the missing Sectors in a 64K Cluster, which is consisting of 32 Sectors, with all

00h data when the host supplies less than the 32 Sectors and need to fill up the Cluster

4.23

Pits

features of the Recording Layer which may take the form of depressions in or elevations on the Lan
that can be sensed by the optical read-out system

Prptective Coating
optional additional layer on top of the Cover Layer provided for extra protection against scratches
types of damage

4.27

Récordable Area

arga on the disk where information is recorded.by means of Marks and Spaces according to the d
as|defined in Clause 13, either by the manufacturer/supplier of the disk or by the end user of the disk

Ndtel to entry The Recording Layer._material in the Area is composed such that once the layer has bee
any attempt to change the information will_result in Unreadable Data.

4.28
Recording Layer

4.29
Régcording Velocity
linpar velocity,at which the disk is actually recorded

Ndtel to'entry nx Recording Velocity means the Recording Velocity of n times the Reference Velocity.

d surface,

plying

and other

ata format

h recorded,

4.80

Reference Velocity

linear velocity that results in the nominal Channel-bit rate of 66,000 Mbit/s
Notel to entry nx Reference Velocity means n times the Reference Velocity.
4.31

Reserved

<value> not used in this International Standard

Notel to entry In future standards, the value can be released.
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4.32
Reserved
<field>not

specified in use, to be ignored in interchange and to be set to ZERO as value

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

4.33
Sector

minimum-size addressable data part of a Track in the Information Zone

4.34
Spacer Liyer

transpare

4.35
Spaces
areas sep

Notel to e

4.36
Substrate
layer whic

4.37
Track
360° turn

4.38
Track Pit
distance

4.39
Transmis
all layers t

Notel to er]
passed thr

4.40
User-Data
collection

4.41
Virgin Gr
blank Gro

t layer with precisely-controlled optical properties separating two Recording Layers

hrating Pits or Marks in the tangential direction in the context of HF signals

try The pattern of Pits/Marks and Spaces represents the data on the disk.

h may be transparent or not, provided for the mechanical support of.the Recording Layer(s)

Df a continuous spiral, formed by a Groove

h
etween centrelines of a Groove in adjacent Tracks, measured in the radial direction

sion Stack
ogether between the Entrance surfage of the disk and the Recording Layer concerned

ugh by the light beam, when.accessing that Recording Layer.

L Area
pf all Data Zone(s)-on the disk and consists only of the Clusters in which User Data can be record

hove
pve on the disk which has never been recorded

try In other words: the Transmission Stack of a specific Recording Layer consists of all layers that are

4.42
Wobbled

Groove

Groove that has a periodic sinusoidal deviation from its average centreline

Notel to entry

information

4.43
Zone
annular ar

about the disk.

ea of the disk

By modulating the sinusoidal deviation, the wobble provides address information and general
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5 Conventions and notations
5.1 Terminology

5.1.1 Meaning of words

In this International Standard the following words have a special meaning:

?v1ay . il |u';uatc3 all a\,ﬁun Ul fcatw < t: |qt ib UlJt;UI Icl:.
Optional:  describes a feature that may or may not be implemented.
If implemented, the feature shall be implemented as described.

Shall: indicates an action or feature that is mandatory and must be implemented-ta-claim
compliance to this specification.

Should: indicates an action or feature that is optional, but its implementation-is‘strongly
recommended.

5.1.2 Levels of grouping

Many times data is collected into groups, where these groups of data can be tollected into higher leyel groups.
Fdr the clarity of the grouping hierarchy, in this document the following levels of hierarchy will be used:

Frame: the lowest level of grouping. Generally Frames contain bytes of information.
Block: 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 Imeasured value Xmeasureda may be rounded offdo the least significant digit of the corresponding specified
vaJue x before being compared with this specified value.

EXAMPLEs:

T ; o 0,01~
—{ The specification is: x = 1,26 g,

(nominal value = 1,26 with~a-positive tolerance of +0,01 and a negative tolerance of —0,02)
— A measured valug'inthe range 1,235 < Xmeasured < 1,275 fulfills this specification.

— The specification,ishX < 0,3:
— A measurédyalue Xmeasured < 0,35 fulfills this specification
(rounding.off is applied for 0,30 < Xmeasured < 0,35: Xrounded = 0,3).

— The specification 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 :

© ISO/IEC 2015 — All rights reserved 7
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— A measured value of 3,00 dB fulfills this specification.
— A measured value of 2,99 dB does not fulfill this specification.

“w

Numbers in decimal notation are represented by the digits 0 to 9. The decimal symbol is “,
numbers the “ ” (space) can be used as digit grouping symbol.

(comma). In large
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 A to F.

Numbers in binary notations and bit patterns are represented by strings of digits 0 and 1, with the most-
significantrbitshowmmto the feft-The character X 1T birary TTamoers TEPTESEnts a aigit 0 or 1.

Negative Yyalues of numbers in binary notation are given as two's complement.

In a pattefn of n bits, bit b,-1) shall be the most-significant bit (msb) and bit by shall be the least=sjgnificant [bit
(Isb). Bit byn-1) shall be recorded first.

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

In data fidlds composed of bytes, the data is recorded so that the Most-Significant Byte (MSB), identified fas
Byte 0, shpll be recorded first and the Least-Significant Byte (LSB) last.

In a field gf 8n bits, bit bes-1) shall be the most-significant bit (msb) and<bit b the least-significant bit (Isb). Bit
ben-1) shall be recorded first.

In data fie|ds composed of nibbles, the data is recorded so that'the most-significant nibble, identified as Niblple
0, shall bg recorded first and the least-significant nibble last,

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

A range of values is indicated as x ~ y, where.Xand y are included in the range.

[@)

A list of infegers is indicated as i .. ). Theflist'contains all numbers between i and j, including i and j (e.g. k =
7). If the step size is different from 1, this-is indicated as: i, (i+step) .. j (e.g. k =1, 4 .. 16, where step=3).

A group of parameters is indicatédyas Param m..n or Pm .. Pn. The group contains all parameters with an index
between m and n, including mtand n (e.g. byte 16..31, bit 7..4).

If X is neafly equal to y, then it is expressed as x = .

5.3 Intgger calculus

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

For 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

floor(x) represents the largest integer number < x

For example: floor(+3,7) =+3  floor(-3,7) = -4
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 document are also capitalized.
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6 Listof acronyms

ac
ADIP
APC
AU
AUN
BCA

o

alternating current

Address In Pre-Groove
Automatic Power Control
Address Unit
Address-Unit Number

Burst-Cutting Area
Burst-Indicating Subcode
Byte Position

ISO/IEC 30191:2015(E)

Bard=Pa ftter

Constant Angular Velocity
channel bits
Carrier-to-Noise Ratio
direct current
Drive-Calibration Zone
Disk-Definition Structure
Defect List

Disk Information

Dual Layer
Disk-Management Area
Disk-Management Structure
Digital-Sum Value
Emergency Brake
Error-Correction Code
Error-Detection Code
Equalizer

First ADIP Address (of Data Zone)
Frame Sync

Full Width at Half Maximum
High Frequency
High-Frequency Modulated
Harmonic-Modulated Wave
High-Pass Filter
High-To-Low

Last ADIP Address (of Data Zone)
Long-Distance-Code
Low-Pass-Filter
Last-Recorded Address
Least-Significant Byte
least=significant bit
Logical-Sector Number
MSK Mark

Most-Significant Byte
millisecond

most-significant bit
Minimum-Shift Keying
Monotone Wobble

NA

NHWS

NRZ
NRZI
ns
NWA
NWL
NWS
OPU
PAA
PIC
PLL

Numerical Aperture

Normalized HFM-Wobble Signal
Non-Return-to-Zero
Non-Return-to-Zero Inverting
nanosecond

Next-Writable Address

Nominal Wobble Length
Normalized Wobble Signal
Optical Pick-up Unit

Physical ADIP Address
Permanent Information & Control data
Phase-Lock Loop
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PoA
PP

pp
PrA
ps
PSN
QL
RH
RIN
RMTR
RS
RT
RUB
RxIn
RxM
SER
SHD
SHL
SL
SNR
SRM
SRR
SRRI
STW
Sync
TDDS
TDFL
TDMA
TDMS
TL
TL/D
TP
TS
Vref
wbs

10

Post-amble

Push-Pull

peak-to-peak

Pre-amble

picosecond

Physical-Sector Number

Quadruple Layer

Relative Humidity

Relative-Intensity Noise

Repeated Minimum-Transition Run-length

Rood Saolaman-feada)

e T OO oToToTT(ToTtTy

Relative Thickness

Recording-Unit Block

Reflectivity x In Resolution
Reflectivity x Modulation

Symbol Error Rate
Second-Harmonic Distortion
Second-Harmonic Level

Single Layer

Signal-to-Noise Ratio
Sequential-Recording Mode
Sequential-Recording Range
Sequential-Recording Range Information
Saw-Tooth Wobble

Synchronization

Temporary Disk-Definition Structure
Temporary Defect List

Temporary Disk-Management Area
Temporary Disk-Management Structure
Triple Layer

Triple Layer Double-sided

Track Pitch

Transmission Stack

Reference Velocity

wobbles
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General description of disk

This International Standard provides for three Types of disks.

Type TL disk: The 120 mm optical disk consists of a Substrate of about 1,1 mm nominal thickness. The
Substrate is covered with three Recording Layers. The Recording Layers consist of several layers. The three
Recording Layers are separated by two transparent Spacer Layers whose thicknesses are about 25,0 um and
18,0 um, respectively in this order from the Substrate. On top of these Recording Layers, a transparent Cover
Layer of about 57,0 um is applied with accurately defined optical characteristics (see Figure 1).

S
tr
or
is

Tylpe TL/D disk: The 120 mm optical disk consists of a Substrate of about)1,0 mm nominal thick
bstrate is covered with three Recording Layers on each side. The Recording Layers of each side have the

SU
sal
Sid
Arl
ing

TH
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Td
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D4
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R4
Cq

D
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or

Tgpe QL disk: The 120 mm optical disk consists of a Substrate of about 1,1 mm nominalthickl

bstrate is covered with four Recording Layers. The four Recording Layers are separated
nsparent Spacer Layers whose thickness are about 15,5 ym, 19,5 ym and 11,5 ym)) respectiy
ler from the Substrate, and on top of these Recording Layers, a transparent Cover_ Layer of abol
hpplied (see Figure 2).

me characteristics and structure as a Type TL disk (see Figure O.1): The three Recording Layer
e of a disk can be accessed from the side only. Requirements Specific for a Type TL/D disk are
nex O. All requirements for a Type TL disk shall be applied to‘a)Type TL/D disk unless otherwise
luding Annex O.

e first (Layer L2) and second (Layer L1) Recording:Layers of a Type TL disk and a Type TL/D di
t (Layer L3), second (Layer L2) and third (Layen L1) Recording Layers of a Type QL disk see
hd-out side of the disks shall be semi-transparent.

improve the scratch resistance, the Cover.Layer optionally can be protected with an additional ha

Amping is performed in the Clamping.Zone.

ita can be written onto the disk.with a high power focused optical beam. The data can be read
wer focused optical beam, using the difference in the reflectivity of the Marks and the Spaces.

e Recording Layer(s)(Contain Wobbled Groove (s) with addresses, which serve as a speed ¢
vigation system for.the data to be written to the Recording Layer concerned.

cording and read-out of the data is accomplished through the Cover Layer or through the totd
pendinng-on which Recording Layer is to be accessed, the optical beam passes through the tr

verdLdyer (reading/writing Layer L2 on a Type TL disk or a Type TL/D disk, or Layer L3 on a Typ
through the transparent Cover Layer, the semi-transparent Recording Layer(s) and the transpare

ver Layer, Recording Layers and Spacer Layers, depending on which Recording Layer is involveq.

ness. The
by three
ely in this
t 53,5 um

ness. The

s on each
defined in
described

sk and the
n from the

rd coating.

with a low

bntrol and

il stack of

ansparent
e QL disk)
nt Spacer

Layer(S) (reading/writing Layer LU and Layer CL on a Type TL diSKor a Type TL/D diSK, or Layer C

an

d Layer L2 on a Type QL disk).

, Layer L1

A TL disk and a QL disk also denote a Type TL disk and a Type QL disk respectively in this International
Standard.
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Transmission Stack 0

v

Transmission Stack 14

>

Transmission Stack 2

Transmission Stack

ot

(Protective Coating)

Top surface

direction of
rotation
o 0
(_ - -
<— Recording Layer LO
<— Recording Layer L1
Substrate <— Recording Layer L2
acer Layer

Cover Layer
Entrance surface

for optical beam

T

Figure 1 — QOutline of Type TL disk

Transmission Stack 1

A

.. A
Transmission Stack 2

N

Transmispion Stack 3 § |

\

(Protective Coating)

Top surface
direction of
rotation -
> 0
(— - -
<— Recording Layer LO
<— Recording Layer L1
Substrate <— Recording Layer L2
P .
acer Laver Recording Layer L3
acer Layer
Spacer Layer 3

Cover Layer

Entrance surface
for optical beam

T

Figure 2 — Outline of Type QL disk

This Interpational Standafdspecifies two kinds of Recording Velocity 2x, 4x.
Figure 3 shows the/Recording Velocity requirements for each Disk Type.
. Push-Pull Layer Recording Velocity
Disk Type polarity Type 2X 4x
Type TE - -
Type TL/D On-Groove TL m m
Type QL On-Groove 2 QL m m
m Mandatory
o0 Optional

a

Groove polarity shall be On-Groove for both Layer LO and Layer L1

Figure 3 — Recording Velocity requirements for Disk Type

12
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General requirements

8.1 Environments

8.1.1 Test environment

8.1.1.1 General

Dy
en
ha

Nd
su

8.

Sq
fol

time it takes for the disk to acclimatize to the new environment.

a)

b)

8.

A
en
the

ring measurements for testing the conformance of the disk with this document, the disk shall be
vironment. The test environment is the environment where the air immediately surroundingrthe

ve the 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 envirg
fficient time.

|.1.2  Test conditions for sudden change in operating enviroament

me parameters can be rather sensitive for changes in the)operating environment. Where spe
owing two tests shall be performed. In both cases the required specifications shall be fulfilled

relative humidity = 90 %, temperature = 25 °C~"= relative humidity = 45 %, temperature = 2
Figure 4).

apply a sudden change in temperature,”while keeping the absolute humidity at a constant le
10,4 g/m?3): temperature = 25 °C,rélative humidity = 45 % = temperature = 55 °C, relative
10 % (see Figure 4).

.2 Operating environment

disk in conformance(wjth this document shall provide data interchange over the specified
vironmental parameters in the operating environment. The operating environment is the environm
e air immediately Surrounding the disk shall have the following properties:

temperature*: 5°Cto55°C
relativeshumidity : 3% to90 %
absalute humidity : 0,5 g/m3to 30 g/m3
atmospheric pressure : 60 kPa to 106 kPa

in the test
disk shall

nment for

cified, the
during the

apply a sudden change in relative humidity, “while keeping the temperature at a consfant level:

5 °C (see
vel (about

humidity =

ranges of
ent where

There shall be no condensation of moisture on the disk. If a disk has been exposed to conditions outside
those specified above, it shall be acclimatized in an operating environment for at least 2 hours before use.

© 1S
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absolute air humidity, g/m3
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8.1.3 Stprage environment

8.13.1

The storage environment is the gnvironment where the air immediately surrounding the optical disk shall ha

General

the following properties:

— temperature :

— relatiye humidity ¢

— absoljte humidity :

— atmospheric_pressure :

— temperature variation max.:
— relati$e humidity variation max. :

8.1.3.2

temperatute <&

Figure 4 — Operating environment

-10 °Cto 55 °C
5% to 90 %

1 g/m3to 30 g/m?3
60 kPa to 106 kPa
15 °C/h

10 %/h

Climatic storage tests

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

T =55 °C, RH = 50%, 96 hours.

Dry heat test according to IEC 60068-2-2 Ba:

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 or 48) hours).

8.1.4 Transportation

8.14.1 General

As transportation occurs under a wide range of temperatures 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

8.1.4.2.1 General

THe form of packaging should be agreed between sender and recipient or, in absence of such an 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-for storage over the estimated period
of fransportation.

8.1.4.2.3 Impact loads and vibrations

a)| Avoid mechanical loads that would distort the shapeZof the 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 a construction that provides sealing to prevent the ingress
of dirt and moisture.

8.2 Safety requirements

THe disk shall satisfy the-requirement of Standard IEC 60950-1, when used in the intended mannef or in any
foleseeable uses in anfinformation system.

8.8 Flammabijlity

THe disk shall be made from materials that comply with the flammability class for HB materials, or|better, as
specified.in Standard IEC 60950-1.
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9 Reference drive

9.1 General

A Reference drive shall be used for the measurement of optical and electrical signal parameters for
conformance with the requirements of this document. The critical components of this device have the
characteristics specified in Clause 9.

_ pog
92 Me Dulclllcllt bUIIUItIUIID

During tests, the disk shall be in a test environment as defined in 8.1.1, unless stated otherwise.

9.3 Oplical system
The basic| set-up of the optical system of the Reference drive used for measuring specified write and repd
parametefs is shown in Figure 5. Different components and locations of components are-permitted, provided
that the pgrformance remains the same as that of the set-up in Figure 5.

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.

is

The optical system shall be such that the detected light reflected from. the Entrance surface of the disk
minimized so as not to affect the accuracy of the measurements.

l1=lat+ by HF read channel

PP read channel

lo=lc+ g
la lo I |1c 1
- 5 (D | sfeieleld Quadrant
Tangential \\J | | photodetector
track I lc
direction

-1 t1 11> pisk

Laser Collimator Polarizing SA  1/4 A Objective

(H | ! L Liki " 1 1
UuiuucT ICTIS DTdAdllr SPICI CUITTULUT plalc 1ICT1S

Figure 5 — Optical system of Reference drive

A combination of polarizing beam splitter and a quarter-wavelength plate shall be used to separate the
entrance light beam, coming from the laser diode, and light beam reflected by the optical disk going towards
the photodetector. The light beam transmitted through the splitter shall have a p-s intensity ratio of at least
100:1.
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The optical beam shall be compensated for Spherical Aberrations (SA) such that these aberrations are
minimized for the thickness of the Transmission Stack of the Recording Layer on which the beam is focused
at the radius where the measurement is to be performed.

During measurements on one layer of a Multi-Layer disk, light reflected from the other layers can influence the
measurements on the layer under investigation. To cope with these effects, the photodetector shall have
defined dimensions. Its length and width shall be smaller than M x 5 ym, where M is the transversal optical
magnification from the disk to its conjugate plane near the quadrant photodetector. For a TL disk or a QL disk,
however, the effect cannot be neglected even if length and width of the photodetector is smaller than M x 5
pum. Therefore observed reflectivity shall be compensated using the procedure shown in B.4.

9.4 Optical beam

THe focused optical beam used for writing and reading data shall have the following properties listed|below:

— Wavelength (A) of the laser beam: (405 £ 5) nm
—{ Polarization: circular
—{ Numerical aperture: 0,85+ 0,01

— Light intensity at the rim of the pupil of the objective lens relative to'the maximum intensity:

— in the tangential direction: (60 £5) %
— in the radial direction: (65+5) %
— Maximum wave-front aberration at the Recording Layet(s): 0,033 x AIrms

(after correction of tilt and spherical aberrations)

— Maximum Relative-Intensity Noise of the laserdiode: —125 dB/Hz

10 xlog ac light power density / Hz
dclight power

— Normalized detector size: S/ M? <25 ym?
(where S is the total surface of the quadrant photodetector)

— Read power for disk-testing (average)

— Layer LO anddiayer L1 for a TL disk: (1,20 £ 0,10) mW
— Layer L2 far-a TL disk: (1,10 £ 0,10) mW
— Layer LOy Layer L1 and Layer L2 for a QL disk: (1,20 £ 0,10) mW
— Layer.:3 for a QL disk: (1,10 £ 0,10) mW

— Write power and pulse shape: see 29.4.2 and Annex F.

9.5 “HF read channel

The HF read channel is provided to supply a signal from which User Data can be retrieved. This signal is
generated by summing the currents from all four elements of the photodetector (la+lp+lc+lg). These currents
are modulated by the user-written information, due to the difference in reflectivity of the Marks and Spaces.

In the frequency range from dc to 44 MHz, the HF read channel, including the photodetectors, shall have a flat
amplitude response within + 1,0 dB relative to its dc gain. The group delay variation shall be maximum 1,5 ns
pp in the frequency range from 6 MHz to 44 MHz.

For measurement of i-MLSE, the characteristics of the signal processing and the PLL, etc. are specified in
Annex H.
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9.6 Radial 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 [(la*+l)—(lc+1q)] 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

9.7 Dis

While its
most of th
as the bot

Clamping

The total ¢

vithin = 1,0 dB relative to their dc gain from dc to 16 MHz.

k Clamping

om Clamping Area (see Figure 6).
shall occur between din =(235+05) mm and douw: = (32,5+0,5) mm.

lamping force shall be F1=2,0 N £ 0,5 N.

barameters are being measured, the disk shall be clamped between two concentricings covering
e Clamping Zone (see 10.6). The top Clamping Area shall have the same inner and-outer diametgrs

In order t¢ prevent warping of the disk under the moment of force generated)by the clamping force and the

chucking
exceed O,

b N (see Figure 6).

The top angle a of the tapered cone for centring of the disk shall be.40,0° £ 0,5°.

out

orce F which is exerted by the tapered cone on the rim of thecentre hole of the disk, F, shall not

it

Figure 6 — Clamping conditions for measurement

it Z

9.8 Rotation of 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 2x Reference Velocity
unless otherwise specified. This corresponds to a Constant Linear Velocity of

7,375

m/s for a TL disk with a User Data capacity of 33,368 GB per layer,

7,690 m/s for a QL disk with a User Data capacity of 32,000 GB per layer.

18

© ISO/IEC 2015 — All rights reserved


https://standardsiso.com/api/?name=43a433c12b486bcd9e252dce9b729005

ISO/IEC 30191:2015(E)

9.9 Normalized servo transfer function

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

3xiw
1l (w 2 1+ w w; K
HN(Iw)=—x[_—0j X —0 x(1+ ,'mj
3 \iw 14 lw iw
3xwy
where:
w=2mxf
wo = 211X fo
Wint = 211X fint
2=-1

K = order of integrator
Hegre fo is the 0 dB crossover frequency of the open-loop transfer function. The crossover frequengies of the
lead-lag network of the servo are given by:
—{ lead break frequency: fi=fo/3
—1 lag break frequency: fo=fox 3

Wing | - . : . .
THe term (1+ I'—”‘] in the formula above represents an integrator function. Such an integrator or pquivalent
w

fupction is used to further reduce of low-frequency components, especially those due to devigtions with
frdquencies equal to the rotational frequency of the disk @r its harmonics.

Al$o, fint is the crossover frequency of the integratorifunction.
Arjother frequency of importance is the frequency fx, at which a sinusoidal displacement with an|amplitude

equal to the maximum allowed residual “tracking error emax, corresponds to the maximum |expected
acgeleration amax. This frequency can belcalculated as follows:

1 |Gmax
f, = — [0
21\ epax

Bgcause the tracking-érror signals from the disk can have rather large variations, the tracking-error|signal fed
into each Referencé-servo loop shall be adjusted to a fixed level (effectively calibrating the total Ipop gain),
which guarantees\the specified bandwidth.

9.10 Measurement Velocities and Reference servos for axial tracking

9.10-1 “General

The applicable Reference servo and conditions for measuring residual axial errors depend on the
Measurement Velocities under testing:

— Measurement Velocities for axial residual errors shall be a half of the Recording Velocities,

— a Reference servo for 1x disks Measurement Velocity refers to 9.10.2 and

— a Reference servo for 2x disks Measurement Velocity refers to 9.10.3.

The servo for all these conditions has the same basic characteristics with, however a modified integrator.

9.10.2 Reference servo for axial tracking at 1x Measurement Velocity

Regarding the open-loop transfer function H(f) of the Reference servo for axial tracking, | 1+H(f)| is limited as
shown schematically by the shaded area in Figure 7:
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Figure 7 — Servo characteristic for axial tracking at\dx Measurement Velocity

The crosspver frequency fo of Hn(f) (see 9.9) used to define the fimits of | 1+H(f) |, is specified by the following
formula. Here amax = 6,0 m/s? is the maximum expected axial ‘acceleration due to local disturbances, and ahax
is multiplied by a factor m = 1,25 for servo margin. The tracking error emax, caused by this m x amax, shall pe
55 nm. THus the 0 dB crossover frequency shall be:

£3,2kHz

1 \/3><m><amax _i\/3x125><6,0

f = 4+— =
° " b 2m\ 55x1072

emax
The integrator shall be first order (K=1)«with a crossover frequency of fi,; = 100 Hz

In thg frequency range 100 Hz to 10 kHz:
dox [1+Hv®| < |LEBH] <1,1 x |1+ Hu()]

In thg frequency rangée-36 Hz to 100 Hz:

4,78
9x |1+ Hny < [1+H®D| < l,1><|l+HN(fim1><(fithj

(@)

In thg frequency range up to 36 Hz:
17°00dB < | 1+H(f)| < 97,0 dB

The frequency fx has the following value: f, = L [Omax 1 /ig ~16 kHz
2m\ ena 2T\ 55%x10°

9.10.3 Reference servo for axial tracking at 2x Measurement Velocity

For the open-loop transfer function H(f) of the Reference servo for axial tracking, | 1+H(f) | is limited as shown
schematically by the shaded area of the Figure 8:
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Figure 8 — Servo characteristic for axial tracking’at 2x Measurement Velocity

THe 0-dB crossover frequency fo shall be 3,2 kHz, théisame as the measurement condition for the 1x
Measurement Velocity.

=

Fgr the maximum residual tracking error of 80 nm (see“11.4.3), this corresponds to an acceleration @
(2w xf,)? _ (2mx32x10°%)?

Oy =~ XEpay == X80 107° =10,8m/s”.
Fgr the maximum residual tracking error ef 110 nm (see 11.4.3), this corresponds to an acceleration|of
2 342
G = —(2"; f) o - (2mx32¥10°)7 3’2 107) 1 110%107° =148m/s? .

THe integrator shall be second-order (K = 2) with the crossover frequency fin: = 200 Hz.
In the frequency range 200 Hz to 10 kHz:

0,9x |1+HvH] < 1+ HM®| <1,1x |1+ Hn(]
In the frequencyrange 66,5 Hz to 200 Hz:

5,36
0,9 X042 + Hn(h | < [1+HMH| < 1,1x[1+ HN(fint)X(fithj

Inthe frequency range up to 66,5 Hz:
|1+H(H | 277 dB

9.11 Measurement Velocities and Reference servos for radial tracking

9.11.1 General

The applicable Reference servo and conditions for measuring residual radial errors depend on the
Measurement Velocities:

— Measurement Velocities for radial residual errors shall be a half of the Recording Velocities,

— a Reference servo for 1x disks Measurement Velocity refers to 9.11.2, and
— aReference servo for 2x disks Measurement Velocity refers to 9.11.3.
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The servo for all conditions has the same basic characteristics, however with a modified integrator.

9.11.2 Reference servo for radial tracking at 1x Measurement Velocity

For the open-loop transfer function H(f) of the Reference servo for radial tracking, \1+H(f)\ is limited as
shown schematically by the shaded area in the Figure 9.

gain (dB)
100
9,0 a
50 N
79,07 77T -

i

i
56,6 f=======——F---- EEEEES

54,9f--=======-F-=--- b \
40 \
20

N
0 \\\\§~__
]

!
1 10 36 100 1x10° 10x10% 100 x10°
frequency (Hz)

Figure 9 — Servo characteristic for radial tracking at 1x Measurement Velocity

The crosspver frequency fo of Hy(f) (see 9.9), which is used to define the limits of | 1+H(f) |, is specified by the
following formula. Here amax = 2,2 m/s? is the worst-case maximum expected radial acceleration due to lo¢al
disturbandes. Here amax is multiplied by a factor m = 1,25 for servo margin. The tracking error emax, caused |y
this m x afax, shall be 16 nm. Thus the«©=dB crossover frequency shall be:

=3,6kH

1 \/3meamax _i\/3x125><2,2

=1l
° " brr 27\ 16x10°°

emax

The integrator shall be fifst order with crossover frequency at finy = 100 Hz

In the frequency range 100 Hz to 10 kHz:
0,9 x|| 1+HN(H | < [1+H®H | < 1,1 x | 1+Hn( |

In thefrequency range 36 Hzto 160 H=

4,78
0,9 x [ 1+HN(M) | < |1+H() | < 1,1x[1+ HN(fim)x(fithJ

In the frequency range up to 36 Hz:
79,0 dB < | 1+H(f) | < 99,0 dB

The frequency fx has the following value: f, _ 1 [Oma _ 1 /Lg ~18 kHz
2\ ena 2T \V16x10°
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9.11.3 Reference servo for radial tracking at 2x Measurement Velocity

For the open-loop transfer function H(f) of the Reference servo for radial tracking, |1+H(f)| is limited as
schematically shown by the shaded area of the Figure 10:

gain (dB)

100

79,0

60

47, 7p-zzzooom-qmooooos
46,0

\

1 10 66,5 200 1x10°% 10 x10®* 100x10°
frequency (Hz)

Figure 10 — Servo characteristic for radialb tracking at 2x Measurement Velocity

20

JRNRE | | IR

THe 0-dB crossover frequency fo shall be 3,6 kHz, the same as the measurement condition for the 1x
Measurement Velocity. For the maximum residual-tracking error of 20 nm (see 11.5.3), this correspgnds to an

(21 xf,)? (212 3,6 x10°%)?
3 CCme T3

THe integrator shall be second order((K= 2) with the crossover frequency at fin: = 200 Hz.

acceleration of a,,,, = x20x107° =34m/s?.

In the frequency range 200-Hz to 10 kHz:
0,9 x | 1+Hn(f) | < [1+HHV < 1,1 x | 1+HN() |

In the frequency range 66,5 Hz to 200 Hz:

5,36
0,9 x | 1+HV@ < [1+HM | < 1,1x[1+ HN(fimXX[fithJ

In thefrequency range up to 66,5 Hz:
|1 M| 279 dB
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10 Dimensional characteristics

10.1 General

Dimensional characteristics are specified for those parameters deemed mandatory for interchange and
compatible use of the disk. Where there is freedom of design, only the functional characteristics of the
elements described are indicated. The enclosed drawing, Figure 11 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 . Area
|_hole | Information Area

Figure 11 — Qverview of disk dimensions
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Detail of smooth transition

T~

1

|
i
i
i
; / dg Information Area Rime Area
| d;
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| | %) _EN 3
| = -L_ . ——
! e—ed e NNE== A
: © \\/ — \
i < & = o)
|
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| 1} < =3 <
: - (D_+ ...... _.._.._.4_.,5“,._ pu pr— /_/_. 7
i . =, | . e —  * — - .. 75”_ _/_/__ .............. 2
| ~ a3
: < / P < d11 <
[Cover Layer
| Entrance surface

Detail of the edge of
Centre hole

Detail of the Protection ring

hl‘

1Q.2 Disk reference planes.and reference axis

Figure 12 — Details of.disk dimensions for Type TL disk and Type QL disk

(Hor Disk reference planes'see also Figure 12, Figure O.2 and Figure 13).

THe Disk reference plane P is the plane determined by the surface of the Clamping Zone (see 10.6) at the

reqd-out side of the.disk.

THe Disk reference plane Q is the plane determined by the surface of the Clamping Zone at the Subgtrate side

of the disk:

THe reference axis A is the axis through the middle of the centre hole, perpendicular to the Disk

planep.

reference

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 es = (100 + 25) ym towards the inside of the disk (see
Figure 12, Figure O.2 and Figure 13).

The Disk reference plane R shall intersect with Recording Layer LO at Layer LO's average position between
radius ra = 23 mm and radius r, = 24 mm (Layer LO is the deepest Recording Layer on a TL disk and a QL

disk).
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<

Iy Recording layer LO
i la Substrate

Cover Layer

Turntable

10.3 Ovg

The overad

FigUre 13 — Details of Disk reference planes P and R and Recording Layer LQ

brall dimensions

Il outer diameter of the disk shall be d; = (120,0 £ 0,3) mm (see Figure 11).

The diamgter of the centre hole shall be d> =15,00'055 mm (see Figure 11).

There sha

The edge
or chamfe
maximum
maximum
The maxin
the highe

Il be no burr on the edge of the centre hole at the read-out side.

of the centre hole at the read-out side is the reference for cehtring the disk and shall be rounded g
red. The rounding radius shall be maximum r. = 0,1 mm. The height of the chamfer shall be

0,1 mm above the bottom surface of the First transition ‘Area. The rounding or chamfer shall be
h1 = 0,25 mm from Disk reference plane P (see detail'in Figure 12 and Figure O.2).

num thickness of the disk is defined as the distance.in the direction of the reference axis A betwe
5t structure protruding from the Entrance surface'of the disk and the highest structure protrudi

from the t¢p surface of the disk.

Maximum
shall be e
disk.

Minimum

Outside tH
mm.

Outside th
mm (see |

The paran

thickness of the disk, including Cover, Layer, Protective Coating and Label printing, at any rad
1 = 1,40 mm for a Type TL disk and:aJype QL disk (see Figure 12). See Annex O for a Type TU
hickness of the disk in the Information Area shall be e; = 0,90 mm.

e Clamping Zone the top-surface may be inside the Disk reference plane Q by maximum h; = (
e Clamping Zone the top surface may be outside the Disk reference plane Q by maximum hz = (
Figure 12).

heters hovand hs are only for a Type TL disk and a Type QL disk.

10.4 Firg

tdransition Area

In the Inner Area inside the Clamping Zone (d < dg) the surfaces may be inside the Disk reference planes P
and Q by maximum hs = 0,20 mm and maximum hs = 0,12 mm, respectively. These surfaces may be uneven
or may have burrs up to maximum h; = 0,05 mm and maximum he = 0,05 mm outside the Disk reference
planes P and Q, respectively (see Figure 11, Figure 12 and Figure O.2).

The parameters hs and he are only for a Type TL disk and a Type QL disk.

26
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10.5 Protection ring

An optional 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

dal

mage to 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. Between d; and diameter d, = 20,5 mm the height of the Protection ring shall be maximum hg = 0,12 mm
above the clamping surface.

Bqg

12).

1@

Th
Th

Figure O.2).

Th

W
W

4 5

.6 Clamping Zone

e inner diameter of the disk Clamping Zone shall be de < 23,0 mm (see Figure 11).
e outer diameter of the disk Clamping Zone shall be d7 = 33,0 mm (see Figure 11, Figure 12 and

e thickness of the disk within the Clamping Zone shall be e; 2120i81%% mm’ (see Figure 12 and Fig

thin the Clamping Zone (ds < d < dv), both sides of the disk shall.be*flat within maximum 0,1 mm.

see Figure

ure 0.2).

thin the Clamping Zone (ds < d < d7), both sides of the disk shall\be parallel within maximum 0,1 npm.

1Q.7 Second transition Area

THe Second transition Area is an area between the Clamping Zone and the Information Area: d; < d < dg (see
Figure 11).

Inthe area, the surface at the read-out side of the disk may be inside the Disk reference plane P by[maximum
he|= 0,12 mm. This surface may be outside.the Entrance surface in the Information Area by maxifum hio =
0,01 mm (see Figure 12 and Figure O.2):

Intthe area, the top surface of the disk-may be outside the Disk reference plane Q by maximum h;; 4 0,2 mm.
THe step from the top surface)in the area to the top surface in the Information Area is his. Th¢ distance
between the start and the 'end diameters of the step is l1. If hige > 0,2 mm, then the slope down [to the top
surface of the Information Area shall be smooth and I, shall be > 1,8 mm as indicated in Figure 12| If the top
surface in the Information Area is stepped down from the top surface in the area, then the step|shall end
within diameters dg.=40,0 mm.

THe parameters-hii, his, I and ds are only for a Type TL disk and a Type QL disk.

1Q0.8 Information Area

10-8-t+-6Generat

The Information Area shall extend from diameter dg = 42 mm to diameter dip = 117 mm (see Figure 11 and
Figure 14).

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

0,

The inner diameter dpz on Recording Layer n shall be dpz,= 48,045?2 mm and the outer diameter dpzo on

Recording Layer n shall be dpzo, < 116,2 mm.

© 1S
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The area between dg and dpz is called the Inner Zone, and the area between dpzo and dg is called the Outer

Zone (see Figure 14).

The total thickness of the disk in the Information Area is as specified in 10.3.

10.8.2 S

The Information Area is used to record the Information Zone, divided.over the three Recording Layers.

The Information Zone is subdivided in the following main parts (see*Figure 15):

On Recorgling Layer LO:

Zone 0
rZone 0

ing Layer L1:

— aOuter Zone 1

— aDath Zone 1

— alnn¢rZone 1

On Recorgling Layer L2

— alnn¢r Zone 2

— aDatp Zone 2

— aLegd-out Zone (©utér Zone 2)
On Layer

of the dis

On Layer

-in Zone (part of the Inner Zone 0)

Figure 14 — Division of Information Area

bdivision of Information Zone on TL disk

Ethe spiral Groove shall run from the outer side of the disk towards the inner side of the disk.

Information Area
Inner Zone Quter Zone |
[ . Information Zone
|
i
i [ ] /]
I
| !
; Lead-in Data Zone Lead-out
! (Lead-out) (Outer)
|
i dDZI
| dozo
! dio

0 and_Layer L2 the spiral Grooves shall run from the inner side of the disk towards the outer sige

28
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Substrate
Recording Layer LO Lead-in Zone | /\ Data Zone 0 | Outer Zone 0
Spacer Layer / \ ——> spiral direction
Recording Layer L1~ InnerZone1 | | |  DataZone1 | Outer Zone 1
Spacer Layer / \ <«<—— spiral direction
Recording Layer L2 Inner Zone 2 | / \ Data Zone 2 | Lead-out Zone

—> spiral direction
Cover Layer

inner side |Optica|| outer side
of disk beam of disk

Figure 15 — Use of Information Area on TL disk

THe Lead-in Zone starts in the area extending from diameter 44,0 mm to diameter 44,4 mm @and shall end at
th¢ beginning of the Data Zone 0 at diameter dpzipo.

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

THe Outer Zone 1 shall start at diameter minimum 117 mm and shall end at)the beginning of Data|Zone 1 at
digmeter dpzo:.

THe Inner Zone 1 shall start at the end of the Data Zone 1 dpz:1 and shall end at the diameter maximum 44,4
mimn.

THe Inner Zone 2 shall start at the diameter maximum 44,4 “mm and shall end at the beginning of the Data
Zdne 2 at diameter dpz».

THe Lead-out Zone shall start at the end of the Data Zone 2 at diameter dpzo2 and shall end ai diameter
minimum 117 mm.

10.8.3 Subdivision of Information Zone,on QL disk
THe Information Area is used to record the Information Zone, divided over the four Recording Layers.
THe Information Zone is subdivided into the following main parts (see Figure 16):

On Recording Layer LO:

— aLead-in Zone (part.of the Inner Zone 0)
—{ aData Zone O

—{ a Outer Zone0

On Recording Layer L1:
— aOuter Zone 1
— a.Data Zone 1

Hlonayr 7ona ]
T ICTZ0TTIC—

On Recording Layer L2:
— alnner Zone 2
— aData Zone 2
— aOuter Zone 2

On Recording Layer L3:

— aOuter Zone 3

— aData Zone 3

— alLead-out Zone (part of the Inner Zone 3)
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On Layer LO and Layer L2, the spiral Grooves shall run from the inner side of the disk towards the outer side
of the disk.

On Layer L1 and Layer L3, the spiral Grooves shall run from the outer side of the disk towards the inner side
of the disk.

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

The Outer Zone 0 shall start at the end of the Data Zone 0 at diameter dpzoo and shall end at diameter
minimum [[I7 mm.

The Outell Zone 1 shall start at diameter minimum 117 mm and shall end at the beginning of Data Zene 1|at
diameter dbzo1.

The Inner| Zone 1 shall start at the end of the Data Zone 1 at diameter dpz: and shall end at the diameter
maximum|44,4 mm.

The Inner|Zone 2 shall start at the diameter maximum 44,4 mm and shall end at_the.'beginning of the Data
Zone 2 at diameter dpz».

The Outefr Zone 2 shall start at the end of the Data Zone 2 at diameter dpzo2, and shall end at diameter
minimum L17 mm.

The Outell Zone 3 shall start at diameter minimum 117 mm and shall end at the beginning of Data Zone 3|at
diameter dpzos.

The Leadtout Zone shall start at the end of the Data Zone_ 3 at diameter dpzz and shall end in the arpa
extending|from diameter 44,0 mm to diameter 44,4 mm.

Substrate

Recording Layer LO Lead-in Zane | [\ Data Zone 0 | Outer Zone 0
—> spiral direction

Spacer Layer

Recording Layer L1 Inner Zone 1 | I \ Data Zone 1 | Outer Zone 1
/ \ <«—— spiral direction

Spacer Layer

Recording Layer L2 Inner Zone 2 | l \ Data Zone 2 | Outer Zone 2
—> gpiral direction

SpacerLayer

Recording-l'ayer L3 Lead-out Zone | I \ Data Zone 3 | Outer Zone 3
<— gpiral direction

Cover Layer

inner side |Optical| outer side
of disk beam of disk

Figure 16 — Use of Information Area on QL disk

10.9 Rim Area

The Rim Area is the area outside the Information Area, starting at dio and extending to the outer diameter of
the disk (see Figure 11).

In the first 0,5 mm of the Rim Area the surface at the read-out side of the disk shall not be outside the
Entrance surface in the Information Area.
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In the remainder of the Rim Area the surface at the read-out side of the disk shall not be outside the Entrance
surface in the Information Area by maximum hiz = 0,05 mm (see Figure 12 and Figure O.2).

In the Rim Area the surface at the read-out side of the disk may be inside the Entrance surface in the
Information Area by maximum his = 0,12 mm (see Figure 12 and Figure O.2).

In the Rim Area the top surface of the disk shall not be outside the top surface in the Information Area by
maximum his = 0,05 mm (see Figure 12).

The parameter his is only for a Type TL disk and a Type QL disk.
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11 Mechanical characteristics

11.1 Mass

The mass

m of the disk shallbe 12g<m <17 g.

11.2 Moment of inertia

The moment of inertia of the disk shall be < 0,032 g-m?2.

11.3 Dyn

The dynar
11.4 Axi

11.4.1 Gso

When me

ata half xf the Recording Velocity, the distance between each Recording Layer and the Disk reference pla

R (see Fi
0,3mmo

Within on
direction d

Due to tk
sufficiently
disturband

11.4.2 Rs

The resid
measured
(displacen
Layer) wit
respective

recommended to measure therésidual axial tracking-error signal in a short period to avoid the deterioration

the read S|

Spikes in
excluded.

The meas|

amic imbalance

hic imbalance of the disk shall be < 2,5 g-mm.

al runout

neral

hsured by an optical system using the Reference servo for axial tracking, and with the disk rotati

ure 12, Figure O.2 and Figure 13) in the direction of the reference-axis A shall be maximum h;
er the entire disk.

f the reference axis A shall be maximum 0,1 mm.

e integrator function in the Reference servo (see 9.10), this component will be suppress

such that the residual tracking errors as defined in 11.4.2 and 11.4.3 are mainly due to lo
es.

sidual axial tracking error for 1x Measurement Velocity

lal axial tracking error of each Recording Layer for frequencies below 1,6 kHz (=fx, see 9.10.
using the Reference servo.for. axial tracking as specified in 9.10.2, shall be maximum 45 n
nent of the objective lens_needed to move the focal point of the optical beam onto the Recordi
h the disk rotating at 1x ‘Réference Velocity, 3,688 m/s for a TL disk and 3,845 m/s for a QL d
ly, and with the read(power at ( 0,70 £ 0,10 ) mW for any layers for a TL and a QL disk. It
fability at 1x Reference Velocity.

the residualraxial tracking-error signal due to local defects, such as dust and scratches, shall

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

ng
he

b Track (one revolution), the deviation of each Recording-Layer from its average position in the

ed
cal

P),
m.
ng
sk
is
of

be

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

The rms noise value of the residual error signal in the frequency band from 1,6 kHz to 10 kHz, measured with
an integration time of 20 ms, and using the Reference servo for axial tracking, shall be maximum 32 nm. The
measuring filter shall be a Butterworth BPF, from f_sqg = 1,6 kHz with slope = +60 dB/decade, to f_3gg = 10 kHz

with slope

32

= —-60 dB/decade.
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11.4.3 Residual axial tracking error for 2x Measurement Velocity

The residual axial tracking error of each Recording Layer for frequencies below 3,2 kHz, measured using the
Reference servo for axial tracking as specified in 9.10.3, shall be maximum 80 nm (displacement of the
objective lens needed to move the focal point of the optical beam onto the Recording Layer) with the disk
rotating at 2x Reference Velocity, 7,375 m/s for a TL disk and 7,690 m/s for a QL disk respectively, and with
the read power (see 9.4).

Spikes in the residual axial tracking-error signal due to local defects, such as dust and scratches, shall be
excluded. For 4x Measurement Velocity local defects that cause large axial tracking errors shall be taken into
acrountas described i -10:

THe measuring filter shall be a Butterworth LPF, with f_34g = 3,2 kHz and slope = —60 dB/decade)

THis means that for frequencies < 3,2 kHz the maximum local acceleration of the Récording Layer in the
diection of the reference axis A will not exceed 10,8 m/s?, see 9.10.3. However;, due to the [additional
regluction of low-frequency components by the second order integrator function the maximum acceleration at
frgquencies below about 400 Hz can reach values up to 45 m/s2.

THe rms noise value of the residual error signal in the frequency band from\3/2 kHz to 20 kHz, measured with
an integration time of 10 ms, and using the Reference servo for axial tracking, shall be maximum 3R nm. The

measuring filter shall be a Butterworth BPF, from f_sqg = 3,2 kHz with slope = +60 dB/decade, to f_sqg = 20 kHz
with slope = —60 dB/decade.

11.5 Radial runout

1145.1 General
THe runout of the outer edge of the disk shall be maximum 0,3 mm pp.
THe radial runout of the Tracks in each Recording Layer (including eccentricity and unroundness) shall be

measured by an optical system using the*Reference servo for radial tracking, while the disk is rotating at a half
of the Recording Velocity.

THe radial runout shall be maximum 75 pm pp.
Dye to the integrator function in the Reference servo (see 9.11), this component will be slppressed
sufficiently such that the_residual tracking errors as defined in 11.5.2 and 11.5.3 are mainly dye to local
digturbances.

THe residual traCking error shall be determined by applying the radial PP read channel (lI1- I2) signpl for both
measurement'\and radial servo control purposes as indicated in Figure 5.

115.2, Residual radial tracking error on 1x Measurement Velocity

The—+esidualradial-tracking-errorineach-RecordingLayertorfreguenciesbelow18-kHz{=+—=see 9.11.2),
measured using the Reference servo for radial tracking as specified in 9.11.2 shall be maximum 13 nm with
the disk rotating at 1x Reference Velocity, 3,688 m/s for a TL disk and 3,845 m/s for a QL disk respectively,
and with the read power at ( 0,70 £ 0,10 ) mW for any layers of a TL and a QL disk. It is recommended to
measure the residual radial tracking-error signal in a short period to avoid the deterioration of the read stability
at 1x Reference Velocity.

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

The measuring filter shall be a Butterworth LPF with f_34s = 1,8 kHz and slope = —60 dB/decade.
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This means that for frequencies < 1,8 kHz the maximum acceleration of the Tracks in the radial direction will
not 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, measured with
an integration time of 20 ms, using the Reference servo for radial tracking, shall be maximum 9,2 nm. The
measuring filter shall be a Butterworth BPF, from f_3ss = 1,8 kHz with slope = +60 dB/decade, to f_3qgz = 10 kHz
with slope = —60 dB/decade.

11.5.3 Residual radial tracking error on 2x Measurement Velocity

The residxllal radial tracking error in each Recording Layer for frequencies below 3,6 kHz, measured using.the
Referencq servo at for radial tracking as specified in 9.11.3, shall be maximum 20 nm with the disk rotating|at
2x Referepce Velocity, 7,375 m/s for a TL disk and 7,690 m/s for a QL disk, respectively, and with 'the repd
power refgrs to 9.4.

Spikes in [the residual radial tracking-error signal due to local defects, such as dust and scCratches, shall pe
excluded.

The measpring filter shall be a Butterworth LPF with f_z¢g = 3,6 kHz and slope = —60_dB/decade.
This meahps that for frequencies < 3,6 kHz the maximum local accelerationyin the radial direction will not
exceed 3,¢# m/s? (see 9.11.3). However, due to the additional reduction of/low-frequency components by the
second-orgder integrator function, the maximum acceleration at frequencies below about 400 Hz can reach
values uplto 15 m/s2.
The rms rjoise value of the residual error signal in the frequencyband from 3,6 kHz to 20 kHz, measured wjth
an integration time of 10 ms, and using the Reference servo for radial tracking, shall be maximum 9,2 nm. The

measuring filter shall be a Butterworth BPF, from f_sqs = 3,6:kHz with slope = +60 dB/decade, to f_3qs = 20 kHz
with slope|=-60 dB/decade.

11.6 Dutability of Cover Layer

11.6.1 Impact resistance of Cover Layer

To prevent excessive disk damage in'case an object lens hits the Entrance surface at the read-out side of the
disk, the qurface of the disk should have a minimum impact resistance. This impact resistance can be tested
by a procgdures described in Annhex L.

11.6.2 Scgratch resistance ©f Cover Layer

To prevemt excessiverscratching, the surface of the disk shall have a minimum hardness. The scrafch
resistanced shall belested by a procedure described in Annex C.

11.6.3 Rgpulsion of fingerprints by Cover Layer

To prevent excessive contamination, the surface of the disk should repel grime as much as possible. The
repulsion of grime shall be tested by a procedure described in Annex D.
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12 Optical characteristics in Information Area

12.1 General

Th

e 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 Layers and all the semi-transparent Recording

Stack | ayer of l ayer | n in case of TS0 _the Caver | ayer and possibly a Pratective Coating)

12

If fhe layers making up the total TS have different refractive indexes, then the procedure @escribed i

sh

Th

12

12

Th
Tr

TH
re

In
ab
ex

.2 Refractive index of the Transmission Stacks (TS)

all be followed.

e refractive index n of the Cover Layer and Spacer Layer of the disk shall be; 1,45<n<1,
.3 Thickness of Transmission Stacks (TS)

.3.1 Thickness of Transmission Stack of TL disks

e average thickness between radius r, and radius r, is called the Reference Thickness of t
ansmission Stack (TS0, TS1 or TS2) on the disk.

e thicknesses of TS0, TS1 and TS2, measured .over the whole disk, shall fulfill the folloy
Juirements.

Figure 17 for reference to requirements a)_tec), the curves show the thickness of equivalent
erration. The ratio of the thickness with arbitrary refractive index n to that with refractive ind
pressed by the approximately by the function of g(n)

g(n) =-1,111 1n® + 5,814 3n? — 9(880 8n + 6,476 0

Fi

requirements f). The actualthickness means its physical value. The effective thickness means
vajue where the refractive.index is assumed to be 1,60.

THe actual thickness of-arbitrary refractive index is converted to an effective thickness of standard
index of 1,60. The defocus values of both the actual and effective thickness are the same. In th
defocus is defined as the focus position movement of the light going through the transparent meg
each thickness’and each refractive index.

THe coéfficient function of f(n) equals tan (6;) / tan (6,), where 6, and 6; are the converging ang
Transmission Stack with each refractive indexes of 1,60 and arbitrary n, respectively. The func

ure 18 shows a coefficientSfunction for converting the actual thickness to an effective thig

h Annex A

he related

ving eight

spherical

bx 1,60 is

kness for

imaginary

refractive
S section,
dium with

les in the

Ton f(n) is

e

a)

b)

pressed by approximately as.

f(n) =-1,088 On® + 6,102 7n? — 12,042n + 9,100 7

The thickness of the TSO (all layers on top of Layer LO) as determined by its refractive inde

x shall be

within the uppermost shaded area in Figure 17 (In case of a refractive index of n, the thickness shall be
between 94,0xg(n) ym and 106,0xg(n) ym, the dashed curve indicates the nominal thickness as a

function of the refractive index),

The thickness of the TS1 (all layers on top of Layer L1) as determined by its refractive inde
within the middle shaded area in Figure 17 (In case of a refractive index of n, the thicknes
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between 69,0xg(n) yum and 81,0xg(n) um, the dashed curve indicates the nominal thickness as a function
of the refractive index),

c) The thickness of the TS2 (all layers on top of Layer L2) as determined by its refractive index shall be
within the lowest shaded area in Figure 17 (In case of a refractive index of n the thickness shall be
between 52,0xg(n) um and 62,0xg(n) um, and the dashed curve indicates the nominal thickness as a
function of the refractive index),

d) The thickness of the Spacer Layerl (S1) sandwiched by Layer LO and Layer L1 shall be between 20,0
pm and 30,0 um,

e) The thickness of the Spacer Layer2 (S2) sandwiched by Layer L1 and Layer L2 shall be between 13,0
pm aphd 23,0 uym,

f)  The thickness differences shall meet the requirement C — (S1 + S2) > 1,0 ym and S1 — S2 > 1,0 um (C,
S1, §2 shall be converted from their actual thicknesses to effective thicknesses by being multiplied [by
coefficient f(n) shown in Figure 18, where the thickness of TS2 equals the Cover Layer thickness (C) ahd
n is the refractive index),

g) The maximum deviation AD of the thickness of TSO and TS1 from their respective Reference
Thickinesses shall meet the requirement |AD| < 2,5 ym, and

h) The maximum deviation AD of the thickness of TS2 from its Reference (Thickness shall meet the
requifement |AD| < 2,0 ym.

12.3.2 Exlample of target thickness of Spacer Layers for TL disks

In mass pfoduction, simple target values for thicknesses are useful.

It is recompmended that following three requirements are fulfilled;, then the requirements a) to f) of 12.3.1 a
always fulfilled for a refractive index of 1,60.

=

e

a) The thickness of the Spacer Layerl (S1) should be (25,0 +2,0) ym.
b) The thickness of the Spacer Layer2 (S2) should be ( 18,0 +£2,0) ym.
c) The thickness of TS2 (=C) should be ( 57,0.£2,0) um.

12.3.3 Thlickness of Transmission Stacks of QL disks

The averdge thickness between radius’23 mm and 24 mm is called the Reference Thickness of the related
Transmisgion Stack (TS0, TS1 ~£S2 or TS3) on the disk.

The thickpesses of TSO, TS}, TS2 and TS3, measured over the whole disk, shall fulfill the following ten
requirements:

In Figure 19 for referénce to requirements a) to d), the curves show the thicknesses having equivalgnt
spherical fberration.vThe ratio of thickness with arbitrary refractive index n to that with refractive index 1,60 is
expressed by approximately the function of g(n).

g(n) +—33r+5814-3p2 5,880 8r—+6-4760
Figure 18 shows a conversion coefficient for converting the actual thickness to an effective thickness for
requirements h). The actual thickness means its physical value. The effective thickness means an imaginary
value when refractive index is assumed to be 1,60.

The actual thickness under arbitrary refractive index is converted to an effective thickness with standard
refractive index of 1,60. The defocus values of both the actual and effective thicknesses are the same. In this
section, defocus is defined as the focus position movement of the light going through the transparent medium
with each thickness and each refractive index.
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The coefficient function of f(n) equals tan(6;) / tan(6,), where 6, and 6; are converging angle in disk Substrate
with each refractive index of 1,60 and arbitrary n, respectively. The function f(n) is expressed by approximately
as,

a)

f(n) =-1,088 On® + 6,102 7n? - 12,042n + 9,100 7

The thickness of the TSO (all layers on top of Layer LO) as determined by its refractive inde

x shall be

within the uppermost shaded area in Figure 19 (In case of a refractive index of n, the thickness shall be

between 94,0xg(n) um and 106,0xg(n) um, and the dashed curve indicates the nominal thick
function of the refractive index).

ness as a

b)

<)

d)

e)

f)

9)

h)

12

The thickness of the TS1 (all layers on top of Layer L1) as determined by its refractive inde
within the second-uppermost shaded area in Figure 19 (In case of a refractive index of @ the
shall be between 78,5xg(n) yum and 90,5xg(n) um, and the dashed curve indicates the -hominal
as a function of the refractive index).

The thickness of the TS2 (all layers on top of Layer L2) as determined by itS-fefractive inde
within the second-lowest shaded area in Figure 19 (In case of a refractive ,index of n, the thick
be between 60,5xg(n) yum and 69,5xg(n) um, and the dashed curve indicates the nominal thick
function of the refractive index).

The thickness of the TS3 (all layers on top of Layer L3) as detérmined by its refractive inde
within the undermost shaded area in Figure 19 (In case of a refractive index of n, the thickneg
between 50,5xg(n) um and 56,5xg(n) um, and the dashed-clrve indicates the nominal thick
function of the refractive index).

The thickness of the Spacer Layerl (S1) sandwiched by-Layer LO and Layer L1 shall be betwee
and 20,5 pm.

The thickness of the Spacer Layer2 (S2) sandwiched by Layer L1 and Layer L2 shall be betwee
and 24,5 uym.

The thickness of the Spacer Layer3 (S3)“sandwiched by Layer L2 and Layer L3 shall be betwee
and 16,5 um.

The thickness differences shall meet the requirement C — (S1+S2+S3)>1,0um, S1-S3>1
—S1>1,0 ym and S3 >-10,0 ym (C, S1, S2, S3 shall be converted from actual thickness t
thickness by being multiplied by coefficient f(n) shown in Figure 18, where the thickness of TS3
Cover Layer thickness,(C), and n is refractive index).

The maximum deviation AD of the thickness of the TS0, TS1 and the TS2 from their respective
Thickness shall)meet the requirement |AD| < 2,5 ym, and

The maximum deviation AD of the thickness of the TS3 from its Reference Thickness shall
requirement |AD| < 2,0 ym.

X shall be
thickness
thickness

X shall be
ness shall
ness as a

X shall be
s shall be
ness as a

n 11,0 ym

n 14,5 um

n 10,0 um

Oum, S2
b effective
bquals the

Reference

meet the

.32 Example of target thickness of Spacer Layers for QL disks

In

mass production, simple target values for the thicknesses are useful.

It is recommended that when the following four requirements be fulfilled, then the requirements a) to h) of
12.3.3 are always fulfilled for a refractive index of 1,60,

a) The thickness of the Spacer Layerl (S1) should be ( 15,5+ 1,5) um,
b) The thickness of the Spacer Layer2 (S2) should be (19,5+1,5) uym,
¢) The thickness of the Spacer Layer3 (S3) should be (11,5+ 1,5) ym,
d) The thickness of TS3 (=C) should be (53,5+1,5) um.

© ISO/IEC 2015 — All rights reserved
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Thickness of the Transmission Stack (um)
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Refractive index of the Transmission Stack

gure 17 — Thickness of the Transmigsion Stacks as a function of the refractive index
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Figure 18 =-Ratio of effective thickness with refractive index 1,60

Refractive index of Spacer Layer

and that with arbitrary refractive index n
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Flgure 19 — Thickness of the Transmission Stacks as a function of the refractive index

12.4 Refjectivity of Recording Layers

The reflectivity of each Recording Layer in the\lnformation Zone, including the transmission through the Coyer
Layer, shall fulfil the following requirements under the measurement conditions of Annex B:

— in Unfecorded Virgin Groove:

— df Layer LO and Layer L1 of a TL disk / Layer LO, Layer L1 and Layer L2 of a QL disk:
Rgv=1,8t04,0%
— df Layer L2 of a TL disk / Layer L3 of a QL disk: Rgv=2,0t04,0%

— in Regorded Groovel

— df Layer LO and' Layer L1 of a TL disk / Layer LO, Layer L1 and Layer L2 of a QL disk:
Rsn = 1,6 t0 4,0 %
— df LayerL2 of a TL disk / Layer L3 of QL disk: R =1,8104,0%

— at eaghlecation on the disk: 0,75 X Rg.y < Rgn < 1,25 x Rg.y

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<1,5x 10

The perpendicular birefringence of the Transmission Stacks shall be (see Annex J): An1<1,2 x 1073
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12.6 Angular deviations

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 includes deflections of the Entrance surface and to lack of parallelism of the Cover Layer and/or

Spacer Layers (see Figure 20).

Cover Layer

Substrate Recording Layer

Read-out
Surface

é Reflected beam

Incident beam
Figure 20 — Definitionvof angular deviation

THe requirements for the angle a are:

— In the radial direction
— under the normal test conditions.spéecified in 8.1.1: |almax. = 0,60°.
— under the “sudden change” test.conditions specified in 8.1.1:  |a]jmax. = 0,70°.

—{ In the tangential direction
— under the normal test-eanditions specified in 8.1.1: |ajmax. = 0,30°.

© ISO/IEC 2015 — All rights reserved
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13 Data Format

13.1 General

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 21).

User Data User Control Data
32 frames 32 Sectors 32 units
x 2 048 bytes x 18 bytes
v
Data Frame
32 frames
x(2 048 bytes Data
+4 bvtes EDC)
v
Scrambled Data <_Phys. Sector Number
Frame J:L
32 frames Addr. Unit Number
x 2 052 bytes 16 addresses
x 9 bytes
\ 4 4 A 4
Data Block Aceess Block
304 columns 24 columns
216 rows 30 rows
v v
LDC Block BIS Block
304 columns 24 columns
216 rows data 30 rows data
32 rows parity 32 rows parity
v v
LDC Cluster. BIS Cluster
152 columns 3 columns
496.rows 496 rows
/ 7 7
v v X 4 X 4 X
LDC BIS LDC BIS LDC BIS LDC 496 rows divided in
16 Address Units
38col. fcol.| 38col. [1col| 38col. [1col| 38col of 31 rows each
ECC Cluster
(1 [~ =~raYalll |mne)
frame
dc dc dc 496
sync| datal oot data oo data | oont| | Recordina
20 25 1 45 1 45 1 Frames

Physical Cluster
(1 932 Channel bits

=1 288 data bits)

Figure 21 — Schematic representation of encoding process
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They are transferred successively into:

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 Recordable system, are transferred successively into:
An Access Block, a BIS Block, and a BIS Cluster.

The LDC Cluster and the BIS Cluster are multiplexed and modulated into:
An ECC Cluster, subdivided into 16 Address Units, and

A Physical Cluster, consisting of 496 Recording Frames.

TH
Wi

Th

Al

e data on BD Recordable disks is recorded in 64K partitions, called Clusters, containing 32:Da

h 2 048 bytes of User Data. These Clusters are protected by two error correction mechanisims:

a Frames

First the data is protected by a Long Distance (LDC) Error-Correction Code , consisting of (248,216,33)
Reed-Solomon (RS) code words. This code has ample parities and interleaving leéhgth with a gqod overall
efficiency, and can correct both random errors and burst errors.

Secondly, the data is multiplexed with a powerful Burst Indicator Subeode (BIS), which ¢

(62,30,33) Reed-Solomon (RS) code words. These BIS code-wordsy\carry addresses for
purposes and Control Information belonging to the User Data. They-can also be used to indicate long
burst errors, by means of which the LDC can efficiently perform erasure corrections.

e combination of these two codes is called an “LDC+BIS Code*(see Figure 22).

the data is arranged in an array as indicated in Figure 22:This array is read in the horizontal dirg

pnsists of
allocation

ction, row

affer row, and recorded on the disk after insertion of additiehal d.c. control bits, modulation, and ifsertion of

Synchronization patterns.
THe Error-Correction Codes are applied in the vertical direction, which gives a good basic break-up of burst
erfors on the 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
) Do evee Da7 Bo Dsg ...... D7s | Bi | D7....Diz | B2 | Diga...Dist || T
D152 Dlgg Bg Dlgo ...........
Address|| 31
Unit Of| rows
{
data stream
496 \
rows on disk
T
Address|| 31
Unit 14 | rows
{
T
Address| 31
Unit 15 | rows
\L ....... D75 391 J,

Figure 22 — Schematic representation of Physical Cluster on disk
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Address Units, Physical Sectors and Logical Sectors

Address Units:

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 Frmmﬂmmmﬁwm-mﬁmﬂqer
the disk (ihcluding the Inner and Outer Zones) are called Physical Sectors. All Physical Sectors have avittyal

number apsigned, called the Physical-Sector Number (PSN). These PSN'’s are not recorded onto_the disk;
however they are synchronized with the AUN’s.

Logical Sectors:
Not all Physical Sectors are available for storage of User Data delivered by the applicationfor-host. The Inrner
and Outef Zones are excluded. The remaining Sectors are available for storing User(Data and are called
Logical Sqctors.

13.2 Data Frame

A Data Frame consists of 2 052 bytes: 2 048 bytes of User Data and 4 bytes of Error-Detection Code (EDC).
The 2 048 User Data bytes are identified as udo to udz 047 and the 4\EDC bytes as ed: oss t0 €dz os1 (Spe
Figure 23).

T Udo T
2048
User Data :
bytes : 2052
J udz 047 bytes
T ed2 048
4 ed2 049
EDC bytes edz2 os0
»1/ ed; os1 ~L

Figure 23 — Data Frame

13.3 Errpr-Detection Code (EDC)

The 4-byt¢ field edzess't0 €d2 051 Shall contain an Error-Detection Code computed over the 2 048 bytes of User
Data. Corjsidering:the Data Frame as a single-bit field, starting with the most-significant bit of the first Uger
Data byte| (udo)iand ending with the least-significant bit of the last EDC byte (ed: 0s1), then the msb will pe
bis 415 and| the Isb will be bo.

Each bit bi of the EDC is shown as follows for i = 0 to 31:

EDC(x)= 3 by =I(x)modG(x)

1=31

32
where 1 I(x)= D bix' and  G(x)=x¥+x%+x* 41
i=16 415
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.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 24, in which bits s7 (msb) to so (Isb) represent a scrambling byte at each 8-bit shift.

The heart of the circuit is a Linear-Feedback Shift register (LFSR) based on the polynomial

D(x) = x26 + x1° + xB3 + x*+ 1.

He

is pet to S15 @ S14 @ S12 @ S3 (D stands for Exclusive-Or).

At
Wi

Th

Af
05
Th

re sp to s15 form a 16-bit shift register. At each shift clock the content of sa shifts to sn+1 (N = 0.¢14

the beginning of the scrambling procedure of each Data Frame, the shift register sot0"s15 shall

s1s shall be set to ONE,
S14 .. So shall be set to PSi9 .. PSs of the PSN (see Figure 24).

e 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
S S S S S S S S| |SIS S
3 2 2 1 I 1 8 7 54 0
1 4 3 9 6
ONE \\
llel j YYVYYYVYVYYN
aralle .
Irz)ad —»ii i s|slslslsls|s|s [« shiftclock
| AN N
NN N

Figure 24 — Scrambler circuit
er loading the*preset value, s7 .. So are taken out as scrambling byte So. Then an 8-bit shift is 1
1 times and\the following 2 051 bytes are taken from sy .. Sp as the scrambling bytes Si to Sz os1.
e 2 052 bytes ud/edx of the Data Frame become scrambled bytes dk where:

dk = ud/edk ® Sk fork =0to 2 051; ® stands for Exclusive-Or.

), while so

be preset

h a value derived from the (virtual) Physical-Sector Number (PSN) associated withsthe Data Ffame (see
Clause 17). The 16-bit preset value shall be composed in the following way:

epeated 2

© ISO/IEC 2015 — All rights reserved

45


https://standardsiso.com/api/?name=43a433c12b486bcd9e252dce9b729005

ISO/IEC 30191:2015(E)

13.5 Data Block

In the next step, 32 Scrambled Data Frames (F = 0..31) are combined into one block of data (see Figure 25).

«— 32 Frames -
0 1 F 31
0 do,o do.1 doF do31
dio dis dir diz
2 052 : : :
bytes : : :
d2 050,0 d2 050,1 d2 o50,F d2 050,31
J d2 051,0 d2051,1 d051,F 02 051,31

Figure 25 — 32 Scrambled Data Frames

These data are rearranged into an array of 216 rows x 304 columns by dividing each Serambled Data Frame
into 9,5 cglumns as shown in Figure 26. This new array is called a Data Block. It should be noted that every
even Scrgmbled Data Frame ends halfway down a column, and every odd Scrambled Data Frame stafts

halfway a [column.
«— 304 columns -
0 1 9 10 18 19 303
T do,o d216,0 019440 | Giosa 61 836,1 do,2 d1 836,31
dio d217,0 Odios50 | 1091 d1837,1 di d1 837,31
: : : d2 050,0
D16 : : : d2051,0
fows : : : do,1
. . di1
: dio6,1
{ d215,0 da31,0 dio7,1 O3231 O20511 | doais2 d>2 051,31

Figure 26 — Composition of Data Block from 32 Scrambled Data Frames

13.6 LDC Block

The bytes| in each column_of the Data Block are renumbered as shown in Figure 27 starting from the top|of
each column as followsieoL eiL .. €iL .. t0 €251, in which L represents the code word number (= the column
number: Jto 303).

The LDC| Block is completed by extending each of the columns with 32 Parity bytes according to| a
(248,216,33)Lhong-Distance RS Code. The Parity bytes are numbered: p2isL P217.L .. PjL .. 1O P2a7.L.
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«— 304 columns -
Code word | Code word Code word Code word | Code word
0 1 L 302 303
T T €0,0 €o0,1 €o.L €0,302 €0,303
216 €10 €11 el €1,302 €1,303
rows €20 . . . .
with :
1LDC data :
code-word \ €215, €151 €215, €215,302 €215,303
=248 T P216,0 P216.1 P21, P216,302 P246,3p3
bytes 32 . . . . -
rows
with
parity : :
y 5 P247,0 P247,1 P247,L Pzaz:302 P247,3p3
Figure 27 — 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(28). The non-zero elements of the|finite field
GF(28) are generated by a primitive element a, where a is a rootofithe primitive polynomial p(x):
pxX)=x+x*+x3+x2+1
THe symbols of GF(28) are represented by bytes (groups-of 8 bits), using the polynomial-base reprgsentation,
with (a7, a®, @, .., @2, a, 1) as a basis. The root a is_thus represented as:
a = 00000010
Edch LDC code-word, represented by the-vector lgc = (€oL .. €L .. €215L PatsL .. PjL -- P2arL), if & Reed-
Sdlomon code over GF(28), having ,32-parity bytes and 216 information bytes. Such a code word can be
represented by a polynomial l4c(X) of\degree 247 (possibly having some coefficients equal to zero), where the
highest degrees correspond to‘the information part of the vector (eoL .. etc.) and the lowest degrees
correspond to the parity part of the vector (pzis.L .. €tc.).
lac[X) is a multiple of the generator polynomial g(x) of the LDC code-word. The generator polynomial equals:
31 _
g(x):H(x—a').
=0
THe LDE.Is systematic: the 216 information bytes appear unaltered in the highest-degree positions of each
code word. The parity-check matrix Hypc of code lyc is such that:

Hipc X lgc' = 0 for all LDC code-words lgc

The second row hypc 2 of the parity-check matrix H pc, 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 hpc 2 of the parity-check
matrix Hipc is given by:

© 1S

hioc 2 = (6247, 2% .. @2, a, 1)
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13.8 LDC Cluster

13.8.1 General

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 interleaving step

and 496 rgws.

Each new|column is formed by multiplexing each even column from the LDC Block with the next odd column.
The new ¢olumn is filled by taking the first byte from the even LDC Block column, then the first byte from the
odd LDC Block column, next the second byte from the even LDC Block column, followed by the-second byte
from the odd LDC Block column, etc. as shown in Figure 28.

«— 152 columns —
0 151
T €0,0 €0,2 €0,302 T
€01 €0,3 €0,303
432 €10 €12 €1,302
rows €11 €13 €1,303
with :
data
€215,0 €215,2 €215,302
J €2151 €2153 €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 P2178 P217,303
with : : :
parity
P247,0 P2472 P247,302
\ P247,1 P247,3 P247,303 \

13.8.3 Se

To reducs
additional

All rows o

cond interleaying step

the influence of error propagation and further improve the burst-error correcting capabilities,

Figure 28 — First step of interleaving

interleaving is introduced.

af)LDC Block, resulting from the first interleaving step, shall be shifted over mod (k x 3, 152) bytes

to the left, where k = div (row_number,2), 0 < row_number < 495. The bytes that shift out at the left side are
re-entered in the array from the right side (see Figure 29).

After this process the bytes are renumbered in the horizontal direction through all the rows resulting in the
numbering Do to D7s 391 as indicated in Figure 22.

48
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<« 152 -
bytes

< shift €0,0 ed» €0,300 €0,302

0 €0,1 eds €0301 | €0,303

<« shift €16 els €1300 | €130p €10 €12 €14

3 €17 €19 . €1,301 €1,308 €1,1 €13 €15

« shift €212 €2)14 | €2302 €2 €22 €24 €26 €28 €2,10

6 €213 €2)15 - | €2303 €271 €23 €25 €27 €29 €211
« shift €50300 | €sofzo2 | €500 |... €50,298
150 €s50301 | €sozos [ €s01 ... €50,209

< shift €51,2 €s)4 €51,300 | €51302 | €510

1 €51,3 €55 e e €51,301 [ €51,303 €51,1

<« shift
mod(kx3, 152)
« shift 130 | pass260 | P2ad262 P246,302 | P24so |... P246,258
P246,261 | P244,263 ‘e P246,303 | P2461 | .-- P246,259
< shift 133 P247,266 | P247,268 .- | P247,302 | P247,0 P247,2 P247,4 P2476 |--- 247,264
P247,267 | P247,269 .| P247,303 | P2a7a P247,3 P2475 P2477 | .-- 247,265
Figure 29 — LDC Cluster
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13.9 Addressing and Control Data

13.9.1 General

For the pu
13.9.2 Ad

13.9.2.1

rpose of accessing the data on the disk, addressing and Control Data is included.
dress Units

General

For positi
subdividin
placed in

Each Add
— 4 byt
— 1 byt
— 4 byte

bning the optical head onto the desired Track, a fast addressing mechanism is implemented
g the 64K Physical Clusters into 16 Address Units. Each Address Unit contains an address; 'which
buch a way into the BIS code-words (see 13.11) that it can be accessed quickly (see Figure 30).

ess Field consists of 9 bytes:
s partially for, modified and inverted, Address-Unit Number (see 13.9.2.2)
for flag bits

s for error correction
«— 16 addresses -
0 1 : S : 15
0 AFoo AFo 1 : AFb4 : AFo.15
Address AF1 AF11 : ; : AF115
Unit Numbers : : _ : : .
9 AF3p AF31 : AF3s : AF315
)ytes Flag bits AF410 AF411 5 AF4,S . AF4V15
AF5,0 AF5,1 . AF5,S . AF5V15
Parities : : : : : :
J AFsgpo AFg( : AFgs : AFs 15

13.9.2.2

Before de
and parity

PAFos =M

PAFys =2
PAF,s = 3
PAFss = Ll
PAF,s = fl

Figure:30-— 16 Address Fields

Byte assignments for Address Fields

5cribing Address Fields, Primary Address Fields, which consists of Address-Unit Number, flag b
bytes, are defined as following (see Figure 31).

AU26,AU25)
nd SB of the-Address-Unit Number
4 SB of the) Address-Unit Number
SB of the* Address-Unit Number
ag bits:  These bits can be used to indicate status of individual Data Frames in a Cluster or can

SB of the Address=Unit Number with modified bit order as (AU31, AU30, AU29, AU28, AU24, AU2

9%
is

its

71

be

used to hold other information, such as an address. The basic format for assigning some

of

these Tlag DITS IS specified In 15.9.2.4. Flag DItS not used shall be set 10 ZERO.

PAFss .. PAFg s = parity bytes for forming an (9,5,5) RS code over the Primary Address Fields.

This RS code is defined over the finite field GF(28). 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):

px) =xB+x*+x3+x2+1

The symbols of GF(28) are represented by bytes (groups of 8 bits), using the polynomial-base representation,
with (a’, a®, a5, .., @?, a, 1) as a basis. The root a is thus represented as:

50
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a = 00000010

Each Primary Address-Field Code word (PAFC), represented by the vector pafc = (PAFos .. PAFis .. PAFgs),
is a Reed-Solomon code over GF(28), having 4 parity bytes and 5 information bytes. Such a code word can be
represented by a polynomial pafc(x) of degree 8 (possibly having some coefficients equal to zero), where the
highest degrees correspond to the information part of the vector (PAFos .. etc.) and the lowest degrees
correspond to the parity part of the vector (PAFss .. etc.).

pafc(x) is a multiple of the generator polynomial g(x) of the Primary Address-Field Code word. The generator
polynomial equals:

3
90 =[ J(x-ah
i=0
THe Primary-Address-Field Code is systematic: the 5 information bytes appear unaltered in th¢ highest-
degree positions of each code word. The parity-check matrix Hearc of code pafc is.such that:
Hparc x pafc’ = 0 for all Primary Address-Field Code words pafc
THe second row hparc 2 Of the parity-check matrix Hearc corresponding to the zero a of the |generator
palynomial g(x), defines the code word positions to be used for error focations. This second row hpArc 2 of the
parity-check matrix Hparc is given by:

hparc2 = (08, a” .. a2, a, 1)

Address Fields are defined as following by partially inverting Primary-Address-Fields.

ARos = PAFgs
AH1s = PAF;s
AHR2s = all bits inversion in PAF; s
AHR3s = all bits inversion in PAF3s
AHRss = PAFss
ARss = all bits inversion in PAFs s
ARes = all bits inversion in PAFe s
AR7s = PAF7s
ARss = PAFgs

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-byte
Address-Unit Number (AUN).

THe Address-Unit Numbers shall be derived from the Physical-Sector Numbers (PSN) as defined in Figure 31.

THe Address-Unit Numbers increase by two for each successive Address Unit, for reasons of synchronization
with(the PSNs (see Clause 17).

The Address-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 10 00 00h (1 048 576 decimal).

The last Address-Unit Number in Data Zone 1 will be 03 EF FF FEh (66 060 286 decimal).
The first Address-Unit Number in Data Zone 2 will be 04 10 00 00h (68 157 440 decimal).

If a QL disk is considered, the last Address-Unit Number in Data Zone 3 will be 07 EF FF FEh (133 169 150
decimal).
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The bits of the Address-Unit Numbers shall be set as follows.

52

AUs; .. AUs shall be a copy of PSs; .. PSs from the PSNs.
AUy .. AU; shall count from 0 to 15 inside the Physical Cluster.

AUp shall be Reserved.

7 MSB £SB
P P P P P P P PlP P
s s s s s s s s|s s
3 2 2 1 1 8 7 5|4 0
3 I g .
In Cluster o
count RO
Address Unit Number (
Y V¥V Y VYV VY l l l l
A AlA JAJA|A A A A A A AlA AlA
u ufufululu U u u u u ulu ulu
3 212 12]12]2 2 1 1 8 7 544 110
1 8 |7 [6]5]4 3 6 5
m | m | m m |
B B B B B B B B
PAFos PAF1s PAF3g PAFas
flag bits {>C
A
4 N\
PAF,s
parity bytes Primary AddressField
r A hY
PAFss PAFss PAF;s PAFgs
]
Address Field
AFos
AFis
AF.s
AFss
AFss
AFss
AFes
AF;s
AFgs

Figure 31 — Composition of AUN’s, Primary Address Field and Address Field from PSN’s
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13.9.2.4 Assignments for flag bits

St
Ad

Bi

Bi
Fr

Bi

13

E3
fol

Bit b7 bs bs b4 b3 b, b1 bo

Byte

AF4s
AF40 Sao1 Saia Saoo Saip Rsv Rsv Rsv Rsv
AF41 Sazi Sasz; Sazo Saspo Rsv Rsv Rsv Rsv
AFs> Sass Sas; Sasn Sasg Rsv Rsv Rsv Rsv
AF43 Sae 1 Sari Saso Saro Rsv Rsv Rsv Rsv
AF44 Sasg 1 Sag 1 Sasgo Sago Rsv Rsv Rsv Rsv
AF4s Sap: | Sai1 | Sawo | Saioe Rsv Rsv Rsv Rsv
AFa4p Sain1 Saiz1 Saizo Saisp Rsv Rsv Rsy Rsv
AF47 Sais1 Sais1 Saia0 Saisp Rsv Rsv Rsv Rsv
AFa4g Saie1 Sai71 Saiso Sai7,0 Rsv Rsv Rsv Rsv
AFa49 Sais1 Saig,1 Saiso Saie0 Rsv Rsv Rsv Rsv
AFs10 | Sazo1 | Sazi | Saxo | Saio Rsv Rsv Rsv Rsv
AF411 Saz1 Sazs1 Saz Sazsp Rsv Rsv Rsv Rsv
AF412 Sazs1 Sass,1 Sazsp Sazso Rsw. Rsv Rsv Rsv
AF4.13 Saze 1 Saz71 Sazs0 Saz7o Rsv Rsv Rsv Rsv
AF414 Sazs1 Sazg1 Sazso Sazgo Rsv Rsv Rsv Rsv
AF415 Sazo1 Sazii Sazoo Sasid Rsv Rsv Rsv Rsv

Rsv: Reserved unless otherwise specified by the Application.
Figure 32 — Flag*bits from 16 Address Fields

atus bits Saij (0 <i< 31, 0<j<1): Because each Cluster contains 32 Data Frames and there &
dress Units, each such Address Unit-has to hold the flag bits for 2 Data Frames (see Figure 32).

b7 and bit bs of successive flag. bytes AF4s are defined as status bits Sazs1 and Sazs for Data Fr

be and bit bs of the sucCessSive flag bytes AF4s are defined as status bits Sazs+1,1 and Sags+1
hme 2S+1.

bs to bit by of all flag bytes AF4 s are Reserved unless otherwise specified by the Application.

.9.2.5 Usage of status bits Sai,

ch pair of status bits Sai 1/Saip is used to indicate the status of an individual Data Frame in a ClI
owing' settings are defined:

re only 16

ame 2S.

b for Data

uster. The

Sai1/Saip = 00: the Data Frame contains general User Data,
Sai1/Saip = 11: the Data Frame contains Padding data inserted by the drive to complete Clust
recording them onto the disk,
other : Reserved unless otherwise specified by the Application.

ers before

In the User-Data Area, the status bits Sai 1/Saio shall be set to 11 in Data Frames that have been inserted by
the drive to complete Clusters before recording them onto the disk (Padding).

In other cases, where the data for Data Frame i is supplied by the host, the status bits Sai 1/Saio shall be set
to 00.

© 1S
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13.9.3 Us

er Control Data

For accessing the 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 33).

«— 32 Units N
0 1 S 31
0 UCoo UCo.1 UCo,s UCo31
UC10 UC11 : UCq 31
18 bytes : : :
\’ UCi170 UCi71 UC17s UCi7.31

13.9.4 By

The User
bytes shal

te/Bit assignments for User Control Data

be set to 00h.

54

Figure 33 — 32 User-Control-Data Units

Control Data bytes are Application dependent. If this setting is not specified by the Application these
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«— 24 columns -
T AFo,0 AF10 AF20 AFo7 AF17 AF27 AFos AF16 AF26 AFos AF{1 AF11 AF21 T
6 rows AF(),s AF1,8 AF2,8 AF0115 . . AF0,14 . . AF0,13 AF{ 9 AF1,9 AFz,g
with AF41 AFs 1 AF3; AFa0 AFs AF3o AF. 7 AFs 7 AF; 7 AF.6 AF4> AFs, AF3,
Physical AF49 . . AF,g AFsg AF3g AF415 . . AF4 14 AF 40 AFs 10 AF310
Addresses Angz AFe,z AF7,2 AFg,l AFe,l AF7,1 AFs,o AFs,o AF7,0 AF3,7 AF4 3 AF6,3 AF7,3
J AFs 10 : : AFgg : : AFgg AFes AF7s AFg 18 AFsgl11 AFe 11 AF711
0 UCo, UCe,1 UCyop UCo.4 : : : : : : UC12.30
UCi7,2 UC17.30 30
24 rows UCo3 UCo .31 rows
with : : :
User UCi71 =
Control UCo> UCo.30
Data : : : .
UCi70 UCi74
UCo.1 UCos
N UCs 1 UC11 UCi73 UCi1130 | UCi731 N
Figure 34— Composition of Access Block
(from 16-Address Fields and 32 User-Control-Data Units)
55
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13.10 Access Block

The data for the Address Fields and User-Control-Data Units is mapped into an array of 30 rows x 24 columns,
that is called an Access Block.

Because of the need for a fast access of the Address Fields, the data for these Address Fields is mapped in a
special pre-interleaved way.

The 9 bytes of each of the 16 addresses (see Figure 34) are grouped into three groups of 3 bytes.

The three| groups of bytes of each of the addresses 0 to 7 are placed in the Access Block in a diagonal
direction ip the first, third and fifth row, starting with address 0 and each successive address shifted cyclicglly
three positions to the left (see Figure 34).

The three|groups of bytes of each of the addresses 8 to 15 are placed in a diagonal direction.in)the second,
fourth and sixth row, starting with address 8 and each successive address shifted cyclically. three positions|to
the left.

—

Within eag¢h group of bytes in the third and fourth rows, the bytes are shifted cyclically 'to’the left over one byte
position.

Within ea¢h group of bytes in the fifth and sixth rows, the bytes are shifted-eyclically to the left over 2 byte
positions.

Mathematjcally, this mapping of the address bytes into the Access Block can be represented by the following
formulae:

byte AkFxy 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}

The User{Control-Data Unit is placed in the column direction, whereby each User-Control-Data Unit only f
¥ of a colimn (4 User-Control-Data Units in 3 full columns; see Figure 34).

S

13.11 B|S Block

The bytes|in each column of an Access'Block are renumbered as shown in Figure 35 starting from the top|of
each column as follows: boc bic «hi€ .. to bagc, where C represents the code word number (= the column
number: Qto 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: pbsoc pbaic.. pbjc .. to pbesc.
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« 24 columns N
Code Code Code Code Code
word word word word word
0 1 C 22 23
T T bo,o bo,1 bo,c bo,23
b1, b1 bic b123
Information bn.c
1BIS bytes : : : :
code-word J b2e.0 b2o.1 bag.c b20 .43
= 62 bytes T pb 30,0 pb 30,1 pbzo0,c pb 30]23
32 : : : :
Parity : : : :
. byies pbe1o pbe11 pbeic pb 61f23

Figure 35 — Renumbering data bytes and forming BIS,Block by adding parities

13.12 BIS code-words

e BIS RS code is defined over the finite field GF(28). The\non-zero elements of the finite field
nerated by a primitive element a, where a is a root of theé. primitive polynomial p(x):

TH
g€

PX) =xB+x* +x3+x%2+1

TH
Wi

e symbols of GF(28) are represented by bytes(groups of 8 bits), using the polynomial-base reprg
h (a’, a5 d®, .., @? a, 1) as a basis. The 100t a is thus represented as:

a = 00000010

ch BIS code-word, represented by the vector bis = (boc .. bic .. baec pbaoc .. pbjc .. ph
ed-Solomon code over GF(2%), having 32 parity bytes and 30 information bytes. Such a code wq
presented by a polynomial bis(x) of degree 61 (possibly having some coefficients equal to zero),
hest degrees correspond to the information part of the vector (boc .. etc.) and the lowes
Frespond to the parity-part of the vector (pbsoc .. etc.).

E3
R¢
re
hig
co

q

big(x) is a multiple of the generator polynomial g(x) of the BIS code-word. The generator polynomial

31 )
g0 (x-a)
i=0

5F(28) are

sentation,

61,C), IS @
rd can be
where the
t degrees

pquals:

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 bisT = 0 for all BIS code-words bis

The second row hgs 2 of the parity-check matrix Hgis 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 2 of the parity-check

matrix Hgs is given by:

heis2 = (a®, a® .. @?, a, 1)

© ISO/IEC 2015 — All rights reserved
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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 22. 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 36).

The essentials of the BIS interleaving scheme are the following (see Figure 35, Figure 36 and the examples in

Figure 37

58

Each

The ¢
into U

The 3

whergby the Units are used in reverse order (according to their numbering).

The f
which

(o)

3

Now,
shifte

For th

AN Figure 38):

nits 8 to 15.

-byte groups from an even row of the BIS Block are placed each in the same row of Units O to
rst 3-byte group of each successive row of the BIS Block shall be-placed in a Unit with a numl
is one higher than the start Unit used for the previous row:

pbw N = 0 of the BIS Block is placed on rows r = 0 of Units: 0,7,6,5,..,2,1
pbw N = 2 of the BIS Block is placed on rows r = 1 of Upits: 1,0,7,6,..,3,2
bw N = 4 of the BIS Block is placed on rows r = 2:f Units: 2,1,0,7,..,4,3

tc., this process is repeated cyclically until row N=60, which is placed on rows r = 30 of Units: 6, 5
, ., 0,7

within each Unit, each row r is shifted cyclically to the right by mod(r,3) positions: sorowr =0 is 1
H, 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.

e odd rows of the BIS Bloek.the same kind of procedure is followed, but then using the Units 8 to

row of a BIS Block is split into eight groups of 3 bytes. These 3-byte groups are each placedjin ohe
row of the BIS Cluster.

ven rows of the BIS Block are mapped into Units 0 to 7, the odd rows of the BIS Block are mapped

71

er

ot
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«— 3 -
columns
T T Bo Bs B2 ) )
31 : : : |
> Boao Bo1 B2 |
0 Bos Boa Bos |
31 . . . |
; |
|
|
Ju
) T
496 | 16
rows 31 e Ir Uhits
rows | «—>
J
T
31
\ | B1 487 {

Figure 36 =<BIS Cluster

Mathematically, the mapping of the bytes from @;BIS Block into a BIS Cluster can be represented by the

following formulae:

Byte bn.c or pbnc (see Figure 35) is placed

—{ in Unit u = mod{[div(N,2) £ 8= div(C,3)],8} + 8 x mod(N,2)

— onrow r = div(N,2)

— incolumn e =mod{[C +v(N,2)],3}

THe byte number m, giving~the sequence number Bm as the Physical Cluster is written to the
Figure 22), is

m=(ux3LAr)x3+e.

© ISO/IEC 2015 — All rights reserved
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byte number N,C from BIS Block shift right filling in upward direction
(= mod(r,3))
columne
Unitu row r 0 1 2
0 0 0,0 0,1 0,2 0 start of Block row N = 0
1 2,5 2,3 2,4 1 T continuation of Block row N = 2
2 4,7 4.8 4,6 2
3 6,9 6,10 6,11 0
7 14,23 14,21 14,22
8 16,1 16,2 16,0 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 Block row N 772
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 endrof Block row N = 2
2 4,1 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 Q
1 2,20 2,18 2,19 4
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 4,13 4,14 4,12 2
7 0 0,3 0,4 0,5 0 1 continuation of Block row N = 0
1 2.8 2,6 2,7 1 1 continuation of Block row N = 2
2 4,10 4,11 4,9 2
7 14,2 14,0 14,1 1 start of Block row N = 14
30 60,21 60,22 60,23 0 end of Block row N = 60

Figure 37 — Example of mapping (partial) of BIS bytes into first 8 units
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Sq

byte number N,C from BIS Block shift right filling in upward direction
(= mod(r,3))
columne
Unitu row r 0 1 2
8 0 1,0 1,1 1,2 0 start of Block row N =1
1 3,5 3,3 3,4 1
2 57 5,8 5,6 2
3 7,9 7,10 7,11 0
8 17,1 17,2 17,0 2 start of Block row N = 17
30 61,18 61,19 61,20
9 0 1,21 1,22 1,23 end of Block row Ni=
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 1,11
14 0 1,6 1,7 1,8
15 1,3 1,4 1,5 1 continuation of Block row N = 1
3,8 3,6 37
5,10 5,11 5,9
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

Figure 38 — Example of mapping (partial) of BIS bytes into last 8 units

me conclusions:

All information bytes of a BIS Block are found in the first 15 rows of each Address Unit.
All parity bytes ©f,a BIS Block are found in the last 16 rows of each Address Unit.
Each Address Field is found in the first 3 rows of each Address Unit (see Figure 39).

© ISO/IEC 2015 — All rights reserved

61


https://standardsiso.com/api/?name=43a433c12b486bcd9e252dce9b729005

ISO/IEC 30191:2015(E)

13.14 ECC Cluster

After constructing the LDC Cluster and the BIS Cluster, the LDC Cluster is split into four groups of 38 columns
each. In between these four groups, the 3 columns from the BIS Cluster are inserted one by one. After

multiplexing the BIS Cluster with the LDC Cluster, the ECC Cluster of Figure 39 is reached.

LDC BIS LDC BIS LDC BIS LDC
38 1 38 1 38 1 38
columns | column | columns | column | columns | column | columns
— e o]« ol o« ol o]« >
) AFo, AF10 AF20
AF3 AF40 AFs
AFgo AF70 AFsgo Address
UCuyv : : Wnit O
AFo1 AF11 AF21
494 AF31 AF41 AFs1
rows AFg1 AF71 AFg 1 Address
UCxy : : Unit 1
\2

Figure 39 — ECC Cluster after multiplexing of BIS Cluster with LDC Cluster
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.15 Recording Frames

Each row of the ECC Cluster is transformed into a Recording Frame by adding locations for Frame-Sync bits
and for 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 40), with the most-

sig

nificant 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.

N4

13

3.16 Physical Claster

3.17 17PP Modulation for Recordable data

< 155 bytes >
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 | hits bits
Framei data dc data dc data dc
Sync control control control
20 '+ 25 1 45 e 45 1

dc-control block #0 dc-control block'#1 dc-control block #2..26 dc-control block #27

<<

» <« » <

46 .bits 25 x 46 bits 46 bits

46 bits

<

1 288 bits

Figure 40 — Composition of Recording Frame

xt, each group of 45 datarbits'is completed with 1 additional bit position to form a dc-control Block

e 496 rows frefm.an ECC Cluster, transformed into Recording Frames are called a Physical Cluste

.17.1> General

—

All the bits of Recording Frames, except the Frame Sync, are converted to Modulation bits according to the
17PP modulation code. This is an RLL(1,7) code with run-lengths > 2T and < 8T and with some special
properties. PP means: Parity preserve / Prohibit RMTR:

Parity preserve:
the Modulation-bit stream is even,

if the number of ONEs in the data-bit stream is even, then also the number of ONEs in

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).

© ISO/IEC 2015 — All rights reserved
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— Prohibit RMTR: the number of consecutive minimum run-lengths (2T) is limited to 6.
Because of the low signal levels on minimum run-lengths this improves the read-out performance.

13.17.2 Bit conversion rules

The table in Figure 41 defines the conversion rules from data bits to Modulation bits. The data bits shall be
processed from the left to the right (msb’s first, see Figure 40). 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 ¢hannel-bit stream (see 13.18), and subsequently recorded onto the disk.
Data bits Modulation bits

00 00 00 00 010100 100 100

00 00 10 00 000 100 100 100

00 00 00 010 100 000

000001 010 100 100

0000 10 000 100 000

000011 000 100 100

0001 000 100

0010 010 000

0011 010 100

01 010

10 001

11 000 if preceding Modulation bits = xx1

101 if preceding Modulation bits = xx0
Data bit pattern Substitutin o I
to be sub[;tituted Modulation bgits Condition for substitution
110111 001 000 000 if next Modulation bits = 010
Terminating Terminating
data bits Modulation bits
00 00 010 100
00 000
Eigure 41 — 17PP modulation code conversion table

13.17.3 dc-control pfecedure
Because @ ONE.in.the Modulation-bit stream means a transition in the recorded signal, the polarity of this
signal car| be inyerted if an odd number of ONE s is added to the Modulation-bit stream in a controlled way.
Because pf-the parity-preserve property of the 17PP modulation code, this is possible just by inserting
additional lbitslinto the data-bit stream and cntring these to QNE if an inversion is needed

In this way, the accumulated DSV of the recorded signal shall be minimized after each dc-control Block by
setting the dc-control bit at the end of the previous dc-control Block to ZERO or ONE (see Figure 40).

13.17.4 Frame Sync

The Physical Clusters consist of 16 Address Units, where each Address Unit contains 31 Recording Frames
(see Figure 22 and Figure 40).

A modulated Recording Frame starts with a Frame Sync consisting of 30 Channel bits.
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The main body of the Frame Sync is formed by a 24-bit pattern violating the 17PP modulation rules (two times
run-length 9T).

The last 6 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 41), then the first modulation bit of the Frame Sync # =ONE, else # =ZERO (see Figure 42).

The Frame Sync patterns are defined in terms of Modulation bits. A ONE in the table represents a transition in

thgTecorded sigrmat-Before Tecording onto thedisk the Frame-Sync todesare converted toarm NRZ{ 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 #01 010 000 000 010 000 000 010 010,010
FS2 #01 010 000 000 010 000 000 010 101 000
FS3 #01 010 000 000 010 000 000 010 100 001
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
Figure 42 — 30-bit Frame-Syne codes
Bgcause seven different Frame Syncs are insufficient tosidentify 31 Recording Frames, each|Frame is
identified by the combination of its own Frame Sync and ¢he'Frame Sync of one of the preceding Recording
Frames. The mapping of these combinations can be made such that, even with missing Frame Symncs in 1, 2
or|3 preceding Frames, a Recording Frame can still be identified by its own Frame Sync and the lalst present
Frame Sync (see Figure 43).
Rec. Framen—-4 | Rec.Framen-3 | Rec. Framen-2 | Rec.Framen-1 | Rec. Hramen
Recording Frame n can be identified from the Frame Sync IDs of:
Recording Frame n + Recording Frame n-1
Recording Frame n + Recording Frame n-2
Recording Frame n + Reeording Frame n—3
Recording Frame n + Recording Frame n—4
Figure 43 — Identification of Recording Frames
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The first Recording Frame of each Address Unit has a unique Frame Sync: FSO.

The other Frame Syncs are mapped as specified in Figure 44.

13.18 M

Before be

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 FS1 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 ES4
15 FS3 30 FS2

Figure 44 — Mapping of Frame-Sync codes on Recording Frames

pdulation and NRZI conversion

NRZI Chahnel bits according to the following process (see Eigure 45):

dat
bits

66

»
>

ng recorded onto the disk, data bits are converted.t6 ‘Modulation bits, which in turn are converted

modulation Ex-OR NRZI converted
bits NRZ Channel bits
modulator > . -+ >
conversion
1T P
T = 1 Channel clock period |  delay

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

NRZ converted signal: |_|

[

NRZI converted signal:

[ ]

Figure 45 — Modulation and NRZI conversion

—

(o]
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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.

Recording-Unit Blocks can be written one by one or in a continuous sequence of several RUB’s
(write_streaming).

In
is
bit
sit

14
14
Eq4

1
pe

the Recordable Areas of the disk, a wobble cycle shall correspond to 69 Channel bits if the Chan
locked to the wobble frequency. This means that a modulated Recording Frame, which is-1"93
5 (= 1 288 data hits), covers exactly 28 wobble cycles. This locked case is considered to)be th
Liation.

.2 Recording-Unit Block (RUB)

.2.1 General

ch RUB consists of a Data Run-in of 2 760 cbs (nominally 40 wobble periods), a Physical Clustg
032 cbs (nominally 496 x 28 wobble periods) and a Data Run-out of 1 104 cbs (nominally ]
riods).

Run-in Physical Cluster | Ruh-out || Guard_3

<40 wbs— [«-496 X 28 whs— 116 wbhs—|«8 wbs—

Figure 46 — Layout of single-written Recording-Unit Block

hel-bit rate
P Channel
e nominal

r of 496 x
16 wobble

Edch single written RUB or each continuously. written sequence of RUB’s shall be terminated by 3 Guard_3
fied, ensuring that no gaps (Unrecorded Areas) will ever occur between any 2 RUB’s.
Sdch a Guard_3 field shall consist of 540-cbs (nominally ~ 8 wobble periods).

Run-in Physical Cluster Runh=out Run-in Physical Cluster | : | Physical Cluster Run-out (|| Guard_3
<40 whs— | «496 X 28 whs->.[<-16 whs—|«-40 whs— | «496 X 28 wbs— | : [ <496 X 28 wbs— |«-16 whs—}| <8 whs—

Figure47 — Layout of continuously written sequence of Recording-Unit Blocks

14.2.2 Data Run-in

14.2.2.1~General
ThHe-Bata-Run-in-consists-of-the. fnlln\Aling p:rfe'
— Guard_1: 1 080 Channel bits,
— PrA (Pre-ambile): 1 680 Channel bits.

The PrA field is meant as a run-in for signal processing (for locking and synchronization).

The Guard_1 field is meant to cope with the overlaps due to inaccuracies in determining the start location of
recording sequences (see Figure 48).

©l
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Guard_1 PrA
1080 cbs 1680 cbs
optional APC repeated bit pattern nominal
~ 5 wobbles ~ 11 wobbles ~ 24 wobbles

Figure 48 — Layout of Data Run-in

14.2.2.2 Content of Guard_1 fields

The Guard_1 field has a length of 1 080 Channel bits.
The contept represented in Modulation bits is: 36 times repeated 01[0%]1[0%]1[0%]1[0?]1[05]1[0%]

These pajterns result in a repeated 5T/5T/3T/3T/7T/7T sequence, which is well-suited to-re-settle the
electronic|circuits.

14.2.2.3 |Automatic Power Control (APC)
The first § wobbles of the Guard_1 field at the start 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 pe

chosen frgely by the recorder manufacturer and is allowed to be different from the repeated pattern as defingd
in 14.2.2.2.

14.2.2.4 |Content of PrA fields
The PrA field has a length of 1 680 Channel bits.

The contept of the PrA field shall be as shown in Figure 49:

. 4 4 2 2 6
42 times repeated 01[67]1[07]1[0°]1[0°]1[0°]1 o
Sync_1 Sync_2 01[0<]1[0~]1[0°]1[O
01[04[L[0*]1[0]1[0%]1[08]L[0°] yne_ O°[L[01[07] ync_ [071[0°11{0°]1(0°]
| 1560cbs— > |<30cbs5)| «—40cbs— > |«30cbs> | «—20chs—s

Figure 49 — Layout of PrA field

In general Sync_1 shall be FS{mod[(N+4),7]} and Sync_2 shall be FS{{[mod[(N+6),7]}, if the first Frame Sync
after the HrA is FS(N) (N = 0..6,see 13.17.4).

This means that Sync_*& shall be FS4 and Sync_2 shall be FS6 (the first Frame Sync after the PrA is FSP).
The first Qit of each~ef Sync_1, Sync_2 and the first Frame Sync after the PrA is allowed to be used for dc-
control (# F ZERQ-0IYONE, see Figure 42).

14.2.3 Ddta-Run-out

14.2.3.1 General

The Data Run-out consists of the following parts:
— PoA (Post-amble): 564 Channel bits,

— Guard_2: 540 Channel bits.

The PoA field is meant as a run-out for signal processing.
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The Guard_2 field is meant to cope with inaccuracies in determining the start location of recording sequences
(see Figure 50).

PoA Guard_2
564 chs 540 cbs
nominal nominal

~ 8 wobbles ~ 8 wobbles

Figure 50 — Layout of Data Run-out

14.2.3.2 Content of PoA fields
THe PoA field has a length of 564 Channel bits.

THe content of the PoA field shall be as shown in Figure 51:

Sync3 | OLO°JL{O*|LIO%IL{O%L[O%L(0T) D100 P TLIOF110°

< 30chs > | «———54cbs 480 cbs—————>

Figure 51 — Layout of PoAfield

In[general Sync_3 shall be chosen such that it corresponds,to a Frame-number n+1 if the User Dpta before
th¢ PoA ends with Frame number n (see 13.17.4).

THis 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 Syne:3 can be used as a “stop of User Data” indicator.
142.3.3 Content of Guard_2 fields

THe Guard_2 field has a length_of 540 Channel bits.

THe content representediin’ Modulation bits is: 18 times repeated 01[04]1[0%]1[0%]1[02]1[08]1[0®]

14.2.4 Guard_3field

142.4.1 General

Guard_3
540 cbs

repeated bit pattern optional APC
~ 3 wobbles ~ 5 wobbles

Figure 52 — Layout of Guard_3 field

The Guard_3 field has a length of 540 Channel bits.

The content represented in Modulation bits is: 18 times repeated 01[0%]1[0*]1[0?]1[0%]1[0¢]1[0%] (see
Figure 52)
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14.2.4.2 Automatic Power Control (APC)

The last 5 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
chosen freely by the recorder manufacturer and is allowed to be different from the repeated pattern as defined
in14.2.4.1.

14.2.4.3 Linking requirements

The Guard_1 and Guard_3 fields shall be used for linking separately written Recording-Unit Block sequences.
The Guard_3 area of the previous Recording-Unit Block sequence shall be overwritten by the Guard_1 field] of
the actual|written Recording-Unit Block sequence. The SER requirement for linked sequences is specified|in
34.1.

A linking gxample of 3 separately-written single Recording-Unit Blocks is given in Figure 53

Run-in Run-out
< > < >
Run-in Run-out Physical
Gl | PrA PoA| G2 | G3
< > < > Cluster
Run-in] Run-out Physical
Gl | PrA PoA| G2 | G3
< D < > Cluster
Physical T
Gl | PIA PoA| G2 | G3 .
Cluster Link
1) G1 = Guard_1 field
Link G2 = Guard_2 field

G3 = Guard_3 field

Figure 53 — Linking of 3 separately written'single Recording-Unit Blocks

14.3 Logating data relative to wobble addresses
The nominal start positions for recordings (and single RUB’s), as continuous sequences of several RUB’s, gre
the locatigns 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).

The accuracy for determining the start positions shall be better than + 34 cbs.

As a conspquence, the length efithe Overwritten Area shall be between 7 and 9 wobble lengths.
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15 Track Format

15.1 General

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

ISO/IEC 30191:2015(E)

Each Recording Layer shall have the same basic Tracks at about the same locations (see Figure 54).

1§77 Track shape

THe Zone between radius r1 = 21,0 mm and radius r3 = 22,2 mm is reserved to be used for the BCA (see
Clpause 35). In this Zone there shall be Tracks formed by a single spiral Groove, whose innér.'edge ghall be at

the radius = 21,0 35 mm.

On Layer LO, the transition from a Straight Groove to an HFM Groove between the BCA Zong and the
Embossed HFM Area shall occur between radius r, = 22,0 mm and radius rs (se€ -Figure 54). At this|transition,

th¢ spiral Groove shall be uninterrupted.

THe Groove Tracks in the BCA Zone shall be Straight Grooves (without any modulation) between & radius of
21 mm and the inner edge of the HFM Groove on Layer LO or the inner edge of the Wobbled Grooyes on the

other Layers (see Clause 18).

Inner Zone n Data Zone n
| L
| BCA _Embossed HFM | Recordable Area
I ’ Area ¥
Hayer LO i ] =
Straight Groove  HFM Groove Wobbled Groove tracking
/ rn V=3 > > —
';—)/ i R direction .
/ T > =
Vi I I3 =1
/ : )
Layer L1 | — Q
— U U U U A 2 S
Straight Groove Wobbled Groove tracking @ S
! direction & ke
| ) ~
i
ayer L2 e e Ve e U e Ve e e Ue Ue Ve U Ua g
| - — S
Straight Groove trackin @
i g Wobbled Groove acd J =]
i g direction
|
Lgyer L3 ' e We e e e Ue We Ua e e UaWaWaw
Wobbied Groove TracKim =
Straight Groove —— d
! direction
// i Rozi

Figure 54 — Connection Areas between different Groove types

In the Embossed HFM Area on Layer LO (see Clause 16) the Tracks are formed by a single spiral Groove,
continuing uninterruptedly from the end of the Groove in the BCA Zone.
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These Tracks in the Embossed HFM Areas deviate with a rather high frequency in the radial direction from
their nominal Track centre, thereby providing a high bit rate / high capacity data channel for the storage of
replicated information (HFM Groove).

The shape of each Track is determined by the requirements specified in Clause 26.

In the Recordable Areas (see Clause 16) the Tracks are formed by a single spiral Groove. They start from the
end of the Embossed HFM Area on Layer LO or from the end of the Straight Groove Area on Layer L2. On
Layers with odd Layer number, they end at the beginning of the Straight-Groove Area. Tracks in the
Recordable Areas deviate mainly sinusoidally and monotonically in the radial direction from their nominal

centreline

with differ

The wobb
the modul

bnt signal patterns at certain locations.

shape of gach Track is determined by the requirements specified in Clause 27.

NOTE

acronym o

Although the term of "Pre-Groove" is not defined in this International Standard, "ADIP" jis widely used as

"Groove" in] this International Standards.

At the co

nection between the Embossed HFM Area and the Recordable Atea, the spiral Groove shall

£ 1o \Alalkblad o Tl + ol ol P H dulatad L ] H £ 4
Ul uaic vVvUUDITU UTUUVEO. TTHo olftuouiudl utTviatiulT 1o TIouuiatCu Uy TCTUIAULITTYy oUTTIT Ul ' Tto Ly U S

e can be used for speed control of the disk and synchronization of the write clock of the-drive, ahd
pted parts represent addressing information called Address in Pre-Groove or ADIP (see15.7). The

an

"Address In Pre-Groove" in optical disk standards. The meaning of "Pre-Groové? js the same as that| of

be

uninterrupted. Between the HFM Groove and the Wobbled Groove with ADIP(nformation, it is allowed to fofm
a Groove{only part (without any modulation) for maximum 1 mm length-in the tangential direction along the

Track.

Groove gpometry

On each |

For On-G

yer, only On-Groove recording is allowed in this International Standard (see Clause 7).

disk than fhe Lands. The outline of the Groove geometry.is' presented in Figure 55.

Land

Substrate

Transmission Stack

read-out
beam

“On -Groove recording ”

Figure 55 — Outline of Groove geometry

oove recording a geometry is used where the Grooves are nearer to the Entrance surface of the

(Radial cross-section of disk)

15.3 Track path

On layers with even Layer number the spiral shall run from the inner side of the disk towards the outer side of

the disk w

hen the disk rotates according to the specification in 9.8.

On layer(s) with odd Layer number the spiral shall run from the outer side of the disk towards the inner side of

the disk w

72

hen the disk rotates according to the specification in 9.8.
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Tracks on Layers with even layer number n shall start at the beginning of Inner Zone n and terminate at the
end of Outer Zone n and shall be continuous in the Information Zone. Tracks on Layer(s) with odd layer
number n shall start at the beginning of the Outer Zone n and terminate at the end of the Inner Zone n and
shall be continuous in the Information Zone (see and Figure 15 and Figure 16).

15.4 Track Pitch

15.4.1 Track Pitch in Zone reserved for BCA

The Track Pitch in Zone reserved for BCA is the distance between the average centrelines of the Groove in
adjacent Tacks, measured in the radial direction.

THe Track Pitch in these Zones shall be (2,0 £ 0,1) pm.

In|the area between radius r; and radius rs; the Track Pitch has to transition from 2,0\uym to 0,35 [um of the
Embossed HFM Area on Layer LO and to 0,32 um of the Wobbled Grooves Area onc@ther Layers.

15.4.2 Track Pitch in Embossed HFM Area

THe Track Pitch in Embossed HFM Area is the distance between the avérage centrelines of the HHM Groove
in pdjacent Tracks, measured in radial direction.

THe Track Pitch in this area shall be (0,350 + 0,010) um.
THe Track Pitch averaged over Embossed HFM Areas shall be (0,350 + 0,003) um.
15.4.3 Track Pitch in Recordable Areas

THe Track Pitch (TP) in Recordable Areas is thé distance between the average centrelines of thg Wobbled
Groove in adjacent Tacks, measured in radial direction.

THe Track Pitch in these areas shall be (0,320 + 0,010) pm.
THe Track Pitch averaged over Recordable Areas shall be (0,320 + 0,003) uym.
15.4.4 Track Pitch between'Embossed HFM Area and Recordable Area

THe change in Track Piteh from 0,35 ym to 0,32 ym (on Layer LO) shall be realized within maxjmum 100
Trhcks (revolutions),-which Tracks shall be located completely in Protection-Zone 2 (see Figure 85).

13.5 Track layout of HFM Groove

19.5.1 General

In[15.5, only the encoding format of the data will be described. The locations and the content will be|defined in
Clauses 18 and 18.2.

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

A reduced combination of LDC+BIS Codes is used as shown schematically in Figure 56.

For detailed descriptions of the related processing steps and applied codes, reference will be made to the
descriptions in Clause 13.
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15.5.2 Ddta Format

155.2.1

Each Dats

155.2.2

Each Data
scrambler

15.5.2.3

Each 2 Sd
indicated

15.5.2.4
Next, 32 r

with the d
248 rows

15.5.2.5

Sync
1 byte 10 bytes 1 byte 9 bytes
T Do ceeeeen. Do Bo Do ....... Dis )
D19 ..... ng Bl ng ............
data stream : 216 data
248 rows :
on disk .
J
T
32 parities
N B247 oo Da711 N

Figure 56 — Schematic representation of 4K PIC Cluster on disk

Data Frame

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

Scrambled Data Frame

AUN3s .. AUN; (see 15.5.3.2 and 13.9.2.2)shall be used instead of PSig .. PSs.

Data Block

rambled Data Frames are mapped into an array of 216 rows x 19 columns as described in 13.5 al
n Figure 26 (only columns 0::18).

LDC Block
bws with Error-Correction Parities are added according to the procedure described in 13.5 and 13

fference beingythat there are only 19 columns (L = 0..18). The result of this processing is a matrix
x 19 columns:

Interteaving

L Frame with its EDC is scrambled according:tfie procedure described in 13.4. For the preset of the

61
of

The interld

aving praocedure is different from the one described in 13.8 and subclauses

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

out at the

74

left side are re-entered in the array from the right side (see Figure 57).
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Af
nu

15

15

Ur
Wi

«— 19 -
bytes
< shift 0 €0,0 €0,1 €0,18 )
« shift 1 €11 €12 €1,18 €1,0
<« shift 2 €22 €23 €218 €20 €21
<« shift 18 €18,18 €18,0 €18,17 248
« shift 0 €19,0 €19,1 €19,18 rows
< shift mod(k,19)

« shift 18 P24s,18 | P246,0 P246,17
<« shift 0 P2470 | P247,1 P24718 \’

.5.3.1 General

Figure 58).

Figure 57 — Interleaving of PIC LDC Block

.5.3 Addressing and Control Data

er this process the bytes are renumbered in the horizontal direction through all the rows resul
mbering Do to D4 711 as indicated in Figure 56.

like the format in Recordable Areas of the disk, a BIS:Block is composed of 4 BIS code-words ar
h 8 addresses of 9 bytes each in 18 rows and 2 User-Control-Data Units of 24 bytes each in 12

ing in the

d filled up
rows (see
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ed
he

IC

4 columns
0 1 2 3
T 0 AFo0 AFo3 AFo2 AFo1 T
1 AF014 AF017 AFo,G AFO,S
2 AF11 AF1, AF13 AF1>
3 AFis AF14 AF17 AF16
4 AF2> AF21 AF2, AF23
5 AF26 AF25 AF24 AF,7
6 AFz3 AFz3> AFa; AFzo
7 AF37 AFzg AF3s5 AF34
8 AF40 : : AF41 18 rows
9 AFa4 : : : addresses
10 AFs1 AFso
11 AF5,5 . .
1BIS 12 AFe 2 AFe 1 AFs0
cpde-word 13 AFs s : : :
=|62 bytes 14 AF73 : AF71 AF7,0
15 AF77 : : ;
16 AFsyo . . AF8,1
17 AFg4 AFg 7 AFsgge AFgs N
18 UCo, UCi20 UCo.1 UCi21 0
19 UCa1,0 UCi3p UCi4 UCis 12 rows
: : : . : User Control
28 UCi0,0 UC220 UCi01 UC221 Data
29 UCi10 UC230 UC111 UCo231 N
30 pb 30,0 pb 30,1 pb 30,2 pbs03 0
31 pb 3o pha1,1 pb 312 pbsis 32 rows
: : : : : parities
d 61 pbe1o pbe11 pb 61,2 pbe13 {
code.werd O | code word 1 | code word 2 | code word 3 |
Figure 58 — PIC BIS Block
15.5.3.2 |Address Fiélds
Comparable to thexRecordable Areas of the disk, where each 1/16 of a 64K Cluster (= 4K bytes) is identifi
by one Agdress Unit Number (see 13.9.2 and subclause), each 4K PIC Cluster shall be identified by o
Address-Unit-Number. These Address-Unit Numbers shall increase by two for each successive 4K H
Cluster.

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

76

© ISO/IEC 2015 — All rights reserved


https://standardsiso.com/api/?name=43a433c12b486bcd9e252dce9b729005

ISO/IEC 30191:2015(E)

The Address Fields are derived through the Primary Address Fields (see 13.9.2 and sub-chapters):

AFos = PAFos (all the same forS=0..7)
AFis = PAF;s (all the same forS=0..7)
AF; s = all bits inversion in PAF,s (all the same for S=0 .. 7)
AF3s = all bits inversion in PAF3s (all the same forS=0..7)
AF4,S = PAF4,S
flag bits:
bits by to bs: Reserved
bits b, to bo: set to the binary value of S

Th

Th
0

the¢ left (see Figure 58).

Th
0

the left.

Mathematically, this mapping of the address bytes into the PIC BIS Cluster can be represent

fol

15
TH
Un
to
by
Al

15

AFb,b = a:: blto ;IIVCID;UII r PAFbe
AFs s = all bits inversion in PAFg s
AF7,S = PAF715
AFgs = PAFgs

PAFss .. PAFg s = parity bytes for forming an (9,5,5) RS code over the Address Field:
The parity bytes of PAFss .. PAFgs in the Primary Address Fields shall be calculated accor
definitions given in 13.9.2.
e 8 addresses are mapped into the PIC BIS Block in a special pre-interleaved way.
e bytes of addresses 0 to 3 are placed in a diagonal direction in the even numbered rows, starting
bf address 0 in row 0, column 0 and each successive address being.shifted cyclically one more

e bytes of addresses 4 to 7 are placed in a diagonal direction in the odd-numbered rows, starting
pf address 4 in row 1, column 0 and each successive address being shifted cyclically one more

owing formulae:

byte AFxy shall be allocated in row r=2%x + div(y,4)

and in column:<&.= mod[(x + 8 — y),4]

.5.3.3 User Control Data
ere are 2 User-Control-Data Units, each consisting of 24 bytes. Bytes 0 to 11 of the first User-Ca
it shall be placed in column 0, rows 18 to 29 of the PIC BIS Block and bytes 12 to 23 in column
29. In the same way bytes 0 to 11 of the second User-Control-Data Unit shall be placed in colu
fes 12 to 23 in column 3 (see Figure 58).

bytes of both-User-Control-Data Units shall be Reserved.

.5.3.45-BIS code-words

Th

ling to the

with byte

position to

with byte
position to

bd by the

ntrol-Data
L, rows 18
mn 2 and

e PIC BIS Block is completed by adding 32 rows with parity bytes (see Figure 58) accord

ng to the

procedure described in 13.11 and 13.12, with the difference that there are only 4 columns (c = 0..3). The
result is now a matrix of 62 rows x 4 columns.

15

.5.3.5 BIS Cluster

Finally the matrix of BIS code-words is reconstructed to one column of 248 bytes that can be inserted in the
PIC Cluster as indicated in Figure 56.

Bytes Bo to Bis are filled by successively copying bytes from the even rows by going through the BIS Block
cyclically in a diagonal direction starting from row 0, column 0 (see Figure 59).
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Bytes Bi24 to B4y are filled by successively copying bytes from the odd rows by going through the BIS Block
cyclically in a diagonal direction starting from row 1, column 0.

Mathematically, the mapping of the bytes from the PIC BIS Block into the PIC BIS Cluster can be represented
by the following formulae:

Let byte brc be the byte in row r and column c of the BIS Block,
and byte B; is the i" byte in the column of the BIS Cluster,

then r=mod(2 x i, 62) + div(i,124),
¢ = mod(i,4),
and vjce versa i =124 x mod(r,2) + div(r,2) + 31 x mod{[4 — c + div(r,2)],4}.
As a result of this interleaving, the one-column 248-byte BIS Cluster is divided into eight groups of 31 bytés,
where eafh 31-byte group is composed of 9 address bytes, 6 UC data bytes, and 16 parity bytes|in
successiop. The address bytes, due to the pre-interleaving, appear in the correct order for direct\access.
BIS Block BIS Cluster
i c=0 1 2 3 <« 1 byte»
r=0 0 93 62 31 Bs 0
1 124 217 186 155 :
2 32 1 94 63
3 156 125 218 187
4 33 2 95 :
5 157 126 219 £ Bi
6 34 3 :
7 158 127
8 4 35
9 128 159
10 5 :
11 129 Bi23 248
12 6 Bi2a 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 Ba47 J
Figtre-50—Reading-orderforconstruetng-PICBIS-Cluster
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15.5.4 Recording Frames

15.5.4.1 General

In the next processing step the 19 columns of an interleaved LDC Block are multiplexed with the one-column
BIS Cluster and extended with a column of synchronization patterns as defined in Figure 56.

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

11- 4.9 MMael | P
I wiJuurativil

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
vajue ZERO is represented by a transition at the start of the bit cell and a bit with value QNE is reprgsented by
a fransition at the start and in the middle of the bit cell (see example in Figure 60).

THe modulation bits are recorded on the disk by a deviation of the Groove fram its average centreline as

indicated in Figure 60. The length of each bit cell shall be 36T, where T.eorfesponds to the lgngth of a
Channel bit in the Recordable Areas.

example of data bit stream

0 1 0 1 1 0
average \ /Q\ /
Groove- -qi= = =mimimiimm e _._§._._ Sooooosolbomemiseoe -
centre \ v“\ / /
« > |«—>
36T 36T

Figure 60 — Biphase modulated HFM Groove

1535.4.3 Frame Sync
Edch Recording Frame starts with a Synchronization pattern 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 61:
twp possible patterns depending on the initial phase).

Sync pattern

A\

data Sync body | < Sync identification datg

- - - - 1Dy ID, ID, Parity

\

A

Figure 61 — Biphase Synchronization pattern
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Seven different Sync patterns are identified by the last 4 bits: IDo .. ID2 and a Parity bit (see Figure 62).

Sync number IDg I ID;

[y

Parity

FSO

0

FS1

FS2

FS3

FS4

FS5

==l =)=]
R|Ooo|r|R|Oo|o|0
[l =l =l =)

FS6

OO |O(Rr|F

By meang
Recording
15.5.3.5).

The 31 s
patterns (3

The other

15.6 Tra|

Figure 62 — Sync identification

Sync patterns are mapped as specified in Figure 63.

of the PIC BIS column, the 248 rows of a PIC Cluster can be divided into eight groups of
Frames, where each group of Recording Frames carries an address in its first-9 rows (s

iccessive Recording Frames of each such group are identified by a speCial”sequence of Sy
ee also 13.17.4). The first Recording Frame of each group has the unique.Sync pattern FSO.

Frame number [ Sync number || Frame number }--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 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

ck layout-of Wobbled Grooves

15.6.1 G+

neral

Figure’63 — Mapping of Sync patterns on PIC Recording Frames

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

(4,020 0 + 0,005) um for a disk with a User Data capacity of 32,0 GB per layer,

(3,855 3 + 0,005) um for a disk with a User Data capacity of 33,4 GB per layer,

averaged over the Recordable Areas.

This corresponds to a fundamental frequency fwon = 1 913,043 kHz at the 2x 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(21 x fuop X t). Wobbles with this basic shape are called
“Monotone Wobbles” (MW).

Some wobbles are modulated, where two modulation methods shall be used simultaneously:

— the first modulation method is “MSK-cos” (Minimum-Shift Keying-cosine variant),
—1 the second modulation method is “HMW?” (Harmonic-Modulated Wave).

In|the Protection-Zone 3 Area in the Outer Zone(s) (see Clause 16 and 20.2.10) the Groove shall be
modulated by MSK-cos only and NOT by HMW.

Bqth modulation methods shall represent ADIP information as defined in 15.7.

19.6.2.2 MSK-cos modulation

M$K-cos modulation is applied by replacing three consecutive Monotone W.obbles by one MSK Mark (MM).
Ar] MSK Mark consists of three nominal wobble lengths NWL with the fallowing wobble patterns ag indicated
in Figure 64:

—1 the first NWL starts the MSK Mark with a cosine wobble with-a,frequency = 1,5 x fyob,
—1 the second NWL continues the MSK Mark with a cosine wabble with a frequency = fwob,
— the third NWL terminates the MSK Mark with a cosine wobble with a frequency = 1,5 x fyop.

wobble:
—COS(217% fwob X t)
start of
wobbles wobble: wobble:
+cos[21 x (1,5:xwob) x t] | —cos[2m X (1,5 X fwob) X t]
inner side
of disk < >| < >| < >

i/ i

v
outer side |¢—=S_—>|¢——>|< > > | ——p

of disk '\v\ MSK Mark (MM) //

Monotone Wobbles (MW): +cos(21T X fwob X t)

Figure 64 — Definition of MSK Mark (On-Groove)

15.6.2.3 HMW modulation

HMW modulation is applied by replacing a number of consecutive Monotone Wobbles will 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:

coS(21r X fwop X t) + @ x sin[211 X (2 % fwop) X t] in which a = 0,25.

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,
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where the “+” sign is used to represent the bit value ONE and the “~” sign is used to represent the bit value
ZERO (see Figure 65).

+Cc0S(21T X fwob X t) + @ X SIN[2T X (2 X fwob) X t] +Cc0S(21 X fwobX t) — @ x SIN[217 X (2 X fwob) X t]

2 / ‘2 /
inner side < ONE "1 "TONE <ZERO Y| [YZERO
of disk
A !
| \ /
\
\ /
A \/
outer side
of djsk |« > 4 < > 4 4 < >

WWobbles I SawTooth Wobbles

Monotone Wobble (MW): +cos(21T x fwob X t)

Figure 65 — Definition of Saw-Tooth Wobbles (On¢Groove)

15.6.3 Wo¢bble polarity

When Pugh-Pull polarity (see 26.1) is negative, then the WobbleGroove shall start its first wobble deviatipn
towards the outer side of the disk.

When Pugh-Pull polarity (see 26.1) is positive, then the Weobble Groove shall start its first wobble deviatipn
towards inner side of the disk.

15.7 ADIP information

15.7.1 Gdneral

Data to bg¢ recorded onto the disk must be aligned with the ADIP addresses. The ADIP address is derived
from ADIR symbols modulated in the wobble, refer to Figure 70. Therefore 56 NWLs shall correspond tq 2
Recording Frames (see 13.15). Each group of such 56 NWLs is called an ADIP Unit (see Figure 66).

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

Figure 66 — General ADIP structure
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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 67):

TH

15

83

49

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

Reference Unit: consisting of one MM followed by 15 MWs, 37 STWs and one MW,
consisting of one MM followed by 13 MWs, one MM, 7 MWs, one MM-and 27
consisting of one MM followed by 15 MWs, one MM, 7 MWs, one MM and 25
consisting of one MM followed by 17 MWs, one MM, 7 MWs, one MM and 23
consisting of one MM followed by 19 MWs, one MM, 7 MWs, ‘ane MM and 21
with x representing one or zero:
consisting of one MM followed by 9 MWs, one MM, 3 MWs, 37 STWs and on
consisting of one MM followed by 11 MWs, one MM, ©ne MWs, 37 STW and

Sync_0 Unit:
Sync_1 Unit:
Sync_2 Unit:
Sync_3 Unit:
Data_x Unit:

Data_1 Unit:
Data_0 Unit:

e 4 Sync Units are used for synchronization purposes while the Data_1 Unit is used to repres
vajue ONE, and the Data_0 Unit is used to represent the bit value ZERO.

NWL
Monotone Unit
Reference Unit
Sync_0 Unit
Sync_1 Unit
Sync_2 Unit
Sync_3 Unit
Data_0 Unit
Data 1 Unit

MWSs,
MWs,
MWSs,
MWs,

e MW,
bne MW.

bnt the bit

.7.3 ADIP word structure

0..3. 18 -. .55
[ EEEEEEEEEEEEEEEEEEEEEERNSEEEEEEEEEEEEEEEEEEEEEEENINEE
[ EEEEEEEEEEEEEEENVONINN NI NN NN NNV NN N NNV N NN NNV N NN
-I|||||||||||1|||I-||||||||||||||||||||||||| |
[ HEEEEEEEEEEEEEE EEEEEE HSEEEEEEEEEEEEEEEEEEEEIEEE
[ EEEEEEEEEEEEEERES SEESEEEE $2EEEEEEEEEEEEEEEEEENIEEE
[ EEEEEEEESEEEENEEEEE SEEEEEE EEEEEEEEEEEEEEEEEIEEE
I T T T T T e NRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRERN]
N T T T TT TN T (AN AAAAAAAAAAANAANAAAAAAAAAAAAAANAA]
B \ISK Mark
O Menatone Wobble
N (sawTooth Wobble representing ZERO [/SawTooth Wobble representing OINE
Figure 67 — ADIP-Unit Types
ADIP Units are grouped into one ADIP word. This means that 3 ADIP words correspond to 3 % 83 x 2 =
8 Recording Frames, which is equivalent to one Recording-Unit Block (RUB) (see 14.2).
83
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. . ADIP nibble ADIP code word
ADIP Unit number ADIP-Unit Type bit numMber bble 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 bs

10 Data_x b2

11 Data_x by Z

12 Data_x bo

13 Reference

14 Data_x b3

15 Data_x b2

16 Data_x b “

17 Data_x Bo

18 Reference
8+ix5 Referencée
9+ix5h Data_x bs
10+ix5 Data_x b2
11+ix5 Data «X b1 ¢
12+ix5 Data—x bo

78 Reference

79 Data_x b3

80 Data_x b2

81 Data_x by C1a

82 Data_x bo

15.7.4 ADIP data structure

15.7.4.1 General

84

Figure 68 — ADIP word structure

Each ADIP word contains 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 no to ng as defined in the
array of Figure 69.
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Nibble b3 b, by bo
No AS23 AS22 AS21 AS20 )
Ny AS19 AS18 : : 6 nibbles ADIP
: : : : : symbol
Ns AS3 : : ASO {
Ne AX11 : : : 1
: : : : : 3 nibbles AUX data
Ng AX3 : : AX0Q |
Figure 69 — ADIP-information structure
THe nibbles ng to ng are transcoded to nibbles co to c14 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 pits in the
information array and the coded bits in the ADIP Unit.
15.7.4.2 ADIP-information bit assignments
THe information contained in the ADIP data bits shall be as follows:
— AS23..AS0: These 24 bits shall contain the Physical ADIP Symbol (PAS). AS23 shall be thg msb and
ASO shall be the Isb. These symbols are converted from the/Physical ADIP Address (PAA) as fdllows:
setto sequehtial number setto
- N 00,01, 10
MSB Ls8™ | |
Rhysical ADIP Address Aalala A A A A AR
2(2|2|2 1 1 8 7 2(1(0
\I?’ I2 L 0 T I6 'I:) IMMIfIIpIpIfp ~| LI L L L L LN L) L)
\\\\ i U Hppppepre
Rhysical ADIP Symbol Y V-V V¥V VN AT 217 ¥ IV IV VIV VYN \
slsiels| [ | [s| |s s s sls|s
If AA22 is equal to AA21, then 2(2(2[2 1 1 8 7 211|0
312[1[0 6 5
L1 oo =™ e e e T 2
I"IIrlll |r||r|r||rll ||r|||r|3tt011
VYV YYVVY \AAAAAALY YYVYVYVYYVY
ATATATA A A A A ATATA
If AA22 is not equal to AA21, then g % % g ? % g ? % ? 8
3[2]1]0 6 5
. /
Figure 70 — Relation between PAA and PAS
Layer Structure Lo L1 L2
y Inner Outer § Outer Inner { Inner Outer
PAA=0 20 00 00h PAA=0AQ 00 00h
, _ %] PAA=05F FFFEh
[AA22,AA21] in Physical [0,0] . \ 4 [0,0] m
[0,1] w [1.1] [0,1]
ADIP Address (PAA)
[1,0]
Figure 71 — Combination of AA22 and AA21 for TL disk
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Layer Structure

[AA22,AA21] in Physical

ADIP Addre

AAO 3

LO L1 L2 L3
Inner Quter : Outer Inner i Inner Outer : Outer Inner
PAA=0 20 00 00h PA¢=O A0 00 00h
PAA=0 5F FF FEh =
[0.0] ; [0,0] 'PAA 0 DF FF FEh
[0,1] [1,0] [1,1] [0,1] [1,0] "
ss (PAA) :

Figure 72 — Combination of AA22 and AA21 for QL disk

LML

hall ba tha lch Thic addvacce coh naict a-nakic | PTRTS
T oT e To

all oo of thra (con
TS TOTOTC oS ST COTTOTST OT thitT T T AL

b

g

— AA21..AA2: These 20 bits shall contain a sequential number, which shall increase by one after ea
3 consecutive ADIP words (synchronized to the RUB’s, see 14.2).

— AA1,AA0: These 2 bits shall be set to 00, 01 and 10 consecutively in 3:sueccessive ADIP wor
gorresponding to one RUB. The setting 11 shall not be used.

The first 4
which is P

The last a
The first al

The last a

The first a

The last a
The first al

The last a

AX11

n Layer LO, Layer L1, Layer L2 and Layer L3, respectively. All other settings shall be Reserved.

AA 0 02 00 00h, is located at radius 240, mm.

fdress of the Data Zone on Layer LO (LAA) shall be located at a radius < 58,1 mm.
(ddress of the Data Zone on Layer L1 (FAA) shall be located at a radius < 58,1 mm.

fdress of the Data Zone on Layer L1 (0 7D FF FEh) shall be located at radius 24,07%3 mm.
ddress of the Data Zone on Layer L2 (0 82 00 00h) shall be located at radius 24,07%?1 mm.

fdress of the Data Zone on Layer L2 (LAA + 080 00 00h) shall be located at a radius < 58,1 mm|
ddress of the Data Zone on Layer L3 (FAA~ 0 80 00 00h) shall be located at a radius < 58,1 mm

dress of the Data Zone on Layer L3 (O ED FF FEh) shall be located at radius 24,0_%?1 mm.

h the Data Zone(s) and the Outer Zone(s) of the disk the auxiliary bits shall be set to ZERO.

PotS

A24..AA22:These 3 bits shall indicate the layer number and shall be set t0:000, 001, 010.@nd 0

ddress in the Information Zone on Layer LO shall be such that thefirst address in the Data Zor

..AX0: These 12 hits contain auxiliary information about the disk.

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

AX11..AX0 frem 96 consecutive ADIP words (equivalent to 32 RUB’s), shall form one ADIP A
Frame with-144 bytes.

The first bits of each ADIP Aux Frame shall be located in an ADIP word with a PAA that i
multiple of 128 (PAA = X XXXX XXXX XXXX XxXX X000 0000).

AA24..AAQ0: These 25 bits shall contain the Physical ADIP Address (PAA). AA24 shall be the msb and

11

e,

The cantent of the 144 hytnc are defined in 15 8

15.7.4.3

Relation between Physical ADIP Addresses on Layers from Layer LO to Layer L3

There shall be a fixed relation between the PAAs on Layers from Layer LO to Layer L3. The PAAs on Layer LO
(or Layer L2) and Layer L1 (or Layer L3) located at the same radius (having the same distance in number of
ADIP words from their respective Inner Zones) shall have inverted bits AA21 to AA2. The PAAs on Layer LO
and Layer L2 (or on Layer L1 and Layer L3) located at the same radius shall have the same bits AA21 to AA2

(see Figur

86

e 73 and Figure 74).
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In this way, the PAAs on Layer L1 (or Layer L3) increase from the outside towards the inside of the disk,
which is in the tracking direction. Simultaneously the inverted address bits AA21..AA2 of PAA; (or PAA3) have
the same relation with the radius as the equivalent non-inverted bits on Layer LO (or Layer L2).

Layer number Sequential number Intra-RUB number

AA1,AAO0 = 00,01,10
from inner to outer

—_— — AA1,AAQ = 00,01,10

PAA, on Layer LO AA24 .. AA22 = 000 AA21 .. AA2

PAA; on Layer L1 AA24 .. AA22 = 001 AA21 .. AA2 from outer 1o inner
_ AA1,AA0 = 00,0110
PAA; on Layer L2 AA24 .. AA22 =010 AA21 .. AA2 from inner to outer
_ — AA1,AAQ =100,01,A0
PAAz on Layer L3 AA24 .. AA22 =011 AA21 .. AA2 from Outer to inner
Figure 73 — Relation between Physical ADIP Addresses on Layers from. Layer LO to Lay¢r L3
Layer LO First address Last address
002 00 00h ..... PAA, | & Ll LAA
Inner Zone I I I Outer Zone
Layer L1 Last address First address
07D FF FEh ..... PAA, | L FAA
Inner Zone I I I Outer Zone
Layer L2 First.address Last address
082 00 O0Oh ..... PAA, | ... LAA + 0 80 00 00h
Inner Zone I I I Outer Zone
Layerl\3 Last address First address
OFDFFFEh ... PAAs | .. FAA + 0 80 00 00h
Figure 74 — lllustration of PAA relation among layers

Mathematically this can be expressed in the following way:

After adding 1 80 00 01h to PAA,, all 25 bits are inverted, resulting directly in the full corresponding address
PAA; on Layer L1.

In formula; PAA1=PAA0 +180 00 01 h

(The addition of 1 corrects for the order of the intra-RUB numbers, while the addition of 1 80 00 00h takes
care of the correct Layer number.)
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In this way the last address of Data Zone 1 can be derived as follows:

0 7D FF FEh=0 02 00 00h+1 80 00 01 h ,and the first address of Data Zone 1 is:

FAA=LAA+180 00 01h

PAA; are obtained by adding 0 80 00 00h to PAAG..

PAA; are obtained by adding 0 80 00 00h to PAA;.

15.7.5 AD

IP error correction

The erroricorrection system is a nibble-based (15, 9, 7) non-systematic Reed-Solomon (RS) code defirkd
over the finite field GF(2%). The total number of nibbles in a code word is 15, the code words are calcula
rmation nibbles and the minimum distance of this code is 7.

from 9 infg

d

The non-Zero elements of the finite field GF(24) are generated by a primitive element a, whete a is a root| of

the primiti

p(x

e polynomial p(x):

=x*+x+1.

The symbols of GF(2%) are represented by nibbles (groups of 4 bits),\using the polynomial-base

representdtion, with (a®, a2, a, 1) as a basis. The root a is thus represented as;

a =|0010.

The code |word, represented by the vector (¢o €1 .. C13 C14), can bé& calculated from the information symbols|ng

to ng with

C(»

whe

and

he following formula:

14 7
)= Zci x x4 = Zni xg®(x)+ng x g, (x)
i—0

i=0

re gp(x) is the parent generator polynomial:

13 _
g () =] J(x-a"),
i=0

099(x) is a specific generator polynomial for each symbol ni (i=0 .. 7).

g(x) is derived-from the parent generator polynomial gy(x) by removing one of the zeroes zjof

go(X) and narmalizing the result such that g®(zi) = 1. The zero z; to be removed is given by:

Zi :ai+6.

The,generator polynomials are then calculated as follows:

. ~10]
g(l)(X\ — g (X)
i

where fi“kx){"%x) and B, =39(z)

Before recording on the disk, all bits of the nibbles co, ¢1, €2, €3, €7 and c12 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.

88
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The information symbols no 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
N =S = C(a|+6) _ ZCM—j x (1460
=0

ng is a systematic symbol and can be obtained from C(x) directly by copying symbol co.
Remark 2:
Each information symbol ni corresponds to a zero in the parent generator polynomial go(x), The following table

gives the corresponding zero factor for each information symbol (note that ne does not have a corgsponding
ZHBRO) (see Figure 75):

Correspondin
Symbol zero Ff)ac'[or ’
(x—a%)
(x-ah)
(x—0?)
(x—a%)
(x-a*)
(x—a%)
No (x —af)
Ny (x=a™)
N2 (x=ad)
N3 (x —a®)
N4 (x —a'9)
Ns (x —a'?)
e (x —a*?)
nz (x —a®®)

Figure 75 — Corresponding zero factor for each information symbol

If |]an information symbol jis\known and its corresponding zero extends the existing series pf zeroes
cofresponding to (x — a®)....\(x —a®) .. , the Hamming distance will increase. For instance if no is Known, the
Hamming distance will-become d = 8. If both no and n; are known, the Hamming distance will becpme d = 9
ete.

In|other words{prior knowledge of information symbols can increase the Hamming distance of [the code.
Bgcause the-addresses in the ADIP increase linearly, such prior knowledge is present.

THis phenemenon can be used for additional checking of the reliability of the decoding result.

158 Disknformation in ADIP AUX Frame

15.8.1 General

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 76.
Several Disk Information (DI) Aux Frames can be grouped into a DI Block. All Disk-Information Blocks shall
have the same content.
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nf%tbeer by be bs b b b b bo

0 AX11 AX10 AX9 AX8 AX7 AX6 AX5 AX4
word1l | word1l | word1l | word1l | word1 | word1l | word1l | word 1

1 AX3 AX2 AX1 AXO0 AX11 AX10 AX9 AX8
word1l | word1l | word1l | word1l | word2 | word2 | word 2 | word 2

5 AX7 AX6 AX5 AX4 AX3 AX2 AX1 AXO0
word?2 | word2 | word2 | word2 | word2 | word2 | word 2 | word 2

3 AX11 AX10 AX9 AX8 AX7 AX6 AX5 AX4
word3 | word3 | word3 | word3 | word3 | word3 | word3 | word 3

141 AX11 AX10 AX9 AX8 AX7 AX6 AX5 AX4
word 95 | word 95 | word 95 | word 95 | word 95 | word 95 | word 95 | word-95

142 AX3 AX2 AX1 AXO AX11 AX10 AX9 AXS8
word 95 | word 95 | word 95 | word 95 | word 96 | word 96 | word 96 |‘word 96

143 AX7 AX6 AX5 AX4 AX3 AX2 AX1 AXO
word 96 | word 96 | word 96 | word 96 | word 96 | word 96 | word'96 | word 96

15.8.2 Er

The DI Ay
such a Lo
to comple
the dumm|
P2a7,.L repr

Figure 76 — ADIP Aux Frame byte ordering

or 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 added
e the Long-Distance DI Aux Frame Code words (see Eigure 77). Bytes eoL .. €103L IN 13.7 represent
y bytes (all set to FFh), bytes e1aL .. €215L represent-the Disk-Information bytes, and bytes p2is| ..
psent the Parity bytes.

< DhBlock >

DI Aux Frame| DI Aux Framg DI Aux Frame DI Aux Framg DI Aux Frame
N-1 0 i\ N-1 0

<—— dummy.bytes: 1 DI Aux Frame from dsk: ———
104 bytes added“gyeach DI Aux Frame 96 ADIP words x 12 bits = 144 bytes

FFh Disk-Information Unit (112 bytes) Parity

< 216 >|<— 32 —

N

Long-Distance Error-Correction Code word >

Figure 77 — Disk Information structure and error correction format

15.8.3 Disk-Information Data structure

15.8.3.1

General

A DI Block can consist of a multiple of 144-byte Aux DI Frames (see Figure 77). If needed, additional DI Aux
Frames, up to a maximum total of 31 can be used. Each Recording Layer shall carry the same DI Blocks with

the same

90

DI Aux Frames.
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The sequence of DI Aux Frames shall be repeated throughout the Inner Zones, starting with DI Aux Frame O
from PAA 0 01 B8 00h on Layer LO, from PAA O 7E 00 00h on Layer L1, from PAA 0 81 B8 00h on Layer L2,
and from PAA 0 FE 00 00h on Layer L3 in case of a QL disk.

From the start PAA of Protection-Zone 2 to PAA 0 01 B7 FEh of Layer LO (see Figure 85 for Layer LO layout of
a TL disk and Figure 88 for Layer LO layout of a QL disk), from PAA 0 7E 48 00h to the last PAA of Protection-
Zone 1 of Layer L1 (see Figure 86 for Layer L1 layout of a TL disk and Figure 89 for Layer L1 layout of a QL
disk), from the start PAA of Protection-Zone 1 to PAA 0 81 B7 FEh of Layer L2 (see Figure 87 for Layer L2
layout of a TL disk and Figure 90 for Layer L2 layout of a QL disk), from PAA 0 FE 48 00h to the last PAA of
Protection-Zone 1 of Layer L3 (see Flgure 91 for Layer L3 Iayout of a QL dISk) the auxmary bits can be set to

re 0 at the

ch DI Unit
ish DI Units
that have different definitions for their content, a unique identification of such DI Units is needed.
Byte 2 in the DI-Unit header, the DI-Format Number, shall be used for this(purpose. With this byte, 256 types
of [DI Units with different content can be distinguished.
If the number of parameters of a single set do not fit in one DI Unitysuch a set shall be stored in multiple
consecutive DI Units, in which case bit b7 of byte 6 indicates/that the next DI Unit in the segyence is a
continuation of the actual one.
Ugage of DI Units for write strategies are given in 15.8.3.6
In|future extensions of this International Standard additional DI Aux Frames may be needed, e.g| to define
higher recording speeds 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 drivés can be
fagilitated. 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 28 to 29), only use the ones that it is $upporting
(s¢e also 15.8.3.6).
15.8.3.2 General definitions for -DI'Unit
Egch DI Unit shall consist of a header, a body and a footer as depicted in Figure 78.
Numbier
Byte_number Content of bytes
Oto1l Disk-Information identifier 2
2 DI-Format Number 1
3 Number of DI Aux Frames in each DI Block (5 bits) 1
Number of the Layer to which this DI Unit applies (3 bits)
Header 4 Reserved 1
5 DI-Unit sequence number in DI Block 1
6 Continuation flag (1 bit) 1
Number of DI bytes in use in this DI Unit (7 bits)
7 Reserved 1
Body 810 99 DI-Unit content 92
100 to 105 |Disk-Manufacturer ID 6
106 to 108 |Media-Type ID 3
Footer -
109 to 110 |Time stamp 2
111 Product Revision number 1
Figure 78 — General DI-Unit format
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Bytes O to 1: Disk-Information identifier

Byte 2:

NOTE
the Versior

In future th
or higher d
possible, a

The Class
drives at al

If the read

The Versio

These 2 bytes shall be set to 44 49h, representing the characters “DI”.

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.

. " =t i _— _

The DI-Format Number only defines the content of the DI Unit and has no relation with the Class number g
number as defined in byte 11.

s International Standard may be extended to allow for new features, such as instance higher.recording spee
pta densities. To prevent backwards-compatibility problems of such newer disks with older-drives as much
Class number and a Version number have been introduced.

humber will be incremented if a BD Layer according to the new specifications should\not be accessed by lega
, heither for reading nor for writing (e.g. to prevent possible damage to the disk.erte the drive).

compatibility can be made to conform to an existing Class, no new Class number is needed.

h number will be incremented if the new specifications imply an extension/change for which no Class-num

update is

break. Althbugh such a BD Layer is carrying a higher Version number, st\still could contain a DI Unit according tg
previously @lefined DI Format, if this layer can be recorded according to the.Write strategy as defined in such DI Unit.

As a cons
drive. In s
needed to
should acc

By using th
maximized

Each Laye
an indicatig

Byte 3:

Bits by

Bits b>

eeded (read compatibility is maintained), but for which new specifications will result in a write-compatib

uence of this, drives should always check for the presence of a DI Unit with a DI-Format Number known to
ch cases the recording parameters (such as e.g.-recording speed, recording power, timing requiremen
set the related write strategy can be checked and\if these are within the capabilities of the drive, the dr
bpt the disk for recording.

e Class number and the Version number(as described above, backwards compatibility of future disks can
while still preventing possible damage to,disks and drives.

Type (defined by bytes 8 to 10):has its own independent DI Format numbering. The DI-Format Number is a
n for the write strategy type, which is specified in the DI Unit.

Number of DI)Aux Frames in each DI Block / Number of the Layer to which this
Unit applies

to bs:  These 5 bits shall specify the number of DI Aux Frames N in each DI Block (1 <N < 31).

to bo: «These 3 bits shall specify the number of the Recording Layer to which the specifications]
this DI Unit apply.

ds
as

icy

er
ity

he
ts)
ve

be

SO

DI

n

Reserved

Byte 4:

Byte 5:

92

This byte shall be set to 00h.

DI-Unit sequence number in DI Block
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This byte specifies the sequential DI-Unit number within the DI Block.

It shall be set to a number n, where n indicates the actual number of the DI Unit within the
actual DI Block (0 < n < N-1).

The sequence of DI Units shall be ordered (see Figure 79) first according to increasing
Nominal Recording Velocity (bytes 28 to 29), second, within each sequence of DI Units
with the same Nominal Recording Velocity, according to ascending Layer number (byte 3)
and third according to the preference of the write strategy (identified by the DI-Format
Number, but need not be in the sequence of DI-Format Numbers).

Sequence number Recording speed Layer number Write strategy
0 0 preferred WS
1 alternative'Ws
: 1 preferred WS
k-1 v alterhative WS
k _ preferred WS
: ' alternative WS
: 1 preferred WS
2k-1 alternative WS
2k 0 most preferred WS
Vo > V1
k=1 least preferred WS
V3 > Vo 0 :
N-1 etc. etc.

Figure 79 — Example of DI-Block sequence
Byte 6: Continuationtflag / Number of DI bytes in use in this DI Unit

Bit by This bit §pecifies whether the parameter set in this DI Unit is continued in the ngxt DI Unit
or if theynext 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,

ONE if the parameter set in this DI Unit is continued in the next DI Unit (see F|gure 80).

Bits be to bo:  These 7 bits indicate the number of bytes in use in the actual DI Unit up to the Igst unused
(Reserved) bytes immediately preceding the footer (see e.g. Figure 81).
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Byte 2 = ..
Byte 3=N/LO
Byte 5 =n-1
Byte 6, bitb; =0 end of preceding parameter set
T Byte 2 = x start of actual parameter set
Byte 3=N/L1 :
| Byte 5 =n
’ Byte 6, bit b7 =1
Byte2—x
] Byte 3=N/L1 o
Byte 5 = n+1 continuation of actual parameter set
Byte 6, bit b7 =1
Parameter set Byte 2 = x
for Layer L1 _
spans 3 DI Units e es I L
P Byte 5 = n+2 :
! Byte 6, bit b7 =0 end of actual parameter set
|
|
\!
Byte 2 = .. start of.next parameter set
Byte 3=N/L2
Byte 5 = n+3
Byte 6, bit by = ..
Figure 80 — Example of DI-Unit extension
Byte 7: Reserved
This byte shall be setto 00h.
Bytes 8 tg 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 6 bytes require agreement between the interchange
parties, else these bytes shall be set to all 00h.

Bytes 106 to 108: Media-Type ID

The format and the content of these 3 bytes require agreement between the interchange
parties, else these bytes shall be set to all 00h.

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, must have the same recording properties
(only minor differences are allowed: the Time stamp shall be irrelevant for recorders).
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Bits b7 to bo of byte 109 plus bits b7 to b of byte 110 shall form one 12-bit binary number representing the
year of production.

Bits bs to by of byte 110 shall form one 4-bit binary number representing the month of production.
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 notation. All disks with the
same Disk=vtanufacturer tb—and—the—same—Media=Type D, tegardtess—ofthe  Product-

Revision numbers, must have the same recording properties (only minor differences are
allowed: Product Revision numbers shall be irrelevant for recorders).

The content of this byte can be chosen freely by the disk manufacturer." This Infernational
Standard does not specify the format and the content of this byte. It shall be jgnored in
interchange.
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15.8.3.3 Definitions for DI format 4 (Extended N-1 write strategy)

The content of the body of DI Units according to format 4 shall be as depicted in Figure 81.

Number of
Byte number Content bytes
Oto7 DI-Unit header 8
810 10 BD Layer-Type identifier 3
11 Disk size / Class / Version 1
12 BD structure ]
13 Channel-bit length 1
14 Push-Pull polarity flag bits 1
15 Recorded Mark polarity flag bits 1
16 BCA descriptor 1
17t0 18 Reserved 2
19 to 26 Data-Zone allocation 8
27 Reserved 1
28 to 29 Recording Velocities 2
30 Maximum dc read power at the Nominal Recording 1
Velocity
Maximum HF-modulated read power at the nominal 1
31 . X
Recording Velocity
32 Reserved 1
33t041 Write-power settings 9
42 Twme Write multi-pulse duration 1
43 to 47 dTop first-write-pulse start time 5
48 to 52 Trop first-write-pulse duration 5
53 to 55 dT.p last-write-pulse start time 3
56 to 58 T.p last-write-pulse duration 3
59 to 63 dTs start time of Space-level 5
64 Reserved 1
6b to 72 and 73 | AdTop first-write-pulse ‘start time offset 8,5
(msb 4 bits)
73 (Isb 4 bits) ATop first-write-pulse duration offset 7,5
and 74 to 80
8/l to 84 and 85 | AdT.p last-pulse start time offset 45
(msb 4 bits)
B5 (Isb 4 bits) ATgp last-pulse duration offset 4,5
and 86 to 89
90 to 97 and 98 | 'AdTs start time offset of the Space level 8,5
(msb 4 bits)
D8 (Isb 4 bits) Reserved 0,5
99 Reserved 1
10010111 DI Unit footer 12

Bytes Oto 1:

|—igure 8r—Comtentof Diskimformation for Ot format =

Disk-Information identifier

Byte 2:

96

See 15.8.3.2.
DI-Format Number
This byte shall be set to 04h for disks with BCA code.

This byte shall be set to 84h for disks without BCA code.
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Byte 3: Number of DI Aux Frames in each DI Block / Number of the Layer to which this DI
Unit applies
See 15.8.3.2.
Byte 4: Reserved
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 DI Unit aref 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.
Byte 7: Reserved
See 15.8.3.2.
Bytes 8 to 10: BD Layer-Type identifier
These 3 bytes identify the type of the BD:Layer to which this DI Unit applies and shall be
set to 42 44 52h, representing the characters “BDR” in each Recordable Layer.
Byte 11: Disk size / Class / Version
Bits by to be:  These 2 bits specify the disk-size. They shall be set to 00 to indicate a 120 mm d|sk.
Bits bsto bs:  These 2 bits specify-the Class number. The Class number identifies BD Laygrs of the
same Layer Type butwith different basic specifications.
BD Layers accerding to this International Standard shall have these bits set to 01
Drives nat)familiar with a particular Class of layers should not access the Datp Zone of
such(ayers (neither for reading nor for writing).
Bits bz to bo: _~These 4 bits specify the Version number. They shall be set to 0010.
Byte 12: BD structure
Bits b7 to bs:  These 4 bits specify the total number of BD Recording/Recorded Layers on the djsk.
Ona TC diskthey shalt be setto 0011 1o ndicate three Recording Layers.
On a QL disk they shall be set to 0100 to indicate four Recording Layers.
Bits bs to bo:  These 4 bits specify the type of BD Recording/Recorded Layer to which this DI Unit applies.
Bits bz to bo shall be set to 0010 to indicate a recordable Recording Layer.
Byte 13: Channel-bit length
Bits by to bs:  These 4 bits shall be set to 0000 on disks.
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Bits bz to bg:

These 4 bits specify the main data Channel-bit length, which shall be the same on all BD
Recording Layers.

They shall be set to
0100, toindicate a Channel-bit length of 58,26 nm (32,0 GB per Layer),
0101, toindicate a Channel-bit length of 55,87 nm (33,4 GB per Layer),

Other settings, Reserved.

Byte 14:

Bit by

Byte 15:

Bit bi:

Byte 16:
Bits b7 [to by:

Bits bs|to bo:

Push-Pull polarity flag bits

Each bit b; shall specify the polarity of the Push-Pull signal on Recording Layer Li (see
26.1). They shall be set to

ZERO, to indicate that the Push-Pull polarity on Layer i is positive
ONE, to indicate that the Push-Pull polarity on Layer i is negative.
For Recording Layers that are not present, bit bi shall be set to-ZERO.
For this International Standard, this byte shall be set to‘Q0h.
Recorded Mark polarity flag bits
Each bit bi shall specify the polarity of the Recorded Marks on Recording Layer i.
They shall be set to

ZERO, to indicate a Layer Type, on which Recorded Marks have a lower reflectivity than
the Unrecorded Layer(HTL disks).

—

ONE, to indicate a(Layer Type on which Recorded Marks have a higher reflectiyi
than the Unrecorded Layer (Reserved).

y

For this International Standard, this byte shall be set to 00h.
BCA descriptor
These 4)bits shall be Reserved.
These 4 bits shall indicate the presence of a BCA code on this disk:

0000, indicates that there is no BCA code,

Bytes 17 to 18:

Bytes 19 to 26:

0001, —mdicates that BEATode presert;
other settings, Reserved.

Reserved

These bytes shall be set to all 00h.

Data-Zone allocation

Bytes 19 to 22: These bytes specify the first Physical ADIP Address of the Data Zone of the related layer.

98
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In each DI Unit relating to Layer LO these bytes shall be set to 00 02 00 00h to indicate
PAA 131 072 as the first PAA of Data Zone O.

In each DI Unit relating to Layer L1 these bytes shall be set to a value FAA, which shall be
00 60 32 80h for a disk with a User Data capacity of 32,0 GB per layer, or 00 5E EC 80h
for a disk with a User Data capacity of 33,4 GB per layer, to indicate PAA 6 304 384 for
32,0 GB per layer or PAA 6 220 928 for 33,4 GB per layer as the first PAA of Data Zone 1.

In each DI Unit relating to Layer L2 these bytes shall be set to 00 82 00 00h indicating PAA
8 519 680 as the first PAA of Data Zone 2.

Bytes 23 to 26:

Byte 27:

Bytes 28 to 29:

In each DI Unit relating to Layer L3 these bytes shall be set to the value FAA-4 00 80 00
00h, which shall be 00 EO 32 80h for a disk with a User Data capacity of 32,0 GH per layer,
to indicate PAA 14 692 992 as the first PAA of Data Zone 3.

These bytes specify the last Physical ADIP Address of the Data Zone of the relatged layer.

In each DI Unit relating to Layer LO these bytes shall be set‘to-a value LAA, whigh shall be
00 1F CD 7Eh for a disk with a User Data capacity of 32,0°GB per layer, or 00 21 13 7Eh
for a disk with a User Data capacity of 33,4 GB per layer, to indicate PAA 2 084 222 for
32,0 GB per layer or PAA 2 167 678 for 33,4 GB per layer as the last PAA of Data Zone 0.

In each DI Unit relating to Layer L1 these bytes shall be set to 00 7D FF FEh to indicate
PAA 8 257 534 as the last PAA of Data Zon® 1«

In each DI Unit relating to Layer L2 these bytes shall be set to the value LAA +{ 00 80 00
00h, which shall be 00 9F CD 7Eh.for a disk with a User Data capacity of 32,0 GB per
layer, or 00 A1 13 7Eh for a disk with a User Data capacity of 33,4 GB per layer, {o indicate
PAA 10 472 830 for 32,0 GB perlayer or PAA 10 556 286 for 33,4 GB per layer pas the last
PAA of Data Zone 2.

In each DI Unit relating_to Layer L3 these bytes shall be set to 00 FD FF FEh to indicate
PAA 16 646 142 as:the last PAA of Data Zone 3.

Reserved
This byte shall be set to 00h.
Recording Velocity

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 28 is MSB).

It shall specify the Nominal Recording Velocity as a number n such that

n =100 x Vnhom.

Byte 30:

n shall be equal to

03 01h to indicate a Nominal Recording Velocity of 7,69 m/s (32,0 GB per layer),

02 E2h to indicate a Nominal Recording Velocity of 7,38 m/s (33,4 GB per layer).
Maximum dc read power at the Nominal Recording Velocity
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
degrading the recorded signals (see 30.6). Maximum read powers in this section shall be
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greater than or equal to the read powers defined in 30.6. By default, the powers defined
30.6 shall be used.

in

This byte specifies the dc read power P, at a readout velocity equal to the Nominal
Recording Velocity defined in bytes 28 to 29 of this DI Unit. The decimal expression of this

byte shall be:

n =100 x P,, where the unit of P; is milliwatt.

NOTE For reading at lower speeds than the nominal velocity specified in this DI Unit a reduction of the read power

might be n¢TESSary to guarantee stanitity of Tecordings o e aisk:

Byte 31:

Maximum HF-modulated read powers at the Nominal Recording Velocity

The maximum read power is defined as the maximum optical power on(ke Entran
surface of the disk, at which at least 10° successive reads can berapplied withg
degrading the recorded signals (see 30.6). Maximum read powers in_thiS section shall
greater than or equal to the read powers defined in 30.6. By defauly; thé powers defined
30.6 shall be used.

This byte specifies the maximum HF-modulated read power P, at the same readd
velocity as the Nominal Recording Velocity defined in bytes 28 to 29 of this DI Unit. T|
decimal expression of this byte shall be:

n =100 x P,, where the unit of P, is milliwatts:

NOTE For reading at lower speeds than the Nominal Recording Melocity specified in this DI Unit a reduction of {
read powerl might be necessary to guarantee stability of recordings on the disk.

Byte 32:

Bytes 330 41:

Bytes 33 to 34:

Byte 3%:

Reserved
This byte shall be set to 00h.
Write-power settings

Pino: Pino can be used as a starting value for the determination of Piarger in the OF
procedure (see Annex G).

These bytes(shall specify the indicative value Pinp Of Prarger in milliwatts as a numbe
such that

=20 X Pinp.
Bit by of Byte 33 is msb and bit by of Byte 34 is Isb.

Mo Minp €an be used as a starting value for the determination of Piarger in the OF

ut
be
n

ut
he

procedure (see Annex G)

Byte 36:

100

This byte shall specify the modulation at Pinp as determined by the media manufacturer
a number n such that

n =200 x minp.

as

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 =100 x p.
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gw: This byte shall specify the write-bias/write-peak power ratio egw used in
algorithm (see Annex G) as a number n such that

n =200 x&pw.

gc. This byte shall specify the cooling/write-peak power ratio c used in the OPC
(see Annex G) as a number n such that

n =200 x&c.

Byte 30;

Byte 40:

Byte 41

Byte 42:

Byites 43 to 63:

Bytes 43t0:47:

&s. This byte shall specify the space/write peak power ratio €s used in the OPC
(see Annex G) as a number n such that

n =200 x&s.

k: This byte shall specify the target value for k used in the OPC-procedure (see
as a number n such that

n=20 x K.

B: This byte shall specify the target value for 8 used in the alternative OPC
(see Annex G) as a number n such that

n =500 x (8 +0,2).

Twvp write multi-pulse duration.

This byte specifies the duration ¢f the second and higher pulses of the multi-puls
the Extended N—1 write strate@y, for recording Marks (see Annex F).

The first 5 bits (bits b7 t6.b3) of this byte shall specify the variable part as a frac
actual Channel-bit clock period as an unsigned binary number p such that

p=232x % (0 < p < 30). (where p is even.)

w
The last 3 bits (bits b to bg) of this byte shall be Reserved.
In‘these bytes, Anchor position or duration time is defined for dTop, Ttop, dTip, TLp
Anchor position means the leading edge position of each write pulse(see Figure F
FigureF.4). Regarding the duration time, Anchor is specified in a similar way.

dTwop first-write-pulse start time.

The first 6 bits (bits b7 to b,) of these bytes specify the start time of the first py

the OPC

algorithm

algorithm

Annex G)

procedure

e train, of

tion of the

and dTs.
land

Ise of the

motti-putse—traiT, of the = -
2T, 3T, 4T and > 5T with a preceding > 5T Space (positive values are leading
values are lagging; see Annex F).

un-lengths
, negative

The first pulse start time dTp iS expressed as a fraction of the actual Channel-bit clock

period as a signed two’s complement binary number a such that

dTiop _
a=32x o (-28 < a < 30). (where a is even.)
W

The last 2 bits (bits by to bo) of these bytes shall be Reserved.
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Byte 43:

Byte 44:

Byte 45:

This byte shall specify the start time of the pulse for recording Marks of a run-length

2T

with a succeeding 2T Space, relative to the trailing edge of the first Channel bit of the data

pulse (positive values are leading, negative values are lagging; see Annex F).

This byte shall specify the start time of the pulse for recording Marks of a length 2T with a
succeeding > 3T Space, relative to the trailing edge of the first Channel bit of the data

pulse (positive values are leading, negative values are lagging; see Annex F).

This byte shall specify the start time of the first pulse of the multi-pulse train for recordi

ng

Marks of a run-length 3T, relative to the trailing edge of the first Channel bit of the data

Byte 46:

Byte 4¥:

Bytes 8 to 52:

Byte 48:

Byte 49:

Byte 50:

Byte 51.:

pulse (positive values are leading, negative values are lagging; see Annex F).

This byte shall specify the start time of the first pulse of the multi-pulse train forcrecordi
Marks of a run-length 4T, relative to the trailing edge of the first Channel bithof-the da
pulse (positive values are leading, negative values are lagging; see Annex ).

This byte shall specify the start time of the first pulse of the multi-pulse train for recordi
Marks of run-lengths > 5T, relative to the trailing edge of the first.Channel bit of the da
pulse (positive values are leading, negative values are lagging; see*Annex F).

Tiop first-write-pulse duration

ng
\ta

ng
\ta

The first 6 bits (bits b; to by) of these bytes specifythe duration of the first pulse of the

multi-pulse train, of the Extended N-1 write strategy, for recording of Marks with ru
lengths 2T, 3T, 4T and > 5T with a preceding > 5T\Space (see Annex F).

These bytes shall specify a fraction of the.actual Channel-bit clock period as an unsign
binary number b such that

-
|o=32><T‘°p (0 < b < 60)cfwhere b is even.)

w

The last 2 bits (bits by to bo) of these bytes shall be Reserved.

This byte shall specify*the duration of the pulse for recording Marks of a run-length 2T w
a succeeding 2T-Space (see Annex F).

This byte shall’ specify the duration of the pulse for recording Marks of a run-length 2T wj
a succeeding > 3T Space (see Annex F).

Thisbyte shall specify the duration of the first pulse of the multi-pulse train for recordi
Marks of a run-length 3T (see Annex F).

This byte shall specify the duration of the first pulse of the multi-pulse train for recordi

n_

ith

ith

ng

ng

Marks of a run-length 4T (see Annex F).

Byte 52:

102

This byte shall specify the duration of the first pulse of the multi-pulse train for recordi
Marks of run-lengths > 5T (see Annex F).

ng

© ISO/IEC 2015 — All rights reserved


https://standardsiso.com/api/?name=43a433c12b486bcd9e252dce9b729005

ISO/IEC 30191:2015(E)

Bytes 53 to 55: dT.p last write pulse start time

The first 6 bits (bits by to by) of these bytes specify the start time of the last pulse of the
multi-pulse train, of the Extended N—1 write strategy, for recording Marks with run-lengths
3T, 4Tand > 5T with a succeeding > 5T Space (positive values are leading, negative
values are lagging; see Annex F).

The last pulse start time dT.p is expressed as a fraction of the actual Channel-bit clock
period as a signed two’s complement binary number c such that

dTip

w

c=32x (-30 < ¢ <£30). (where cis even.)

The last 2 bits (bits b1 to bg) of these bytes shall be Reserved.

Byte 53: This byte shall specify the start time of the last pulse of the multi-pulse train for| recording
Marks of a run-length 3T relative to the leading edge of the/last Channel bit of the data
pulse (positive values are leading, negative values are lagging; see Annex F).

Byte 54 This byte shall specify the start time of the first pulseofthe multi-pulse train for recording
Marks of a run-length 4T relative to the leading edge of the last Channel bit of the data
pulse (positive values are leading, negative valuestare lagging; see Annex F).

Byte 55: This byte shall specify the start time of the{first pulse of the multi-pulse train for recording
Marks of a run-length > 5T relative to theleading edge of the last Channel bit gf the data
pulse (positive values are leading, negative values are lagging; see Annex F).

Bytes 56 to 58: T p last pulse duration

The first 5 bits (bits b7 to bs)\of these bytes specify the last pulse length of the multi-pulse
train, of the Extended N-{ywrite strategy, for recording Marks with run-lengths 3T, 4T and
> 5T with a succeeding> 5T Space (see Annex F).

These bytes shall Specify a fraction of the actual Channel-bit clock period as ar| unsigned
binary numberd such that

dE382 x -_Ir_L—P (0 <d < 30). (where d is even.)

w
The last 3 bits (bits b, to bo) of these bytes shall be Reserved.

Byte 56 This byte shall specify the duration of the last pulse of the multi-pulse train for| recording
Marks of a run-length 3T (see Annex F).

Byte 57: This byte shall specify the duration of the last pulse of the multi-pulse train for| recording
Marks of a run-length 4T (see Annex F).

Byte 58: This byte shall specify the duration of the last pulse of the multi-pulse train for recording
Marks of run-lengths > 5T (see Annex F).
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Bytes 59 to 63:

dTsstart time of the Space level

The first 7 bits (bits by to b;) of these bytes specify the start time of the Space level of t
Extended N-1 write strategy, for the recording Marks of run-lengths 2T, 3T, 4T and >

he
5T

with a succeeding > 5T Space (positive values are leading, negative values are lagging;

see Annex F).

The start time of the Space level dTs is expressed as a fraction of the actual Channel-
clock period as a signed two’s complement binary number e such that

bit

Byte 59:

Byte 60:

Byte 61

Byte 62:

Byte 63:

Byte 64: Reserved

Bytes 65 tp 98:

Bytes 65 {o 72 and 73 (msp-4 bits):  AdTwp first-write-pulse start time offset

dT .
e=32x T—S (—48 < e < 30). (where e is even.)
w

The last bit (bit bo) of these bytes is Reserved.

This byte shall specify the start time of the Space level for recording Marks of a run-leng
2T with a preceding 2T Space.

This byte shall specify the start time of the Space level for reeording Marks of a run-leng
2T with a preceding > 3T Space.

This byte shall specify the start time of the Space level.af the multi-pulse train for recordi
Marks of a run-length 3T.

This byte shall specify the start time of the Spacerlevel of the multi-pulse train for recordi
Marks of a run-length 4T.

This byte shall specify the start time of the Space level of the multi-pulse train for recordi
Marks of run-lengths > 5T.

This byte shall be set to Q0h:

In these bytes, A is defined as the offset from the anchor position or duration time which is
specified from bytes.43 to 63. Offset means the time difference from the Anchor position.
Regarding the duration time, Offset is specified in a similar way.

Thesé/bytes specify the leading edge offset of the first pulse of the multi-pulse train, of the
Extended N-1 write strategy, for recording of Marks with run-lengths 2T, 3T, 4T and > 5T
with a preceding 2T, 3T, or 4T Space (see Annex F).

The first pulse start time offset AdTp is expressed as a fraction of the actual Channel-
clock period as a signed two’s complement binary number f such that

jth

jth

bit

104

AdTy,), :
f=32x —_ (—28 < f < 30). for byte 65 and 66 (where f is even)
w

AdT,,, .
f=32x — (-8 <f<7). for byte 67 to 72 and 73 (msb 4 bits)
W

(where f is even)
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Succeeding Space
Preceding Space

2S
3S f
45

>5S a

This table shows the dependence of the dT , value for each Mark that is going to be written,
on the preceding and succeeding Spaces. The area denoted by " a " accommodates the anchor values

and-the-area-denoted-byvrf " includes-the-offsetvaluas
P4

recording Marks of a run-length 2T with a preceding 2T Space,and a succeeding
In case this byte applies, the anchor position is specified\in byte 43 (dTip for
with a preceding > 5T Space and a succeeding 2T Space).

The last 2 bits (bits b1 to bo) of this byte shall be,Réserved.

Byte 66: The first 6 bits (bits b7 to by) of this byte shalMspecify the start time offset of the
recording Marks of a run-length 2T with.a preceding 2T Space and a succee
Space. In case this byte applies, the anchor position is specified in byte 44 (dT;
Mark with a preceding > 5T Space.and a succeeding > 3T Space).

The last 2 bits (bits by to bo) of this byte shall be Reserved.

Byte 67: The first 4 bits (bits b7 to d4) of this byte shall specify the start time offset of the
of the multi-pulse train for' recording Marks of a run-length 3T with a preceding
In case these bits (bits by to ba) apply, the anchor position is specified in byte 45
a 3T Mark with a preceding > 5T Space).

The last 4 bits*(bits bz to bo) of this byte shall specify the start time offset of the
of the multi-pulse train for recording Marks of a run-length 4T that with a pre
Space- Ifcase these bits (bits bs to bg) apply, the anchor position is specified
(dTéop, for a 4T Mark with a preceding > 5T Space).

Byte 68: The first 4 bits (bits b, to bs) of this byte shall specify the start time offset of the
of the multi-pulse train for recording Marks of run-lengths > 5T with a preceding
In case these bits (bits b; to bs) apply, the anchor position is specified in byte 47
a > 5T Mark with a preceding > 5T Space).

The last 4 bits (bits bz to bg) of this byte shall specify the start time offset of the

f The area with this pattern includes the offset values, which are representedby ™ f 1.
a The area with this pattern includes the anchor values, which are represented by " 3 "
The value "i=f+a" shall satisfy -28<i < 30.
(see F.2)
Byte 65: The first 6 bits (bits by to by) of this byte shall specify the start time offset of the

e pulse for
2T Space.
h 2T Mark

pulse for
ding > 3T
p fora 2T

first pulse
PT Space.
(thop fOI‘

first pulse
ceding 2T
n byte 46

first pulse
PT Space.
(thop fOf

pulse for

ICL,UIUIiIIg ericlllr\D Uf d |un-ic||gﬁ| ZT VVit;I d IJICLUUIIIIQ ST S[Jdbc (;llluI d SUCLL
Space. In case these bits (bits bs to bg) apply, the anchor position is specified
(dTwp for a 2T Mark with a preceding > 5T Space and a succeeding 2T Space).
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Byte 69:

The first 4 bits (bits b to bs) of this byte shall specify the start time offset of the pulse for
recording Marks of a run-length 2T with a preceding 3T Space and a succeeding > 3T
Space. In case these bits (bits b to bs) apply, the anchor position is specified in byte 44
(dTwop for a 2T Mark with a preceding > 5T Space and a succeeding > 3T Space).

The last 4 bits (bits bz to bo) of this byte shall specify the start time offset of the first pulse
of the multi-pulse train for recording Marks of a run-length 3T with a preceding 3T Space.
In case these bits (bits bs to bo) apply, the anchor position is specified in byte 45 (dTiop for
a 3T Mark with a preceding > 5T Space).

Byte 70

Byte 71.:

Byte 72:

Byte 78 (msb 4 bits):

The TiTST 24 Hits (DTS D7 10 Da) of IS Dyte shalt Specify the Start ume offset of the Mirst pulse
of the multi-pulse train for recording Marks of a run-length 4T with a preceding 3T Space.
In case these bits (bits br to bs) apply, the anchor position is specified in byte 46-(dTop for
a 4T Mark with a preceding > 5T Space).

The last 4 bits (bits bz to bo) of this byte shall specify the start time offset ef the first pulse
of the multi-pulse train for recording Marks of run-lengths > 5T with a preceding 3T Space.
In case these bits (bits bs to bo) apply, the anchor position is specified.in byte 47 (dTp for
a > 5T Mark with a preceding > 5T Space).

The first 4 bits (bits b to bs) of this byte shall specify the start‘time offset of the pulse for
recording Marks of a run-length 2T with a preceding 4T Space and a succeeding 2T Spagce.
In case these bits (bits br to bs) apply, the anchor positien‘is specified in byte 43 (dTop for
a 2T Mark with a preceding > 5T Space and a succeéding 2T Space).

The last 4 bits (bits bz to bg) of this byte shall.specify the start time offset of the pulse for
recording Marks of a run-length 2T with a preceding 4T Space and a succeeding > BT
Space. In case these bits (bits bs to bg) apply, the anchor position is specified in byte 4
(dTwp for a 2T Mark with a preceding > 5T Space and a succeeding > 3T Space).

The first 4 bits (bits b; to ba) of this byte shall specify the start time offset of the first pulse
of the multi-pulse train for recording Marks of a run-length 3T with a preceding 4T Space.
In case these bits (bits b7 to bz)-apply, the anchor position is specified in byte 45 (dTiwop for
a 3T Mark with a preceding,2 5T Space).

The last 4 bits (bits43'to bo) of this byte shall specify the start time offset of the first pulse
of the multi-pulse train for recording Marks of a run-length 4T with a preceding 4T Spage.
In case these bits)(bits bz to bo) apply, the anchor position is specified in byte 46 (dTop for
a 4T Mark withJa preceding > 5T Space).

Thefirst 4 bits (bits b7 to bs) of this byte shall specify the start time offset of the first pulse
of/the multi-pulse train for recording Marks of run-lengths > 5T with a preceding 4T Space.
In case these bits (bits b7 to bs) apply, the anchor position is specified in byte 47 (dTop for
> a 5T Mark with a preceding > 5T Space).

Bytes 73 (Isb 4 bits) and 74 to 80: ATy first-write-pulse duration offset

106

These bytes specify the duration offset of the first pulse of the multi-pulse train, of the
Extended N-1 write strategy, for recording Marks with run-lengths 2T, 3T, 4T and > 5T with
a preceding 2T, 3T, or 4T Space (see Annex F).

These bytes shall specify a fraction of the actual Channel-bit clock period as a signed two’s
complement binary number g such that

AT )
g=32x = (-8 <g<7)(where gis even)
w
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Mar
Succeeding Space
Preceding Space

2S
3S (5]
4S

>5S b

This table shows the dependence of the T, value for each Mark that is going to be written,
onthe prnr‘nrﬁng and :llr‘r‘pnding annr‘n: The area denoted by " h " accommadates the anchorvalues
and the area denoted by " g " includes the offset values.
g The area with this pattern includes the offset values, which are representedby *.g |"
b The area with this pattern includes the anchor values, which are represented by " i
The value "j=g+b " shall satisfy 0 <j < 60.

(see F.2)
Byte 73 (Isb 4 bits):

The last 4 bits (bits bz to bo) of this byte shall specify the duration offset of the pulse for
recording Marks of a run-length 2T with a preceding 2T.Space and a succeeding|2T Space
(see Annex F). In case these bits (bits bz to bg) apply,\the anchor duration time i$ specified
in byte 48 (Twp for a 2T Mark with a preceding >,5T_Space and a succeeding 2T Epace).

Byte 74: The first 4 bits (bits b7 to bs) of this byte shall’specify the duration offset of theg pulse for
recording Marks of a run-length 2T withia preceding 2T Space and a succeeding > 3T
Space (see Annex F). In case these bits’(bits by to bs) apply, the anchor duration time is
specified in byte 49 (T for a 2T Mavk with a preceding > 5T Space and a sudceeding >
3T Space).

The last 4 bits (bits bs to bg) 0f-this byte shall specify the duration offset of the first pulse of
the multi-pulse train for recording Marks of a run-length 3T with a preceding 2T Jpace (see
Annex F). In case these bits (bits bz to bg) apply, the anchor duration time is specified in
byte 50 (Twop for a 3T(Mark with a preceding > 5T Space).

Byte 75: The first 4 bits_(bits b7 to ba) of this byte shall specify the duration offset of the first pulse of
the multi-pulse train for recording Marks of a run-length 4T with a preceding 2T Jpace (see
Annex F): In'case these bits (bits b7 to ba) apply, the anchor duration time is specified in
byte 51 (Tiwop for a 4T Mark with a preceding > 5T Space).

Thelast 4 bits (bits bs to bg) of this byte shall specify the duration offset of the first pulse of
the multi-pulse train for recording Marks of run-lengths > 5T with a preceding [2T Space
(see Annex F). In case these bits (bits bz to bg) apply, the anchor duration time i$ specified
in byte 52 (Twp for a > 5T Mark with a preceding > 5T Space).

Byte \/6: The first 4 bits (bits b7 to bs) of this byte shall specify the duration offset of the pulse for
recording Marks of a run-length 2T with a preceding 3T Space and a succeeding|2T Space

(o Ara n-eaca-thac o (it o\ oneh S0 e ation oo o id i
ITl
OCC A AT T oSttt St oS (OTtS 07 (O 07 apPpPry,; e antrnor—goarator—arT e SpeC e

in byte 48 (Top for a 2T Mark with a preceding > 5T Space and a succeeding 2T Space).

The last 4 bits (bits bz to bo) of this byte shall specify the duration offset of the pulse for
recording Marks of a run-length 2T with a preceding 3T Space and a succeeding > 3T
Space (see Annex F). In case these bits (bits bs to bg) apply, the anchor duration time is
specified in byte 49 (Tiwp for a 2T Mark with a preceding > 5T Space and a succeeding >
3T Space).
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Byte 77:

Byte

Byte

Byte

The first 4 bits (bits by to bs) of this byte shall specify the duration offset of the first pulse
the multi-pulse train for recording Marks of a run-length 3T with a preceding 3T Space (s
Annex F). In case these bits (bits b7 to bs) apply, the anchor duration time is specified
byte 50 (Top for a 3T Mark with a preceding > 5T Space).

The last 4 bits (bits b3 to bo) of this byte shall specify the duration offset of the first pulse
the multi-pulse train for recording Marks of a run-length 4T with a preceding 3T Space (s
Annex F). In case these bits (bits bz to bo) apply, the anchor duration time is specified
byte 51 (Twop for a 4T Mark with a preceding > 5T Space).

of
ee
in

of
ee
in

ro.

79:

80:

e firstzbits(hits b7 to bz of this byte stattspecify theduratiomr offset of the first puise
the multi-pulse train for recording Marks of run-lengths > 5T with a preceding 3T |Sp&
(see Annex F). In case these bits (bits by to bs) apply, the anchor duration time is-Specifi
in byte 52 (Tiwp for a > 5T Mark with a preceding > 5T Space).

The last 4 bits (bits bz to bo) of this byte shall specify the duration offsetof the pulse
recording Marks of a run-length 2T with a preceding 4T Space and a succeeding 2T Spa
(see Annex F). In case these bits (bits bz to bg) apply, the anchor duration time is specifi
in byte 48 (Twp for a 2T Mark with a preceding > 5T Space and a suceeeding 2T Space).

The first 4 bits (bits b7 to bs) of this byte shall specify the dutation offset of the pulse
recording Marks of a run-lengths 2T with a preceding 4T-Space and a succeeding >
Space (see Annex F). In case these bits (bits b7 to b4 apply, the anchor duration time
specified in byte 49 (Tip for a 2T Mark with a preceding > 5T Space and a succeeding
3T Space).

The last 4 bits (bits bs to bo) of this byte shall-specify the duration offset of the first pulse
the multi-pulse train for recording Marks of\@run-length 3T with a preceding 4T Space (s
Annex F). In case these bits (bits bs to.lo) apply, the anchor duration time is specified
byte 50 (Twp for a 3T Mark with a precéding > 5T Space).

The first 4 bits (bits b7 to bs) of this’byte shall specify the duration offset of the first pulse
the multi-pulse train for recording Marks of a run-length 4T with a preceding 4T Space (s
Annex F). In case these bits-(bits b; to bs) apply, the anchor duration time is specified
byte 51 (Twop for a 4T Mark-with a preceding > 5T Space).

The last 4 bits (bitS b3 to bo) of this byte shall specify the duration offset of the first pulse
the multi-pulse train for recording Marks of run-lengths > 5T with a preceding 4T Spa
(see Annex F).)In case these bits (bits bz to bg) apply, the anchor duration time is specifi
in byte 52\(Twp for a > 5T Mark with a preceding > 5T Space).
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Bytes 81 to 84 and 85 (msb 4 bits):  AdT.p last-pulse start time offset

These bytes specify the start time offset of the last pulse of the multi-pulse train, of the
Extended N-1 write strategy, for recording Marks with run-lengths 3T, 4T and > 5T with a
succeeding 2T, 3T or 4T Space (see Annex F).

The last pulse offset start time AdT.p is expressed as a fraction of the actual Channel-bit
clock period as a signed two’s complement binary number h such that

Succeeding Space

2S

3S h
4S
>5S c

This table shows the dependence of the dT | p value for each Mark that is goingto be written,
on the preceding and succeeding Spaces. The area denoted by " ¢ " acéommodates the anchor values
and the area denoted by " h " includes the offset values.

The area with this pattern includes.the offset values, which are represented by " h | "
The area with this pattern includes.the anchor values, which are represented by " ¢ "
The value "r=h+c" shall satjsfy -30 <r < 30.
(see F.2)

Byte 81: The first 4 bits (bits b to ba)\of this byte shall specify the start time offset of the|last pulse
of the multi-pulse train forrecording Marks of a run-length 3T with a succeeding PT Space.
In case these bits (bits b7 to bs) apply, the anchor position is specified in byte 53 {(dT.p for a
3T Mark with a succeeding > 5T Space).

The last 4 bitsy(bits bs to bo) of this byte shall specify the start time offset of the last pulse of
the multi-puise' train for recording Marks of a run-length 4T with a succeeding 2T|Space. In
case these-bits (bits bs to bo) apply, the anchor position is specified in byte 54 (dT.r for a
AT Mark with a succeeding > 5T Space).

Byte 82: The first 4 bits (bits b to ba) of this byte shall specify the start time offset of the|last pulse
of the multi-pulse train for recording Marks of run-lengths > 5T with a succeeding|2T Space.
In case these bits (bits b7 to bs) apply, the anchor position is specified in byte 55 (dT.p for a
> 5T Mark with a succeeding > 5T Space).

The last 4 bits (bits bs to bo) of this byte shall specify the start time offset of the last pulse of
the multi-pulse train for recording Marks of a run-length 3T with a succeeding 3T|Space. In
TasE these bits(bits bz to o) appty, the anchor position 15 specified T byte 53 (dT.e for a
3T Mark with a succeeding > 5T Space).
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Byte 83:

The first 4 bits (bits by to bs) of this byte shall specify the start time offset of the last pulse
of the multi-pulse train for recording Marks of a run-length 4T with a succeeding 3T Space.

In case these bits (bits b7 to bs) apply, the anchor position is specified in byte 54 (dT.p fo
4T Mark with a succeeding > 5T Space).

The last 4 bits (bits bz to bo) of this byte shall specify the start time offset of the last pulse

ra

of

the multi-pulse train for recording Marks of run-lengths > 5T with a succeeding 3T Space.

In case these bits (bits bz to bo) apply, the anchor position is specified in byte 55 (dT.p fo
> 5T Mark with a succeeding > 5T Space).

ra

Byte 8#f

Byte 85 (msb 4 bits):

The TSt 4 bits (DTS D7 10 Da) Of this byTe shalSpecify The start ime offSet of the tast pu
of the multi-pulse train for recording Marks of a run-length 3T with a succeeding 4T Spa
In case these bits (bits b7 to bs) apply, the anchor position is specified in byte 53 (dTye fo
3T Mark with a succeeding > 5T Space).

The last 4 bits (bits bz to bo) of this byte shall specify the start time offset ofthe last pulse
the multi-pulse train for recording Marks of a run-length 4T with a succeeding 4T Space.
case these bits (bits bs to bo) apply, the anchor position is specified inbyte 54 (dT.r fo
4T Mark with a succeeding > 5T Space).

The first 4 bits (bits b to ba) of this byte shall specify the Start time offset of the last pu
of the multi-pulse train for recording Marks of run-lengths > 5T with a succeeding 4T Spa
In case these bits (bits b7 to bas) apply, the anchor.pasition is specified in byte 55 (dT.p fo
> 5T Mark with a succeeding > 5T Space).

e.
I a

of
In
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Bytes 85 (Isb 4 bits) and 86 to 89: AT, p last pulse duration offset

These bytes specify the duration offset for the last pulse length of the multi-pulse train, of
the Extended N—1 write strategy, for recording Marks with a run-length 3T 4Tand > 5T with
a succeeding 2T, 3T or 4T Space (see Annex F).

This byte shall specify a fraction of the actual Channel-bit clock period as a signed two’s
complement binary number v such that

Succeeding Space

2S
3S V.
4S

>5S d

This table shows the dependence of the T p value for each Mark that is gejng.to be written,
on the preceding and succeeding Spaces. The area denoted by " d " accommodates the anchor values
and the area denoted by " v " includes the offset values.

. The area with this pattern includes.the offset values, which are represented by " v |"
d The area with this pattern includes.the anchor values, which are represented by " @ "
The value "s =v+d" shall satisfy 0 <s < 30.
(see F.2)

Byte 85 (Isb 4 bits):

The last 4 bits (bits ba.to bo) of this byte shall specify the duration offset of the lagt pulse of
the multi-pulse traitfor recording Marks of a run-length 3T with a succeeding [2T Space
(see Annex F). In\case these bits (bits bz to bg) apply, the anchor duration time i specified
in byte 56 (T.e.for a 3T Mark with a succeeding > 5T Space).

Byte 86: The first4 bits (bits by to by) of this byte shall specify the duration offset of the lagt pulse of
the multi-pulse train for recording Marks of a run-length 4T with a succeeding [2T Space
(see-Annex F). In case these bits (bits b7 to bs) apply, the anchor duration time i$ specified
in-byte 57 (T.p for a 4T Mark with a succeeding > 5T Space).

The last 4 bits (bits bs to bo) of this byte shall specify the duration offset of the lagst pulse of
the multi-pulse train for recording Marks of run-lengths > 5T with a succeeding|2T Space
(see Annex F) In case these bits (bits bs to bo) apply, the anchor duration time i specified
in byte 58 (T p for a > 5T Mark with a succeeding > 5T Space).

7 2 i T T St pulse of
the multi-pulse train for recording Marks of a run-length 3T with a succeeding 3T Space
(see Annex F) In case these bits (bits b7 to ba) apply, the anchor duration time is specified
in byte 56 (T.p for a 3T Mark with a succeeding > 5T Space).

The last 4 bits (bits bs to bo) of this byte shall specify the duration offset of the last pulse of
the multi-pulse train for recording Marks of a run-length 4T that with a succeeding 3T
Space (see Annex F) In case these bits (bits bz to bo) apply, the anchor duration time is
specified in byte 57 (T.p for a 4T Mark with a succeeding > 5T Space).
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Byte 88:

The first 4 bits (bits b7 to bs) of this byte shall specify the duration offset of the last pulse

of

the multi-pulse train for recording Marks of run-lengths > 5T with a succeeding 3T Space

(see Annex F) In case these bits (bits b7 to ba) apply, the anchor duration time is specifi
in byte 58 (T p for a > 5T Mark with a succeeding > 5T Space).

The last 4 bits (bits bs to bo) of this byte shall specify the duration offset of the last pulse

ed

of

the multi-pulse train for recording Marks of a run-length 3T with a succeeding 4T Space

(see Annex F) In case these bits (bits bs to bo) apply, the anchor duration time is specifi
in byte 56 (T.p for a 3T Mark with a succeeding > 5T Space).

ed

Byte 8¢

The TiTSTZ bits (DTS b7 10 Da) Of IS byte shalt Specify the duration offSet of the 1ast puise
the multi-pulse train for recording Marks of a run-length 4T with a succeeding 4T |Sp&
(see Annex F) In case these bits (bits b7 to bs) apply, the anchor duration time is-Specifi
in byte 57 (T.p for a 4T Mark with a succeeding > 5T Space).

The last 4 bits (bits bs to bo) of this byte shall specify the duration offset of the last pulse
the multi-pulse train for recording Marks of run-lengths > 5T with a succeeding 4T Spa
(see Annex F) In case these bits (bits bs to bo) apply, the anchor duration time is specifi
in byte 58 (T.p for a > 5T Mark with a succeeding > 5T Space).

Bytes 90 fo 97 and 98 (msb 4 bits):  AdTs start time offset of the Space level

These bytes specify the start time offset of the Space level of the Extended N-1 wi
strategy, for the recording Marks with run-lengths 2T, 8T, 4T and > 5T with a succeedi
2T, 3T or > 4T Space (positive values are leadihng, negative values are lagging; s
Annex F).

of
ce
ed

of
ce
ed

ite
ng
ee

The start time offset of the Space levelAdTs is expressed as a fraction of the actlial

Channel-bit clock period as a signed twa’s complement binary number w such that

w=32x % (-24 <«w)< 15) for byte 90 and 91 (where w is even.)
W
AdTq .
w =32 % o (-8< w < 7) for byte 92 to 97 and 98 (msb 4 bits) (where wj
W
even.)

S
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Preceding Space

Succeeding Space

2S >3S

2S
3S W
4S

>5S e

This table shows the dependence of the dT s value for each Mark that is going to be written,
on the preceding and succeeding Spaces. The area denoted by " e " accommodates the anchor values

and the area denoted bél " w " includes the offset values

W The area with this pattern includes the offset values, which are representedby *“ w| "

e The area with this pattern includes the anchor values, which are represented by " ¢ "

Byte 90:

Byte 91:

Byte 92:

Byte 93:

The value "u=w+e" shall satisfy -48 <u < 30.
(see F.2)

The first 6 bits (bits b7 to b,) of this byte shall specify the start timée offset of the S
for recording Marks of a run-length 2T with a succeeding 2T, "Space and a pre
Space. In case this byte applies, the anchor position is,specified in byte 59 (dT
Mark with a preceding 2T Space and a succeeding > 5T.Space).

The last 2 bits (bits by to bo) of this byte shall be Réserved.

The first 6 bits (bits b7 to by) of this byte shalb specify the start time offset of the S
for recording Marks of a run-length 2T with a succeeding 2T Space and a prece
Space .In case this byte applies, the anchor position is specified in byte 60 (dT
Mark with a preceding > 3T Space.and a succeeding > 5T Space).

The last 2 bits (bits by to bo) of this byte shall be Reserved.

The first 4 bits (bits b7 to_ba) of this byte shall specify the start time offset of the S
of the multi-pulse train forrecording Marks of run-length 3T with a succeeding 2T
case these bits (bits.bzto bs) apply, the anchor position is specified in byte 61 (d
Mark with a succéeding > 5T Space).

The last 4 hits(bits bz to bg) of this byte shall specify the start time offset of the S
of the multi-pulse train for recording Marks of a run-length 4T with a succeeding
In case, these bits (bits bz to bo) apply, the anchor position is specified in byte 62
4T Mark with a succeeding > 5T Space).

The first 4 bits (bits b7 to bs) of this byte shall specify the start time offset of the S
of the multi-pulse train for recording Marks of run-lengths > 5T with a succeeding
In case these bits (bits b7 to ba) apply, the anchor position is specified in byte 63
> 5T Mark with a succeeding > 5T Space).

The last 4 bits (bits bz to bp) of this byte shall specify the start time offset of the S

pace level
ceding 2T
s for a 2T

pace level
ding > 3T
s for a 2T

pace level
Space. In
s for a 3T

pace level
PT Space.
(dTs for a

pace level
2T Space.
(dTs for a

pace level

Byte 94

fUI ICbUId;IIU rV‘IClI :’\D Uf a url :Cllyth 2T V\I;th [« ouubccdillg ST Spcu.,c al Id A |JI
Space. In case these bits (bits bs to bg) apply, the anchor position is specified
(dTs for a 2T Mark with a preceding 2T Space and a succeeding > 5T Space).

The first 4 bits (bits b7 to bs) of this byte shall specify the start time offset of the S

eding 2T
in byte 59

pace level

for recording Marks of a run-length 2T with a succeeding 3T Space and a preceding > 3T

Space. In case these bits (bits b to bs) apply, the anchor position is specified
(dTs for a 2T Mark with a succeeding > 5T Space and a preceding > 3T Space).
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Byte 95:

Byte

Byte

Byte

Byte 98 (I

Byte 99:

The last 4 bits (bits bz to bg) of this byte shall specify the start time offset of the Space level
of the multi-pulse train for recording Marks of a run-length 3T with a succeeding 3T Space.
In case these bits (bits bs to bg) apply, the anchor position is specified in byte 61 (dTs for a

3T Mark with a succeeding > 5T Space).

The first 4 bits (bits b7 to bs) of this byte shall specify the start time offset of the Space level
of the multi-pulse train for recording Marks of a run-length 4T with a succeeding 3T Space.
In case these bits (bits b7 to bs) the anchor position is specified in byte 62 (dTs for a 4T

Mark with a succeeding > 5T Space).

D7:

Fetast 2 bitsthits 3 to o) of this byte statt specify thestart time offset of theSpace e
of the multi-pulse train for recording Marks of run-lengths >5T with a succeeding 3T Spa

In case these bits (bits bs to bg) apply, the anchor position is specified in byte 63 (dTs fof

> 5T Mark with a succeeding > 5T Space).

The first 4 bits (bits b7 to bs) of this byte shall specify the start time offset af\the Space le
for recording Marks of a run-length 2T with a succeeding 4T Space_and a preceding
Space. In case these bits (bits b7 to bs) apply, the anchor position,is_specified in byte
(dTs for a 2T Mark with a succeeding > 5T Space and a preceding 27 Space).

The last 4 bits (bits bs to bg) of this byte shall specify the start.time offset of the Space le
for recording Marks of a run-length 2T with a succeeding 4T and a preceding >3T Spa

In case these bits (bits bs to bg) apply, the anchor position is specified in byte 60 (dTs fof

2T Mark with a preceding > 3T Space and a succeeding > 5T Space).

The first 4 bits (bits b7 to bs) of this byte shall specify the start time offset of the Space le

of the multi-pulse train for recording Marks of-a run-length 3T with a succeeding 4T Spa¢
In case these bits (bits b7 to ba) apply, thexanchor position is specified in byte 61 (dTs fof

3T Mark with a succeeding > 5T Space):

The last 4 bits (bits bs to bg) of this byte shall specify the start time offset of the Space le
of the multi-pulse train for recording Marks of a run-length 4T with a succeeding 4T Spa

In case these bits (bits b3 to by)-apply, the anchor position is specified in byte 62 (dTs fof

AT Mark with a succeeding 25T Space).

98(msb 4 bits):

The first 4 bits (kits b7 to bs) of this byte shall specify the start time offset of the Space le
of the multi-pulse train for recording Marks of run-lengths >5T with a succeeding 4T Spa

In case these bits (bits b7 to ba) apply, the anchor position is specified in byte 63 (dTs fof

> 5T Mark/with a succeeding > 5T Space).

5b 4 bits). \Reserved

These bits shall be set to 0000.

el
e.
a

el
DT
59

el

Reserved

This byte shall be set to 00h.

Bytes 100 to 111: DI Unit footer.

114

See 15.8.3.2.
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15.8.3.4 Definitions for DI format 5 (Extended Castle write strategy)

The content of the body of DI Units according to format 5 shall be as depicted in Figure 82.

Number of
Byte number Content bytes
Oto7 DI-Unit header 8
81to 10 BD Layer-Type identifier 3
11 Disk size / Class / Version 1
12 BD structure 1
13 Channel-bit length T
14 Push-Pull polarity flag bits 1
15 Recorded Mark polarity flag bits 1
16 BCA descriptor 1
17t0 18 Reserved 2
19 to 26 Data-Zone allocation 8
27 Reserved 1
28 to 29 Recording Velocities 2
30 Maximum dc read power at the Nominal Recording 1
Velocity
Maximum HF-modulated read power at the¢Neminal 1
31 ; X
Recording Velocity
32 Reserved 1
33t041 Write-power settings 9
42 to 46 dTop leading edge start time of Tyop level 5
47 to 51 Tiwop Write pulse part duration 5
52 to 54 dTc cooling level start time 3
55 to 56 Tip last-pulse-level duration 2
57 to 61 dTs start time of the Space level 5
62 Reserved 1
63 to 70 and 71 | AdTp leading edge start time offset of Twp level 8,5
(msb 4 bits)
71 (Isb 4 bits) ATop Writespuise level duration offset 7,5
and 72to 78
79 to 82 and 83 | AdTc'eooling level start time offset 4,5
(msb 4 bits)
83 (Ish 4 bits) , | AT.r last-pulse-level duration offset 3
84 ,85 and 86
(msb 4 bits)
86 (Isb 4 bits) Reserved 0,5
87 to 94,and 95 | AdTs: start time offset of the Space-level 8,5
(msbh34 bits)
95 (Isb 4 bits) Reserved 0,5
96 to 99 Reserved 4
100to 111 DI Unit footer 12

© ISO/IEC 2015 — All rights reserved
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Bytes O to 1:

Byte 2:

Disk-Information identifier

See 15.8.3.2.
DI-Format Number
This byte shall be set to 05h for the disks with BCA code.

This byte shall be set to 85h for the disks without BCA code.

Byte 3:

Byte 4.

Byte 5:

Byte 6:

Byte 7:

Bytes 8 tq

Byte 11:
Bits b7

Bits b5

10:

to b6:

to b4:

Number of DI Aux Frames in each DI Block / Number of the Layer to which this\DlI
Unit applies

See 15.8.3.2.

Reserved

See 15.8.3.2.

DI-Unit sequence-number in DI Block
See 15.8.3.2.

Continuation flag / Number of DI bytes in use.n-this DI Unit

This byte shall be set to 60h to indicate that<he first 96 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 bg

(excluding the bytes in the DI-Unit footer) are unused and shall be set to 00h.
Reserved
See 15.8.3.2.

BD Layer-Type identifier

These 3 bytes identify the type of the BD Layer to which this DI Unit applies and shall
set to 42 44 52h;.representing the characters “BDR” in each Recordable Layer.

Disk sizeClass / Version

These.2 bits specify the disk size. They shall be set to 00 to indicate a 120 mm disk.

dy

be

These 2 bits specify the Class number. The Class number identifies BD Layers of the

same Layer Type but with different basic specifications.

Bits b3
Byte 12:

Bits b7

116

to b0:

to b4:

BD | ayers nr‘r‘nrr‘ling to this International Standard shall have these bits b to bs set to Q1.

Drives that are not familiar with a particular Class of layers should not access the Data

Zone of such layers (neither for reading, nor for writing).

These 4 bits specify the Version number. They shall be set to 0010.

BD structure

These 4 bits specify the total number of BD Recording/Recorded Layers on the disk.

On a TL disk they shall be set to 0011 to indicate three Recording Layers.
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On a QL disk they shall be set to 0100 to indicate four Recording Layers.

on all BD

They

Ctivity

reflectivity

Bits b3 to b0: These 4 bits specify the type of BD Recording/Recorded Layer to which this DI Unit applies.
Bits b3 to b0 shall be set to 0010 to indicate a recordable Recording Layer.
Byte 13: Channel-bit length
Bits b7 to b4: These 4 bits shall be set to 0000.
Bits b3 to bO:  These 4 bits specity the main data Channel-bit length, which shall be the same
Recording Layers.
They shall be set to
0100, to indicate a Channel-bit length of 58,26 nm (32,0 GB per Layer),
0101, to indicate a Channel-bit length of 55,87 nm (33,4 GB'per Layer),
other settings, Reserved.
Byte 14: Push-Pull polarity flag bits
Bit bi: Each bit bi shall specify the polarity of thesRush-Pull signal on Recorded Layer Li (see
26.1). They shall be set to
ZERO, to indicate that the Push-Rull polarity on Layer Li is positive,
ONE, to indicate that the Push-Pull polarity on Layer Li is negative.
For Recording Layers that-are not present, bit bi shall be set to ZERO.
This byte shall be setto 00h.
Byte 15: Recorded-Mark polarity flag bits
Bit bi: Each bit/bisshall specify the polarity of the Recorded-Marks on Recording Layer i.
shall be set to
ZERO, to indicate a Layer Type on which Recorded-Marks have a lower refle
than the Unrecorded Layer (HTL disks).
ONE, to indicate a Layer Type on which Recorded-Marks have a higher
than the Unrecorded Layer (Reserved).
This byte shall be set to 00h.

© ISO/IEC 2015 — All rights reserved
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Byte 16:
Bits b7

Bits b3

BCA descriptor
to b4: These 4 bits shall be Reserved.
to b0: These 4 bits shall indicate the presence of BCA code on this disk:
0000, indicates that there is no BCA code,

0001, indicates that the BCA code present,

Bytes 17

Bytes 19

Bytes

Bytes J

Other settings, Reserved.

018: Reserved

These bytes shall be set to all 00h.
0 26: Data-Zone allocation.
10 to 22: These bytes specify the first Physical ADIP Address of the Data’Zone of the related layel.

In each DI Unit relating to Layer LO, these bytes shallbe set to 00 02 00 00h to indicate
PAA 131 072 as the first PAA of Data Zone 0.

In each DI Unit relating to Layer L1, these bytés'shall be set to a value FAA, which shall pe
00 60 32 80h for a disk with a User Data capacity of 32,0 GB per layer, or 00 5E EC 80h
for a disk with a User Data capacity of 33,4 GB per layer, to indicate PAA 6 304 384 for
32,0 GB per layer or PAA 6 220 928 for-33,4 GB per layer as the first PAA of Data Zone [L.

In each DI Unit relating to Layerck2, these bytes shall be set to 00 82 00 00h indicating
PAA 8 519 680 as the first PAA of Data Zone 2.

In each DI Unit relating te_Layer L3, these bytes shall be set to the value FAA + 00 80 PO
00h, which shall be 0@ _EO 32 80h for a disk with a User Data capacity of 32,0 GB per laygr,
to indicate PAA 14692 992 as the first PAA of Data Zone 3.

3 to 26: These bytes specify the last Physical ADIP Address of the Data Zone of the related layer].
In each DhUnit relating to Layer LO these bytes shall be set to a value LAA, which shall pe
00 1K'CD 7Eh for a disk with a User Data capacity of 32,0 GB per layer, or 00 21 13 7Eh
for-a‘disk with a User Data capacity of 33,4 GB per layer, to indicate PAA 2 084 222 for
32,0 GB per layer or PAA 2 167 678 for 33,4 GB per layer as the last PAA of Data Zone .

In each DI Unit relating to Layer L1 these bytes shall be set to 00 7D FF FEh to indicate

PAA 8 257 534 as the last PAA of Data Zone 1.

118

In each DI Unit relating to Layer L2 these bytes shall be set to the value LAA + 00 80 00
00h, which shall be 00 9F CD 7E h for a disk with a User Data capacity of 32,0 GB per
layer, or 00 A1 13 7E h for a disk with a User Data capacity of 33,4 GB per layer, to
indicate PAA 10 472 830 for 32,0 GB per layer or PAA 10 556 286 for 33,4 GB per layer as
the last PAA of Data Zone 2.

In each DI Unit relating to Layer L3 these bytes shall be set to 00 FD FF FEh to indicate
PAA 16 646 142 as the last PAA of Data Zone 3.
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Reserved

This byte shall be set to 00h.
Recording Velocity

These bytes specify the Nominal Recording Velocity, to be used with the Para
defined in this DI Unit, as a 2-byte binary number (byte 28 is MSB).

It shall specify the Nominal Recording Velocity as a number n such that

meters as

By

N(

By

te 30:

TE

te 31:

For reading at\Jower speeds than the Nominal Recording Velocity specified in this DI Unit a redy
read power might be necgssatry to guarantee the stability of the recordings on the disk.

n =100 x Vnom
n shall be equal to

03 01h to indicate a Nominal Recording Velocity of 7,69 m/s (32,0)GB per laye

02 E2h to indicate a Nominal Recording Velocity of 7,38 m/s~(33,4 GB per layey).

or:

06 02h to indicate a Nominal Recording Velocity of 15,38 m/s (32,0 GB per lay
05 C3h to indicate a Nominal Recording Velocity.of 14,75 m/s (33,4 GB per lay]

Maximum dc read power at the Nominal Reeording Velocity

The maximum read power is defined<as the maximum optical power on the
surface of the disk, at which at léast 10° successive reads can be applie
degrading the recorded signals (see 30.6). Maximum read powers in this sectio
greater than or equal to the read powers defined in 30.6. By default, the powers
30.6 shall be used.

This byte specifies the_dc read power P, at the same readout velocity as th
Recording Velocity-defined in bytes 28 to 29 of this DI Unit. The decimal express
byte shall be:

n = 100X P, , where the unit of P is milliwatts.

Maximum HF-modulated read powers at the nominal Recording Velocity

The maximum read power is defined as the maximum optical power on the
surface of the disk, at which at least 10 successive reads can be applie
degrading the recorded signals (see 30.6). Maximum read powers in this sectio
greater than or equal to the read powers defined in 30.6. By default, the powers

—_—r
~ T

er),
er).

Entrance
d without
n shall be
defined in

e Nominal
ion of this

ction of the

Entrance
d without
n shall be
defined in

NOTE
read power might be necessary to guarantee the stability of the recordings on the disk.

AL o] !
YU.U Slidll UD€ USCTU.

This byte specifies the maximum HF-modulated read power P, at the same readout
velocity as the Nominal Recording Velocity defined in bytes 28 to 29. The decimal

expression of this byte shall be:

n =100 x P,, where the unit of P; is milliwatt.

© ISO/IEC 2015 — All rights reserved
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Byte 32: Reserved

Bytes 33 to 41:

Bytes 33 to 34:

These byte shall be set to 00h.

Write-power settings

Pino:  Pino can be used as a starting value for the determination of Prarger in the OPC

procedure (see Annex G).

These bytes shall specify the indicative value Pinp Of Prarget in milliwatts as a number n su

ch

Byte 35:

Byte 36:

Byte 37:

Byte 38:

Byte 39:

Byte 40:

thrat
n =20 x Pp.
Bit b7 of Byte 33 is msb and bit by of Byte 34 is Isb.

Mmino: Minp Can be used as a starting value for the determination of Plarger in the OF
procedure (see Annex G).

This byte shall specify the modulation at Pino as determined by 'the media manufacturer
a number n such that

n =200 x minp.

as

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 =100 x p.

&v: This byte shall specify the middlefwrite peak power ratio eu used in the OPC algorith
(see Annex G) as a number n such that

n =200 x &u.

&c: This byte shall specify the cooling/write-peak power ratio c used in the OPC algorith
(see Annex G) as ashumber n such that

n =200 X“ec.

&s: Thisthyte shall specify the space/write peak power ratio €s used in the OPC algorith
(see Anhex G) as a number n such that

n =200 X ¢s.

k. This byte shall specify the target value for k used in the OPC procedure (see Annex

m

m

G)

as a number n such that

Byte 41:

Bytes 42 to 61:

120

n=20 xK.

B: This byte shall specify the target value for 8 used in the alternative OPC procedure

(see Annex G) as a number n such that
n =500 x (8 + 0,2).
In these bytes, Anchor position or duration time is defined for dTop, Ttop, dTc, TLr and dTs

Anchor position means the leading edge position of each write pulse(see Figure F.1land
FigureF.4). Regarding the duration time, Anchor is specified in a similar way.
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Bytes 42 to 46:  dTop Start time of Tiop level.

The first 6 bits (bits b7 to by) of these bytes specify the start time of the Ty part of the
writing pulse of the Extended Castle write strategy, for recording Marks with run-lengths 2T,
3T, 4T and > 5T, with a preceding > 5T Space, relative to the trailing edge of the first
Channel bit of the data pulse (positive values are leading, negative values are lagging)
(see Annex F).

The first pulse start time dTyp is expressed as a fraction of the actual Channel-bit clock
period as a signed two’s complement binary number a such that

- dTop :
a=32x o (-32 <a < 30). (where ais even.)
w

The last 2 bits (bits by to bg) of these bytes shall be Reserved.

Byte 42 shall represent the start time of a 2T run-length Mark with a succeeding 2T Space,
Byte 43 shall represent the start time of a 2T run-length Mark with a sucegeding > 3T Space,
Byte 44 shall represent the start time of a 3T run-length Mark,

Byte 45 shall represent the start time of a 4T run-length Marks

Byte 46 shall represent the start time of a > 5T run-length-Mark.
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Bytes 47 to 51:

Tiwop Write pulse part duration

The first 7 bits (bits b7 to by) of these bytes specify the duration of the Tip level of the write
pulses of the Extended Castle write strategy, for recording of Marks with run-lengths 2T,

3T, 4T and > 5T, with a preceding 5T Space (see Annex F).

These bytes shall specify the length of the T, level as a fraction of the actual Channel-
clock period as an unsigned binary number b such that

bit

Bytes 52 {o 54:

Byte 52:

Byte 53:

N L o oon b \
(0= ="9Z2)(Wnere DTS EVEN:)

The last bit (bit bo) of these bytes shall be Reserved.

Byte 47 shall represent the first pulse of a 2T run-length Mark with a-succeeding
Space,

Byte 48 shall represent the first pulse of a 2T run-length Mark with a succeeding >
Space,

Byte 49 shall represent the first pulse of a 3T run-length Mark,

Byte 50 shall represent the first pulse of a 4T run-length Mark,

Byte 51 shall represent the first pulse of a > 5T, run-length Mark.

dTc cooling level start time

The first 7 bits (bits by to b;) of theséZbytes specify the cooling level start time for writi
pulse of the Extended Castle write strategy with run-lengths of 3T, 4T and > 5T, with
succeeding > 5T Space (see Annex F).

These bytes shall specify the-sStart time as a fraction of the actual Channel-bit clock peri
as a signed two's complement binary number ¢ such that

c=32x dTL (-62 < c < 16). (where c is even.)
w

The last bit-(bit bo) of these bytes shall be Reserved.

This-pyte shall specify the start time of the cooling level of the writing pulse of the

Extended Castle write strategy with a run-length of 3T.

This byte shall specify the start time of the cooling level of the writing pulse of {
Extended Castle write strategy with a run-length of 4T.

he

Byte 547

122

ThiS Dyte shall Specity the start ime of the cooling Ievel ol the Writing puise of
Extended Castle write strategy with run-lengths of > 5T.
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Tip last pulse level duration

The first 6 bits (bits by to by) of these bytes specify the last pulse level length o

f the write

pulses of the Extended Castle write strategy, for recording Marks with run-lengths 4T and >

5T, with a succeeding > 5T Space (see Annex F).

These bytes shall specify the length of T.p as a fraction of the actual Channel-bit clock

period as an unsigned binary number d such that

d =29 TLP {0 A a2\
1= = 0

Bytes 57 to 61:

U= o =9z}

w

The last 2 bits (bits b1 to bg) of these bytes shall be Reserved.
Byte 55 shall represent the first pulse of a 4T run-length Mark.
Byte 56 shall represent the first pulse of a > 5T run-length Mark.
dTs start time of the Space level

The first 7 bits (bits b7 to by) of these bytes specify’the start time of the Space I
Extended Castle write strategy, for recording Marks with run-lengths 2T, 3T, 4T
with a succeeding > 5T Space (positive valdes“are leading, negative values ar

see Annex F).

The start time of the Space level dTs, IS expressed as a fraction of the actual G
clock period as a signed two’s complement binary number e such that

dT .
e=32x T—S (=62 < e < 30). (where e is even.)

w

The last bit (bit bo) of'these bytes shall be Reserved.

bvel of the
and > 5T,

e lagging;

hannel-bit

Extended

Extended

Extended

Extended

Byte 57: This byte shall specify the start time of the Space level of a writing pulse of the
Castle write-strategy with a run-length of 2T and a preceding 2T Space.

Byte 58: This byte shall specify the start time of the Space level of a writing pulse of the
Castle-write strategy with a run-length of 2T and a preceding > 3T Space.

Byte 59: This byte shall specify the start time of the Space level of a writing pulse of the
Castle write strategy with a run-length of 3T.

Byte 60: This byte shall specify the start time of the Space level of a writing pulse of the
Castle write strategy with a run-length of 4T.

By‘tc 6% Fhis by’tc stratt opcu;fy the-start-time-of-the Spabc tevetofa vwit;llg pu:ac of-the
Castle write strategy with run-lengths of > 5T.

Byte 62: Reserved.

Bytes 63 to 95:

This byte shall be set to 00h.

Extended

In these bytes, A is defined as the offset from the anchor position or duration time which is
specified from bytes 42 to 61. Offset means the time difference from the Anchor position.

Regarding the duration time, Offset is specified in a similar way.

© ISO/IEC 2015 — All rights reserved
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Bytes 63 to 70 and 71(msb 4 bits): AdTwp leading edge start time offset of Tiop level

124

Byte

Byte

These bytes specify the leading edge offset of the start time of the Tip part of the writing
pulse of the Extended Castle write strategy, for recording Marks with run-lengths 2T, 3T,
4T and > 5T, and preceding a 2T, 3T or 4T Space.

The leading edge offset AdTop is expressed as a fraction of the actual Channel-bit clock
period as a signed two’s complement binary number f such that

AdT,
f=32x = — (=31 < f < 30). for bytes 63 to 64 (where fis even.)
W

AdT
f=32x T—mp (-8 <f < 7). for bytes 65 to 70 and 71(msb 4 bits) (where’f is even.
w

e

Succeeding Space

Preceding Space

2S

3S

4S

>5S

This table shows the dependence of the dT ,, value for eaghyMark that is going to be written,
on the preceding and succeeding Spaces. The area denpted by " a " accommodates the anchor values
and the area denoted by " f " includes the offset values.

f The area with this pattern includes the offset values, which are represented by " f ".
a The area with(this pattern includes the anchor values, which are represented by " a ".
The value,"i=f+a" shall satisfy -32 <i < 30.
(seeF.3)

63: The first 6 bits)(bits b7 to b,) of this byte shall specify the leading edge offset of the start
time of the Twp part of the writing pulse of the Extended Castle write strategy, for recording
Marks,of7a run-length 2T with a preceding 2T Space and a succeeding 2T Space. In case
this byte applies, the anchor position is specified in byte 42 (dTwp for a 2T Mark with a
preeceding > 5T Space and a succeeding 2T Space).

The last 2 bits (bits by to bo) of this byte shall be Reserved.
64 The first 6 bits (bits by to by) of this byte shall specify the leading edge offset of the start

time of the Tiop part of the writing pulse of the Extended Castle write strategy, for recording
Marks of a run-length 2T with a preceding 2T Space and a succeeding > 3T Space. In
case this byte applies, the anchor position is specified in byte 43 (dTwp for a 2T Mark with
a preceding > 5T Space and a succeeding > 3T Space).

The last 2 bits (bits by to bo) of this byte shall be Reserved.
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Byte 65: The first 4 bits (bits b7 to bs) of this byte shall specify the leading edge offset of the start
time of the Top part of the writing pulse of the Extended Castle write strategy, for recording
Marks of a run-length 3T with a preceding 2T Space. In case these bits (bits by to bs) apply,
the anchor position is specified in byte 44 (dTp for 3T Mark with a preceding > 5T Space).

The last 4 bits (bits bs to bg) of this byte shall specify the leading edge offset of the start
time of the Top part of the writing pulse of the Extended Castle write strategy, for recording
Marks of a run-length 4T with a preceding 2T Space. In case these bits (bits bs to bo) apply,
theanchorposition s specified mbyte 45 (dTwop for 2T Mark wittra preceding =51 Space).

Byte 66: The first 4 bits (bits by to ba) of this byte shall specify the leading edge offset df the start
time of the Tiop part of the writing pulse of the Extended Castle write strategy, forlrecording
Marks of run-lengths > 5T with a preceding 2T Space. In case theSeg bits (bit$ b7 to ba)
apply, the anchor position is specified in byte 46 (dTp for > 5T Mark with a preceding > 5T
Space).

The last 4 bits (bits bs to bg) of this byte shall specify theNeading edge offset df the start
time of the Tiop part of the writing pulse of the Extended(Castle write strategy, forlrecording
Marks of a run-length 2T with a preceding 3T Space.abd a succeeding 2T Spage. In case
these bits (bits bs to bo) apply, the anchor positiontis specified in byte 42 (dT for a 2T
Mark with a preceding > 5T Space and a succeeding 2T Space).

Byte 67: The first 4 bits (bits by to bs) of this byteishall specify the leading edge offset df the start
time of the Top part of the writing pulse<afithe Extended Castle write strategy, for recording
Marks of a run-length 2T with a préceding 3T Space and a succeeding > 3T |Space. In
case these bits (bits b7 to bs) apply, the anchor position is specified in byte 43 (dT:p for a
2T Mark with a preceding > 5T_Space and a succeeding > 3T Space).

The last 4 bits (bits bz tocho) of this byte shall specify the leading edge offset df the start
time of the Tyop part of the’writing pulse of the Extended Castle write strategy, for{ recording
Marks of a run-length. 3T with a preceding 3T Space. In case these bits (bits bs t¢ bo) apply,
the anchor position‘is specified in byte 44 (dTwp for a 3T Mark with a precefding > 5T
Space).

Byte 68: The first4:bits (bits b7 to bs) of this byte shall specify the leading edge offset gf the start
time of.the Tiop part of the writing pulse of the Extended Castle write strategy, forlrecording
Marks-of a run-length 4T with a preceding 3T Space. In case these bits (bits b7 to bs) apply,
thevanchor position is specified in byte 45 (dTwp for a 4T Mark with a precefding > 5T
Space).

The last 4 bits (bits bs to bg) of this byte shall specify the leading edge offset df the start
time of the Tiop part of the writing pulse of the Extended Castle write strategy, forlrecording
Marks of run-lengths > 5T with a preceding 3T Space. In case these bits (bit$ bz to bo)
apply, the anchor position is specified in byte 46 (dTiwp for a > 5T Mark with a pfeceding >

ke il e AY
JT OpJdadltT).
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Byte 69:

Byte

Byte

Byte

The first 4 bits (bits b7 to bs) of this byte shall specify the leading edge offset of the start

time of the Top part of the writing pulse of the Extended Castle write strategy, for recordi

ng

Marks of a run-length 2T with a preceding 4T Space and a succeeding 2T Space. In case

these bits (bits b7 to b.) apply, the anchor position is specified in byte 42 (dTp for a
Mark with a preceding > 5T Space and a succeeding 2T Space).

2T

The last 4 bits (bits bs to bg) of this byte shall specify the leading edge offset of the start

time of the Tiop part of the writing pulse of the Extended Castle write strategy, for recordi
Marks of a run-length 2T with preceding a 4T Space and a succeeding > 3T Space.

ng
In

case these bits (bits bz to bg) apply, the anchor position is specified in byte 43 (dTp for a

70:

2T Vark with @ preceding = 5T Space and a SUCCEeding = 3T Space).

The first 4 bits (bits by to ba) of this byte shall specify the leading edge offset of.the st
time of the Tiop part of the writing pulse of the Extended Castle write strategy, for recordi
Marks of a run-length 3T with a preceding 4T Space. In case these bits (bits b7 t0 ba) ap
the anchor position is specified in byte 44 (dTiwp for a 3T Mark with a~preceding >

Space).

The last 4 bits (bits bs to bg) of this byte shall specify the leading.édge offset of the st
time of the Tiop part of the writing pulse of the Extended Castle Write strategy, for recordi
Marks of a run-length 4T with a preceding 4T Space. In case.these bits (bits bz to bg) ap
the anchor position is specified in byte 45 (dTwp for a 4% Mark with a preceding >

Space).

art
ng
Dly,
5T

art
ng
Dly,
5T

71 (msb 4 bits): The first 4 bits (bits b7 to ba) of this byte shall specify the leading edge offset of the

5 71 (Isb 4 bits) and 72 to 78: ATop write-pulse level duration offset

start time of the Tip part of the writing pulse ofithe Extended Castle write strategy,
recording Marks of run-lengths > 5T with a preceding 4T Space. In case these bits (bits
to bs) apply, the anchor position is specified in byte 46 (dTwp for a > 5T Mark with
preceding > 5T Space).

These bytes specify the duration offset of the Tiop level of the write pulses of the Extend
Castle write strategy, for-recording Marks with run-lengths 2T, 3T, 4T and > 5T, W
preceding a 2T, 3T or 4T Space.

These bytes shall specify a fraction of the actual Channel-bit clock period as a signed tw
complement binary number g such that

ATy )
g =32« o (-8<g<7). (where giseven.)
w

or
b7
a

ed
ith
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Mar
Succeeding Space
Preceding Space

2S
3S (5]
4S

>5S b

This table shows the dependence of the T, value for each Mark that is going to be written,

an the preceding and succeeding Spaces.The area denoted by " b " accommadates the anchorvalues
u =) Sane

and the area denoted by " g " includes the offset values.

g The area with this pattern includes the offset values, which are representedby *.g |"
b The area with this pattern includes the anchor values, which are represented by " i
The value "j=g+b " shall satisfy 0 <j <92.
(see F.3)

Byte 71 (Isb 4 bits):

The last 4 bits (bits bz to bo) of this byte shall specify the duration offset of the Tip part of
the writing pulse of the Extended Castle write strategy,_for recording Marks of a frun-length
2T with a preceding 2T Space and a succeeding 2T Space. In case these bits|(bits bs to
bo) apply, the anchor duration time is specified in byte 47 (Twp for a 2T Mark with a
preceding > 5T Space and a succeeding 2T _Space).

Byte 72: The first 4 bits (bits b7 to bs) of this bytesshall specify the duration offset of the Tip part of
the writing pulse of the Extended Castle write strategy, for recording Marks of a run-length
2T with a preceding 2T Space andva-succeeding > 3T Space. In case these bits|(bits b7 to
bs) apply, the anchor duration inTe is specified in byte 48 (Twp for a 2T Mark with a
preceding > 5T Space and a-succeeding > 3T Space).

The last 4 bits (bits bz te.bg) of this byte shall specify the duration offset of the Tip part of
the writing pulse of thetExtended Castle write strategy, for recording Marks of a frun-length
3T with a preceding2T Space. In case these bits (bits bz to bg) apply, the anchgr duration
time is specified in-byte 49 (T, for a 3T Mark with a preceding > 5T Space).

Byte 73: The first 4(bits (bits b7 to ba) of this byte shall specify the duration offset of the Tip part of
the writihg)pulse of the Extended Castle write strategy, for recording Marks of a run-length
4T withya preceding 2T Space. In case these bits (bits b; to bs) apply, the anchg@r duration
time’is specified in byte 50 (Tip for a 4T Mark with a preceding > 5T Space).

The last 4 bits (bits bz to bo) of this byte shall specify the duration offset of the Tip part of
the writing pulse of the Extended Castle write strategy, for recording Marks of rurl-lengths >
5T with a preceding 2T Space. In case these bits (bits bs to bo) apply, the anchgr duration
time is specified in byte 51 (T for a > 5T Mark with a preceding > 5T Space).

4= Fre-first4bits (blto b/ 1o b4) of-Hs by'tc shraft opcu;fy the-ttrationoffserof-te -top part of
the writing pulse of the Extended Castle write strategy, for recording Marks of a run-length
2T with a preceding 3T Space and a succeeding 2T Space. In case these bits (bits b to
bs) apply, the anchor duration time is specified in byte 47 (Twp for a 2T Mark with a
preceding > 5T Space and a succeeding 2T Space).

The last 4 bits (bits bz to bg) of this byte shall specify the duration offset of the Top part of
the writing pulse of the Extended Castle write strategy, for recording Marks of a run-length
2T with a preceding 3T and a succeeding > 3T Space. In case these bits (bits bz to bo)
apply, the anchor duration time is specified in byte 48 (Twp for a 2T Mark with a preceding
> 5T Space and a succeeding > 3T Space).
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Byte 75:

The first 4 bits (bits b7 to ba) of this byte shall specify the duration offset of the Tip part of
the writing pulse of the Extended Castle write strategy, for recording Marks of a run-length
3T with a preceding 3T Space. In case these bits (bits b7 to ba) apply, the anchor duration
time is specified in byte 49 (Typ for a 3T Mark with a preceding > 5T Space).

The last 4 bits (bits bz to bg) of this byte shall specify the duration offset of the Top part of
the writing pulse of the Extended Castle write strategy, for recording Marks of a run-length
4T with a preceding 3T Space. In case these bits (bits bs to bg) apply, the anchor duration
time is specified in byte 50 (T for a 4T Mark with a preceding > 5T Space).

Byte [76:

Byte 77:

Byte 78:

Bytes [r9 to 82 and83 (msb 4 bits): AdT¢ cooling level start time offset

e firstbits{bits b7 to bz of thisbyte statt-specify the duratiorm offset of theTwop part] of
the writing pulse of the Extended Castle write strategy, for recording Marks of run-length$ >
5T with a preceding 3T Space. In case these bits (bits b7 to ba) apply, the anchor'duratipn
time is specified in byte 51 (T for a > 5T Mark with a preceding > 5T Space).

The last 4 bits (bits bz to bo) of this byte shall specify the duration offset of\the Tiop part|of
the writing pulse of the Extended Castle write strategy, for recording Marks of a run-length
2T with a preceding 4T Space and a succeeding 2T Space. In case.these bits (bits bs|to
bo) apply, the anchor duration time is specified in byte 47 (Twp.dor a 2T Mark with a
preceding > 5T Space and a succeeding 2T Space).

The first 4 bits (bits b to bs) of this byte shall specify the duration offset of the T, part|of
the writing pulse of the Extended Castle write strategyforrecording Marks of a run-length
2T with a preceding 4T Space and a succeeding > 3T Space. In case these bits (bits b7|to
bs) apply, the anchor duration time is specified in byte 48 (Twp for a 2T Mark with a
preceding > 5T Space and a succeeding > 3T Space).

—

The last 4 bits (bits bs to bg) of this byte shall’specify the duration offset of the Tiop part| of
the writing pulse of the Extended Castle write strategy, for recording Marks of a run-length
3T with a preceding 4T Space. In casg,these bits (bits bz to bg) apply, the anchor duratipn
time is specified in byte 49 (Typ for a*3T Mark with a preceding > 5T Space).

The first 4 bits (bits by to bs) 0f-this byte shall specify the duration offset of the T, part|of
the writing pulse of the Extended Castle write strategy, for recording Marks of a run-length
AT with a preceding 4T.Space. In case these bits (bits b to ba) apply, the anchor duratipn
time is specified in hyte. 50 (T:wop for @ 4T Mark with a preceding > 5T Space).

The last 4 bits (hits bz to bo) of this byte shall specify the duration offset of the Top part|of
the writing pulse of the Extended Castle write strategy, for recording Marks of run-lengthg >
5T with apreceding 4T Space. In case these bits (bits bz to bo) apply, the anchor duratipn
time is-specified in byte 51 (T for a > 5T Mark with a preceding > 5T Space).

These bytes specify the leading edge offset of the start time of the cooling level of the
Extended Castle write strategy, for recording Marks with run-lengths 3T, 4T and > 3T,
with a succeeding 2T, 3T or 4T Space.

128

The leading edge offset AdTc is expressed as a fraction of the actual Channel-bit clock
period as a signed two’s complement binary number h such that

AdT

W

h=32x (-8 <h <7). (where his even)
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dTc

Succeeding Space

2S
3S h
4S

>5S c

This table shows the dependence of the dT ¢ value for each Mark that is going to be written,
on the preceding and succeeding Spaces, The area denoted by " ¢ " accommodates the anchor values

and the area denoted by " h " includes the offset values.

time of the cooling level of the writing pulse of the Extended Castle write st
recording Marks of a run-length 3T with a succeeding‘2T Space. In case these b
to bs) apply, the anchor position is specified inbyte 52 (dTc for a 3T Mg
succeeding > 5T Space).

The last 4 bits (bits bs to bo) of this byte_shall specify the leading edge offset @
time of the cooling level of the writing pulse of the Extended Castle write sti
recording Marks of a run-length 4T withna succeeding 2T Space. In case these b
to bo) apply, the anchor positionsis’ specified in byte 53 (dTc for a 4T Mg
succeeding > 5T Space).

Byte 80: The first 4 bits (bits by toh4) of this byte shall specify the leading edge offset @
time of the cooling levelvof the writing pulse of the Extended Castle write sti
recording Marks of .run:lengths > 5T with a succeeding 2T Space. In case thess
bs to bs) apply, theranchor position is specified in byte 54 (dTc for a > 5T M
succeeding > 5T Space).

The last4\bits (bits b3 to bo) of this byte shall specify the leading edge offset @
time of the cooling level of the writing pulse of the Extended Castle write sti
recording Marks of a run-length 3T with a succeeding 3T Space. In case these b
te™bg) apply, the anchor position is specified in byte 52 (dT¢c for a 3T Ma
succeeding > 5T Space).

Byte 81 The first 4 bits (bits b7 to ba) of this byte shall specify the leading edge offset @
time of the cooling level of the writing pulse of the Extended Castle write sti
recording Marks of a run-length 4T with a succeeding 3T Space. In case these b
to bs) apply, the anchor position is specified in byte 53 (dTc for a 4T Ma

h The area with this pattern includes the offset values, which are representéd by " h | "
c The area with this pattern includes the anchor values, which are represented by " ¢ "
The value "k =h+c" shall satisfy -62 <k <16.
(see F.3)
Byte 79: The first 4 bits (bits by to ba) of this byte shall specify the\léading edge offset @

f the start
ategy, for
its (bits by
irk with a

f the start
ategy, for
its (bits bs
irk with a

f the start
ategy, for
b bits (bits
ark with a

f the start
ategy, for
its (bits bs
irk with a

f the start
ategy, for
its (bits by
irk with a

succeedina> 5T Snace)
~ T 7

The last 4 bits (bits bs to bg) of this byte shall specify the leading edge offset of the start
time of the cooling level of the writing pulse of the Extended Castle write strategy, for
recording Marks of run-lengths > 5T with a succeeding 3T Space. In case these bits (bits
bs to bo) apply, the anchor position is specified in byte 54 (dTc for a > 5T Mark with a

succeeding > 5T Space).
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Byte 82: The first 4 bits (bits b7 to bs) of this byte shall specify the leading edge offset of the start
time of the cooling level of the writing pulse of the Extended Castle write strategy, for
recording Marks of a run-length 3T with a succeeding 4T Space. In case these bits (bits by
to bs) apply, the anchor position is specified in byte 52 (dT¢ for a 3T Mark with a
succeeding > 5T Space).

The last 4 bits (bits bs to bg) of this byte shall specify the leading edge offset of the start
time of the cooling level of the writing pulse of the Extended Castle write strategy, for
recording Marks of a run-length 4T with a succeeding 4T Space. In case these bits (bits bs
to bo) apply, the anchor position is specified in byte 53 (dT¢ for a 4T Mark depending on

succeeting = 5T Space):

Byte [83 (msb 4 bits):

The first 4 bits (bits by to ba) of this byte shall specify the leading edge offset of the start
time of the cooling level of the writing pulse of the Extended Castle write strategy, for
recording Marks of run-lengths > 5T with a succeeding 4T Space. In case these bits (hits
b7 to bs) apply, the anchor position is specified in byte 54 (dTc fer> a 5T Mark with a
succeeding > 5T Space).

—

Bytes 83 [Isb 4 bits) and 84 to 86: AT.p last-pulse-level duration offset

These bytes specify the duration offset of the last puls€ level length of the write pulses|of

the Extended Castle write strategy, for recording Marks with run-lengths 4T and > 5T, wjith
a succeeding 2T, 3T or 4T Space.

These bytes shall specify a fraction of the actual Channel-bit clock period as a signed twg’s
complement binary number v such that

v =32 x% (-8 < v £ 7). (where\is even.)
W

Succeeding Space

2S

3S N
N

4S

>5S d

This table shows the, dependence of the T _p value for each Mark that is going to be written,
on the preceding and succeeding Spaces. The area denoted by " d " accommodates the anchor values
and the area denoted by " v " includes the offset values.

S

PR The area with this pattern includes the offset values, which are represented by " v "
% d The area with this pattern includes the anchor values, which are represented by " d "
The value "p=v+d" shall satisfy 0 <p < 62.
(see F.3)

Byte 83 (Isb 4 bits):

The last 4 bits (bits bz to bg) of this byte shall specify the duration offset of the last pulse
level length of the writing pulse of the Extended Castle write strategy, for recording Marks
of a run-length 4T with a succeeding 2T Space. In case these bits (bits bs to bo) apply, the
anchor duration time is specified in byte 55 (T.p for a 4T Mark with a succeeding > 5T
Space).
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Byte 84:
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The first 4 bits (bits b7 to ba) of this byte shall specify the duration offset of the
level length of the writing pulse of the Extended Castle write strategy, for record
of run-lengths > 5T with a succeeding 2T Space. In case these bits (bits by to ba)

last pulse
ing Marks
apply, the

anchor duration time is specified in byte 56 (T.p for a > 5T Mark with a succeeding > 5T

Space).

The last 4 bits (bits bz to bg) of this byte shall specify the duration offset of the
level length of the writing pulse of the Extended Castle write strategy, for record
of a run-length 4T with a succeeding 3T Space. In case these bits (bits b3 to bo)
anchor duration time is specified in byte 55 (T.p for a 4T Mark with a succee

last pulse
ing Marks
apply, the
ding > 5T

By

Byte 85:

Byte 86:

tes 87 to 94 and 95 (msb 4 bits):*AdTs: start time offset of the Space-level

Spacey:

The first 4 bits (bits b7 to ba) of this byte shall specify the duration offset.efythe
level length of the writing pulse of the Extended Castle write strategy, for record
of run-lengths > 5T with a succeeding 3T Space. In case these bits (Bits b7 to ba)
anchor duration time is specified in byte 56 (T p for a > 5T Mark with a succes
Space).

The last 4 bits (bits bs to bg) of this byte shall specify theduration offset of the
level length of the writing pulse of the Extended Castle (write strategy, for record
of a run-length 4T with a succeeding 4T Space. In case’these bits (bits bs to bo)
anchor duration time is specified in byte 55 (T pfor a 4T Mark with a succee
Space).

The first 4 bits (bits b7 to ba) of this byte.shall specify the duration offset of the
level length of the writing pulse of the Extended Castle write strategy, for record
of run-lengths > 5T with a succeeding. 4T Space. In case these bits (bits b7 to bs)
anchor duration time is specified Jjr_ byte 56 (T p for a > 5T Mark with a succes
Space).

The last 4 bits (bits bz to bg)-of this byte (Reserved).

These bits shall be set'to 0000.

These bytés) specify the leading edge offset of the start time of the Space le
writing pulse of the Extended Castle write strategy, for recording Marks with run-
3T, 4T and > 5T, with a succeeding 2T, 3T or 4T Space.

The leading edge offset AdTs is expressed as a fraction of the actual Channe
period as a signed two’s complement binary number w such that

w =32 x% (=31 <w < 30). for byte 87 and 88 (where w is even.)

w

last pulse
ing Marks
apply, the
ding > 5T

last pulse
ing Marks
apply, the
ding > 5T

last pulse
ing Marks
apply, the
ding > 5T

vel of the
engths 2T,

I-bit clock

AdTg

w

w =32x (-8 <w £ 7). for byte 89 to 94 and 95 (msb 4 bits) (where w

© ISO/IEC 2015 — All rights reserved

is even.)

131


https://standardsiso.com/api/?name=43a433c12b486bcd9e252dce9b729005

ISO/IEC 30191:2015(E)

dT s

Preceding Space

Succeeding Space

2S

3S W

4S

>5S e

This table shows the dependence of the dT s value for each Mark that is going to be written,
on the preceding and succeeding Spaces. The area denoted by " e " accommodates the anchor values

and the area denoted by “ w -~ includes the offsetalues

The area with this pattern includes the offset values, which are represented by " w "

e The area with this pattern includes the anchor values, which are represented by " € |"

Byte 87:

Byte [88:

Byte [89:

Byte [90:

The value "q=w+e" shall satisfy -62 < q < 30.

(see F.3)

The first 6 bits (bits by to by) of this byte shall specify the leading.édge offset of the start
time of the Space level of the writing pulse of the Extended Castle write strategy, for
recording Marks of a run-length 2T with a succeeding 2T Spac€and a preceding 2T Spagce.
In case this byte applies, the anchor position is specified in:hyte 57 (dTs for a 2T Mark wjth
succeeding > 5T Space and a preceding a 2T Space).

The last 2 bits (bits by to bo) of this byte shall be Reserved.

The first 6 bits (bits by to by) of this byte shall'specify the leading edge offset of the start
time of the Space level of the writing pulse’ of the Extended Castle write strategy, for
recording Marks of a run-length 2T with & succeeding 2T Space and a preceding > BT
Space. In case this byte applies, the @nchor position is specified in byte 58 (dTs for a PT
Mark with a succeeding > 5T Space-and a preceding a > 3T Space).

The last 2 bits (bits b1 to bo) ofthis byte shall be Reserved.

The first 4 bits (bits b7 to ba) of this byte shall specify the leading edge offset of the Spdce
level of the writing plise of the Extended Castle write strategy, for recording Marks of a
run-length 3T withiassucceeding 2T Space. In case these bits (bits b7 to bs) apply, the
anchor position s specified in byte 59 (dTs for a 3T Mark with a succeeding > 5T Space)

The last 4 'hits (bits bz to bg) of this byte shall specify the leading edge offset of the start
time of 'the Space level of the writing pulse of the Extended Castle write strategy, for
recording Marks of a run-length 4T with a succeeding 2T Space. In case these bits (bits|bs
tocbg) apply, the anchor position is specified in byte 60 (dTs for a 4T Mark with[ a
succeeding > 5T Space).

The first 4 bits (bits b7 to ba) of this byte shall specify the leading edge offset of the Space
level of the writing pulse of the Extended Castle write strategy, for recording Marks of ryn-

Byte 91:

132

lengths > 5T with a succeeding 2T Space. In case these bits (bits b7 to bs) apply, the
anchor position is specified in byte 61 (dTs for > 5T Mark with a succeeding 2T Space).

The last 4 bits (bits bs to bg) of this byte shall specify the leading edge offset of the start
time of the Space level of the writing pulse of the Extended Castle write strategy, for
recording Marks of a run-length 2T with a succeeding 3T Space and a preceding 2T Space.
In case these bits (bits bs to bg) apply, the anchor position is specified in byte 57 (dTs for a
2T Mark with a succeeding > 5T Space and a preceding 2T Space).

The first 4 bits (bits b7 to ba) of this byte shall specify the leading edge offset of the Space

level of the writing pulse of the Extended Castle write strategy, for recording Marks of a
run-length 2T with a succeeding 3T Space and a preceding > 3T Space. In case these bits
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Byte 92:

Byte 93:

Byte 94

Byte 95.(msb:4 bits):

ISO/IEC 30191:2015(E)

(bits b7 to bs) apply, the anchor position is specified in byte 58 (dTs for a 2T M
succeeding > 5T Space and a preceding a > 3T Space).

ark with a

The last 4 bits (bits bs to bg) of this byte shall specify the leading edge offset of the start
time of the Space level of the writing pulse of the Extended Castle write strategy, for
recording Marks of a run-length 3T with a succeeding 3T Space. In case these bits (bits bs
to bo) apply, the anchor position is specified in byte 59 (dTs for a 3T Mark with a

succeeding > 5T Space).

The first 4 bits (bits b7 to ba) of this byte shall specify the leading edge offset of the Space

run-length 4T with a succeeding 3T Space. In case these bits (bits b7 to ;b)
anchor position is specified in byte 60 (dTs for a 4T Mark with a succeeding.> 5T

The last 4 bits (bits bs to bg) of this byte shall specify the leading edge offset ¢
time of the Space level of the writing pulse of the Extended Castle write st
recording Marks of run-lengths > 5T with a succeeding 3T Space! In case thess
bs to bg) apply, the anchor position is specified in byte 61 (dTs for a > 5T M
succeeding > 5T Space).

The first 4 bits (bits b7 to ba) of this byte shall specify.the leading edge offset of
level of the writing pulse of the Extended Castle write strategy, for recording N
run-length 2T with a succeeding 4T Space and.a preceding 2T Space. In case
(bits by to ba) apply, the anchor position is_specified in byte 57 (dTs for a 2T M
succeeding > 5T Space and a preceding 2T*Space).

The last 4 bits (bits bs to bg) of this byte shall specify the leading edge offset ¢
time of the Space level of the writing pulse of the Extended Castle write st
recording Marks of a run-length«2T with a succeeding 4T Space and a precedin
case these bits (bits bs to bo).apply, the anchor position is specified in byte 58 (d
Mark with a succeeding > 5T Space and a preceding > 3T Space).

The first 4 bits (bits, b7'to ba) of this byte shall specify the leading edge offset of
level of the writing pulse of the Extended Castle write strategy, for recording N
run-length 3T with“a succeeding 4T Space. In case these bits (bits b7 to bs)
anchor position.is specified in byte 59 (dTs for a 3T Mark with a succeeding > 5T

The last\4)bits (bits bs to bg) of this byte shall specify the leading edge offset @
time_ (of) the Space level of the writing pulse of the Extended Castle write st
recarding Marks of a run-length 4T with a succeeding 4T Space. In case these b
taobo) apply, the anchor position is specified in byte 60 (dTs for a 4T Ma
succeeding > 5T Space).

The first 4 bits (bits b7 to ba) of this byte shall specify the leading edge offset of

larks of a
apply, the
Space).

f the start
ategy, for
e bits (bits
ark with a

the Space
arks of a
these bits
ark with a

f the start
ategy, for
g > 3T. In
s fora 2T

the Space
flarks of a
apply, the
Space).

f the start
ategy, for
its (bits bs
irk with a

the Space

level of the writing pulse of the Extended Castle write strategy, for recording Ma

rks of run-

lengths > 5T with a succeeding 4T Space. In case these bits (bits b7 to ba)
anchor position is specified in byte 61 (dTs for a > 5T Mark with a succeeding > 5

Byte 95 (Ish:4 bits): Reserved

These bits shall be set to 0000.
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Bytes 96 to 99: Reserved

These bytes shall be set to all 00h.

Bytes 100 to 111: DI Unit footer

15.8.3.5

See 15.8.3.2.

Write-strategy requirements

The write-

a At least on
2x only disk

15.8.3.6

By using
facilitates
Layers, w

Generally
which writ

Additional
Referencs
The Reco
Paramete
Velocities

strategy rq

These dis
the 2x Re

Additional
see Figure

Strategy requirements for disks according to this specification are depicted in Figure 83.

Recording Write strategy
Disk type Velocity Ex N-1 | Ex Castle
TLQL 2X Optional 2 | Optional @
4x Mandatory

e of the two write strategies shall be present and they shall be defined as most preferred write strategy.
Can not be allowed.

Figure 83 — Write strategy type requirements

Usage of DI Units for write strategies
the (future) use of disks for different Recording Velocitiesvand with three, four or more Recordi
hile keeping backwards compatibility in the best possible way.

each different Recording Velocity might need a different write strategy (different set of parameter
b strategy furthermore can depend on the applied‘technology.

y each Recording Layer might need a different set of values for the write strategy parameters.
Velocity is the velocity correspond-te:66 MHz Channel clock frequency.

ding Velocity is referred to Nominal Recording Velocity of DI.

s in this International Standard have been defined for the so-called “4x” disk (applicable Recordi
shall be, 2x and 4x Réference Velocity) (see Figure 84). Each Recording Layer shall fulfill the wr

quirements as indicated in Figure 83.

ks shall contaimat least two DI Units for each Recording Layer, one containing the parameters
tording Velacity and one containing the parameters for the 4x Recording Velocity.

DI Units; containing alternative write strategy parameter sets, may be added in order of preferen
79

the concept of multiple DI Units, identified by their DI-Format Number (byte 2), the BD syst¢m

ng

5),

ng
ite

for

el

In the DI Unit defining parameters for the 2X Recording Velocity, byles 28 10 29 are Set to as 10l10wWs:

bytes

28t029: 03 01h to indicate a Nominal Recording Velocity of 7,69 m/s (32,0 GB per layer),
02 E2h to indicate a Nominal Recording Velocity of 7,38 m/s (33,4 GB per layer).

In the DI Unit defining the parameters for 4x Recording Velocity, bytes 28 to 29 are set to as follows:

bytes

134

281t029: 06 02h to indicate a Nominal Recording Velocity of 15,38 m/s (32,0 GB per layer),
05 C3h to indicate a Nominal Recording Velocity of 14,75 m/s (33,4 GB per layer).
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4x disk (TL) with 2x EX N-1& Castle
and 4x EX Castle write strategy

ISO/IEC 30191:2015(E)

4x disk (QL) with 2x EX N-1& Castle
and 4x EX Castle write strategy

byte 2: DI-Format Number 4 byte 2: DI-Format Number 4
byte 3: # of DI's/L# 9/0 byte 3: # of DI's/L# 12/0
byte 4: --- 00h byte 4: --- 00h
byte 5: sequence # 0 byte 5: sequence # 0
msb of byte 6: 0 msb of byte 6: 0
bytes 28 to 29: Velocity 2x bytes 28 to 29: Velocity 2x
bytes 42 to 98:\WS EX_N-1 bytes 42 to 98:W.S EX_N-1
byte 2: DI-Format Number 5 byte 2: DI-Format Number 5
byte 3: # of DI's/L# 9/0 byte 3: # of DI's/L# 12/0
byte 4: --- 00h byte 4: --- 00h
byte 5: sequence # 1 byte 5: sequence # il
nsb of byte 6: 0 msb of byte 6: 0
bytes 28 to 29: Velocity 2x bytes 28 to 29: Velocity 2x
bytes 42 to 95:WS EX_Castle bytes 42 to 95:WS EX_Castle
byte 2: DI-Format Number 4 byte 2: DI-Format Number 4
byte 3: # of DI's/L# 9/1 byte 3: # of DI's/L# 12/1
byte 4: --- 00h byte 4: --- 00h
byte 5: sequence # 2 byte 5: sequence # 2
nsb of byte 6: 0 msb of byte 6: 0
bytes 28 to 29: Velocity 2X bytes 280 29: Velocity 2X
bytes 42 to 98:WS EX_N-1 bytes\42 to 98:WS EX_N-1
byte 2: DI-Format Number 5 byte 2: DI-Format Number 5
byte 3: # of DI's/L# 9/1 byte 3: # of DI's/L# 12/1
byte 4: --- 00h byte 4: --- 00h
byte 5: sequence # 3 byte 5: sequence # 3
nsb of byte 6: 0] msb of byte 6: 0
bytes 28 to 29: Velocity 2x bytes 28 to 29: Velocity 2x
bytes 42 to 95:WS EX: Castle bytes 42 to 95:WS EX_Castle
byte 2: DI-Format Number, 4 byte 2: DI-Format Number 4
byte 3: # of DI's/L# 9/2 byte 3: # of DI's/L# 12/2
byte 4: --- 00h byte 4: --- 00h
byte 5: sequenee'# 4 byte 5: sequence # 4
n|sb of byte 6; 0 msb of byte 6: 0
bytes 28 t0\29: Velocity 2X bytes 28 to 29: Velocity 2X
bytes 4210 98:WS EX_N-1 bytes 42 to 98:WS EX_N-1
byte 2. DI-Format Number 5 byte 2 Bl-Fermat-Number 5
byte 3: # of DI's/L# 9/2 byte 3: # of DI's/L# 12/2
byte 4: --- 00h byte 4: --- 00h
byte 5: sequence # 5 byte 5: sequence # 5
msb of byte 6: 0 msb of byte 6: 0
bytes 28 to 29: Velocity 2X bytes 28 to 29: Velocity 2X
bytes 42 to 95:WS EX_Castle bytes 42 to 95:WS EX_Castle

Figure 84 — Example of DI sequence for 4x disks

© ISO/IEC 2015 — All rights reserved

135


https://standardsiso.com/api/?name=43a433c12b486bcd9e252dce9b729005

ISO/IEC 30191:2015(E)

byte 2: DI-Format Number 5 byte 2: DI-Format Number 4
byte 3: # of DI's/L# 9/0 byte 3: # of DI's/L# 12/3
byte 4: --- 00h byte 4: --- 00h
byte 5: sequence # 6 byte 5: sequence # 6
msb of byte 6: 0 msb of byte 6: 0
bytes 28 to 29: Velocity 4x bytes 28 to 29: Velocity 2X
bytes 42 to 95:WS EX_Castle bytes 42 to 98:WS EX_N-1
byte 2: DI-Format Number 5 byte 2: DI-Format Number 5
byte 3: # pt-Blsi# Ot byte-3-#-ofBrsh# 1243
byte 4: -- 00h byte 4: --- 00h
byte 5: sequence # 7 byte 5: sequence # 7
msb of byte 6: 0 msb of byte 6: 0
bytes 28 fo 29: Velocity 4x bytes 28 to 29: Velocity 2X
bytes 42 fo 95:WS EX_Castle bytes 42 to 95:WS EX_Castle
byte 2: D|-Format Number 5 byte 2: DI-Format Number 5
byte 3: # pf DI's/L# 9/2 byte 3: # of DI's/L# 12/0
byte 4: -- 00h byte 4: --- 00h
byte 5: sequence # 8 byte 5: sequence # 8
msb of byte 6: 0 msb of byte 6: 0
bytes 28 fo 29: Velocity 4x bytes 28 to 29: Velocity 4x
bytes 42 fo 95:WS EX_Castle bytes 42 to 95:WS EX_Castle
[ Repeat | byte 2: DI-Format Number 5
byte 3: # of:.DFs/L# 12/1
byte 4: - 00h
byte 5:sequence # 9
msh of byte 6: 0
bytes 28 to 29: Velocity 4x
bytes 42 to 95:WS EX_Castle
byte 2: DI-Format Number 5
byte 3: # of DI's/L# 12/2
byte 4: --- 00h
byte 5: sequence # 10
msb of byte 6: 0
bytes 28 to 29: Velocity 4x
bytes 42 to 95:WS EX_Castle
byte 2: DI-Format Number 5
byte 3: # of DI's/L# 12/3
byte 4: --- 00h
byte-5-sequence# 1+
msb of byte 6: 0
bytes 28 to 29: Velocity 4x
bytes 42 to 95:WS EX_Castle
| Repeat |
Figure 84 — Example of DI sequence for 4x disks (continued)
136 © ISO/IEC 2015 — Al rights reserved


https://standardsiso.com/api/?name=43a433c12b486bcd9e252dce9b729005

ISO/IEC 30191:2015(E)

16 General description of Information Zone

16.1 General

The Information Zone, which contain all information on the disk that is relevant for data interchange, is located

in

the Information Area extending from dg to dio (see 10.8.1 and Figure 14).

The inner part of Inner Zone 0 (Protection-Zone 1 + PIC) shall contain HFM Groove which can hold replicated

infarmation about the disk The outer part of Inner Zone Q_other Inner Zaones Data Zaones and Qi

ter Zones

constitute the Recordable Areas in which the information can be recorded on the Wobbled Grooves

1.2 Format of Information Zone on Triple-Layer disk

THe Information Zone is divided into nine parts: a Lead-in Zone (part of Inner Zone 0);~Data Zone 0
ne 0 on Layer LO, and Outer Zone 1, Data Zone 1 and Inner Zone 1 on Layer L'L)yand Inner Zone 2, Data
Zdne 2 and Lead-out Zone on Layer L2 (see Figure 85, Figure 86, and Figure 87).

ZQ

D4ta Zone 0, Data Zone 1 and Data Zone 2 are intended for recording User Data. The Lead-in Zon

re

Zdne 2, Outer Zone 0, Outer Zone 1 and Outer Zone 2 allow for a smooth run-in/run-out for their
layers and also contain Control Information.

14.3 Format of Information Zone on Quadruple-Layerdisk

THe Information Zone is divided into twelve parts: a Lead-in Zone (part of Inner Zone 0), Data Z

O

2,|Data Zone 2 and Outer Zone 2 on Layer L2, and.Outer Zone 3, Data Zone 3 and Lead-out Zone
L3 (see Figure 88, Figure 89, Figure 90 and Figure;91).

Data Zone 0, Data Zone 1, Data Zone 2 and-Data Zone 3 are intended for recording User Data. Tk
Zgne contains replicated and Recordable Control Information and an area for disk and drive testing.
Zgne 1, Inner Zone 2, Inner Zone 3, Outer Zone 0, Outer Zone 1, Outer Zone 2 and Outer Zone 3

S

THe Recordable Areaef.the Information Zone is constituted from part of the Inner Zones, Data 2

)
Fi

THe Physical ADIP Addresses (PAA) listed are the first/last address in the Groove Tracks of each 2

th

©

17 Layout of Recordable Area of Information Zone

plicated and Recordable Control Information and an area for disk and.drive testing. The Inner Zor

ter Zone 0 on Layer LO, and Outer Zone 1, the Datd Zone 1 and Inner Zone 1 on Layer L1, and |

ooth run-in/run-out for the respective Layers and also contain Control Information.

ter Zones. The start-radii for the Zones indicated in Figure 85, Figure 86, Figure 87, Figure 88,
iure 90 and Figure-91 are the nominal values of the centre of the first/last Groove Track of that Zo

¢ number ef Physical Clusters (RUBSs) that can be recorded per Zone are indicated.

and Outer

P contains
e 1, Inner
respective

bne 0 and
hner Zone
on Layer

e Lead-in
The Inner
hllow for a

fones and
Figure 89,
ne.

fone. Also
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Nominal First PAA
Descrip- . of Zone Number
Layer LO tion SrtaadrEng : of Phys.
(mm) Last PAA Clusters
of Zone
First transition Area ending radius 11,5 mm
Clamping Zone starting radius11,5 mm
ending radius 16,5 mm
Second transition Area starting radius 16,5 mm
Clld;lly |ad|uo 21,0 LILLLILLI
starting radius  “wide pitch” BCA
21,0 mm Grooves
Protection
-Zone 1 22
(First AUN‘=00
Emg‘;iﬂsed 0C0480h | 2720
(HEM PIC 22,510 ; (x4 KB)
Groove) Last;AUN = 00
QC 19 BEh)
. 00183 38h
Protection) 23,068 ! 300
Lead-in 0 01 87 E6h
Zone
001 87 E8h
(part of | Buffer 1+ 53,107 : 3078
nner Zone
Zone 0) 001 B7 FEh
0 01 B8 00h
INFO 2 | 23,468 : 256
| 0 01 BB FEh
{ 001 BC 00h
Information OPCO 23,498 : 2048
Zone 001 DB FEh
Information | 001 DC 00h
Area l TDMA O | 23,736 : 2048
tracking direction 001FBFEh
001 FC 00h
Recordable INFO 1 23,971 : 256
0 01 FF FEh
(Wobbled 24,000 0 02 00 00h
Groove) Zgﬁt:() 509 152
LAA
LAA + 2h
INEQ 3/4| 58000 294
out LAA + 4 98h
ZOL:];”O LAA + 4 9Ah
DCZO0 58,014 : 760
LAA + 10 78h
Protection 58050 LAA + 10 7Ah
-Zone 3 ’ :
ending radius 58,5 mm
Rim Area starting radius 58,5 mm

Figure 85 — Layout of Information Zone on Layer LO of TL disk
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Nominal Last PAA
Descrip- ending of Zone Number
Layer L1 tion radius o of Phys.
(mm) First PAA | Clusters
of Zone
ending radius “wide pitch”
21,0 mm Grooves
Wobbled Protection 292 :
Groove -Zone 1 ' 0 7E C5 B8h
Butter 5 510 B 4/104
zone 0 7E 85 98h
0 7E 85 96h
OPC1 23,004 : 21048
0 7E\65 98h
OHZE 65 96h
Reserved| 23,246 : 11894
0 7E 48 00h
Inner 0 7E 47 FEh
Zone 1 INFO 2 23,468 : P56
0 7E 44 00h
tracking direction 0 7E 43 FEh
A TDMA-X 23,498 : 21048
| 0 7E 24 00h
Information . 0 7E 23 FEh
Area Information Reserved| 23,736 : 21048
Z"T”e 0 7E 04 00h
0 7E 03 FEh
’ Recordable INFO 1 23,971 : P56
0 7E 00 00h
(Wobbled 24,000 0 7D FF FEh
Data :
Groove) Zone 1 : 50P 152
FAA 2
FAA - 2h
INFO 3/4| 58,000 : DO4
FAA — 4 98h
Outer FAA — 4 9Ah
Zone 1 DCz1 : y60
58,014 FAA — 10 78h
Protection 58,050 FAA — .10 7Ah
-Zone 3 :
starting radius 58,5 mm
a FAA=LAA+180 00 01h (seg¢ 15.7.4.3)
Figure 86 — Layout of Information Zone on Layer L1 of TL disk
© ISO/IEC 2015 — All rights reserved 139


https://standardsiso.com/api/?name=43a433c12b486bcd9e252dce9b729005

ISO/IEC 30191:2015(E)

Nominal First PAA
Descrip- startin of Zone Number
Layer L2 tion P radiusg : of Phys.
(mm) Last PAA |Clusters
of Zone
starting radius “wide pitch”
21,0 mm Grooves
Wobbled Protection
Groove -Zone 1 cene
0 81 3A 48h
E;‘(‘)frf]‘zr 22 510 : 500
0 81 3D 66h
0 81 3D 68h
Z'Q;‘grz oPC2 | 22535 : 2048
0 81 5D 66h
0 85D 68h
Reserved 22,782 : 1 600
0’81 76 66h
081 76 68h
INFO 2 22,973 : 256
0 81 7A 66h
| 081 7A 68h
J TDMA 2 23,004 : 2 048
Information 0 81 9A 66h
Information Zone 0 81 9A 68h
Area | E;(‘)f:]eer 23,246 : 6 246
1 081 FB FEh
tracking direction 081 FC 00h
Recordable INFO 1 23,971 : 256
0 81 FF FEh
(Wobbled 24,000 082 00 00h
Data :
Groove) Zone 2 : 509 152
LAA2 2
LAA2 + 2h
INFO 3/4| 58,000 : 294
Lead-out LAA2 + 4 98h
Zone LAA2 + 4 9Ah
(Outer DCzZ 2 58,014 : 760
Zone 2) LAA2 + 10 78h
Protection 58,050 LAA2 +.10 7Ah
-Zone 3 :
ending radius 58,5 mm
Rim Area starting radius 58,5 mm | | | |
a LAA2 =LAA + 08000 00h (see 15.7.4.3)
Figure 87 — Layout of Information Zone on Layer L2 of TL disk
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Nominal First PAA
Descrip- | starting of Zone Number
Layer LO . . } of Phys.
tion radius : Clusters
(mm) Last PAA
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 erring radius 16 5 mm
ending radius 21,0 mm
starting radius  “wide pitch”
21,0 mm Grooves BCA
Protection
-Zone 1 e \
Embossed (Eirst AUN = 00
HFM JOEEAU oy
(HEM PIC 22,510 : (xh KB)
Groove) Last AUN = 00
0C 5A 7Eh)
Protection 001 6B 50h
Zone-2 23,091 : 800
0 01 8F FEh
0 01 90 00h
E;‘g:]‘zr 23,132 : 314
0 01 9C B6h
0 01 9C B8h
INFO 2 23,232 : P56
| Lead-in 0 01 A0 B6h
N Zone 001 A0 B8h
Information (part of OPCO 23,263 : 2|048
Zone Inner 0 01 CO B6h
Information | Zone0) | o 001 CO0 B8h
uffer .
Area J Zone 23,513 : 3794
tracking direction 001 FB FEh
0 01 FC 00h
INFO 1 23,970 : P56
Recordable 001 FF EEh
(Wobbled 24,000 0 02 00 00h
Data :
Groove) Zone 0 : 488 288
LAA
LAA + 2h
INFO 3/4 | 58,000 : P94
LAA + 4 98h
LAA + 4 9Ah
Outer DCZO0 58,014 : 732
Zone 0 LAA + 10 08h
Protection 58,050 LAA + .10 OAh
-Zone 3 :
ending radius 58,5 mm
Rim Area starting radius 58,5 mm |

Figure 88 — Layout of Information Zone on Layer LO of QL disk
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3)

Nominal Last PAA
Descrip- ending of ane Number
Layer L1 tion radius : of Phys.
(mm) First PAA | Clusters
of Zone
ending radius  “wide pitch”
21,0 mm Grooves
WOVPE\IE\d Prgien(f}l?n 2212 o7 I:).h ROk -
Buffer 0 7E BD B6h
Zone 22,509 : 2 500
0 7E 96 A8h
0 7E 96 A6h
OPC1 22,824 : 2048
0 7E 76 A8h
0 7E 76)A6h
Inner INFO 2 23,079 2 256
Zonel OYE 72 A8h
0 7E 72 A6h
TDMA 0 23,111 : 2304
tracking direction 0 7E 4E A8h
Information T Buffer 0 7E 4E A6h
Area | Zone 23,394 ; 4778
Information 0 7E 04 00h
Zone 0 7E 03 FEh
0 INFO/1 23,970 : 256
’ Recordable 0 7E 00 00h
(Wobbled 24,000 0 7D FF FEh
Data :
Groove) Zoneil : 488 288
FAA 2
FAA - 2h
INFO 3/4 58,000 : 294
FAA — 4 98h
Outer FAA — 4 9Ah
Zone 1 DCz 1 : 732
58,014 FAA — 10 08h
Protection 58.050 FAA — .10 OAh
-Zone 3 :
starting/radius 58,5 mm
& FAA=LAA+180 00 01h (see 15.7.4
Figure 89 — Layout of Information Zone on Layer L1 of QL disk
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Nominal First PAA
Descrip- starting of Zone Number
Layer L2 tion radius : of Phys.
(mm) Last PAA [Clusters
of Zone
starting radius  “wide pitch”
21,0 mm Grooves
Waobbled Protection :
Groove -Zone 1 s 0814246h {-|
Buffer 08142 48h )
Zone 22,509 : 3 268
0 81,7556h
0 8175 58h
INFO 2 22,920 : 256
0781 79 56h
081 7958h
TDMA 1 22,952 : 1280
0 81 8D 56h
Inner Buffer 081 8D 58h ]
Zone 2 Zone 23,111 : 3754
081 C7 FEh
| 081 C8 00h
OPC 2 23,570 : 2048
M . 081 E7 FEh
Information Information 081 E8 00h
Area Z°|“e TDMA2 | 23,817 : 1280
081 FB FEh
v 081 FC 00h
tracking direction INFO 1 23,970 : 256
Recordable 0 81 EE EEh
(Wobbled 24,000 0 82 00 00h
Data :
Groove) Zone 2 : 488 288
LAA2 @
LAA2 + 2h
58,000 : 294
INFO 3/4 LAA2 + 4 98h
Outer LAA2 + 4 9Ah
Zone 2 DCz 2 58,014 : 732
LAA2 + 10 08h
Protection 58.050 LAA2 +.10 OAh| |
-Zone 3 :
ending radius 58,5 mm
AR =TAAF 0800000 (See 15.7.4.3)
Figure 90 — Layout of Information Zone on Layer L2 of QL disk
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Nominal Last PAA
Descrip- ending of Zone Number
Layer L3 ; . i of Phys.
tion radius : Clusters
(mm) First PAA
of Zone
ending radius “wide pitch”
21,0 mm Grooves
Wobbled Protection 222 __
Groove -Zone 1 0 EE BD B8h
0 FE BD B6h
OPC 3 22,509 : 2.:048
0 FE 9D B8h
22,768 : 6 254
Zone
0\RE/3C 00h
Lead-out
Zone 0 FE 3B FEh
(part of | INFO2 | 23539 : 256
Inner 0 FE 38 00h
S Zone 3)
Information tracking direction 0 FE 37 FEh
Area T TDOMAGY 23,570 : 3328
0 FE 04 00h
Information 0 FE 03 FEh
Zone INFO1 | 23,970 : 256
']" Recordable 0 EE 00 00h
(Wobbled 24,000 0 FD FF FEh
Data 488 288
Groove) Zone 3 :
FAA3 2
FAA3 - 2h
INFO 3/4| 58,000 : 294
FAA3 — 4 98h
Outer FAA3 — 4 9Ah
Zone 3 DCz 3 : 732
58,014 |raa3_1008h
Protection 58,050 FAA3 - 10 OAh
-Zone 3 :

starting radius 58,5 mm

144

a FAA3=LAA+1000001h (see 15.7.4.3)

Figure 91 — Layout of Information Zone on Layer L3 of QL disk
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Physical-Sector numbering

Each Cluster contains 32 Physical Sectors, each Physical Sector contains 2K data bytes Although these
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 PS3srto PSxpof the PSN-shattbe Reserved:

Bits PS;7 to PS5 of the PSN shall be set to the Layer number.
THe first PSN in the Data Zone 0 is 00 10 00 00h.

THe last PSN in the Data Zone 0 is 8 x LAA + 15, which is
=01 08 9B FFh on a TL disk,

=00 FE 6B FFh on a QL disk.

THe first PSN in the Data Zone 1 is 8 x FAA, which is

=02 F7 64 00h on a TL disk,

= 03 01 94 00h on a QL disk.

THe last PSN in the Data Zone 1 is 03 EF FF FFh.

THe first PSN in the Data Zone 2 is 04 10 00 00h.

THe last PSN in the Data Zone 2 is 8 x LAA2 + 15, which is
=05 08 9B FFh on a TL disk,

=04 FE 6B FFh on a QL disk.

THe first PSN in the Datd Zone 3 is 8 x FAA3, which is
=07 01 94 00h“gna QL disk.

THe last PSN in-the Data Zone 3 is 07 EF FF FFh.
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These PS
ECC Clus

Finally a H
location o

set to
Layer number PSN
MSB l LSB
P P[ P[P P P P P Pl [P[P P
S S| |s|s S S S s s| |s|s S
3 2| 2|2 2 1 1 8 7| |5|4 0
1 7| [5]4 3 6 5
in Cluster )
count ZERO
Address Unit Numbe ll
o O S sy
A AT TATA A A A A Al TATA ATA
U u| |ulu U u U u u| |ulu u|u
3 2| [2]2 2 1 1 8 7| |5]a 1|0
1 7| |5]4 3 6 5
setto
00, 01, 10
consecutively
YVYVYYVYY YYYYVYY ¥ A l
A ATATATA ATA A A A ATATA
A AlA|AlA A|A A A A AlA[A
2 2|2|2|2 1|1 1 8 7 2|1|0
1 3|2]1]0 716 5

Physical ADIP Address

ers (see 13.9.2.2).

N the disk where the data shall be recorded.

Figure 92 — Physical ADIP Addresses derived from PSN’s

Ns are converted to the Address-Unit Numbers, which shall be recorded in the BIS columns of the

hysical ADIP Address is derived from the PSN/AUN as defined in Figure 92. This PAA identifies the

146
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18 Inner Zone(s)

18.1 General

On Layer LO the innermost Zone of the Information Zone is called the Lead-in Zone (part of the Inner Zone 0).
On Layer L1 and Layer L2 they are called Inner Zone 1 and Inner Zone 2. On Layer L3 of a QL disk it is called
the Lead-out Zone (part of the Inner Zone 3).

In

1,
R¢

In
15

TH
BE

In
to

Pr|

In
infl

In
L3

TH
an
Inf

On Layer LO this encoding shall start at a radius 22,2_%3 mm, such that the AUN of the first Cluster {

Inner Zone 2 and Inner Zone 3 (in its Lead-out Zone part) contain an embossed wobbled

the Embossed HFM Area on Layer LO, all Groove shall be encoded according to the-format as
.5 and subclause.

AUN =00 0B F8 E2h if disk is a TL disk.
AUN =00 0C 3A 1Ch if disk is a QL disk.

e addresses shall be continuously increasing as described in 15.5:3.2 and shall end with AUN =
Eh for a TL disk, 00 OC 5A 7Eh for a QL disk in the last 4K Clusterat the outermost radius of the P

Protection-Zone 1 of Inner Zone 0 the content of the Data:Frames can be set to all 00h or they ca
the content in the PIC Zone.

btection Zone 1 is intended to as a Protection Area against overwriting of the PIC Zone by the BC

prmation can be stored in the Embossed HEM Groove.

the Recordable Area and the Wobbled’Grooved Area (Protection Zone 1 on Layer L1, Layer L2
for a QL disk), all Grooves shall be wobbled as defined in 15.6.

e Recordable Areas of each-Ifiher Zone(s) are used to execute OPC (Optimum Power Control) p
d to store specific information about the disk, such as e.g. Disk Management Information a
ormation. Also a Zone/hasbeen reserved where drives can store their own specific information.

cordable Areas (see Figure 93, Figure 94, Figure 95,Figure 96,Figure 97,Figure 98 and Figure 99).

er Zane 0O (in its | ead-in Zane Inart) contains an Embaossed HEM Area and a Recaordable Area Inner Zone

parts and

defined in

hall be

00 0OC 19
C Zone.

n be equal

\ code.

the Permanent Information & Control Data (RIC) Zone, general information about the disk and vaijious other

and Layer

rocedures
d Control

©l
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. . Number of
L;it:em Description F('):f;;feA Phys. Purpose
Clusters
Protection .
-Zone 1
Embossed PIC Permanent Information &
HFM Control Data Zone
Protection | 51 g3 3gn 300
-Zone 2
Buffer UUT 87 EBN 3078
Reserved 8 001 B8 00h 32 future extension
Reserved 7 001 B8 80h 32 future extension
Reserved 6 0 01 B9 00h 32 future extension
Reserved 5 0 01 B9 80h 32 future extension
INFO 2 PAC 2 0 01 BA 00h 32 Physical-Access Control
’ DMA 2 0 01 BA 80h 32 Disk’Management
Recqgrdable Control Data 2 | 001 BB 00h 32 data information
v Buffer 2 0 01 BB 80h 32
;ri":‘e:t'i';?‘ OPC O Test Zone 001 BC 00h 2044 OPC testing
OPC 0 Buffer | 001 DB FOh 4 buffer
TDMA O 001 DC 00h 2 048 Temporary Disk-
Management Area
Pre-write Area | 0 01 FC 00k 32 Drive calibration
Drive Area 0 01 FC.80h 32 drive specific information
Drive Area 0 01-KD 00h 32 drive specific information
INFO 1 Drive Area 0/01FD 80h 32 drive specific information
Drive Area 001 FE 00h 32 drive specific information
DMA 1 0 01 FE 80h 32 Disk Management
Control Data 1 0 01 FF 00Oh 32 data information
PAC/1 0 01 FF 80h 32 Physical-Access Control
(Data Zone 0) | 002 00 00h
Figure 93 — Lead-in Zone of TL disk
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. Number of
Inner Description First PAA Phys. Purpose
Zone 1 of Zone
Clusters
(Data Zone 1)
PAC 1 0 7E 00 00h 32 Physical-Access Control
CO”"‘;' Data | 4 7¢ 00 8on 32 data information
DMA 1 0 7E 01 O0h 32 Disk Management
NFOT Drive Area 0 7E 01 80h 32 drive specific information
Drive Area 0 7E 02 00h 32 drive specific information
Drive Area 0 7E 02 80h 32 drive specific-information
Drive Area 0 7E 03 00h 32 drive specific informiation
Pre-write | 7E 03 8oh 32 Drive calibratio
Area T
Reserved 0 7E 04 00h 2048 future extension
TDMA 1 0 7E 24 00h 2 048 Temporary Disk-
Management Arga
J Buffer 2 0 7E 44 00h 32
Recordable Contrt;l Data 0 7E 44 80h 32 data information
¥ DMA 2 0 7E 45 00h 32 Disk Management
PAC 2 0 7E 45¢80h 32 Physical-Access Cqntrol
INFO 2 Reserved 5 0.7E 46 00h 32 future extension
Reserved 6 0 7E 46 80h 32 future extension
Reserved 7 0 7E 47 00h 32 future extension
tracking Reserved 8 | 0 7E 47 80h 32 future extensio
direction T
Reserved 0 7E 48 00h 1894 future extension
ORC 1 Test Zone 0 7E 65 98h 2048 OPC testing
Buffer 0 7E 85 98h 4104
Wobbled Protection 0 7E C5 Bsh
Grooves -Zone 1

Figure 94 — Inner Zone 1 of TL disk

© ISO/IEC 2015 — All rights reserved

149


https://standardsiso.com/api/?name=43a433c12b486bcd9e252dce9b729005

ISO/IEC 30191:2015(E)

150

Inner Description First PAA Nul:rjr;]t;g o Purpose
Zone 2 of Zone
Clusters
Wobbled Protection
Grooves -Zone 1
Buffer 081 3A48h 200
OPC 2 Test Zone 0 81 3D 68h 2044 OPC testing
OPC 2 Buffer | 081 5D 58h 4 buffer
Reserved 081 5D 68h 1600 future extension
Reserved 8 081 76 68h 32 future extension
Reserved 7 08176 E8h 32 future extension
Reserved 6 081 77 68h 32 future extension
Reserved 5 08177 E8h 32 future extension
INFO 2 Reserved 081 78 68h 32 futufe extension
¢ DMA 2 081 78 Esh 32 DiskManagement
Recqgrdable Control Data 2 | 081 79 68h 32 data information
v Buffer 2 08179 E8h 32
rafking | - TpmA 2 -~ | 0817A68h 2 048 Temporary Disk-
dirdction Management Area
Buffer 081 9A 68h 6246
Pre-write Area | 0 81 FC 00h 32 Drive calibration
Drive Area 081 FC 80h 32 drive specific information
Drive Area 0 81 FD,O0h 32 drive specific information
INFO 1 Drive Area 0 81 FD*80h 32 drive specific information
Drive Area 0 81-FE 00h 32 drive specific information
DMA 1 081 FE 80h 32 Disk Management
Control Data 1, 0 81 FF 00h 32 data information
Reserved 081 FF 80h 32 future extension
(DataZone 2) | 082 00 00h

Figure 95 — Inner Zone 2 of TL disk
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Figure 96 — Lead-in Zone of QL disk

Lead-in Description First PAA Nul:rjr;]t;g o Purpose
Zone of Zone Clusters
Protection
Zone 1
Embossed PIC Permanent Information &
HFM Control Data Zone
Przocfﬁg“;’” 001 8B 50h 300
Buffet 6-0196-66h 814 |
Reserved 8 | 001 9C Bgh 32 future extensiof)
Reserved 7 001 9D 38h 32 future extensioriu
Reserved 6 001 9D B8h 32 future extensiori|
Reserved 5 0 01 9E 38h 32 futlre extension)
INFO 2 PAC 2 0 01 9E B8h 32 Physical-Access Cqntrol
J DMA 2 001 9F 38h 32 Disk Managemeht
Recordable Control Data 2 0 01 9F B8h 32 data information
¥ Buffer 2 0 01 A0 38h 32
racking | opc g | Test Zone 0 01 AO B8h 2048 OPC testing
direction
Buffer 0 01 CO B8h 3794
Pre-write Area 001 FC Q0h 32 Drive calibratiomn
Drive Area 0 01 E€80h 32 drive specific informiation
Drive Area 0 02-FD 00h 32 drive specific informfation
INFO 1 Drive Area 001 FD 80h 32 drive specific informiation
Drive Area 001 FE 0O0h 32 drive specific informiation
DMA 1 0 01 FE 80h 32 Disk Management
Control Pata’l 0 01 FF 0O0h 32 data information
PAC1 0 01 FF 80h 32 Physical-Access Cqntrol
(Data*Zone 0) 0 02 00 00h
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. Number of
Inner Description First PAA Phys. Purpose
Zone 1 of Zone
Clusters
(Data Zone 1)
PAC 1 0 7E 00 00h 32 Physical-Access Control
Control Datal | 0 7E 00 80h 32 data information
DMA 1 0 7E 01 00h 32 Disk Management
Drive Area 0 7E 01 80h 32 drive specific information
INFO 1 Drive Area 0 7E 02 00h 32 drive specific information
Drive Area 0 7E 02 80h 32 drive specific information
Drive Area 0 7E 03 00h 32 drive specific information
Pre-write Area | 0 7E 03 80h 32 Drive calibration
Buffer 0 7E 04 00h 4778 future extension
TDMA 0 0 7E 4E Agh 2 304 Temporgy Disk-
Management Area
| Buffer 2 0 7E 72 A8h 32
Recqgrdable Control Data2 | 0 7E 73 28h 32 data information
v DMA 2 0 7E 73 A8h 32 Disk Management
PAC 2 0 7E 74 28h 32 Physical-Access Control
INFO 2 Reserved 5 | 0 7E 74 A8h 32 future extension
Reserved 6 0 7E 75 28h 32 future extension
Reserved 7 0 7E 75°A8h 32 future extension
tragking Reserved 8 | Q7E 76 28h 32 future extension
dirdction
OPC 1 Test Zone 0 7E 76 A8h 2048 OPC testing
Buffer 0 7E 96 A8h 2 500
Wobbled Protectien 0 7E BD B8h
Grgoves Zoene/l
Figure 97 — Inner Zone 1 of QL disk
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Figure 98 — Inner Zone 2 of QL disk

Inner Description First PAA Nul:rjr;]t;g o Purpose
Zone 2 of Zone
Clusters
Wobbled Protection L
Grooves Zone 1
Buffer 081 42 48h 3268
Reserved 8 081 75 58h 32 future extension
Reserved 7 081 75 D8h 32 future extension
Reserved 6 081 76 58h 32 future extensiorb
Reserved 5 081 76 D8h 32 future extensiori|
INFO 2 Reserved 081 77 58h 32 future,exténsion
J DMA 2 08177 D8h 32 Disk Management
Recordable Control Data2 | 081 78 58h 32 data informatiom
v Buffer 2 081 78 D8h 32
tracking TDMA 1 081 79 58h 1 280 Temporary Disk-
direction Management Arg¢a
Buffer 081 8D 58h 3754
OPC 2 Test Zone 081 C800h 2044 OPC testing
OPC 2 Buffer | 081 E7 FOh 4 buffer
TDMA 2 08LE8 00N | 1280 Temporary Disk-
Management Arga
Pre-write Area | 0 81:KC 00h 32 Drive calibratiom
Drive Area 0-81 FC 80h 32 drive specific informfation
Drive Area 081 FD 00h 32 drive specific informiation
INFO 1 Drive Area 081 FD 80h 32 drive specific informfation
Drive Area 0 81 FE 00h 32 drive specific informiation
DMAM 0 81 FE 80h 32 Disk Management
Control Data 1 | 0 81 FF 00h 32 data informatiof
Reserved 0 81 FF 80h 32 future extension
(Data Zone 2) | 082 00 00h
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. Number of
Lead-out .
eza ou Description F('):f;;feA Phys. Purpose
one Clusters
(Data Zone 3)
Reserved 0 FE 00 00h 32 future extension
Control Data1l | 0 FE 00 80h 32 data information
DMA 1 0 FE 01 00h 32 Disk Management
Drive Area 0 FE 01 80h 32 drive specific information
INFO 1 Drive Area 0 FE 02 00h 32 drive specific information
Drive Area 0 FE 02 80h 32 drive specific information
Drive Area 0 FE 03 00h 32 drive specific information
Pre-write Area | 0 FE 03 80h 32 Drive calibration
TDMA 3 0 FE 04 00h 3328 Temporary Dlsk-
Management Area
’ Buffer 2 0 FE 38 00h 32
Recardable Control Data 2 | 0 FE 38 80h 32 data information
v DMA 2 0 FE 39 00h 32 Disk Management
Reserved 0 FE 39 80h 32 future extension
INFO 2 Reserved 5 0 FE 3A 00h 32 future extension
Reserved 6 0 FE 3A 80h 32 future extension
Reserved 7 0 FE 3B 00h 32 future extension
tragking Reserved 8 | 0 FE-3B 80h 32 future extension
dirdction
Buffer O0'FE 3C 00h 6 254
OPC 3 Test Zone 0 FE 9D B8h 2048 OPC testing
Wobbled Protection 0 FE BD B8h
Grdoves Zonest
Figure 99 — Lead-out Zone of QL disk
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18.2 Permanent Information & Control Data (PIC) Zone

18

.2.1 Genarel

ISO/IEC 30191:2015(E)

The Permanent Information & Control Data (PIC) Zone is an Embossed HFM Area with data for various
purposes, such as Disk Information. If no specific PIC data is supplied, all User-Data bytes (before
scrambling) shall be set to 00h. The Permanent Information & Control Data (PIC) is only present on Layer LO.

18

TH
of

TH

Th
00

Th
C(

.2.2 Content of PIC Zone

e PIC Zone shall consist of five repetitions of a PIC-Info Fragment, where each PIC-Info Fragment consists

544 PIC Clusters (for a total of 2 720, see Figure 100 for a TL disk and Figure 101 for a,QL disk).

e PIC Clusters shall be formatted as described in 15.5.

e PIC-Info Fragments shall start on Layer LO for a TL disk at AUNs: 00 0C‘@4 80h, 00 OC 08 G

00h, 00 OC 11 40h and 00 OC 15 80h.

e PIC-Info Fragments shall start on Layer LO for a QL disk at AUNs:¢00*0C 45 40h, 00 OC 49 80h,

h, 00 OC 52 00h and 00 OC 56 40h.

PIC-Info Fragment PIC Cluster AUN
number number on Layer LO

0 00 OC 04 80h
1 00 0C 04 82h
IFO 2 00 OC 04 84h
543 00 OC 08 BEh
0 00 0C 08 COh

IF1 : :
543 00 0C OC FEh
0 00 0C 0D 00h

IF2 : :
543 00 0C 11 3Eh
0 00 0C 11 40h

IF3 : :
543 00 0C 15 7Eh
0 00 OC 15 80h

IF4 : :
543 00 0C 19 BEh

Figure 100 — PIC Zone for TL disk

Oh, 00 OC

000C 4D
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The first H
the ADIP

PIC-Info Fragment PIC Cluster AUN
number number on Layer LO

0 00 OC 45 40h
1 00 0C 45 42h
IFO 2 00 OC 45 44h
543 00 0C 49 7Eh
0 00 0C 49 80h

IF1 : :
543 00 0C 4D BEh
0 00 0C 4D COh

IF2 : :
543 00 0C 51 FEh
0 00 0C 52 00h

IF3 : :
543 00 OC 56 3Eh
0 00 OC 56 40h

IF4 : :
543 00 OC 5A 7Eh

Figure 101 — PIC Zone for QL disK

IC Cluster of each Info Fragment shall contain a copy of the Disk-Information Block as contained| in
Aux Frames (see 15.8.3 and Figure 102). Only the 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 remainipg

bytes up t

The last 5
see 15.8.3

All other A

D byte 3 584 shall be set to 00h.

12 bytes of the first PIC Cluster of each Info.kragment shall contain the Emergency-Brake data sgt,
and Figure 102.

Byte position Number of
inyFEICpCIuster Content bytes
0to 111 DI Unit 0 112
112 to 223 DI Unit 1 112

: : 112 x 28
3360t 3471 DI Unit 30 112
3 472 to 3583 Reserved 112
3584 to 4 095 EB Data Set 512

Figure 102 — First PIC Cluster of each Info Fragment

IC Clusters shall be Reserved, unless specified otherwise (e.g. in other Applications).
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18.2.3 Emergency Brake

ISO/IEC 30191:2015(E)

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

special actions when handling such disks, e.g. to prevent damage to the disk or the drive. Up to aum

62 EB-data fields may be applied.

THe Emergency-Brake data shall be implemented as depicted in Figure 103.

hximum of

Byte number Function Definition Number of bytes
3584 to 3585 Identifier. 2
3 586 EB Version 1
3 587 Reserved 1
Header ?
3588 List length 1
3589 to 3591 Reserved 3
3592 1t0 3593 Drive-Manufacturer 1D 2
3594 to 3595 EB Drive Model 2
3596 to 3597 Data field\I Firmware Version 2
3598 to 3599 Drive Actions 2
(3584 +ix8)to (3584 +ix8)+1 Drive-Manufacturer 1D 2
(3584 +1x8)+21t0 (3584 +ix8)t3 DataEE’eld | Drive Model 2
(3584 +ix8)+41t0 (3584 +ix8)y+5 (L<i<N) Firmware Version 2
(3584 +ix8)+6t0(3584+1%X8)+7 Drive Actions 2
(3584 +N x8)to(3584 + Nx8)+1 EB Drive-Manufacturer 1D 2
(3584 + N x 8) #2210 (3584 + N x 8) + 3 | Data Field Drive Model 2
(3584 +Nx8)#4to(3584+Nx8)+5 N Firmware Version 2
(3584 +Nx8)+6t0(3584+Nx8)+7 | (N<62) Drive Actions 2
[3 584+ (N+1) x[i] 224 +(N+1) x 8] + 7 EB Footer Terminator 8
[3584 + (N+2) x 8] to 4 095 Unused Reserved 512-(N+2)x8

Figure 103 — Definition of Emergency-Brake data

Bytes 3584 to 3 585: EB Identifier

These bytes shall be set to 45 42h, representing the characters “EB”.

Byte 3 586: EB Version

This byte shall be set to 01h, representing Version 1 of the Emergency Brake format.
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Byte 3 587: 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 59t03 591 Reserved

These bytes shall be set to 00 00 00h.

Bytes (3%84 +ix8)to (3584 +ix8)+ 1 (1<i<N): Drive-Manufacturer ID

The format and the content of these 2 bytes require agreement betweendthe interchan
parties, else these bytes shall be set to all 00h.

Bytes (3%84 +ix8)+21t0 (3584 +ix8)+3(1<Li<N): Drive-Model number

These 2 bytes represent the Drive-Model number and shall be defined by the dri
manufacturer. This International Standard does not specify,the format and the content of t
byte. It shall be ignored in interchange.

Bytes (3584 +ix8)+41t0 (3584 +ix8)+5(1<i<N): Drive-Ritmware Version

These 2 bytes represent the Drive-Firmware-Version and shall be defined by the dr
manufacturer. This International Standard does not specify the format and the content of t
byte. It shall be ignored in interchange.

Bytes (3584 +ix8)+6to (3584 +ix8)+7 (1L<i<N): Drive-Manufacturer Actions

These 2 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 ng
specify the format and the\content of this byte. It shall be ignored in interchange.

Bytes [3 %84 + (N+1) x 8] to [3584.# (N + 1) x 8] + 7 (0 £ N £ 62): EB Terminator

These bytes shall be set to FF FF FF FF FF FF FF FFh to indicate the end of the EB data.

Bytes [3 %84 + (N+2) x8].to 4 095 (0 < N £ 62): Reserved

These bytes shall be Reserved.

18.3 Redordable Area of Lead-in Zone of TL disk

pge

Nis

ns

18.3.1 Protection-Zone 2

This Zone of 300 Physical Clusters starts at PAA 0 01 83 38h and is intended to be a buffer Zone for the
transition from the Embossed HFM Area to the Recordable Area (see 15.4.4).

18.3.2 Buffer

This Zone of 3 078 Physical Clusters starts at PAA 0 01 87 E8h and shall be unrecorded.

158
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.3.3 INFO 2/ Reserved 8

This Zone comprising 32 Physical Clusters starts at PAA 0 01 B8 00h and 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

.3.4 INFO 2/ Reserved 7

This Zone comprising 32 Physical Clusters starts at PAA 0 01 B8 80h and shall be unrecorded.

18

Th

18§

TH

Fa

Fa

18§
Th

fo
un

18

Th

Management system. Until the disk is closed (see 22.6) these Clusters shall be left unrecorded.

18

TH
Inf

18§

TH

18§

.3.5 INFO 2/ Reserved 6

is Zone comprising 32 Physical Clusters starts at PAA 0 01 B9 00h and shall be left unrecorded.
.3.6 INFO 2/ Reserved 5

is Zone comprising 32 Physical Clusters starts at PAA 0 01 B9 80h and is Application dependent.
r the disks with BCA code, this Zone shall be left unrecorded unless otherwjse specified by the A
r the disks without BCA code, this Zone shall be recorded all 00h beéfore shipped.

.3.7 INFO 2/ PAC 2

is Zone comprising 32 Physical Clusters starts at PAA 0. 03'BA 00h on Layer LO and is intended t
storing Physical-Access Control (PAC) Clusters (see*21.2). Unused Clusters in this Zone sh
recorded.

.3.8 INFO 2/DMA 2

is Zone comprising 32 Physical Clustersistarts at PAA 0 01 BA 80h and is intended for use b

.3.9 INFO 2/ Control Data 2

is Zone comprising 32 Physical Clusters starts at PAA 0 01 BB 00h and is intended to sto
ormation. Unused Clusters’shall be left unrecorded until the disk is closed.

.3.10 INFO 2/ Buffer 2

is Zone comprising 32 Physical Clusters starts at PAA 0 01 BB 80h and shall be left unrecorded.

.3.11. “"OPC 0/ Test Zone

pplication.

o be used
all be left

y the Disk

e Control

Th

e-Test Zone comprising 2 044 Physical Clusters starts at PAA 0 01 BC 00h and is reserved

for testing

an

d/or OPC procedures. The OPC 0 Area shall be used according to 18.3.12.

18.3.12 Usage of OPC Areas

18.3.12.1 OPC procedure order

The OPC Areas shall be used consecutively in descending PAA order. The first area used for an OPC
procedure ends at the end of the last PAA. The last usable Physical Cluster of the OPC Area is located at the
first PAA of the OPC Area, see Figure 104.

© ISO/IEC 2015 — All rights reserved

159


https://standardsiso.com/api/?name=43a433c12b486bcd9e252dce9b729005

ISO/IEC 30191:2015(E)

PAA: PAA:
Layer LO of TL: 0 01 BC 00h, n =2 044 Layer LO of TL: 0 01 DB EEh
Layer L2 of TL: 0 81 3D 68h, n =2 044 Layer L2 of TL: 0 81 5D 56h
Layer LO of QL: 0 01 A0 B8h, n =2 048 Layer LO of QL: 0 01 CO A6h
Layer L2 of QL: 0 81 C8 00h, n =2 044 Layer L2 of QL: 0 81 E7 EEh
T OPC usage direction < T
Layer LO
OPC O/ n |n-1|n2| <<-- --- ---- << 4 3 2 1
Layer L2
OpPC 2 Track direction >
<+—  Track direction
Layer L1 (14 | 5 3[4 | >>ccccmmo -->> | n-2|n-1{-n
OPC 1/
Layer L3 l . At L
OPC 3 » OPC usage direction A
PAA: PAA:
Layer L1 of TL: O 7E 85 96h Layer L1 of TL: 0 7E 65 A8h, n = 2 048
Layer L1 of QL: O 7E 96 A6h Layer L1 of QL: 0 7E-76 B8h, n =2 048
Layer L3 of QL: 0 FE BD A6h Layer L3 of QL: ,FE-9D B8h, n =2 048

OPC 3 on Layer L3 is only for a QL disk

Figure 104 — Direction of usage of OPC Area of Layer L0 Layer L1, Layer L2 and Layer L3
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18.3.12.2 OPC Physical Cluster usage

The length of one OPC procedure may be chosen by the drive and is not restricted to an integer number of
Physical Clusters (see Figure 105). The transition between the used and unused OPC Area shall be indicated
by an OPC Marker. The distance between any two consecutive OPC Markers shall not exceed 16 Physical
Clusters. In case an OPC procedure needs more than 16 Physical Clusters, OPC Markers shall be inserted to
fulfill this requirement. The OPC Marker shall have a length of at least 868 NWLs (equal to one AUN) and its

modulation shall be such that lgpp / lsn > 0,30.

Cluster # N - 2 E Cluster# N -1 Cluster#P + 1 i

». |
P 1l
1

) 4

Cluster # N Cluster # P

A\ 4
A

%o

OPC Area

NN
0

oY

Recording direction .

/

T+ N #IO1UEN DdO_ T NS

\
Y

N # Jone Qdo |

Z + N JOBN OdO__
Z+ W #90dOo
T+ #2dO
W # DdO

OPC #M occupies exactly one Cluster; OPC #M+1 exceeds one Cluster;
OPC #M+2 is snialler than one Cluster

Figure 105 — Example of position of OPC Markers

184.3.12.3 OPC update in the TDMA

Egch OPC procedure shall be-eempleted by updating the corresponding “next available PSN of Tegt Zone on
Layer Lx” (x =0, 1, 2 and 3)in'the TDDS, see 22.4.4.

184.3.13 OPC 0/ ORC0 Buffer

THis Zone of 4 Physical Clusters starts at PAA 0 01 DB FOh and is intended as a buffer Zone for thg transition
frgm OPC 0 Area to the TDMA 0 Area and shall be unrecorded.

18.3.14-FDMA O

THis Zone of 2 048 Physical Clusters starts at PAA 0 01 DC 00h and is intended for use as a Temparary Disk-
Management Area.

18.3.15 INFO 1/ Pre-write Area

This Zone of 32 Physical Clusters starts at PAA 0 01 FC 00h and all 32 Physical Clusters shall be recorded by
the first drive that writes on Layer LO and shall contain all 00h.

Drives that write the INFO 1 / Pre-write Area shall update Pre-write Area flags of the TDDS (see 22.4.4).
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18.3.16 INFO 1/ Drive Area

18.3.16.1

General

The use of this Zone, divided into four parts of 32 Physical Clusters each starting at PAA 0 01 FC 80h is

optional.

This Zone can be used by drives to store drive-specific information, restricted to be used only by the drive that
has created the information. To guarantee that drives can allocate their own information, the following format
shall be used. These Clusters in this Zone shall be ignored in interchange.

18.3.16.2

Each Drive-specific Information shall be contained in one 2K Data Frame. The first 128 bytes of such-a D4
Frame shpll contain a signature of the drive that has created the related Data Frame, according to t
following fprmat:

— 48 hytes for the Manufacturers name, represented by characters from the ISO 646 character set,

Format of Drive-specific Information

ita
he

— 48 bytes of additional identification, represented by characters from the ISO 646 character set,

— 32 hytes for a unique serial number of the drive.

The formgt of the remaining 1 920 bytes of the Data Frame is not defined and can-be chosen freely by each
drive designer.

Drive-spegific Information of the last 32 drives that have used this option~shall be stored in the newgst
recorded Physical Cluster. Each time a new drive is going to write it Drive-specific Information in a new

Physical
Cluster is

luster, the oldest Drive-specific Information, which is locatéd in Data Frame 31 of the last Physi
removed, the content of Data Frames 0 to 30 of the last\Physical Cluster is are copied into D§

cal
ata

Frames 1|to 31 in the new Physical Cluster and the new information is written in Data Frame O in the ngw
Physical Qluster (see Figure 106). Initially the Physical Cluster-starting at PAA 0 01 FC 80h shall be used|to
store the Drive-specific Information.
Phys. Cluster Data Frame
(Data Ftame 0) Manufacturers
drivei name
(Daia Frame 1) Onex2K ) yditional ID
drive i—-1 Sector
Drive Area 32x 2K ) Unigue Ser. Num.
Sectors | :
Recorded (Data Frame 30) Drive-specific
Phys. Clugter drive i-30 Information
Recorded (Data Frame 31)
Phys. Clugter drive i-31
Last Recorded
Phys. Clugter
New Recdrded
Phys. Cluster
Unrecordgd (Data Frame 0)
Phys. Cluster New drive
: (Data Frame 1)
drive i
32x2K | :
Sectors | :
(Data Frame 30)
drive i-29
(Data Frame 31)
drive i-30
Figure 106 — Format of Drive Area (example)
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18.3.17 INFO1/DMA1

This Zone comprising 32 Physical Clusters starts at PAA 0 01 FE 80h and is intended for use by the Disk
Management system. Until the disk is closed (see 22.6) these Clusters shall be left unrecorded.

18.3.18 INFO 1/ Control Data 1

This Zone comprising 32 Physical Clusters starts at PAA 0 01 FF 00h and is intended to store Control
Information. Unused Clusters shall be left unrecorded until the disk is closed.

183.19 INFO1l/PAC1
THis Zone comprising 32 Physical Clusters starts at PAA 0 01 FF 80h on Layer LO and is intended o be used

for storing Physical-Access Control (PAC) Clusters (see 21.2). Unused Clusters in thissnZone shall be left
unrecorded.

18.4 Recordable Area of Inner Zone 1 of TL disk

18.4.1 Buffer
THis Zone comprising 4 104 Physical Clusters starts at PAA 0 7E 85 98h and shall be left unrecorded.

18.4.2 OPC 1/ Test Zone

THis Zone comprising 2 048 Physical Clusters starts at PAA'O 7E 65 98h is reserved for testing and/or OPC
procedures. The OPC 1 Area shall be used according 18:3.12.

18.4.3 Reserved

THis Zone comprising 1 894 Physical Clusters'starts at PAA 0 7E 48 00h and shall be unrecorded.
18.4.4 INFO 2/ Reserved 8

THis Zone comprising 32 PhysicahClusters starts at PAA 0 7E 47 80h and is Application dependent.
Fdr the disks with BCA codg, this Zone shall be left unrecorded unless otherwise specified by the Agplication.
Fgr the disks without BEA code, this Zone shall be recorded all 00h before shipped.
18.4.5 INFO 2 /Reserved 7

THis Zone €omprising 32 Physical Clusters starts at PAA 0 7E 47 00h and shall be left unrecorded.

18.4:6 \INFO 2 / Reserved 6

This Zone comprising 32 Physical Clusters starts at PAA 0 7E 46 80h and shall be left unrecorded.

18.4.7 INFO 2/ Reserved 5
This Zone comprising 32 Physical Clusters starts at PAA 0 7E 46 00h and 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 shipped.
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18.4.8 INFO 2/ PAC 2

This Zone comprising 32 Physical Clusters starts at PAA 0 7E 45 80h on Layer L1 and is intended to be used
for storing Physical-Access Control (PAC) Clusters (see 21.2). Unused Clusters in this Zone shall be left

unrecorde

d.

18.4.9 INFO 2/ DMA 2

This Zone comprising 32 Physical Clusters starts at PAA 0 7E 45 00h and is intended for use by the Disk

Managem

ent system. Until the disk is closed (see 22.6) these Clusters shall be left unrecorded.

18.4.10

This Zong
Informatio|

18.4.11

This Zone|

18.4.12

This Zong
Temporar

18.4.13

This Zoneg|

18.4.14

This Zone

recorded by the first drive that writes on Layér 1 and shall contain all 00h. Drives that write the INFO 1/ P

write Ared

18.4.15

The use 0

This Zone|
has creats
in 18.3.16

18.4.16

NFO 2/ Control Data 2

comprising 32 Physical Clusters starts at PAA 0 7E 44 80h and is intended to stere Cont
n. Unused Clusters shall be left unrecorded until the disk is closed.

NFO 2 / Buffer 2

comprising 32 Physical Clusters starts at PAA 0 7E 44 00h and shall be Jeft.unrecorded.

TDMA 1

comprising 2 048 Physical Clusters starts at PAA 0 7E_24)00h and is intended for use as
y Disk-Management Area.

Reserved

comprising 2 048 Physical Clusters starts at PAA0 7E 04 00h and shall be left unrecorded.

NFO 1/ Pre-write Area
comprising 32 Physical Clusters starts'at PAA 0 7E 03 80h and all 32 Physical Clusters shall

shall update Pre-write Area flags of the TDDS (see 22.4.4).
NFO 1/ Drive Area

f this Zone, divided into-four parts of 32 Physical Clusters, starting at PAA 0 7E 01 80h is optional.

can be used by drives to store drive-specific information, restricted to be used only by the drive tf
d the information. To guarantee that drives can allocate their own information, the format specifi
shall be used. The Clusters in this Zone shall be ignored in interchange.

NFO 1/ DMA 1

rol

e_

at
ed

This Zone comprising 32 Physical CIUSters starts at PAA U /E UL 00h and is intended for Use by the D

Managem

18.4.17

ent system. Until the disk is closed (see 22.6) these Clusters shall be left unrecorded.

INFO 1/ Control Data 1

This Zone comprising 32 Physical Clusters starts at PAA 0 7E 00 80h and is intended to store Control

Informatio

Unused C

164

n.

lusters shall be left unrecorded until the disk is closed.
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18.4.18 INFO1/PAC1
This Zone of 32 Physical Clusters starts at PAA 0 7E 00 00h on Layer L1 and is intended to be used for

storing Physical-Access Control (PAC) Clusters (see 21.2). Unused Clusters in this Zone shall be left
unrecorded.

18.5 Recordable Area of Inner Zone 2 of TL disk

18.5.1 Buffer

THis Zone comprising 200 Physical Clusters starts at PAA 0 81 3A 48h and shall be unrecorded.

185.2 OPC 2/ Test Zone

THe Test Zone comprising 2 044 Physical Clusters starts at PAA 0 81 3D 68h and.is reserved for testing
and/or OPC procedures. The OPC 2 Area shall be used according to 18.3.12.

18.5.3 OPC 2/ OPC 2 Buffer

THis Zone comprising 4 Physical Clusters starts at PAA 0 81 5D 58h and-is intended as a buffer Zgne for the
trgnsition from OPC 2 Area to the Reserved Area and shall be left unrecorded.

18.5.4 Reserved

THis Zone comprising 1 600 Physical Clusters starts at PAA.0°'81 5D 68h and shall be left unrecordef.

1845.5 INFO 2/ Reserved 8

THis Zone comprising 32 Physical Clusters starts.at PAA 0 81 76 68h and is Application dependent.
Fgr the disks with BCA code, this Zone shall be left unrecorded unless otherwise specified by the Agplication.
Fgr the disks without BCA code, this.Zone shall be recorded all 00h before shipped.

185.6 INFO 2/ Reserved 7

THis Zone comprising 32Physical Clusters starts at PAA 0 81 76 E8h and shall be left unrecorded.
185.7 INFO 2/ Reserved 6

THis Zone comprising 32 Physical Clusters starts at PAA 0 81 77 68h and shall be left unrecorded.

18.5.8, INFO 2 / Reserved 5

THis-Zone r‘nmlnrieing 32 Dhycir‘nl Clusters starts at PAA 081 77 E8h and is Alnplir‘:-\’rinn dnlnr:-nrinn’r
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 shipped.

18.5.9 INFO 2/ Reserved

This Zone comprising 32 Physical Clusters starts at PAA 0 81 78 68h and shall be left unrecorded.
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18.5.10 INFO 2/DMA 2

This Zone comprising 32 Physical Clusters starts at PAA 0 81 78 E8h and is intended for use by the Disk
Management system. Until the disk is closed (see 22.6) these Clusters shall be left unrecorded.

18.5.11 INFO 2/ Control Data 2

This Zone comprising 32 Physical Clusters starts at PAA 0 81 79 68h and is intended to store Control
Information.

Unused Clusters shall be left unrecorded until the disk is closed.

18.5.12 |NFO 2/ Buffer 2

This Zone|comprising 32 Physical Clusters starts at PAA 0 81 79 E8h and shall be unrecorded.

18.5.13 |[TDMA 2

This Zong comprising 2 048 Physical Clusters starts at PAA 0 81 7A 68h andis intended for use ag
Temporary Disk-Management Area.

18.5.14 PBuffer

This Zone|comprising 6 246 Physical Clusters starts at PAA 0 81 9A 68h and shall be left unrecorded.
18.5.15 |NFO 1/ Pre-write Area

This Zong comprising 32 Physical Clusters starts at PAA 0,81 FC 00h and all 32 Physical Clusters shall

recorded by the first drive that writes on Layer L2 and shall contain all 00h.

Drives that write the INFO 1 / Pre-write Area shall update Pre-write Area flags of the TDDS (see 22.4.4).

18.5.16

The use ¢
optional. T
drive that
specified i

18.5.17

This Zong
Managem

NFO 1/ Drive Area

f this Zone, divided into four-parts of each 32 Physical Clusters starting at PAA 0 81 FC 80h
his Zone can be used by-drives to store drive-specific information, restricted to be used only by t
has created the information. To guarantee that drives can allocate their own information, the forn
n 18.3.16 shall be used./These Clusters in this Zone shall be ignored in interchange.

NFO 1/DMA 1

comprisingt32 Physical Clusters starts at PAA 0 81 FE 80h and is intended for use by the D
ent systent. Until the disk is closed (see 22.6) these Clusters shall be left unrecorded.

is
he
at

18.5.18

NFO 1/ Control Data 1

This Zone comprising 32 Physical Clusters starts at PAA 0 81 FF 00h and is intended to store Control

Informatio

Unused C

18.5.19

This Zone

166

n.

lusters shall be left unrecorded until the disk is closed.

INFO 1/ Reserved

comprising 32 Physical Clusters starts at PAA 0 81 FF 80h and shall be unrecorded.
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18.6 Recordable Area of Lead-in Zone of QL disk

18.6.1 Protection-Zone 2

This Zone comprising 300 Physical Clusters starts at PAA 0 01 8B 50h and is meant as a buffer Zone for the
transition from the Embossed HFM Area to the Recordable Area (see 15.4.4).

18.6.2 Buffer

This Zone comprising 814 Physical Clusters starts at PAA 0 01 90 00h and shall be unrecorded

18.6.3 INFO 2/ Reserved 8
THis Zone comprising 32 Physical Clusters starts at PAA 0 01 9C B8h and is Application@dependent.
Fgr the disks with BCA code, this Zone shall be left unrecorded unless otherwise specified by the Agplication.

Fgr the disks without BCA code, this Zone shall be recorded all 00h before shipped.

18.6.4 INFO 2/ Reserved 7

THis Zone comprising 32 Physical Clusters starts at PAA 0 01 9D 38h and shall be left unrecorded.

18.6.5 INFO 2 / Reserved 6

THis Zone comprising 32 Physical Clusters starts at PAAZO 01 9D B8h and shall be left unrecorded.

18.6.6 INFO 2/ Reserved 5
THis Zone comprising 32 Physical Clusters starts at PAA 0 01 9E 38h and is Application dependent.
Fgr the disks with BCA code, this Zone shall be left unrecorded unless otherwise specified by the Agplication.

Fgr the disks without BCA code, this Zone shall be recorded all 00h before shipped.

184.6.7 INFO 2/ PAC 2
THis Zone comprising 32 Physical Clusters starts at PAA 0 01 9E B8h on Layer LO and is intended fo be used

fof storing PhysicalzAccess Control (PAC) Clusters (see 21.2). Unused Clusters in this Zone shall be left
unrecorded.

14.6.8 INRO_2'/ DMA 2

THis_Zone comprising 32 Physical Clusters starts at PAA 0 01 9F 38h and is intended for use by the Disk
Management system. Until the disk is closed (see 22.6) these Clusters shall be left unrecorded.

18.6.9 INFO 2/ Control Data 2

This Zone comprising 32 Physical Clusters starts at PAA 0 01 9F B8h and is intended to store Control
Information.

Unused Clusters shall be left unrecorded until the disk is closed.

18.6.10 INFO 2/ Buffer 2

This Zone comprising 32 Physical Clusters starts at PAA 0 01 A0 38h and shall be left unrecorded.
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18.6.11 OPC 0/ Test Zone

The Test Zone comprising 2 048 Physical Clusters starts at PAA 0 01 A0 B8h and is reserved for testing

and/or OP

C procedures. The OPC 0 Area shall be used according to 18.3.12.

18.6.12 Buffer

This Zone

18.6.13

comprising 3 794 Physical Clusters starts at PAA 0 01 CO B8h and shall be left unrecorded.

NEO 1/ Pre-write Area

This Zone

recorded by the first drive that writes on Layer LO and shall contain all 00h.

Drives that write the INFO 1 / Pre-write Area shall update Pre-write Area flags of the TDDS (see.22.4.4).

18.6.14
The use (
optional. T
drive that
specified i
18.6.15

This Zonsg
Managem

18.6.16

This Zong
Informatio

Unused C|

18.6.17

This Zone
for storing
unrecorde

18.7 Red

18.7.1 B

comprising 32 Physical Clusters starts at PAA 0 01 FC 00h and all 32 Physical Clustersshall

NFO 1/ Drive Area
f this Zone, divided into four parts of each 32 Physical Clusters startingyat PAA 0 01 FC 80h
his Zone can be used by drives to store drive-specific information, restricted to be used only by t

has created the information. To guarantee that drives can allocate their own information, the form
h 18.3.16 shall be used. These Clusters in this Zone shall be ignered’in interchange.

NFO 1/DMA 1

comprising 32 Physical Clusters starts at PAA 0 01.FE 80h and is intended for use by the D
ent system. Until the disk is closed (see 22.6) these Clusters shall be left unrecorded.

NFO 1/ Control Data 1

comprising 32 Physical Clusters starts\at PAA 0 01 FF 00h and is intended to store Cont
n.

usters shall be left unrecorded untilthe disk is closed.

NFO 1/PAC1

comprising 32 Physical'Clusters starts at PAA 0 01 FF 80h on Layer LO and is intended to be us
Physical-Access-Control (PAC) Clusters (see 21.2). Unused Clusters in this Zone shall be |
d.

ordable’Area of Inner Zone 1 of QL disk

ffer

is
he
at

rol

ed
eft

This Zone

comprising 2 500 Physical Clusters starts at PAA 0 7E 96 A8h and shall be left unrecorded.

18.7.2 OPC 1/ Test Zone

This Zone comprising 2 048 Physical Clusters starts at PAA 0 7E 76 A8h is reserved for testing and/or OPC
procedures. The OPC 1 Area shall be used according 18.3.12.

18.7.3 INFO 2 / Reserved 8

This Zone
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comprising 32 Physical Clusters starts at PAA 0 7E 76 28h and is Application dependent.
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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 shipped.

18.7.4 INFO 2 / Reserved 7

This Zone comprising 32 Physical Clusters starts at PAA 0 7E 75 A8h and shall be left unrecorded.

18.7.5 INFO 2/ Reserved 6

THis Zone comprising 32 Physical Clusters starts at PAA 0 7E 75 28h and shall be left unrecorded:

18.7.6 INFO 2/ Reserved 5
THis Zone comprising 32 Physical Clusters starts at PAA 0 7E 74 A8h and is Applicatien‘dependent.
Fgr the disks with BCA code, this Zone shall be left unrecorded unless otherwise (specified by the Agplication.

Fdr the disks without BCA code, this Zone shall be recorded all 00h before(shipping.

18.7.7 INFO 2/ PAC 2
THis Zone comprising 32 Physical Clusters starts at PAA 0 7E 74 28h on Layer L1 and is intended to be used

fof storing Physical-Access Control (PAC) Clusters (see 21.2). Unused Clusters in this Zone shall be left
unrecorded.

184.7.8 INFO 2/ DMA 2

THis Zone comprising 32 Physical Clusters starts’at PAA 0 7E 73 A8h and is intended for use by the Disk
Management system. Until the disk is closed (see 22.6) these Clusters shall be left unrecorded.

18.7.9 INFO 2/ Control Data 2

THis Zone comprising 32 Physical ,Clusters starts at PAA 0 7E 73 28h and is intended to stofe Control
Information. Unused Clusters shall*be left unrecorded until the disk is closed.

184.7.10 INFO 2/ Buffer2

THis Zone comprising-32 Physical Clusters starts at PAA 0 7E 72 A8h and shall be left unrecorded.

18.7.11 TDMA\0

THis Zone comprising 2 304 Physical Clusters starts at PAA 0 7E 4E A8h and is intended for|use as a
Tgmpaorary Disk-Management Area.

18.7.12 Buffer

This Zone comprising 4 778 Physical Clusters starting at PAA 0 7E 04 00h and shall be left unrecorded.

18.7.13 INFO 1/ Pre-write Area

This Zone comprising 32 Physical Clusters starts at PAA 0 7E 03 80h and all 32 Physical Clusters shall be
recorded by the first drive that writes on Layer L1 and shall contain all 00h.

Drives that write the INFO 1 / Pre-write Area shall update Pre-write Area flags of the TDDS (see 22.4.4).
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18.7.14

INFO 1/ Drive Area

The use of this Zone, divided into four parts of 32 Physical Clusters, starting at PAA 0 7E 01 80h is optional.

This Zone

can be used by drives to store drive-specific information, restricted to be used only by the drive that

has created the information. To guarantee that drives can allocate their own information, the format specified

in 18.3.16

18.7.15

shall be used. These Clusters in this Zone shall be ignored in interchange.

INFO1/DMA 1

This Zone comprising 32 Physical Clusters starts at PAA 0 7E 01 00h and is intended for use by the Disk

Managem

18.7.16

This Zong
Informatio

Unused C

18.7.17
This Zone

for storing
unrecorde

18.8 Reqd

18.8.1 B

This Zoneg|

18.8.2 IN
This Zoneg|
For the dis

For the dis

18.8.3 IN

This Zone|

18.8.4 IN

ent system. Until the disk IS closed (see 22.6) these Clusters shall be left unrecorded.

n.

d.

O 2 / Reserved 8

O 2/ Reserved 7

02 /‘Reserved 6

NFO 1/ Control Data 1

comprising 32 Physical Clusters starts at PAA 0 7E 00 80h and is intended toe. store Control

usters shall be left unrecorded until the disk is closed.

NFO 1/PAC1

comprising 32 Physical Clusters starts at PAA 0 7E 00 00h on Layer L1 and is intended to be used
Physical-Access Control (PAC) Clusters (see 21.2). Unused\Clusters in this Zone shall be left

ordable Area of Inner Zone 2 of QL disk

ffer

comprising 3 268 Physical Clusters starts at PAA 0 81 42 48h and shall be left unrecorded.

comprising 32 Physical Clusters‘starts at PAA 0 81 75 58h and is Application dependent.
ks with BCA code, this Zene-shall be left unrecorded unless otherwise specified by the Application.

ks without BCA code,this Zone shall be recorded all 00h before shipping.

comprising, 82 Physical Clusters starts at PAA 0 81 75 D8h and shall be unrecorded.

This Zone

comprising of 32 Physical Clusters starts at PAA 0 81 76 58h and shall be left unrecorded.

18.8.5 INFO 2/ Reserved 5

This Zone

of 32 Physical Clusters starting at PAA 0 81 76 D8h 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 shipped.
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18.8.6 INFO 2/ Reserved

This Zone of 32 Physical Clusters starting at PAA 0 81 77 58h and shall be unrecorded.

18.8.7 INFO 2/ DMA 2

This Zone comprising 32 Physical Clusters starts at PAA 0 81 77 D8h and is intended for use by the Disk
Management system. Until the disk is closed (see 22.6) these Clusters shall be left unrecorded.

18.8.8 INFO 2/ Control Data 2

THis Zone comprising 32 Physical Clusters starts at PAA 0 81 78 58h and is intended te stofe Control
Information.

Unused Clusters shall be left unrecorded until the disk is closed.
18.8.9 INFO 2/ Buffer 2
THis Zone comprising 32 Physical Clusters starts at PAA 0 81 78 D8h and shall'be unrecorded.

188.10 TDMA 1

THis Zone comprising 1 280 Physical Clusters starts at PAA<0)81 79 58h and is intended for|use as a
Tgmporary Disk-Management Area.

18.8.11 Buffer
THis Zone comprising 3 754 Physical Clusters starts-at PAA 0 81 8D 58h and shall be unrecorded.
18.8.12 OPC 2/ Test Zone

THe Test Zone comprising 2 044 Physical Clusters starts at PAA 0 81 C8 00h and is reserved for testing
and/or OPC procedures. The OPC 2(Area shall be used according to 18.3.12.

18.8.13 OPC 2/ OPC 2 Buffer

THis Zone comprising 4 Physical Clusters starts at PAA 0 81 E7 FOh and is intended as a buffer Zgne for the
trgnsition from OPC 2 Arga to the TDMA 2 Area and shall be left unrecorded.

18.8.14 TDMA2

THis Zone.'comprising 1 280 Physical Clusters starts at PAA 0 81 E8 00h and is intended for|use as a
Tgmporary, Disk-Management Area.

18835 INFO 1/ Pre-write Area

This Zone comprising 32 Physical Clusters starts at PAA 0 81 FC 00h and all 32 Physical Clusters shall be
recorded by the first drive that writes on Layer L2 and shall contain all 00h.

Drives that write the INFO 1 / Pre-write Area shall update Pre-write Area flags of the TDDS (see 22.4.4).

18.8.16 INFO 1/ Drive Area

The use of this Zone, divided into four parts of each 32 Physical Clusters starting at PAA 0 81 FC 80h is
optional. This Zone can be used by drives to store drive-specific information, restricted to be used only by the
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drive that has created the information. To guarantee that drives can allocate their own information, the format
specified in 18.3.16 shall be used. These Clusters in this Zone shall be ignored in interchange.

18.8.17 INFO1/DMA1

This Zone comprising 32 Physical Clusters starts at PAA 0 81 FE 80h and is intended for use by the Disk
Management system. Until the disk is closed (see 22.6) these Clusters shall be left unrecorded.

18.8.18 INFO 1/ Control Data 1

This Zong comprising 32 Physical Clusters starts at PAA 0 81 FF 00h and is intended to store Cantrol
Informatiop.

Unused Clusters shall be left unrecorded until the disk is closed.

18.8.19 |NFO 1/ Reserved

This Zone|comprising 32 Physical Clusters starts at PAA 0 81 FF 80h and shall be unrécorded.
18.9 Regordable Area of Lead-out Zone of QL disk

18.9.1 ORC 3/ Test Zone

This Zong comprising 2 048 Physical Clusters starts at PAA 0 FE 9D B8h is reserved for testing and/or OPC
procedurels. The OPC 3 Area shall be used according 18.3.12.

18.9.2 Buffer

This Zone|comprising 6 254 Physical Clusters starts at PAA 0 FE 3C 00h and shall be unrecorded.

18.9.3 INFO 2/ Reserved 8
This Zone|comprising 32 Physical Clusters starts at PAA 0 FE 3B 80h and is Application dependent.

For the digks with BCA code, this Zone shall be left unrecorded unless otherwise specified by the Applicatio

—

For the digks without BCA code,this Zone shall be recorded all 00h before shipping.

18.9.4 INFO 2/ Reserved.7.

This Zone|comprising\32 Physical Clusters starts at PAA 0 FE 3B 00h and shall be unrecorded.

18.9.5 INFO 2 ;Reserved 6

This Zone r‘nmlnrieing 32 Dhycir‘nl Clusters starts at PAA Q EE 3A 80h and shall he unrecorded

18.9.6 INFO 2/ Reserved 5
This Zone comprising 32 Physical Clusters starts at PAA 0 FE 3A 00h and 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.
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18.9.7 INFO 2/ Reserved

This Zone comprising 32 Physical Clusters starts at PAA 0 FE 39 80h and shall be left unrecorded.

18.9.8 INFO 2/DMA 2

This Zone comprising 32 Physical Clusters starts at PAA 0 FE 39 00h and is intended for use by the Disk
Management system. Until the disk is closed (see 22.6) these Clusters shall be left unrecorded.

18.9.9 INFO 2/ Control Data 2

THis Zone comprising 32 Physical Clusters starts at PAA 0 FE 38 80h and is intended te 'stofe Control
Information. Unused Clusters shall be left unrecorded until the disk is closed.

189.10 INFO 2/ Buffer 2

THis Zone comprising 32 Physical Clusters starts at PAA 0 FE 38 00h and shall be unrecorded.

189.11 TDMA 3

THis Zone comprising 3 328 Physical Clusters starts at PAA 0 FEX04 00h and is intended for|use as a
Tgmporary Disk-Management Area.

18.9.12 INFO 1/ Pre-write Area

THis Zone comprising 32 Physical Clusters starts at PAA 0 FE 03 80h and all 32 Physical Clustetls shall be
recorded by the first drive that writes on Layer L3 and:shall contain all 00h.

Dnves that write the INFO 1 / Pre-write Area shalltipdate Pre-write Area flags of the TDDS (see 22.4.4).

18.9.13 INFO 1/ Drive Area
THe use of this Zone, divided into fourparts of 32 Physical Clusters, starting at PAA 0 FE 01 80h is optional.
THis Zone can be used by drives to store drive-specific information, restricted to be used only by the drive that

has created the information. Towguarantee that drives can allocate their own information, the format specified
in [L8.3.16 shall be used. These Clusters in this Zone shall be ignored in interchange.

149.14 INFO 1/DMA-L

THis Zone comprising 32 Physical Clusters starts at PAA 0 FE 01 00h and is intended for use by the Disk
Management system. Until the disk is closed (see 22.6) these Clusters shall be left unrecorded.

18.9.15_<INFO 1/ Control Data 1

THis~Zone comprising 32 Physical Clusters starts at PAA 0 FE 00 80h and is intended to stofe Control
Information.

Unused Clusters shall be left unrecorded until the disk is closed.

18.9.16 INFO 1/ Reserved

This Zone comprising 32 Physical Clusters starts at PAA 0 FE 00 00h on Layer L3 and shall be left
unrecorded.
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19 Data Zone

The Data Zone can contain a total of

1 527 456 Clusters of User Data on a TL disk, and

1 953 152 Clusters of User Data on a QL disk.

20 Outer Zanes

20.1 General

On a TL disk the Outer Zone 0 and Outer Zone 1 are meant as a Transition Area between the Data Zones
Layer LO and Layer L1. The Outer Zone 2 has the function of Lead-out Zone (see Figure 107 and Figure 108).

On a QL disk Outer Zone 0 and Outer Zone 1 function as a Transition Area between the'Data Zones on Lay
LO and Layer L1. The Outer Zone 2 and Outer Zone 3 are also meant as a Transition.Area between the Dg

Zones on Layer L2 and Layer L3 (see Figure 109 and Figure 110).

. Number of
Quter I First PAA
Zone 0/ 2 Description of Zone Phys. Purpose
Clusters
Buffer 4 LAAN + 2h 32
. INFO 3 DMA 3 LAAN + 82h 32 Disk Management
dabl Control Data 3 LAAN +,1402h 32 data information
Recprdable - Angular buffer LAAN +-1 82h 102
v DMA 4 LAAN + 3 1Ah 32 Disk Management
o INFO 4 Control Data 4 LCAAN + 3 9Ah 32 data information
trackirlg direction
Buffer 6 LAAN + 4 1Ah 32
DCz0/2 Test Zone LAAN + 4 9Ah 760 Drive calibration

Protection~Zone 3

LAAN +10 7Ah

LAAnN is LAA:in*Outer Zone 0 and LAA2 in Outer Zone 2.

Figure 107~ Outer Zone 0/ 2 (Lead-out Zone) of TL disk

on

er
ata

. Number of
Quter Description First PAA Phys. Purpose
Zone 1 of Zone
Clusters
Protection-Zone 3
DCz 1 Test Zone FAA — 10 78h 760 Drive calibration
. Buffer 6 FAA — 4 98h 32
INFO 4 Control Data 4 FAA — 4 18h 32 data information
Recordable DMA 4 FAA — 3 98h 32 Disk Management
v --- Angular buffer FAA — 3 18h 102
o Control Data 3 FAA — 1 80h 32 data information
tracking direction -
INFO 3 DMA 3 FAA — 1 00h 32 Disk Management
Buffer 4 FAA — 80h 32

174

Figure 108 — Outer Zone 1 of TL disk
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. Number of
Outer L First PAA
Zone 0/ 2 Description of Zone Phys. Purpose
Clusters
Buffer 4 LAAN + 2h 32
. INFO 3 DMA 3 LAAN + 82h 32 Disk Management
R dabl Control Data 3 LAAN + 1 02h 32 data information
ecordable Angular buffer | LAAn + 1 82h 102
v DMA 4 LAAn + 3 1Ah 32 Disk Management
o INFO 4 Control Data 4 LAAN + 3 9Ah 32 data information
I.Iclbl\lllg anceuurt Buffer 6 LAAn + 4 1Ah 32 e
DCz0/2 Test Zone LAAN + 4 9Ah 732 Drive calibration
Protection-Zone 3 | LAAn + 10 OAh
LAAN is LAA in Outer Zone 0 and LAA2 in Outer Zone 2.
Figure 109 — Outer Zone 0/ 2 of QL disk
. Number of
Outer o First PAA
Zone 1/3 Description of Zone Phys. Purpose
Clusters
Protection-Zone 3
DCz1/3 Test Zone FAAN<10 08h 732 Drive calibrgtion
. Buffer 6 FAAh — 4 98h 32
INFO 4 Control Data 4 FAAN — 4 18h 32 data information
Recordable DMA 4 FAAN — 3 981 32 Disk Managdment
v - Angular buffer FAAn — 3 18h 102
o Control Data 3 FAAn — 1 80h 32 data information
tracking direction -
INFO 3 DMA 3 FAANn — 1 00h 32 Disk Managgment
Buffer 4 FAAN — 80h 32
FAAn is FAA in Outer Zone 1 and FAA3 in Outer Zone 3.
Figure 110 — Outer Zone 1/ 3 of QL disk
20.2 Recordable Area of Outer Zones
20.2.1 INFO 3{Buffer 4
THis Zone *cemprising 32 Physical Clusters shall be left unrecorded.
20.2.2, INFO 3/ DMA 3

This Zone comprising 32 Physical Clusters is intended for use by the Disk Management system. Until the disk
is closed (see 22.6) these Clusters shall be left unrecorded on Layer LO and Layer L1.

20.2.3 INFO 3/ Control Data 3

This Zone comprising 32 Physical Clusters is intended to store Control Information. Unused Clusters shall be
left unrecorded until the disk is closed.

20.2.4 Angular buffer

This Zone comprising 102 Physical Clusters shall be left unrecorded.
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20.2.5 INFO 4/ DMA 4

This Zone comprising 32 Physical Clusters is intended for use by the Disk Management system. Until the disk
is closed (see 22.6) these Clusters shall be left unrecorded on Layer LO and Layer L1.

20.2.6 INFO 4/ Control Data 4

This Zone comprising 32 Physical Clusters is intended to store Control Information. Unused Clusters shall be

left unrecorded until the disk is closed.

20.2.7 INFO 4 / Buffer 6

This Zone|comprising 32 Physical Clusters shall be left unrecorded.

20.2.8 DQZ 0/ Test Zone, DCZ 1/ Test Zone, DCZ 2/ Test Zone and DCZ 3/ Test Zone

These Te$t Zones comprising 760 Physical Clusters for a TL disk and 732 Physical Clusters for a QL disk are

reserved fpr drive calibrations. The DCZ Areas shall be used according to 20.2.9.

20.2.9 Udage of DCZ Area

20.2.9.1 |DCZ procedure order

The DrivefCalibration Zone shall be used consecutively in descending PAA order. The first area used fol a

calibration] procedure ends at the end of the last PAA. The last usable Physical Cluster of the DCZ Areal
located at|the first PAA of the DCZ Area, see Figure 111.

PAA

Layer LO of TL: LAA + 4 9Ah
Layer L2 of TL: LAA2 + 4 9Ah
Layer LO of QL: LAA + 4 9Ah
Layer L2 of QL: LAA2 + 4 9Ah

PAA

Layer LO of TL: LAA + 10 78h
Layer L2 of TL: LAA2 + 10 78h
Layer LO of QL: LAA + 10 08h
Layer L2 of QL: LAA2 + 10 08h

S

T DCZ usage directiony ¢— T
Layer LO
DCZO0/ m|m-1{m-2| <<-- (-%% ---- << 4 3 2 1
Layer L2
DCZ 2 TFrack direction >
<+—<~———  Track direction
Layer L1 114 @ 3[4 | >>--- oo >> |[m=2 | m-1|| m
DCz 1/
Layer L3 Lo
DgZ 3 l » DCZ usage direction v
—PAA PAA
Layer L1 of TL: FAA — 4 9Ah Layer L1 of TL: FAA — 10 78h
Layer L1 of QL: FAA — 4 9Ah Layer L1 of QL: FAA — 10 08h
Layer L3 of QL: FAA3 — 4 9Ah L3 of QL: FAA3 — 10 08h

m is 760 for TL disk and 732 for QL disk

Figure 111 — Direction of usage of DCZ Area of Layer LO, Layer L1, Layer L2 and Layer L3
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20.2.9.2 DCZ Physical Cluster usage

The length of one calibration procedure may be chosen by the drive and is not restricted to an integer number
of Physical Clusters (see Figure 112). The transition between the used and unused Calibration Areas shall be
indicated by a Calibration Marker. The distance between any two consecutive Calibration Markers shall not
exceed 16 Physical Clusters. In case a calibration procedure needs more than 16 Physical Clusters,
Calibration Markers shall be inserted to fulfill this requirement. The Calibration Marker shall have a length of at
least 868 NWLs (equal to one AUN) and its modulation shall be such that lgpp / sy > 0,30.

Cluster # N -2 E Cluster# N -1 i Cluster # N Cluster # P i Cluster#P +1 |
77z N
DCZ Area 0 ,\Cb
Z7 7
——— Recording direction o R
IO I 0O I OI (@) 'O' 0 1
L 2 0 @ o 1%
2 8 2 2 2 S
S5 S =] 5 S S
2 = 8 < 2 =
5 + 3 + (_"5_
< +* H
+ k< =
N +
H

Calibration # M occupies exactly one Cluster; Calibration # M+1 exceeds one Cluster; Calibration # M+2 is
smaller than one Cluster

Figure 112 — Example of position of Calibration Markers
20.2.9.3 Update of TDMA

Edch calibration procedure permitted at any of the DCZ Zones shall be completed by upﬂiating the
corresponding “next available. PSN of Drive-Calibration Zone on Layer Ln ” (n = 0, 1, 2 and 3) in the TDDS,
see 22.4.4.

20.2.10 Protection-Zone 3
THis Zone contains an Unrecorded Groove.

All ADIP Uhits in the Grooves in this Zone shall be modulated by MSK-cos only and not by HMW (sge 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 INFO 1 / PAC 1 Zone and
backup copies shall be recorded in the INFO 2 / PAC 2 Zone. All PAC Clusters shall have the same format
for the first 384 data bytes, which constitute the PAC Header.

In future new PACs can be defined for specific applications/functions.

Drives designed before the introduction date of such new PACs will in general not be able to intérpret ahd
therefore ghall treat such a PACs as a so-called “Unknown PAC”. By obeying standard “Unknown:RAC Rulgs”,
defined in|the header of the PACs, compatibility problems with and unwanted destruction of data for specffic
applicatiofs can be avoided as much as possible.

Drives depigned after the introduction date of a new PAC can be assumed to be familiar with the specific
applicatiof/function connected to the new PAC. Such drives can therefore ignore the“*Unknown-PAC Rulgs”
and apply|the rules defined in the “PAC-specific information” fields of the PAC. Forsuch “Known PACs” there
are no physical-access restrictions unless specified otherwise in the “PAC-specificiinformation” fields.

NOTE To keep compatibility;

— from & point of view of a Zone layout, the PAC 1 and PAC 2 areallocated only on Layer LO and Layer 11,
and tihe corresponding Zones on Layer L2 and Layer L3 are reserved,
— from g point of view of PAC content, PAC has no additiohal Unknown-PAC Rules for these reserved
Zone$ and these reserved Zones are out of control by PAGC.

21.2 Layjout of PAC Zones

The INFO|1 / PAC 1 Zones on Layer LO and Layef.L1 form one area of 64 Clusters available for the storage| of
PAC and the INFO 2/PAC 2 Zones on Layer\:Q-and Layer L1 form another area of 64 Clusters available for
the storage of PAC.

Each PAQ Cluster shall be recorded in\both Zones INFO 1/ PAC 1 and INFO 2 / PAC 2 so there will alwdys
be two copies of each PAC Cluster recorded. A PAC shall always be updated first in the INFO 1/ PAQ 1
Zone and|then be copied to the~<INFO 2 / PAC 2 Zone, which eases the handling of possible power-doyn
failures. The PAC-Update Count-of the PAC Cluster recorded in the INFO 2 / PAC 2 Zone shall be the same
as the PALC-Update Count ef.the PAC Cluster recorded in the INFO 1/ PAC 1 Zone.

The statu$ of all locations in both the INFO 1 / PAC 1 and INFO 2 / PAC 2 Zones shall be indicated in the
TDDS (sep 22.4.4) by'a 2-bit pattern as follows:

b(n+1),bn Content in PAC location

unrecorded
(also to be used if layer not present)

00
A=A~

01 (this bit setting is Reserved)
10 contains an invalid PAC °
11 contains a valid PAC

* PAC Clusters with status 10 as indicated in the TDDS
are not allowed to be transferred outside the drive
(independent on the setting of bit by and b; of the Unknown-PAC Rules)

Figure 113 — Status of PAC locations
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If the PAC Cluster is found to be defective during recording, then the Defective Cluster shall be skipped and
indicated as invalid in the TDDS (see Figure 113) and the PAC shall be recorded at the next available Cluster.

If a PAC has to be updated, the new version of the PAC shall be recorded in the next available Cluster and
the previous location containing the old version of the PAC shall be indicated as invalid in the TDDS.

21.3 General structure of PAC Clusters

The User Data of PAC Clusters shall be formatted according to Figure 114. The first 384 bytes constitute the

PAC Header.

Data Frame .Byte position Content Number Of\bytes
in Data Frame
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_0Q 8
0 241031 Segment 2 8
0 32 to 263 \ 29x8
0 264 to 271 Segment_31 8
0 272 to0 383 Reserved 112
0 384 Known-PAC Entire_Disk_Flags 1
0 385 to 387 Reserved 3
0 388to 2 047 PAC-specific information 1660
1 0to 2047 PAC-specific information 2048
30 Oto2047 PAC-specific information 2048
31 0 to 2.047 Reserved 2048
Figure 114 — General layout of PAC Clusters

THe PAC_ID shall identify the specific type of PAC Cluster.

— If setto 4958'31h the PAC Cluster is the IS1 PAC as defined in 21.4.

— If set t0:49 53 32h the PAC Cluster is the IS2 PAC as defined in 21.4.

Other values for the PAC_ID can be assigned in future releases of this document.

Each new PAC added to the INFO 1 / PAC 1 Zone or INFO 2 / PAC 2 Zone shall be recorded at the first
available Cluster in these Zones (indicated by status 00 in the TDDS, see Figure 113).

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 shall be incremented by one each time

the current PAC is updated.

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

© ISO/IEC 2015 — All rights reserved 179


https://standardsiso.com/api/?name=43a433c12b486bcd9e252dce9b729005

ISO/IEC 30191:2015(E)

(bit bs1 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 115). 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).

Area Bits Control Mandgtory
type setting
bs1 to bas Reserved 0000 0000
b write -
Reserved 8 2
b2 read -
b write ONE
Reserved 7 b21 oad
INFO 2 2 _
b1g write ONE
Reserved 6
bis read -
b write -
Reserved 5 v
bis read -
Drive Area (part 4) bas write ZERO
P b14 read ZERO
. b write ZERO
Drive Area (part 3) 12
b1b read ZERO
INFO 1 -
Drive Area (part 2) Gl write ZERO
b b1o read ZERO
Drive Area (part 1) by write ZERO
b bs read ZERO
TIDMA Zones (not including the TDDBS; see .
§ b7 write -
23.4.2)
Reserved unless
b otherwise )
6 specified by the
Application
b write -
INFO 1,2,3,4 | Contrel-Data Zones >
bs read -
bs write -
Data Zones User-Data Area / Segments
b2 read -
b1 write -
INFO 1&2 PAC Cluster
bo read -

Figure 115 — 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
— ifsetto ZERO: to indicate that writing in the related Zone/area is allowed,
— if setto ONE: to indicate that writing in the related Zone/area shall not be allowed.

— Control type = read

— if setto ZERO: to indicate that reading in the related Zone/area is allowed,
— if setto 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: the data content.oPthe Clusfers in the
related area(s) are not allowed to be transferred outside the drive).

Fdr the PAC Cluster, the bits have the following meaning:
—{ Control type = write

— if setto ZERO: to indicate that re-writing the current PAC Cluster or changing its stafus bits in
theTDDS is allowed,

— if setto ONE: to indicate that re-writing the current PAC Cluster and changing its status|bits in the
TDDS shall not be allowed.

—{ Control type = read

— if setto ZERO: to indicate that reading and transferring the content of the current Cluster outside
the drive is allowed)

— if setto ONE: to indicate that the content of the current PAC Cluster, except for the first 384
bytes of the first Data Frame, shall not be transferred outside the drive, such 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 specifies Unknown-PAC Rules that cover the entire disk.

— Bitsbrstob;: These bits shall be Reserved.

—{ Bitbo: This bit shall be set ONE to indicate Re-initialization is not possible.

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 Segments defined for all PATS on a disk shall not exceed 3Z.

Z number of Segments in PAC; <32

overallPACs
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The Segment_i field shall specify the start and end address of a contiguous range of Clusters, called a
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, and

— the laft 4 bytes shall contain the Tast PSN of the Tast Cluster belonging to the Segment.
These Segments shall only be applied to the Unknown-PAC Rules. If overlapping Segments in different PAC
Clusters gre encountered, the drive shall apply the OR-function to the related Unknown-PAC RuUl€Es in the
overlap argas.

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 b : These bits shall be Reserved.

— Bit bo|: This bit shall be set ONE to indicate Re-initialization is not possible.
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The IS1 PAC and IS2 PAC may be recorded on an Unrecorded disk. When BCA code is not recorded on an
Unrecorded disk, I1S1/IS2 PAC structures shall be recorded in INFO 1 PAC 1 and INFO 2 PAC 2 before being
shipped. When BCA code is recorded on an Unrecorded disk, IS1/IS2 PAC structures shall not be recorded.

The layout of the IS1 PAC and 1S2 PAC Cluster shall be formatted as depicted in Figure 116.

Data Frame _Byte position Content Number of bytes
in Data Frame

0 Oto2 PAC_ID 3

0 3 PAC format 1

0 4t07 PAC-Update Count 4

0 81to 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 24t0 31 Segment_1 8

0 32 to 263 : 29x8
0 264 to0 271 Segment/3l 8

0 272 to 383 Resefved 112
0 384 Known-PAC Entire_Disk_Flags 1

0 385t0 2 047 Reserved 1663
1 0to 2 047 Reserved 2048
31 0to 2047 Reserved 2048

THe PAC_ID shall be set to 49 53 31h, representing the characters “IS1” for IS1 PAC. The PAC _|

Figure 116 — General layout of IS1 and IS2 PAC Clusters

sef to 49 53 32h, representing the.characters “IS2” for IS2 PAC.

THe PAC-format field shall'be set to 00h to indicate this is a version 0.

THe PAC-Update Count,shall be set to 00 00 00 00h.

D shall be

THe Unkown-PAC Rules shall be set 00 AA 00 00h for IS1 PAC and shall be set 00 AA 00 CBh for |S2 PAC.
THe Unkown3PAC Entire_Disk_Flags byte shall be set to 01h.

THe namber of Segments shall be set to 00h.

The Segment_i Tields shall all be Set to all 0on.

The Known-PAC Entire_Disk_Flags byte shall be set to 01h.
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22 Disk

Management

22.1 General

Disk Management defines and controls method of recording User Data on the disk.

22.2 Recording Management

The disk
User Data

Informatio
Informatio
(TDMAS, §

The SRR

22.2.2 Re

During co

added immediately after the last-written Sector in the SRR. However when the host computer asks for t

next addr
completel

the sequgntial recording process, the NWA is dynamically incremented in Units of Physical Cluste

according

When Sed
a Physica
each indiy
11 (see 13

The SRR
in the SRH

uential-Recording Mode (SRM)

as a continuous area, referred to as the Sequential-Recording Ranges (SRR). Insidé-the SRR the

shall be recorded sequentially in the direction of increasing addresses.

h about the location and status of the SRR shall be stored in a Sequential-Recording Ran
h (SRRI) structures. The SRRI shall be recorded in the Temporary Disk-Management Are
ee 22.3). On a Recorded disk the final SRRI is recorded in a Disk -Management Area (DMA).

Shall start at a Cluster boundary and has only one point from where Aew data can be recorded.

cording User Data in SRR.
htinuous sequential recording, User Data, presented by.the host in 2KB Logical Sectors, shall

pss available for recording in the SRR, the drivexshall return the first PSN of the next-availa
-Unrecorded Cluster in the SRR. This address_is\called the Next-Writable Address (NWA). Duri

to the size of the written User Data.

uential Recording is terminated and the'size of the User Data is hot matching with the boundaries
Cluster, the remaining part of the last Physical Cluster shall be padded with ZERO data, whq

idual Data Frame containing Padding Data shall be identified by setting its status bits Sai 1/Saio
.9.2.5). The NWA shall point«a the first Sector of the next Unrecorded Cluster.

entry (see 22.4.6.4) contains a Last Recorded User Data Address (LRA) to indicate the last Sec
R filled with User Data (non-Padding Data) (see Figure 117).

Recorded Physical Cluster

one sector
— —

oe
as

be
he
ble
ng
I's,

[or

4 LN

184

NWA
Recorded LRA ZERO
- P ———
UserData padded%FUnrecorded

Figure 117 — Example of last RUB with Recorded User Data and padded ZEROs
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22.2.3 SRR status

An SRR can have one of the following states:

— Open : the SRR has a valid NWA and data can be appended

— Closed : the SRR does not have an NWA and appending data is not allowed

The number of Open SRR shall be one. During recording in the DMA of the disk the SRR shall have the status
Closed.

22.2.4 Closing SRR

When an Open SRR was closed the Open SRR number bytes shall be set to 00h (see 22.4.6.3). [Optionally
one or more Clusters can be padded with all bytes set to 00h and the status bits Sai1/Saie’for all Data Frames
sefto 11.

It iIs not necessary to record the remaining Unrecorded Clusters of the SRR on<lasing. The LRA of the Closed
SRR shall be correct.

24.3 Temporary Disk-Management Areas (TDMA)

22.3.1 General

THe Recording Management Information may need to be updated many times during use. For this purpose a
special area is available in the Inner Zone called the Temporary Disk-Management Area (TDMA).

Fdr a TL disk there are 3 TDMAs. TDMA 0 in the Lkead-in Zone of Layer LO, TDMA 1 in the Innef Zonel of
Layer L1 and TDMA 2 in the Inner Zone2 of Layer,L2 shall have a fixed size of 2 048 Physical Clusters each.

Fgr a QL disk there are 4 TDMAs. TDMA '@:in the Inner Zonel of Layer L1 shall has a fixed siz¢ of 2 304
Physical Clusters. TDMA 1 and TDMA_2:in the Inner Zone2 of Layer L2 shall have a fixed sizg of 1 280
PRhysical Clusters each. TDMA 3 in-the Inner Zone3 of Layer L3 shall has a fixed size of 3 328 Physical
Clusters.

In[the case of a TL disk, TDMA 0,TDMA 1 and TDMA 2 shall be used sequentially in the following order:
TOMA O > TDMA 1 > TDMA 2

Inthe case of a QL disk-the TDMA 0,TDMA 1,TDMA 2 and TDMA 3 shall be used sequentially in th¢ following
orgler: TDMA 0 >-TDMA 1 > TDMA 2 > TDMA 3

Edch TDMA-shall be filled contiguously and in the direction of ascending PSNs. All elements of the actual
TOMS (see.22.4.2) shall be located in one TDMA. If insufficient space is left in the actual TDMA, then a new
complete~TDMS set shall be created in the next available TDMA and the indicator for this next TDMA (see
22.3:2)'shall be recorded.

All remaining unused Clusters in full TDMA shall be recorded with all 00h data while the status bits Sai1/Sai
for all Data Frames shall be setto 11.

22.3.2 TDMA Access Indicators

To find out quickly which TDMA is currently in use, the first Clusters of TDMA 0 shall be used as indicators.
On a TL disk the first 9 Clusters shall be reserved for this purpose and on a QL disk the first 12 Clusters.
These TDMA Access indicator Clusters shall be used in the direction of descending addresses as indicated in
Figure 118 and Figure 119.
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If TDMA nis in use [TDMA 0 .. TDMA (n—1) having been completely used] then all indicators for TDMA 1 up to
and including TDMA n shall be recorded.

When the disk is closed also the first indicator Cluster of TDMA 0, to indicate the DMA, shall be recorded.

Moreover, to find out quickly the location of the TDMA that is currently in use, the TDMA Access indicator
Clusters shall contain the TDDS according to the status of the disk at the moment when the TDMA Access
indicator Cluster was recorded. For robustness, all 32 Data Frames in the indicator Clusters shall contain a
copy of the first TDDS recorded in the TDMA related to the actual indicator Cluster.

The first indicator Cluster of TDMA 0, to indicate that the DMA has been recorded, shall contain 32 repetitio
of the DD$ as this is recorded in DMA 1 (see 22.5.4).

TDMA 0

A

A 4

indicator Clusters
A —

J

Layer LO

Track direction

v

DMA
Reseved
Reseved
Reseved
Reseved
Reseved
Reseved
TDMA 2
TDMA 1

Figure 118 — TDMA Indicator Clusters on TL disk

TDMA 0

A

indicator Clusters

.- __

A — |
/= Y
Layer L1 N

o S~ °333TTTEII «
Track direction $<<<3% 3% 333 & & >
< = =2 5 6 n 6 H B B A Ia)

0NN 0N o O O O O O O O

FFFoOoe @@ @ @ o

Figure 119 — TDMA Indicator Clusters on QL disk
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.4 Disk-Management Structure (DMS)

22.4.1 General

The DMS holds structures for Disk Management and Recording Mode information. There are two kinds of
Disk-Management Structure s:

Disk-Management Structure s (DMS; see 22.6.3), recorded in the DMA Zones when a disk is

closed (to

preserve all Disk Management information contained in the last Temporary Disk-Management Structure ),

22

Th

Fd

Th
Th
Th

TH
(s¢

th¢ data recording shall continue,in the next available Physical Cluster in the TDMA. If Defective C

dg
re
in
re
by,

22
In

Di
(S

not been closed.

4.2 Temporary Disk-Management Structure (TDMS)

r Sequential-Recording Mode the TDMS consists of:
Temporary Disk-Definition Structure (TDDS),

Temporary Defect List (TDFL),

Sequential-Recording Range Information (SRRI).

e TDMS shall consist of the latest recorded-.versions of the TDDS, the TDFL and the SRRI.

e TDMS Update Units shall be recorded sequentially in the direction of ascending PSNs in ea
pe 22.3). If a Physical Cluster is perceived as defective during recording, this Cluster shall be sk

tected immediately after writing*of the full TDMS Update Unit (verify-after-write) then it is allow,
rite the Defective Clusters'and the last Cluster of the TDMS Update Unit (for updating of the TDH
the TDDS) at the next.available locations (as a consequence of this the order of the TDFL G
corded on the disk need’not to be the same as their order in the Defect List. This last one shall bg
the pointers in the TDDS).

.4.3 TDMSiin‘Sequential-Recording Mode

the Sequential-Recording Mode, the TDMS Update Units for the SRRI shall always contain a T
5k-Befinition Structure  (TDDS) in the last Data Sector and a Sequential-Recording Range |
RR1) block in the Sectors immediately preceding the TDDS (see Figure 120). The SRRI block sha

Temporary Disk-Management Structure s (TDMS), recorded in the TDMA Zones as long as‘the disk has

e Temporary Disk-Management Structure consists of the following three elements depending on the
recording mode. All of these elements shall be present in the same TDMA n that s actually in use.

e last Data Frame of the last of the Clusters constituting a TDMS Update Unit shall always contain a TDDS.
is TDDS contains pointers to the latest recorded ®DFL Clusters, SRRI. After an update of one ¢r more of
th¢se elements, the TDDS pointers shall be updated:

ich TDMA
ipped and
usters are
ed to only
L pointers
lusters as
indicated

lemporary
nformation
| start at a

Sector boundary and the Tength of the SRRI block is Timited to 31 Data Sectors. The SRRI block is terminated
with an SRRI terminator (see Figure 129).
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Cluster | Data Frame Content
o 0..29 Set to 00h
()
§ SRRI
g 30 (one Sectors)
[
O 31 TDDS

(one Sector)

The TDFL
The TDFL
Cluster of
the two st
located at

22.4.4 Temporary Disk-Definition Structure (TDDS)

The TDD$ contains information @bout the format and status of the disk. The last recorded TDDS is the anch
to the addresses of the other\parts/elements of the TDMS. Pointers in the TDDS shall only point to address
of previously written strugctutes (no forward pointers), which all shall be in the same TDMA n as the TDI

itself. The

The TDD$ Identifier,shall be set to 44 53h, representing the characters “DS”.

The TDDS format field shall be set to 00h.

Figure 120 — Example of TDMS Update Unit for SRRI for SRM

ructures can be combined in one TDMS Update Unit as indicated in Figure 121,,where the TDFL
the top of the TDMS Update Unit and the SRRI at the bottom, immediately preceding the TDDS.
.Cluster | Data Frame Content
TDFL
0 (one Sectar)
o}
] 1..29 Set 16,00h
>
© SRRI
5 30 (one Sector) [
TDDS
31 (one Sector)

Single-Clyster TDMS Update Unit

Figure 121 — Examples of TDMS Update Units for TDFL

format of the/TDDS is defined in Figure 122.

always starts in the first Data Sector of the first Cluster of a TDMS Update Unit (see,Figure 12[1).
shall be terminated with a Defect-List Terminator (see Figure 127). The last Data Sector of the last
the TDMS Update Unit for the TDFL shall contain a TDDS. If both the SRRI and TDFL are recorded,

S

or
es
DS

The TDDS Update Count shall specify the total number of update operations on TDDS. This field shall be set
to 00 00 00 OOh during the initialization operation, and shall be incremented by one each time a TDDS is

recorded

188

on the disk.
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Data Frame ir?)thgoFsrlg(r)nne Content l;lfugny?eesr
31 Oto1l TDDS identifier 2
31 2 TDDS format 1
31 3 Reserved 1
31 4t07 TDDS-Update Count 4
31 81to 15 Reserved 8
31 16to 19 First PSN of Drive Area (P_DA) 4
3t 26-to-23 Reserved 4
31 24 to 27 First PSN of Defect List (P_DFL) 4
31 28t0 31 Reserved 4
31 32to 35 Location of LSN 0 of User-Data Area 4
31 36 to 39 Last LSN of User-Data Area 4
31 40to 51 Reserved unless otherwise specified by the Application 12
31 52 Flag A 1
31 53 to 55 Reserved 3
31 56 Pre-write Area flags 1
31 57 to 63 Reserved 7
31 64to 71 Status bits of INFO 1/ PAE/1 locations on Layer LO 8
31 7210 79 Status bits of INFO 2 /PAC 2 locations on Layer LO 8
31 80 to 87 Status bits of INFO ZAPAC 1 locations on Layer L1 8
31 88t0 95 Status bits of INEO~2 / PAC 2 locations on Layer L1 8
31 96to 1 023 Reserved 928
31 1024 Recording Mode 1
31 1025to 1027 Reserved. unless otherwise specified by the Application. 3
31 1028to 1031 Reserved 4
31 1032t0 1035 Last-Recorded Address of User-Data Area 4
31 1036 to 1039 Reserved 4
31 1040to 1051 Reserved unless otherwise specified by the Application. 12
31 1052 to 1 087 Reserved 36
31 1088to 1092 Next available PSN of Test Zone on Layer LO (P_TZ0) 4
31 1092 te 1.095 Next available PSN of Test Zone on Layer L1 (P_TZ1) 4
31 1 096.to1 099 Next available PSN of Test Zone on Layer L2 (P_TZ2) 4
31 1100to 1103 Next available PSN of Test Zone on Layer L3 (P_TZ3) 4
31 1104 to 1 107 | Next available PSN of Drive-Calibration Zone on Layer LO (P_CZ0) 4
31 1108to 1111 | Next available PSN of Drive-Calibration Zone on Layer L1 (P_CZ1) 4
31 1112to 1115 | Next available PSN of Drive-Calibration Zone on Layer L2 (P_CZ2) 4
31 1116to 1119 | Next available PSN of Drive-Calibration Zone on Layer L3 (P_CZ3) 4
31 1120to 1123 First PSN of first Cluster of Defect List (P_first DFL) 4
31 1124t01 151 Reserved unless otherwise specified by the Application 28
31 1152to 1183 Reserved 32
31 1184to1 187 First PSN of Sequential-Recording Range Information 4
31 1188t01211 Reserved unless otherwise specified by the Application. 24
31 1212to0 1215 Reserved 4
31 1216to 1247 Reserved unless otherwise specified by the Application. 32
31 1248 1to 1915 Reserved 668

Figure 122 — Format of TDDS
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Byte position Number

Data Frame in Data Frame Content of bytes
31 1916t0 1919 Reserved unless otherwise specified by the Application. 4
Drive ID: Manufacturers Name 48
31 1920to 2 047 Additional ID 48
Unique Serial Number 32

Figure 122 — Format of TDDS (continued)
The First RPSN-ef Brive-Areafield-shall-spesify-thefirst Physical-Sector Number(RSN)-of the Clusterthat

contains t
00 00 00 ¢

The First
When the
the first O

Defect Lis|

The Loca
Cluster an

The Last
last Secto
FFh for a

The 8-bit

ne latest Drive-specific Information Frames. If the Drive Area is unrecorded, this field shall be Set
Oh.

disk is being closed and the final DDS is written in the DMA, this field shall specify-the first PSN
efect List that can be retrieved error free in the DMA Zone containing the particular DDS. If
[ could be stored error free, this field shall be set to FF FF FF FFh.

ion of LSN 0 of User-Data Area field shall specify the PSN of the firstJser Data Frame in the fi
d shall be set to 00 10 00 00h unless otherwise specified by the Application.
" available for the storage of User Data and shall be set to 02, E9 D3 FFh for a TL disk and 03 B9

QL disk unless otherwise specified by the Application.

~lag A field specifies the status of a TL disk or a QL disk. On a TL disk, bits b7 and be shall be set

PSN of Defect List field shall be set to 00 00 00 00h in all TDDS Sectors appearing in-the TDMAS.

to

of

Ist

L SN of User-Data Area field shall specify the Logical-Sector,Namber (LSN; see Clause 23) of the

\F

to

ZERO andg bits bs, ba, bs, b2, b1 and bp shall be set to ONE, and on a QL disk, bits b7, be, bs, ba, bs, b2, b1 and

bo shall be

The 8-bit
Layer. If th

set to ONE ,unless otherwise specified by the Application.

Pre-write Area flags field specifies the status of the INFO 1 / Pre-write Areas for each Recordi
e Pre-write Area on Layer i is recorded then bit bi shall set to ONE, else bit bi shall be set to ZER

The Status bits of INFO 1/ PAC 1 locatians on Layer LO field shall specify the recording status of all
Clusters in the INFO 1 / PAC 1 Zone on _Layer LO (see Figure 123). The bit pairs shall be set as defined|i
21.2.
Byte position Bits INFO 1/ PAC 1 location PAA

64 b7 be 0 01 FF 80h

64 bs b4 0 01 FF 84h

64 bs by 0 01 FF 88h

64 b1 bo 001 FF 8Ch

65 b7 bs 0 01 FF 90h

70 b1 bo 001 FF ECh

71 b7 bs 0 01 FF FOh

71 bs bs 0 01 FF F4h

71 bs b2 0 01 FF F8h

71 b1 bo 001 FF FCh

Figure 123 — Status bits and related INFO 1/ PAC 1 address locations on Layer LO
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The Status bits of INFO 2 / PAC 2 locations on Layer LO field shall specify the recording status of all 32
Clusters in the INFO 2 / PAC 2 Zone on Layer LO (see Figure 124). The bit pairs shall be set as defined in

21.2.

Bytg Bits INFO 2/ PAC 2 I.ocation INFO 2/ PAC 2 Ipcation
position PAA on TL disks PAA on QL disks
72 b7 bs 0 01 BA 00h 0 01 9E B8h
72 bs ba 0 01 BA 04h 0 01 9E BCh
72 bs b2 0 01 BA 08h 0 01 9E COh
72 b1 Do 0 01 BA OCh 001 9E C4h
73 b7 bs 0 01 BA 10h 0 01 9E C8h
78 b1 bo 0 01 BA 6Ch 0 01 9K 24h
79 b7 bs 0 01 BA 70h 0 0% 9F 28h
79 bs b 001 BA 74h 0.019F 2Ch
79 b3 b2 001 BA 78h 0 01 9F 30h
79 b1 bo 001 BA 7Ch 0 01 9F 34h

Figure 124 — Status bits and related INFO 2 / PAC 2(address locations on Layer LO

THe Status bits of INFO 1 / PAC 1 locations on Layer L1 field shall specify the recording status of all 32
Clusters in the INFO 1 / PAC 1 Zone on Layer L1 (see Figure 125). The bit pairs shall be set as |defined in

21.2.

Byte position Bits INFO 1/ PAC 1 location PAA
80 b7 be 0 7E 00 00h
80 by b4 0 7E 00 04h
80 b3 b2 0 7E 00 08h
80 b1 bo 0 7E 00 OCh
81 b7 bs 0 7E 00 10h
86 b1 bo 0 7E 00 6Ch
87 b7 be 0 7E 00 70h
87 bs bs 0 7E 00 74h
87 bs b 0 7E 00 78h
87 b1 bo 0 7E 00 7Ch

Figure 125 — Status bits and related INFO 1/ PAC 1 address locations on Layer L1
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The Status bits of INFO 2 / PAC 2 locations on Layer L1 field shall specify the recording status of all 32
Clusters in the INFO 2 / PAC 2 Zone on Layer L1 (see Figure 126). The bit pairs shall be set as defined in
21.2.

Bytg Bits INFO 2/ PAC 2 I.ocation INFO 2/ PAC 2 Ipcation
position PAA on TL disks PAA on QL disks
88 b7 bs 0 7E 45 80h 0 7E 74 28h
88 bs ba 0 7E 45 84h 0 7E 74 2Ch
88 bs b2 0 7E 45 88h 0 7E 74 30h
88 D1 Do 0 /E 45 8Ch 0 7E 74 34h
89 b7 bs 0 7E 45 90h 0 7E 74 38h
94 b1 bo 0 7E 45 ECh 0 7E 74 94h
95 b7 be 0 7E 45 FOh 0 7E 74 98h
95 bs bs 0 7E 45 F4h 0 7E 749Ch
95 b3 b2 0 7E 45 F8h 0 7E(74°‘A0h
95 b1 bo 0 7E 45 FCh 0<E/74 Adh

Figure 126 — Status bits and related INFO 2 / PAC 2 addresS$/locations on Layer L1

The Recofrding Mode field specifies the mode in which User Data.is<going to be recorded in the User-Data
Area. Thig field shall be set to 00h to indicate Sequential-Recording-Mode unless otherwise specified by the
Applicatio

=

The LastiRecorded Address of User-Data Area field .shall specify the PSN of the highest numbered
Physical Sector in the User-Data Area recorded with data’supplied by the host. This address shall be equalfto
the LRA ¢f the highest numbered SRR containing User Data (see 22.4.6.4). If no User Data is recorded|in
User-Datg Area, the value of this field shall be set te‘Q0 00 00 00h.

The Next favailable PSN of Test Zone on Layer LO field shall specify the first PSN of the next usable Cluster
available for testing and OPC procedures in‘the Test Zone on Layer LO. The initial value for this field in calse
of an unusged Test Zone is 00 OE DF 60h.on TL disks (the highest addressed 4 Clusters of the Test Zone pn
Layer LO shall be reserved as a buffer\zone on TL disks) or 00 OE 05 AOh on QL disks. If the Test Zone pn
Layer LO has no free Cluster, this fieldshall be set to FF FF FF FFh.

NOTE If an OPC procedure fails; the drive might not be able to correctly update the TDMS.

The Next favailable PSN‘0f Test Zone on Layer L1 field shall specify the first PSN of the next usable Cluster
available for testing andOPC procedures in the Test Zone on Layer L1. The initial value for this field in case
of an unuged Test Zone is 03 F4 2C AOh on TL disks or 03 F4 B5 20h on QL disks. If the Test Zone on Layer
L1 has no|free Clusteér, this field shall be set to FF FF FF FFh.

NOTE IfZan OPC procedure fails, the drive might not be able to correctly update the TDMS.

The Next available PSN of Test Zone on Layer L2 field shall specify the first PSN of the next usable Cluster
available for testing and OPC procedures in the Test Zone on Layer L2. The initial value for this field in case
of an unused Test Zone is 04 OA EA AOh on TL disks or 04 OF 3F 60h on QL disks (the highest addressed 4
Clusters of the Test Zone on Layer L2 shall be reserved as a buffer zone on QL disks). If the Test Zone on
Layer L2 has no free Cluster, this field shall be set to FF FF FF FFh.

NOTE If an OPC procedure fails, the drive might not be able to correctly update the TDMS.

The Next available PSN of Test Zone on Layer L3 field shall specify the first PSN of the next usable Cluster
available for testing and OPC procedures in the Test Zone on Layer L3. In case of TL disks, this field shall be
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set to 00 00 00 00h. The initial value for this field in case of an unused Test Zone is 07 F5 ED AOh. If the Test

Zo

ne on Layer L3 has no free Cluster, this field shall be set to FF FF FF FFh.

NOTE If an OPC procedure fails, the drive might not be able to correctly update the TDMS.

The Next available PSN of Drive-Calibration Zone on Layer LO field shall specify the first PSN of the next
usable Cluster available for drive calibration procedures in the Drive-Calibration Zone on Layer LO. The initial
value for this field in case of an unused Drive-Calibration Zone is 8 x (LAA + 10 76h) on TL disks or 8 x
(LAA + 10 06h) on QL disks. If the Drive-Calibration Zone on Layer LO has no free Cluster, this field shall be
set to FF FF FF FFh.

NQTE If an OPC procedure fails, the drive might not be able to correctly update the DCZ.

THe Next available PSN of Drive-Calibration Zone on Layer L1 field shall specify the first|PSN o¢f the next
usable Cluster available for drive calibration procedures in the Drive-Calibration Zone onyLayer L1.|The initial
vaue for this field in case of an unused Drive-Calibration Zone is 8 x (FAA — 4 9Ch). 'f.the Drive-Calibration
Zdne on Layer L1 has no free Cluster, this field shall be set to FF FF FF FFh.

NQTE If an OPC procedure fails, the drive might not be able to correctly update the.DCZ.

TH
us

vajue for this field in case of an unused Drive-Calibration Zone is,8(X (LAA + 0 80 00 00h + 10 7
ks or 8 x (LAA + 0 80 00 00h + 10 06h) on QL disks. If the Drive-Calibration Zone on Layer L2 hjas no free

dig
Cl

N(

TH
us
TU
C4
Cl

NQ

TH
THg

TH
the

Th
dr

foymat (see18.3.16: Drive Area):

able Cluster available for drive calibration procedures in the Drive-Calibration Zone on Layer L2.

ister, this field shall be set to FF FF FF FFh.

TE If an OPC procedure fails, the drive might not be ablé'torcorrectly update the DCZ.

e Next available PSN of Drive-Calibration Zone<on Layer L3 field shall specify the first PSN

able Cluster available for drive calibration procedures in the Drive-Calibration Zone on Layer L3.
disks, this field shall be set to 00 00 00 00h&“The initial value for this field in case of an unu
libration Zone is 8 x (FAA + 0 80 00 00h = 4 9Ch). If the Drive-Calibration Zone on Layer L3 h
ister, this field shall be set to FF FF FF FFh.

TE If an OPC procedure fails, the drive might not be able to correctly update the DCZ.

e First PSN of first ClustercofsDefect List field shall specify the first PSN of the first Cluster of
mporary Defect List in the . TDMA Zone.

e First PSN of Sequential-Recording Range Information field shall indicate the PSN of the firg
p latest Sequential-Recording Range Information in the TDMA Zone,

e Drive ID: Manudfacturers Name / Additional ID / Unique Serial Number fields shall uniquely i
ve that has\fecorded this TDDS. These 128 bytes shall contain a drive signature according to the

48-bytes Manufacturers Name, represented by characters from the 1ISO 646 character set,

e Next available PSN of Drive-Calibration Zone on Layer L2 field shall specify the first PSN ¢f the next

The initial
6h) on TL

bf the next
In case of
sed Drive-
As no free

the latest

I Sector of

dentify the
following

©l

48 bytes Additional Identification, represented by characters from the ISO 646 character set,

32 bytes Unique Serial Number of the drive.
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22.4.5 Temporary Defect List (TDFL)

22.45.1 General

The first Data Frame of the TDFL contains the Defect-List Header followed by a List of Defects. The List of
Defects shall be terminated by a Defect-List Terminator.

The List of Defects is Reserved unless otherwise specified by the Application.

22.4.5.2 FBELdatastructure

The TDFY Data Frame shall be composed as shown in Figure 127.

Data Frgme .Byte position Content Number of bytes
in Data Frame
0 to 63 Defect-List Header 64
0 64to 71 Defect-List Terminator 8
72 to 2 047 set 00h 1976

Figure 127 — Format of Temporary Defect List

The Defeg¢t-List Header (DLH) identifies the Defect List and contains information about the composition of the
List of Defects (see22.4.5.3).

The Defe¢t-List Terminator closes the List of Defects and shall bexwritten immediately following the actgial
last entry |n the List of Defects. The Defect-List Terminator shall bé.located in the last Data Frame of the TDFL.

All remainjng bytes following the Defect-List Terminator in thefast Data Frame shall be set to 00h.

22.4.5.3 |Defect-List Header

Figure 128 shows the format of the Defect-List Header.

Gluster Byte position
ngmber / in Data Eranfe Content Number of bytes
Data Frame
0/0 O0to DFL identifier 2
0/0 2 DFL format 1
0/0 3 Reserved 1
0/0 4t07 DFL-Update Count 4
0/0 8to 11 Reserved 4
Reserved unless otherwise

0/0 121023 specified by the Application 12
0/0 24 t0 63 Reserved 40

Figure 128 — Format of Defect-List Header

The DFL Identifier shall be set to 44 4Ch, representing the characters “DL".

The DFL format field shall be set to 00h..

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 Initialization operation, and shall be incremented by one each time the DFL
is recorded on the disk.
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4.5.4 Defect-List Terminator

The Defect-List Terminator shall be composed of two 4-byte parts:

22.

the first 4 bytes shall be set FF FF FF FFh,

:2015(E)

the second 4 bytes shall be equal to the TDFL-Update Count in the header of the TDFL (can be used to

check the validity of the Defect List).

4.6 Sequential-Recording Range Information (SRRI)

224.6.1 General
THe SRRI Structure specifies the recording status for Sequential-Recording Mode (SRM). Ondg structure
cojers TL and QL disks. The data structure of the SRRI is described in 22.4.6.2.
224.6.2 SRRI Data Structure
THe SRRI structure, consisting of one Sector, contains an SRRI Header followed by a list of SRR eptries. An
SRRI terminator shall terminate the List of SRR entries.
Relative Byte position
Data Frame in Data Frame Content Number of bytes
0to 63 SRRI Header 64
30 641071 SRR entry 8
721079 SRRI Terminator 8
80 to 2 047 set 00h 1968
(31) (TDDS)
Figure 129:— Format of SRRI table
THe SRRI Header identifies the SRRI afhd contains information about the composition of the List of SRR

entries (See 22.4.6.3).

THe SRR entry contains a list oftSRRs and their related information (See 22.4.6.4). The number ¢f SRRs is
one unless otherwise specified by the Application.

THe SRRI Terminator closes the List of SRR entries and shall be written immediately following the pctual last
entry in the List of SRR-entries (see 22.4.6.5).

All remaining bytes following the SRRI Terminator until the Data Frame boundary shall be set to 00h|
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22.4.6.3 SRRI Header
The SRRI Header shall be composed as shown in Figure 130.
Relative Data _Byte position Content Number of bytes
Frame in Data Frame
Oto1l SRRI identifier 2
2 SRRI format 1
3 Reserved 1
4t07 SRRI Update Count 4
St0.11 Reserved 4
30 12to 15 number of SRR entries 4
16 number of Open SRRs 1
17t0 19 Reserved 3
20to 21 Open SRR numbers 2
22 10 51 Reserved unless oth_erw!se specified 30
by the Application
52 to 63 Reserved 12
Figure 130 — SRRI Header
The SRRI|ldentifier field shall be set to 53 52h, representing the characters “SR™
The SRRI|format field shall be set to 00h..
The SRRI|Update Count shall specify the total number of update operations of the SRRI structure. This fi¢ld
shall be s¢t to 00 00 00 00h during the Initialization operation, andshall be incremented by one each time the
SRRI strugture is updated.
The numbper of SRR entries (N_SRR) shall indicate the*total number of SRR entries in the SRRI. The
number of SRRs is one unless otherwise specified by theApplication.
The numBer of Open SRRs field shall indicate the number of SRRs with status Open. The maximum value|of
this field i$ one unless otherwise specified by.the Application. The value of this field shall be set to 00h affer
the disk is|recorded.
The Open SRR numbers shall indicatevall SRR numbers with status Open.
22.4.6.4 |SRR entry
The SRR pntry shall be formatted as shown in Figure 131.
SRR entry consists of.8bytes and is recorded contiguously.
The bytes| of thesSRR entry are converted into a 64-bit sequence with the msb first. The List of SRR entries
shall be sprted in“ascending order as if each entry were a single 64-bit unsigned integer. SRR Numbers sHall
be assigngd’as‘one unless otherwise specified by the Application.
byte 0/ bit 7..4 byte 0 /bit 3.0 & byte 4/ bit 7 | byte 4 / bit 6..4 byte 4 /bit 3.0 &

of SRR entry

bytes 1 to 3

bytes 5to 7
of SRR entry of SRR entry | of SRR entry

of SRR entry

b63

b60 b59 . b32 b31 b30 - b28 b27 bO

Reserved Start PSN of the SRR Session start Reserved LRA in the SRR

Figure 131 — SRR entry

The Start PSN of the SRR #i shall specify the first PSN of the first Cluster of the SRR #i and shall be set to
00 10 00 00h unless otherwise specified by the Application.
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The Session start bit shall indicate if this SRR is the first SRR in a Session and shall be set to ONE unless
otherwise specified by the Application.

The LRA in the SRR shall specify the PSN of the last Sector in the SRR recorded with data supplied by the
host. For an empty SRR, the value of this field shall be set to 0 00 00 00h. For an Open SRR, the relation
between NWA and LRA shall be given by the following formulae:

NWA = 32 x [floor(LRA/32) + 1] if the LRA = 0 00 00 00h
NWA = Start PSN of the SRR~ if the LRA = 0 00 00 00h

224.6.5 SRRI Terminator
THe SRRI Terminator shall be composed of two 4-byte parts:
— the first 4 bytes shall be set FF FF FF FFh,

— the second 4 bytes shall be equal to the SRRI Update Count in the header of-the-SRRI structurg.
24.5 Unrecorded (blank) disk structure

22.5.1 General

Sgme Zones of a Unrecorded disk may be pre-recorded beforeshipment of the disk. The status off{ Zones on
an Unrecorded (blank) disk is summarized in 22.5.

22.5.2 Pre-recorded Areas on Unrecorded disk

THe areas on the Unrecorded (blank) disk that are specified in Figure 132, Figure 133, Figure 134, Higure 135,
Figure 136, Figure 137 and Figure 138 may be pte-recorded.
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. Number of
Description First PAA Phys. Pre-recorded Reference
of Zone condition
Clusters
BCA BCA either? See Clause 35
Protection
Zone 1 o o
PIC PIC recorded
- PTotection 001 8338h 300 —
Zone 2
Buffgr 0 01 87 E8h 3078 unrecorded
Reserved 8 0 01 B8 00h 32 either? See 18.3:3
Reserved 7 0 01 B8 80h 32 unrecorded
Reserved 6 0 01 B9 00h 32 unrecorded
INFOl2 Reserved 5 0 01 B9 80h 32 either? See’18.3.6
PAC 2 0 01 BA 00h 32 either @ See 18.3.7
DMA 2 0 01 BA 80h 32 unrecorded
Control Data 2 | 0 01 BB 00h 32 unrecorded
Buffer 2 0 01 BB 80h 32 unrecorded
orclo Test Zone 0 01 BC 00h 2044 either? See 18.3.11
OPC 0 Buffer | 001 DB FOh 4 unrecorded
TDMA 0 0 01 DC 00h 2 048 either @ See 18.3.14
Pre-write Area | 001 FC 00h 32 either? See 18.3.15
Drive Area 0 01 FC 80h 32 unrecorded
Drive Area 0 01 FD 00h 32 unrecorded
INEOl1 Dr!ve Area 0 01 FD 80h 32 unrecorded
Drive Area 0 01 FE 00h 32 unrecorded
DMA 1 0 01 FE 80h 32 unrecorded
Control Data1 | 001 FF 00h 32 unrecorded
PAC 1 0 01 FF 80h 32 either? See 18.3.19
(Data Zone 0) | 002 00 00h unrecorded

P either means that the Zone may or may not be pre-recorded according to its description.

Figure 132 = Pre-recorded Areas in Lead-in Zone of TL disk
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. Number of
- First PAA Pre-recorded
Description of Zone Phys. condition Reference
Clusters
(Data Zone 1) unrecorded
PAC 1 0 7E 00 00h 32 either @ See 18.4.18
Control Data1l | 0 7E 00 80h 32 unrecorded
DMA 1 0 7E 01 00h 32 unrecorded
INFO T Dr;vn Area 07E 01 80h 32 unrecorded
Drive Area 0 7E 02 00h 32 unrecorded
Drive Area 0 7E 02 80h 32 unrecorded
Drive Area 0 7E 03 00h 32 unrecorded
Pre-write Area | 0 7E 03 80h 32 either? See 18.4.14
Reserved 0 7E 04 00h 2048 unrecorded
TDMA 1 0 7E 24 00h 2048 unrecorded
Buffer 2 0 7E 44 00h 32 unrecorded
Control Data2 | 0 7E 44 80h 32 unrecorded
DMA 2 0 7E 45 00h 32 unrecarded
INFO 2 PAC 2 0 7E 45 80h 32 e?thera See 18.4.8
Reserved 5 0 7E 46 00h 32 either? See 18.4.7
Reserved 6 0 7E 46 80h 32 unrecorded
Reserved 7 0 7E 47 00h 32 unrecorded
Reserved 8 0 7E 47 80h 32 either? See 18.4.4
Reserved 0 7E 48 00h 1 894 unrecorded
OPC 1 Test Zone 0 7E 65 98h 2-04'8 either? See 18.4.2
Buffer 0 7E 85 98h 4104 unrecorded
Protection 0 7E C5 B8h
Zone 1

Figure 133 — RBre-recorded Areas in Inner Zone 1 of TL disk

a either means that the Zone mayor may not be pre-recorded according to its description.
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Figure 134 — Pre-recorded Areas in Inner Zone 2 of TL disk

- First PAA Number of Pre-recorded
Description Phys. L Reference
of Zone condition
Clusters
Protection
Zone 1 -
Buffer 0 81 3A 48h 200 unrecorded
OPC 2 Test Zone 0 81 3D 68h 2044 either? See 18.5.2
OPC-2Buffer 6-8+5D-58h % tmrecorded
Reseryed 081 5D 68h 1 600 unrecorded
Reserved 8 081 76 68h 32 either@ See 18.5.5
Reserved 7 081 76 E8h 32 unrecorded
Reserved 6 081 77 68h 32 unrecorded
INFd 2 Reserved 5 081 77 E8h 32 either? See-18.5.8
Reserved 081 78 68h 32 unrecorded
DMA 2 081 78 E8h 32 unrecorded
Control Data 2 | 081 79 68h 32 unrecorded
Buffer 2 081 79 E8h 32 unrecorded
TDMA 2 081 7A 68h 2048 unrecorded
Buffer 0 81 9A 68h 6 246 unrecorded
Pre-write Area | 081 FC 00h 32 eithep? See 18.5.15
Drive Area 0 81 FC 80h 32 unrecorded
Drive Area 0 81 FD 00h 32 unrecorded
INEd 1 Dr?ve Area 0 81 FD 80h 32 unrecorded
Drive Area 0 81 FE 00h 32 unrecorded
DMA 1 0 81 FE 80h 32 unrecorded
Control Data 1l | 081 FF 00h 32 unrecorded
Reserved 0 81 FF 80h 32 unrecorded
(Data Zone 2) | 082 00 00h unrecorded

P either means that the Zone may orJmay not be pre-recorded according to its description.
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. Number of
Description First PAA Phys. Pre-recorded Reference
of Zone condition
Clusters
BCA BCA either? See Clause 35
Protection
Zone 1
PIC recorded
Protection 0 01 8B 50h 300
Zone 2
Buffer 0 01 90 00h 814 unrecorded
Reserved 8 0 01 9C B8h 32 either? Se€ 18.6.3
Reserved 7 0 01 9D 38h 32 unrecorded
Reserved 6 0 01 9D B8h 32 unrecorded
INFO 2 Reserved 5 0 01 9E 38h 32 either? See 18.6.6
PAC 2 0 01 9E B8h 32 either? See 18.6.7
DMA 2 0 01 9F 38h 32 unrecorded
Control Data 2 | 001 9F B8h 32 unrecorded
Buffer 2 0 01 A0 38h 32 unrecorded
OPCO Test Zone 0 01 AO B8h 2048 either @ See 18.6.11
Buffer 0 01 CO B8h 3794 unrecorded
Pre-write Area | 0 01 FC 00h 32 either? See 18.6.13
Drive Area 0 01 FC 80h 32 unrecorded
Drive Area 0 01 FD 00h 32 unrecorded
INEO 1 Dr!ve Area 0 01 FD 80h 32 unrecorded
Drive Area 0 01 FE 00h 32 unrecorded
DMA 1 0 01 FE 80h 32 unrecorded
Control Data1l | 001 FF 00h 32 unrecorded
PAC 1 0 01 FF 80h 32 either @ See 18.6.17
(Data Zone 0) | 002 00/00h unrecorded
a either means that the Zone.may or may not be pre-recorded according to its description,
Figure 135— Pre-recorded Areas in Lead-in Zone of QL disk
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Description First PAA Nu&?g o Pre-regqrded Reference
of Zone condition
Clusters
(Data Zone 1) unrecorded
PAC 1 0 7E 00 00h 32 either @ See 18.7.17
Control Data1l | 0 7E 00 80h 32 unrecorded
DMA 1 0 7E 01 00h 32 unrecorded
INEQT Brive-Area 070180k 32 Hrrecorded
Drive Area 0 7E 02 00h 32 unrecorded
Drive Area 0 7E 02 80h 32 unrecorded
Drive Area 0 7E 03 00h 32 unrecorded
Pre-write Area | 0 7E 03 80h 32 either@ See 18,713
Buffer 0 7E 04 00h 4778 unrecorded
TDMA O - 0 7E 4E A8h 2 304 either? See<18.7.11
Buffer 2 0 7E 72 A8h 32 unrecorded
Control Data2 | 0 7E 73 28h 32 unrecorded
DMA 2 0 7E 73 A8h 32 unrecorded
INEd 2 PAC 2 0 7E 74 28h 32 e?theral See 18.7.7
Reserved 5 0 7E 74 A8h 32 either? See 18.7.6
Reserved 6 0 7E 75 28h 32 unrecerded
Reserved 7 0 7E 75 A8h 32 unréeorded
Reserved 8 0 7E 76 28h 32 either @ See 18.7.3
OP(C 1 Test Zone 0 7E 76 A8 2048 either? See 18.7.2
Buffer 0 7E 96 A8h 2 500 unrecorded
Protection 0 7E BD B8h
Zone 1

202

P either means that the Zone may or may pot be pre-recorded according to its description.

Figure 136 — Pre-recorded Areas in Inner Zone 1 of QL disk
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Figure 137 —Pre-recorded Areas in Inner Zone 2 of QL disk

a either means that the Zone may or may not be pre-recorded according to its description,

. Number of
- First PAA Pre-recorded
Description of Zone Phys. condition Reference
Clusters
Protection .
Zone 1
Buffer 081 42 48h 3268
Reserved 8 081 75 58h 32 either? See 18.8.2
Reserved 7 081 75 D8h 32 unrecorded
Reserved 6 081 76 58h 32 unrecorded
INFO 2 Reserved 5 081 76 D8h 32 either? See 18.8.5
Reserved 081 77 58h 32 unrecorded
DMA 2 081 77 D8h 32 unrecorded
Control Data 2 | 081 78 58h 32 unrecorded
Buffer 2 081 78 D8h 32 unrecorded
TDMA 1 081 79 58h 1280 unrecorded
Buffer 0 81 8D 58h 3754 unrecorded
OPC 2 Test Zone 0 81 C8 00h 2044 either See 18.8.17
OPC 2 Buffer | 081 E7 FOh 4 unrecaerded
TDMA 2 0 81 E8 00h 1280 unrecorded
Pre-write Area | 081 FC 00h 32 either? See 18.8.15
Drive Area 0 81 FC 80h 32 unrecorded
Drive Area 0 81 FD 00h 32 unrecorded
INEO 1 Dr!ve Area 0 81 FD 80h 32 unrecorded
Drive Area 0 81 FE 00h 32 unrecorded
DMA 1 0 81 FE 80h 32 unrecorded
Control Data1l | 081 FF 00h 32 unrecorded
Reserved 0 81 FF 80h 32 unrecorded
(Data Zone 2) | 08200 Q00h unrecorded
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. Number of
Description First PAA Phys. Pre-recorded Reference
of Zone condition
Clusters
(Data Zone 3) unrecorded
Reserved 0 FE 00 00h 32 unrecorded
Control Data 1 | 0 FE 00 80h 32 unrecorded
DMA 1 0 FE 01 00h 32 unrecorded
INEQT Brive-Area 0-FE01-86hk 32 Hrrecorded
Drive Area 0 FE 02 00h 32 unrecorded
Drive Area 0 FE 02 80h 32 unrecorded
Drive Area 0 FE 03 00h 32 unrecorded
Pre-write Area | 0 FE 03 80h 32 either@ See 18,912
TDMA 3 0 FE 04 00h 3328 unrecorded
Buffer 2 0 FE 38 00h 32 unrecorded
Control Data 2 | 0 FE 38 80h 32 unrecorded
DMA 2 0 FE 39 00h 32 unrecorded
INEd 2 Reserved 0 FE 39 80h 32 unr_ecorded
Reserved 5 0 FE 3A 00h 32 either? See 18.9.6
Reserved 6 0 FE 3A 80h 32 unrecorded
Reserved 7 0 FE 3B 00h 32 unrecorded
Reserved 8 0 FE 3B 80h 32 either? See 18.9.3
Buffer 0 FE 3C 00h 6 254 unrecorded
OP( 3 Test Zone 0 FE 9D B8h 2 048 either? See 18.9.1
Protection 0 FE BD B8h
Zone 1

22.5.3 Pr

BCA cods
Applicatio

22.5.4 Pr

When BC
INFO 1/ H
recorded

18.4.4, 18

2255 Pr

P either means that the Zone may or may not.b€’pre-recorded according to its description.

Figure 138 — Pre-recorded Areas in Lead-out Zone of QL disk

b-recorded BCA

p{recorded INFO 1/ PAC 1 and Pre-recorded INFO 2/ PAC 2

b-recorded INFO 2 {Reserved 5, Reserved 8 and Pre-recorded INFO 1/ Pre-write Area

may or may not be recordéd:*The BCA code is not recorded unless otherwise specified by the
n. The Modulation and Format of the BCA code are not specified in this document. See Clause 35

A code is not_fecorded on an Unrecorded disk, Zones of INFO 2 / Reserved 5, Reserved 8 and
Pre-write Areadin both Inner Zone 0 and Inner Zone 1 are recorded with all 00h. When BCA code
bn an Unrecorded disk, these Zones are unrecorded. See 18.3.6, 18.4.7, 18.5.8, 18.6.6, 18.3
5.5, 18:6.3, 18.3.15, 18.4.14, 18.5.15 and 18.6.13.

S
31

When BCA-code is not recorded on an Unrecorded disk, 1S1/IS2 PAC structures are recorded in INFO 1 /
PAC 1 and INFO 2 / PAC 2. When BCA code is recorded on an Unrecorded disk, these Zones are unrecorded
and 1S1/IS2 PAC structures are not recorded. See 21.4.
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5.6 OPC 0/ Test Zone, OPC 1/ Test Zone, OPC 2/ Test Zone and OPC 3/ Test Zone

When BCA code is not recorded on an Unrecorded disk, some Clusters in OPC 0 Test Zone, OPC 1 Test
Zone, OPC 2 Test Zone, and OPC 3 Test Zone may be used to perform OPC to record the Pre-recorded
Zones. See 18.3.11, 18.4.2, 18.5.2, 18.6.11, 18.7.2, 18.8.12 and 18.9.1.

22.5.7 TDMA O

When BCA code is not recorded on an Unrecorded disk, Zones that specified in Figure 132, Figure 133,
Figure 134, Figure 135, Figure 136, Figure 137 and Figure 138 may be recorded. When some _Zones are

regorded on the Unrecorded disk, TDMS in the TDMA 0 is recorded to specify;

22.5.8 Initialization of disk

B
w1
Ur

A hewly created TDMS shall have all Update Count fields set to/ZZERO. The TDMS shall be record

frg

BI) Recordable disks may be formatted for the Sequential~Recording Mode unless otherwise specif

Ar

Figure 121):

Zones are recorded,
An empty SRR is created from LSN 0,
Some OPC Clusters are used.

Recordable disks are initialized before use. When a Temporary Disk-Management Structure
te Area(s) (see 18.3.15, 18.4.14, 18.5.15, 18.6.13, 18.7.13, 18.8.15.and 18.9.12) are not recor
recorded disk, these areas shall be recorded before recording in thekUser-Data Area.

m the first Cluster of TDMA 0.

plication. A newly created a single-Cluster TDMS<contains the following elements (see 2

an empty TDFL, containing only a header,-00 DFL entries and a Terminator,
an SRRI with at least one Open SRR (the)first SRRI entry shall have the Session start bit set to
a TDDS with all relevant information like (see Figure 122).

and Pre-
jed on an

bd starting

ied by the
2.4.3 and

ONE),

©l
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22.6 Recorded (Closed) disk structure

22.6.1 General

The Recorded disk structure is summarized in 22.6. When data recording on an Unrecorded disk is finished
the areas of the disk shall be recorded as specified. If all Clusters in all TDMAs have been used the disk shall
be considered a Recorded disk.

The four DMA Zones of the Recorded disk and the DMA Access Indicator (see 22.3.2) shall be recorded

(closed).

22.6.2 DN

1A Zones

The strucfures in the DMA Zone describes the exact status of the disk at the moment when data recordi

was finishpd. The SRR status shall be set to Closed, the TDMS structures shall be updated and. written to t
TDMA on|the Recorded disk. Optionally all remaining Clusters in the TDMAs can be recorded with all O
data (see Figure 139).
Other unwritten areas on the disk need not to be recorded.

Inner Zone OuterZone

DMA2| DMA1 Data Zone ﬁAAB DMA4

The DMAS

The DDS

22.6.3 Di

22.6.3.1

Figure 139 — Disk-Management Areas
1, 2, 3 and 4 shall be recorded with copies of the information contained in the latest TDMS.

n the DMA Zones preserves the references to'these TDMS.
Ek-Management Structure (DMS)

General

A Disk-Ma@nagement Structure (DMS))is made up of a Disk-Definition Structure (DDS) and a Defect L

(DFL). Th
DFL cons

All four og
same info

The DMA
possible p

e DDS is combined in one_Cluster with an SRRI and shall be repeated for robustness reasons. T
Sts of 8 consecutive Clusters on a TL disk or a QL disk and can be repeated seven times.
mation, except for the First PSN of Defect List (see 22.4.4, byte 24 of Data Frame 0 of the DDS).

Zones shall be updated in the order DMA 1, DMA 2, DMA 3, and DMA 4 for ease of handli
ower-down failures.

ng
he
Dh

ist
he

currences of the-DMS, recorded in the DMA Zones in the Inner and Outer Zone(s), shall contain the

ng
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22.6.3.2 Disk-Management Structure (DMS) on TL disk

On a TL disk the DMAs consist of 96 Clusters divided over the three Recording Layers as indicated in
Figure 140:

Tracking direction

Layer LO Cluster Cluster Cluster Cluster Cluster
1 2 3 31 32
Trarl(ing direction
Layer L1 Cluster Cluster Cluster Cluster Cluster
64 63 35 34 38
Tracking direction
Layer L2 Cluster Cluster Cluster Cluster Cluster
65 66 67 95 96

Figure 140 — Clusters of DMAs on TL@isk

THe DDS + SRRI shall be recorded in a specific sequence (see Figure 141) in the first 6 Clustefs of each
DMA. The DFL is recorded in Clusters 9 to 16 of each DMA and,may be optionally repeated in the {lusters 17
to[64 (if no repetition is applied, Clusters 17 to 64 shall containll*@0h).

TH
the
9,
fir

Cluster 1to 6

DDS + SRRI

Six repetitions

Cluster 7 to 8

Reserved

These Clusters shall
be left unrecorded

Cluster 9 to 16

18t position-of DFL

DFL

Cluster 17 to 24

2nd position of DFL

optional copy of DFL
or 00h User Data

Cluster 25 to 32

3d'position of DFL

optional copy of DFL

or 00h User Data

Cluster 57 to 64

7t position of DFL

optional copy of DFL
or 00h User Data

Cluster 65.10 96

Reserved

These Clusters shall
be left unrecorded

Figure 141 — Example of DMA Zone on TL disk

e first Data_Frame (0) of each of the Clusters 1 to 6 is designated as the DDS and shall contain
b |latest TDDS, except for the First PSN of Defect List, which address shall be set to the first PSN
17 .. or.57v0f the DMA Zone containing this DDS. The indicated address shall identify the occurre
bt full DFL that can be retrieved error free.

a copy of
of Cluster
nce of the

D’

ta—Frames—1 /enn 22 4 ’2\ of-each-of-the-Clusters—1-to-6-are anlgnnfnrl as-the-SRRI-and-shall

copy of the Iatest SRRI from the TDMS. All remaining Data Frames 2 to 31 shall contain all 00h.

contain a

The DFL, recorded in Clusters 9 to 16, shall contain a copy of the latest TDFL, which TDFL shall be padded
with ZERO data up to a length of 8 Clusters. The DFL may be repeated up to seven copies for robustness

reasons in each following group of 8 Clusters in each DMA.
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22.6.3.3 Disk-Management Structure (DMS) on QL disk

On a QL disk the DMAs consist of 128 Clusters divided over the four Recording Layers as indicated in

Figure 142:
Tracking direction
Laver LO Cluster Cluster Cluster Cluster Cluster
Y 1 2 3 31 3
Trm‘king direction
Laver L1 Cluster Cluster Cluster Cluster Cluster
Y 64 63 35 34 33
Tracking direction
Laver L2 Cluster Cluster Cluster Cluster Cluster
y 65 66 67 95 56
< Tracking direction
Laver L3 Cluster Cluster Cluster Cluster Cluster
y 128 127 99 98 e
Figure 142 — Clusters of DMAs on Qludisk
The DDS [+ SRRI shall be recorded in a specific sequence (see Figufe 143) in the 4 Clusters that locate at the

odd Clustér number from the beginning of each DMA (Cluster 1,3, 5 and 7).

The DFL i
(if no repe

5 recorded in Clusters 9 to 16 of each DMA and_may be optionally repeated in the Clusters 17 to

tition is applied, Clusters 17 to 64 shall contain@ll 00h).

Cluster 1 DDS + SRRI

Cluster 2 Reserved This Cluster shall be
left unrecorded

Cluster 3 DDS+SRRI

Cluster 4 Reserved This Cluster shall be
left unrecorded

Cluster 5 DDS+SRRI

Cluster 6 Reserved This Cluster shall be
left unrecorded

Cluster. 7 DDS+SRRI

Cluster 8 Reserved This Cluster shall be

left unrecorded

Cluster 9 to 16 1st position of DFL

DFL

64

208

Cluster 17 to 24 | 2" position of DFL

antionalcanvveof DEL
Asd SATASARI- T E A~ =5 AN an —g n —

or 00h User Data

Cluster 25 to 32 | 3" position of DFL

optional copy of DFL
or 00h User Data

Cluster 57 to 64 | 7" position of DFL

optional copy of DFL
or 00h User Data

Cluster 65 to

128 Reserved

These Clusters shall
left unrecorded

be

Figure 143 — Example of DMA Zone for on QL disk
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The first Data Frame (0) of each of the Clusters 1, 3, 5 and 7 is designated as the DDS and shall contain a
copy of the latest TDDS, except for the First PSN of Defect List, which address shall be set to the first PSN of
Cluster 9, 17 .. or 57 of the DMA Zone containing this DDS. The indicated address shall identify the
occurrence of the first full DFL that can be retrieved error free.

Data Frames 1 of each of the Clusters 1, 3, 5 and 7 is designated as the SRRI and shall contain a copy of the
latest SRRI from the TDMS. All remaining Data Frames 2 to 31 shall contain all 00h.

The DFL, recorded in Clusters 9 to 16, shall contain a copy of the latest TDFL, which TDFL shall be padded
with ZERO data up to a length of 8 Clusters. The DFL may be repeated up to seven copies for robustness

H I foll H £0 Ol + H L IAAA _Z
re SUTTO T TAUTT TUNTOUWITTY Yruupy Ul O CLlUuotlTlo Tt Tacll UIVIA LZUTIC.
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23 Assignment of Logical-Sector Numbers (LSNs)

Logical-Sector Numbers shall be assigned contiguously over all Clusters available for storage of User Data,
starting from LSN 0 and increasing by one for each successive User Data Frame (See Figure 144).

LSN 0 is assigned to the first User Data Frame in the first Cluster after the Lead-in Zone,
(at PSN =00 10 00 00h).

The last LSN on Layer LO is equal to 8 x LAA + 15 — 00 10 00 00h and is assigned to the last User Data
Frame in the last Cluster before the Outer Zone 0
(at PSN =|8 x LAA + 15 = X).

The first USN on Layer L1 shall be one higher than the last LSN on Layer LO and is assigned to the first Uger
Data Frame in the first Cluster after the Outer Zone 1

(at PSN =[8 x FAA = X+FC 00 00 00h ).

The last USN on Layer L1 is equal to 16 x LAA + 31 — 00 20 00 00h and is assigned to the last User Data
Frame in the last Cluster before the Inner Zone 1
(at PSN =|03 EF FF FFh).

The first USN on Layer L2 shall be one higher than the last LSN on Layer L1'and is assigned to the first Uger
Data Frame in the first Cluster after the Inner Zone 2
(at PSN =[04 10 00 00h).

The last SN on Layer L2 is equal to 24 x LAA + 47 — 00 30 00.00h and is assigned to the last User Data
Frame in the last Cluster before the Outer Zone 2
(at PSN =[04 00 00 00h + 8 x LAA + 15 = X + 04 00 00 00h).

The first USN on Layer L3 shall be one higher than the Jast LSN on Layer L2 and is assigned to the first Uger
Data Frame in the first Cluster after the Outer Zone_ 3

(at PSN =[04 00 00 00h + 8 x FAA = X+F8 00 00/00h ).

The last SN on Layer L3 is equal to 32 x EAA + 63 — 00 40 00 00h and is assigned to the last User Data
Frame in the last Cluster before the Lead:out Zone
(at PSN =|07 EF FF FFh).

nner Outer Outer Inner Inner Outer
rhdius Layer LO fadius radius Layer L1 radius radius Layer L2 radius
A A — A
~ — ~ — ~
l Yser- User
g Data Data
Area Area

/ User

‘/ Data

................... Area
<
8
o | Lead-in Outer Outer Inner Inner Lead-out
g Zone Zone 0 I Zonel Zone 1 I Zone 2 Zone
© T T
S A 5 1 5
00 10 00 00h X X+ FC000000h 03EFFFFFh 04 10 00 00h

Figure 144 — Assignment of Logical-Sector Numbers

210 © ISO/IEC 2015 — Al rights reserved


https://standardsiso.com/api/?name=43a433c12b486bcd9e252dce9b729005

ISO/IEC 30191:2015(E)

24 Characteristics of Grooved Areas

The signal values specified in Clause 24 to Clause 27 are valid for all disk capacities, unless specified
otherwise.

In this International Standard, two types of signals are distinguished:

— signals generated by the Groove structures on the disk, and
— signals generated by User-written Marks.

In|Clause 25 to Clause 27 the signals generated by the Groove structures are defined and spekified (the
fofmat of the Grooves has been defined in Clause 15).

All requirements in Clause 25 to Clause 27 shall be fulfilled in all layers independent of the.recording status of
other Recording Layer (whether unrecorded, recorded or partially recorded) from thelinner radjus of the
Embossed HFM Area(s) (start/end of the PIC Zone) at nominal radius 22,4 mm up.tojthe inner ragius of the

Outer Zone(s) + 20 ym (dpzo/ 2 + 20 um). It is recommended that the requirements are also fulfijled in the
remainder of the Outer Zone(s).

2% Method of testing for Grooved Area

23.1 General

When measuring the signals, the influence of local defects, such as dust and scratches, are exclugled. Local
degfects might cause tracking errors, erroneous ADIP information or uncorrectable Data (see Clause 34).

25.2 Environment

All signals shall be within their specified ranges.if‘the disk is in its range of allowed environmental conditions
as|defined in 8.1.1.

23.3 Reference drive

25.3.1 General

All signals shall be measured;in the appropriate channels of a Reference drive as specified in Clauge 9 and in
Arnex 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
(1)20 + 0,120),mW for Layer LO and Layer L1 of a TL disk and Layer LO, Layer L1 and Layer L2 of|a QL disk
and (1,10 0,10) mW for Layer L2 of a TL disk and Layer L3 of a QL disk except when measuring|Push-Pull
signals:. For measurement of Push-Pull signals, the read power shall be (0,70 £ 0,10) mW for a L and QL
digks.

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.

For measurement of the Push-Pull signals, the radial PP read channels shall be filtered by a first order LPF
with f_3qg = 30 kHz.

For measurement of the wobble signals, the radial PP read channels shall be filtered by a first order LPF with
f_3dB =16 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: emax (axial) = 80 nm,

and the radial tracking error between the focus of the optical beam and the centre of the Track shall be: emax
(radial) = 20 nm.

For 4x disks local defects that cause large axial tracking errors shall be taken into account as described in 1.10.

25.3.5 Scanning velocities

The actug| rotation speed of the disk shall be such that it results in an average Channel-bit rate of) 132,000
Mbit/s or jan average wobble frequency of 1 913,043 kHz except when measuring Push-Pull signals. For
measurenpent of Push-Pull signals, the actual rotation speed of the disk shall be such thatit-results in pan
average (Jhannel-bit rate of 66,000 Mbit/s or an average wobble frequency of 956,522 kHz.

25.4 Defjnition of signals

The amplitudes of all signals are linearly related to currents through a photodetector, and therefore lineafr
related to the optical power falling on the detector.

y

Some signals are normalized relative to the total detector current in an Unrecorded, Grooved Area.
This total fletector current is referred to as
le = [I1 + 12)groove-
Push-Pull signal:
The PushiPull signal is the Low-Pass Filtered sinusoidaldifference signal (I:—I2) in the radial PP read channel

(see Figutle 5), when the focus of the optical beam.€rosses the Tracks. The Push-Pull signal can be used [py
the drive fpr radial tracking (see Figure 145).

In genera| the difference signal (l.—l2) is normalized relative to the Low-Pass Filtered total detector currgnt
(I1+12). The peak-to-peak value of this reaktime normalized Push-Pull signal is defined as:

>S5

rm

e o[-

- '1(t)+|2(t)}peak_peak (I1+|2)att2 B I1+I2)att1
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(mA) : :
! 1
I I
! 1
I |
sum signal T .
I I
I I
: (ll - |2)max :
| l
! I
I I
! 1
0 | !
(l1—12) t [ t | \
1 | . L
difference signal | (_ radial position
| : (time)
(I = 12)min : :
on Track on Track

Figure 145 — Definition of Push-Rull signals

hverted for the photodetector size of 25 um?(see 1.9).

bbble signal:

these BD Recordable system specifications, the real-time“hormalized Push-Pull signal (PPnorn

e wobble signal lwpp is the peak-to-peak value ofithe sinusoidal difference signal (I:—I2) in the radi

annel (see Figure 5), when the focus of the gptical beam follows the Tracks according to 25.3.4
nex M and Annex E for a measurement method.
e signal shall be normalized by the peak-to-peak value of the Push-Pull signal (I1—12)pp:
I
NWS = —PB__
(Il - |2 )pp

) shall be

bl PP read
See also
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26 Sign

als from HFM Grooves

26.1 Push-Pull polarity

The polarity of the Push-Pull signal is said to be positive if the signal has the same polarity as the Push-Pull
signal detected from the following Pit/Groove geometry:

“On-Groove recording” (see 15.2),

— thesi
If the pola

The polarn
Informatio

26.2 Pus

The peak{
requireme

— inthe|

26.3 Wo

The Norn
centre ling
shows a V|

At locatio
Normalize

At locatio
Normalize

NOTE
the wobblg
measuring

26.4 Jitt

ngle pass phase depth of the Grooves is less than 90 °.
ity is opposite to the polarity of the specified case, it is said to be negative.

ty of the Push-Pull signal on each Recorded Layer of the disk shall be indicated”in the D
h (see 15.8.3).

h-Pull signal

to-peak value of the real-time normalized Push-Pull signal (PPnorm tem)eony Shall meet the followi

nts:

Embossed HFM Areas 0,26 < (PR, omrem)corny </0,52

bble signal

alized HFM-Wobble Signal is a measure of the, deviation of the Groove Track from its averal

priation (called “wobble beat”).

hs where the HFM wobble signal shows minimum amplitudes due to the wobble beat, t
d HFM-Wobble Signal (NHWS) shalkke: 0,30 < NHWSyin < 0,60.

hs where the HFM wobble_signal shows maximum amplitudes due to the wobble beat, t
d HFM-Wobble Signal shall'be: NHWS_ <3 xNHWS

max — min *

Because the shape of.the)HFM wobble signal detected in the Embossed HFM Areas differs significantly fr
signal in the Recorddble Areas, the measurement procedure as described in Annex E is not suitable
fhese HFM wobble 'signals.

er of HFM 'stgnal

The binar
Zone. Th

measured|separately relative to a PLL clock.

zed, weobble signal from the HFM Groove represents the Embossed HFM information in the P
jitter* of the leading edges and the jitter of the trailing edges of this binarized signal shall

sk

pe

. Due to interference with the wobbles of adjacent tracks, the amplitude of the HFM wobble signal

he

he

bm
for

IC
be

Both the leading edge jitter and the trailing edge jitter shall be < 4,5 %.

The jitter shall be measured under the following conditions:

— ac coupling (High-Pass Filter): first order, f_34s = 20 kHz,

— noeq

ualization,

— normalized by 18T clock period (see 15.5.4.2).
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27 Signals from Wobbled Grooves
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 (PPnorm)conv Shall meet the following
re([UITEMmMents 1M eaciy layer:

—{ in Unrecorded Areas (all neighboring Tracks unrecorded):

0121S (Ppnormunrec.)conv < 0’45

—{ maximum variation of Push-Pull signal within 150 Tracks in Unrecorded Areas:

(Ppnorm,unrec. )max _(Ppnorm,unrec. )min < 0,18
(PPnorm,unrec. )max + (Ppnorm,unrec. )min

— maximum variation of Push-Pull signal within one Layer in Untecorded Areas:

(Ppnorm,unrec. )max _(Ppnorm,unrec. )min <025
(PPnorm,unrec. )max + (PPnorm,unrec. )min

—1 in Recorded Areas (all neighboring Tracks recorded):

0,21 (PP, eony <0,45

ormyec.
—1 ratio of average Push-Pull signalsiin-Recorded and Unrecorded Areas within one layer:

(Ppnorm,rec. )conv
0,75 ———<125

(PP

norm,unrec. /conv

271.3 Wobble signal

27.3.1 General

THe normalized wobble signal is a measure for the deviation of the Groove Track from its average fentreline.
THe distance that the actual centre of the Wobbled Groove Track deviates from the average Track fentre line
can bé.calculated according to Annex M.

27.3.2 Measurement of NWS

Due to interference with the wobbles of adjacent Tracks, the amplitude of the wobble signal shows a variation
(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 < NWSqin < 0,55.

At locations where the wobble signal shows maximum amplitudes due to the wobble beat, the Normalized
Woabble Signal shall be: NWSax < 3 x NWSmin.
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27.3.3 Measurement of wobble CNR

The narrow band SNR (or CNR) of the wobble signal after recording at Nominal Recording Velocity of the disk
as defined in 15.8.3, shall be greater than 29 dB at the locations where the wobble signal shows minimum
amplitudes.

The carrier shall be measured at 1 913,043 kHz, and the noise level shall be measured at 1 MHz (see

Annex E).

27.3.4 Measurement of harmonic distortion of wobble

To guarallutee a minimum quality of the HMW modulation, the Second-Harmonic Distortion of the wobl

signal sha
The Secd
measuring
of the disk

The ratio
the followi

— SHD

— SHD

The meas|

28 Cha

The signg
otherwise

In this Intg
— signa
— signa

Clause 28
as used fd

All require
other Red
Recordab
Outer Zor

Il be sufficiently low compared to the Second-Harmonic Level originating from the HMW medulatio
nd-Harmonic Level (SHL) and the Second-Harmonic Distortion (SHD) shall be ,determined

the fundamental wobble frequency level and the second harmonic frequency levelat'two locatig
. Both levels shall be measured in the Data Zone and in Protection-Zone 3.

bf the SHD and SHL, normalized to the local fundamental wobble frequency:level, shall meet one
hg requirements:

SHL < -12 dB with zero radial tilt, or

SHL < -6 dB within £ 0,70 ° of radial tilt.

LUrements shall be made using a spectrum analyzer (see*Annex E).

acteristics of Recording Layer

| values specified in Clause 28 to Clause™31 are valid for all disk capacities, unless specifi

rnational Standard, two types of signals are distinguished:
s generated by Groove structures on the disk, and

s generated by User-written Marks.

r writing data.

ments in Clause 28 to Clause 31 shall be fulfilled in all layers independent of the recording status
ording_bayer (whether unrecorded, recorded or partially recorded) from the inner radius of t
e Area-(start/end of the INFO/OPC Zone) at nominal radius 23,2 mm up to the inner radius of t
e(s)\+ 20 um (dpzo/2 + 20 pm). It is recommended that the requirements are also fulfilled in t

to Clause 31 specifies a series of tests to assess the recording properties of the Recording Layg

=

e

by
ns

of

of
he
he
he

remainder

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 Recordable 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 mighr cause frarking errars_or uncarrectable Data (QPP Clause ?A)

29.2 Environment

All signals shall be within their specified ranges if the disk is in its range of allowed envirenmental conditions
agldefined in 8.1.1.

29.3 Reference drive

29.3.1 General

All signals shall be measured in the appropriate channels of a Reference drive as specified in Clause 9 and in
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 fpr reading
the information. The read power shall be (1,20 + 0,10ymW for Layer LO and Layer L1 of a TL disk jand Layer
LQ, Layer L1 and Layer L2 of a QL disk and (1,10>+0,10) mW for Layer L2 of a TL disk and Layer L3 of a QL
digk.

29.3.3 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 i-MLSE (see Annex H).

29.3.4 Tracking requirements

Dyring the writing and\réading of the signals, the axial tracking error between the focus of the opfical beam
and the Recordingyktayer shall be maximum 55 nm at 2x Reference Velocity, or maximum 80(nm at 4x
Réference Velocity.

THe radial-tracking error between the focus of the optical beam and the centre of the Track shall be|maximum
14 nmeat2x Reference Velocity, or maximum 20 nm at 4x Reference Velocity.

Fu/l\ dicl [l Ldaf to tloot .. [P seialtie oo arror balllba +o1 B—tat At P2 | i d Ilo
FEAUIORO TULAT UTTTULO TTTAl LAUOT TAIyL AATAT TTAURAITTY TITUTO ofTAall VT LARTTTITTIIU AaLLUUTItU Ao UT OUTT e In . .

29.3.5 Scanning velocities
Write tests shall be carried out at the speeds defined in the DI Units that are present on the disk (see 15.8.3).

During reading, the actual rotation velocities of the disk shall be such, that it results in an average Channel-bit
rate of 132,000 Mbit/s or an average wobble frequency of 1 913,043 kHz.
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29.4 Write conditions

29.4.1 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 four levels:

— the wfite peak power Py,

— the bigs write power Pgw:

— the space power Ps,

— the mfiddle power Py,

— the cgoling power Pc,

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 thesspace power Ps.
The valuep of Pw, Pew, Ps, Pu and Pc shall be optimized according to;Annex G.

The actugl powers Pw, Psw, Ps, Pu and Pc for testing shall be‘within + 5 % of their optimum values, whare

Pew, Pc, Pm and Ps shall be proportional to Pw according to the ratios € as specified in the Disk Information
(see 15.8.B).

29.4.2 Wiite powers

The optimjzed write powers Pwo, Pewo, Pso,Pwo and Pco shall meet the conditions as shown in Figure 146.

(%]

2 | Disk Type TL QL

3

S Power (mW) Min. Max. Min. Max.
Pwo (mW) 8,0 28,0 8,0 28,0
Pewo (MW) 0,10 16,8 0,10 16,8

2X | Pgo (mW) 0,60 16,8 0,60 16,8
Pco (MW) 0,10 16,8 0,10 16,8
Pumo (MW) ° 54 28,0 54 28,0
Pwo (MW) 8,0 Z8,0 8,0 280

Ax Pewo (MW) - --- - -
Pso (mMW) 0,60 16,8 0,60 16,8
Pco (MW) 0,10 16,8 0,10 16,8
Pwo (MW) 5,4 28,0 5,4 28,0

: Only when Castle strategy is applied

Figure 146 — Write power requirements for Triple and/or Quadruple Layer disk

218 © ISO/IEC 2015 — Al rights reserved


https://standardsiso.com/api/?name=43a433c12b486bcd9e252dce9b729005

In addition to the conditions shown in Figure 146, the write powers shall be such that:

29.

Average write power (Pave.) shall be equal or less than 14,0 mW.

At 2xVret 1 Pwo = Pmo > Pso = Pco and Pwo > Pewo.

At 4XV et : Pwo = Pmo > Pso = Pco.

4.3 Average power

ISO/IEC 30191:2015(E)

29.

THe test for i-MLSE (Integrated-Maximum Likelihood Sequence Error Estimation) shall be_carried ¢
bup of five adjacent Tracks, designated (m-2), (m-1), m, (m+1), (m+2) in the Recordable Areas of

=

g

THe five Tracks are recorded with random data with a write power Pw = Pwo aS)specified in
measure the i-MLSE, all five Tracks are written with random data with a write powep Pw = Pwo.

29

THe amplitudes of all signals are linearly related to currents through—a photodetector, and therefg

4.4 Write conditions for i-MLSE measurement

.5 Definition of sighals

related to the optical power falling on the detector.

i-NILSE:

i-MILSE is a quality indicator of the signal in PR(1, 2, 2, 2,:2) ML reproduction system with 17PP n
code. It is defined by standard deviation(o) that correlateswith the error probability of specific pattern

2,12, 2, 1) ML reproduction signals (see Annex H).

ut on any
the disk.

P9.4.1. To

re linearly

hodulation
s in PR(1,
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30 Signals from Recorded Areas

30.1 HF signals

The HF signal is obtained by summing the currents of the four elements of the photodetector. These currents
get modulated by the different reflectivity of the Marks and Spaces representing the information on the
Recording Layer (see Figure 147).

30.2 Mogttatedamptitude

The modylated amplitude lgpp is the peak-to-peak value of the HF signal generated by the largest Mark apd
Space lengths. The peak value lg4 is the peak value of the HF signal before ac coupling.

The modylated amplitude lspp is the peak-to-peak value of the HF signal generated by the(second smallést
Mark and|Space lengths. The 0 level is the signal level obtained from the measuring device when no disk is
inserted.

NOTE In the Sync patterns run-lengths of 9T do occur. However the recurrence of these 9Ts is very low and
therefore their influence on the HF peak-to-peak signal is negligible.

lp=l,d
'JiH"t"p'“_ """""""""""""""""" 2E I I e FE IO
ROOORARH
- OO
10.90.9.9.0.9.0.9.0.4
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3OO0
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AN~ -~ e~ ~ > e <~

8p

[ I R g T il T
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N
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Figure 147— Schematic representation of HF signal from Marks and Spaces

Because the lspp<dSu@ relatively small signal, its amplitude can not be determined reliably from a random HF
signal. Thereforerit is recommended, for observation of Izpp / lspp, to record an area with consecutive 3T Marks

In these BD Recordable system specifications, the modulation signal (lspp / ls) shall be converted by the
photodetector size of 25 pm?(see 1.6).

The modulation signals shall meet the following requirements:
I (|8pp / |8H)c0nv 2 01401
— |3pp / |8pp 2 0,040

The variations of the modulation signals shall be:
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(Ismax — lgkmin) / lsnmax < 0,33 within one layer (continuously recorded),

(IsHmax — lgHmin) / leHmax < 0,15 within one revolution (continuously recorded).

The ratio between the actual modulation signals (lsna) on each layer shall be:

= 0,25 < (IgHa,j — lsHaLk) / (Isra L + lsraLk) < + 0,25 (continuously recorded),

where;

Th

3(

Th

Th
(s¢

— lgnaLj and lsna, Lk are measured at the same position, both in radial and in tangential dirg
— lgna = Rsn X Read power,
— j=1,2 k=0,1 j>kforaTLdiskand j=1,2,3 k=0, 1, 2 j> kfor a QL \disk.
e ratio between the reflectivity on each layer shall be,
- 0,33 < (RenLj — RenLk) / (RenLj + Renk) < + 0,33 (continuously recorded),

where;

ction,

— (Rsn,j and Rgh Lk are measured at the same position,\both in radial and in tangential diection,

— j=1,2 k=0,1 j>kforaTLdiskand j=1,2,3-k=0, 1,2 j>kfora QL disk.

.3 Reflectivity-Modulation product

e reflectivity of the disk multiplied by the Is Madulation (= normalized lspp modulated amplitude) sh

I
R xM =Rgy x(ﬂj , with: 0,0073 < RxM < 0,022 for Layer LO and Layer L1 of a Tl
8H conv

Layer LO, Layer L1 and Layer L2 of a QL disk,
0,0082 < RxM < 0,025 for Layer L2 of a TL disk and Layer L3 of

e reflectivity of the disk) multiplied by the Is Modulation (= normalized lzpp modulated amplitudg
be Annex B and Annex 1):

I
R x15=Rgy x {fﬂJ , with: Rxls > 0,00055 for Layer LO and Layer L1 of a TL disk and
8H Jconv

Layer L1 and Layer L2 of a QL disk,

all be :

| disk and

a QL disk.

) shall be

Layer LO,

Rxl3 > 0,00062 for Layer L2 of a TL disk and Layer L3 of & QL disk.

30.4 Asymmetry

The HF signal asymmetry shall be measured by averaged levels using combination of decoded signal and HF
signal without any equalization (see 1.7).

The HF signal asymmetry shall meet the following requirement:

—010 < Asymmetry <+ 015
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30.5 i-MLSE

The Tracks on which the i-MLSE is to be measured, shall be recorded as specified in 29.4.4.

The i-MLSE shall be measured on the centre Track m of the five recorded Tracks, at the 2x Reference

Velocity.
The i-MLS

On Layer

E in Track m shall fulfill the following requirements:

LO of TL disk and on Layer LO and Layer L1 of QL disk:

for all @
<1]

On Layer
for all g
<11

On Layer
for all g

<17

isks, independent on capacity:

|,0 % when measured using the circuit specified in Annex H.
L1 of TL disk and on Layer L2 of QL disk:

isks, independent on capacity:

1,5 % when measured using the circuit specified in Annex H.
L2 of TL disk and on Layer L3 of QL disk:

isks, independent on capacity:

.0 % when measured using the circuit specified in AnnexH.
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30.6 Read stability

ISO/IEC 30191:2015(E)

Up to 10° successive reads from a single Track with a DC read power and an HF-modulated read power as
indicated in Figure 148.

Th

Hi

Th

Read Velocity Layer Read power
TL QL
Layer LO 1,20mwW | 1,20 mW
Layer L1 1,20mw | 1,20 mW
2 Layer L2 1,20 mw | 1,20 mW
Layer L3 1,10 mW
Layer LO 1,70mwW | 1, 70mwW
Layer L1 1,70 mW. <) 1,70 mW
4X Layer L2 1,55mW | 1,70 mW
Layer L3 1,55 mw

Figure 148 — Read power values for read stability testing

e disk must remain within all specifications in the operating environment.

jher DC read powers and higher HF-modulated reéad powers shall be applied when specified in

d byte 31 (see 15.8.3.3 and 15.8.3.4).
e modulation should fulfill the following.requirements (see Figure 149):
modulation frequency (= 1/Tur-jaser) (400 + 40) MHz
ratio of peak power and average power (2,0£0,2)
Light'D | aak oo cor oo - pm——
intensity peak THF-laser

pulse width
(FWHM)

DI byte 30

average

time

Figure 149 — Schematic representation of light pulses from Laser Diode
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Additionally the SER (see 34.1) shall be < 4,2 x 102 in any LDC Block.
[Equivalent to < 317 counts (= 4,2 x 1073 x 75 392 bytes)].

NOTE In order to prevent the recorded signals from degrading, it is strongly recommended that DC read powers and
HF-modulated read powers of drives should not exceed the powers provided in DI byte 30 and 31 at 2x Reference
Velocity and 4x Reference Velocity defined at bytes 28 and 29.
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31 Local defects

Defects on the Recording Layer or in the Transmission Stack, such as “air bubbles” or “black dots” (such as
dust enclosures in the Transmission Stack or pin holes in the Reflective Layer) shall not cause any unintended
Track jumping or uncorrectable errors (see also 33.4 and Clause 34).

The size of such defects shall be:

— __airbubbles: diameter < 100 ym

—{ black dots with birefringence: diameter < 150 ym

—{ black dots without birefringence: diameter < 150 ym

32 Characteristics of User Data

Clause 32 to Clause 34 describe a series of measurements to test conformahce of the User Data gn the disk
with this document. They check the legibility of User-written Data. The data’is assumed to be arbitrary.

Uger-written Data may have been written by any drive at any speed in any operating environment.
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33 Method of testing for User Data

33.1 General
The read tests described in Clause 32 to Clause 34shall be performed on the Reference drive.

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 hy the erraor detection and caorrection circuit in the read channel defined bhelow. The

requirements in Clause 32 to Clause 34 define a minimum quality of the data, necessary for data interchahgg.

33.2 Environment

All signalg shall be within their specified ranges if the disk is in its range of allowed environmental conditions
as defined in 9.2.

33.3 Refference drive

33.3.1 Gdgneral

All signalg shall be measured in the appropriate channels of a Reference-drive as specified in Clause 9.

33.3.2 Rdad power
The read power is the optical power, incident on the EntranceSurface of the disk. The read power shall pe

(1,20 £ 0,.0) mW for Layer LO and Layer L1 of a TL disk and-'Layer LO, Layer L1 and Layer L2 of a QL d{sk
and (1,10 i 0,10) mW for Layer L2 of a TL disk and Layer;L'3 of a QL disk.

33.3.3 Rdad channels
The drive ghall have two read channels as defined in 9.5 and 9.6.
The HF sgignal from the HF read chanhnel shall not be equalized and filtered before processing. Hor

measurenpent of the disk quality, theé ¢haracteristics of an HF signal pre-processing shall be the same fas
specified in Annex H for the i-MLSE.measurement.

33.3.4 Erfor correction

Correctior] of errors in the ‘'data bytes shall be carried out by an error detection and correction system basgd
on the defjnitions in€lause 13.

33.3.5 Trackingrequirements

During theTeasurement of the Signafs, the axiat tracking error tetweern the focus of the opticat beanm andthe
Recording Layer shall be maximum 80 nm, and the radial tracking error between the focus of the optical beam
and the centre of the Track shall be maximum 20 nm.

For 4x disks local defects that cause large axial tracking errors shall be taken into account as described in 1.10.

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 132,000
Mbit/s or an average wobble frequency of 1 913,043 kHz.
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33.4 Definition of signals

Byte error:
A byte error occurs when one or more bits in a byte have a wrong value, as detected by the related error
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 between
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 erronegus
separated by at least three correct bytes from the last preceding erroneous byte, until the last\erron

th

TH
co

Sy
TH
by

R4
Th
bu
cal

t is separated by at least three correct bytes from the first succeeding erroneous byte.

e number of erroneous bytes in a burst is defined as the actual number of bytes (nythat burst th
Frect (see example in Figure 150).

yte that is
eous byte

at are not

I x]clclecelxIx]clelx]clxIx]x]edc]cl.[c]

«—— burstlength = 9 bytes —

number of erroneous bytes in burst= 6
¢ = correct byte, x = erroneaus byte
Figure 150 — Example of burst error
mbol Error Rate:

e Symbol Error Rate (SER) averaged over N LDC Blocks is defined as the total number of all
fes in the selected LDC Blocks divided by the-total number of bytes in those LDC Blocks:

N
Z Eai
i=1

N x 75 392
where E, = number of all erroneous bytes in LDC Block i

N="number of LDC Blocks.

iIndom SymbolError Rate:
e Random Symbol Error Rate is defined as the Symbol Error Rate where all erroneous bytes co
rst errors-of(length > 40 bytes are counted neither in the numerator nor in the denominator o
culation:

erroneous

ntained in
[ the SER

©l

N
> (B =Epi)

=1
I N
392 - ) Ey

i=1

N x7

(&)

where E, = number of all erroneous bytes in LDC Block i
Eb, = number of all erroneous bytes in bursts 2 40 bytes in LDC Block i

N = number of LDC Blocks.
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34 Minimum quality of recorded information

34.1 Symbol Error Rate

When checking the quality of the disk, including defects, the area selecting for determining the SER shall be
written with arbitrary User Data. The SER shall fulfill the requirements as specified in 34.1.

The quality of continuously and discontinuously written sequences
Random SER averaged over any 10 000 consecutive LDC Blocks with the condition that all Blocks are

recorded jin a continuously written sequence, see Figure 47 in a discontinuously written sequencey-sge
Figure 46 excluding disk defects, shall fulfill the following requirements:

Random $ER < 2,0 x 10~ 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 > 40 bytes shalkbé less than 8 and the
sum of thg lengths of these burst errors shall be < 600 bytes.

34.3 Usegr-written Data

User-writtén Data in a Recording-Unit Block (RUB) as read in the HF read channel shall not contain any byte
errors thaf cannot be corrected by the error correction system defined. in Clause 13.
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35 BCA

The Zone between riand rz is reserved to be used as Burst-Cutting Area (BCA) (see 15.2 and Figure 54).
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 in case of Recordable 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 151).

THe BCA code shall be located between radius 2],3_%?3 mm and radius 22,0*8"5 mm on Layer LO| (the BCA
code is allowed to overlap the Protection-Zone 1 partially).

THe BCA code shall be written on Layer LO, but some effect of writing the BCA code on Layer L} could be
vidible on the other layers.

THe BCA code shall be written as a series of low-reflectance stripes arranged in circumferentiall direction.
Edch of the stripes shall extend fully across the BCA code in the radial direction.

THe information in the BCA code can be read by a drive at any radius inside the BCA.
THe decision to record the BCA code is Application dependent. The BCA code shall not be recorfled in the

BCA unless otherwise specified by the Application. The formiat and the content of the BCA code is flefined by
agreement between the interchange parties.

Burst-Cutting Area

Figure 151 — Schematic representation of BCA
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Annex A
(normative)

Thickness of Transmission Stacks in case of multiple layers

A.1 General

In case the total Transmission Stack caonsists of k layers the following praocedure shall he applied in
determinirjg the thickness of the individual layers:

— the values d; .. dk represent the thicknesses of Layers 1 ..k,
— the values n; .. nk represent the refractive indices of Layers 1 ..k,

— let D(h) be the nominal thickness at refractive index n according to Figure 17 for a TL,disk and Figure 19
for a QL disk. The curves show the thickness of equivalent spherical aberration.

D(n) can he expressed using the function g in Clause 12, as

D(n) 5 D(1,6) x g(n)

k-1
then the thickness dk of Layer k should be equal to: dy = D(nk)x[l—z D((jr|1 )J
=1 i

A.2 Refractive index n; of all layers
The refragtive index n; of each layer in the Cover and Spacer shall be: 1,45 <n; <1,70.

A.3 Thickness variations of Transmission Stack for TL disk

Kk
The Relatjve Thickness of the Transmissjon Stack j is defined as: RT; = Z

i=1

d;
D(n;)

The Relafive Thickness RT of the-Transmission Stacks, measured over the whole disk, shall fulfill the
following fequirements:

a) The Relative Thiekness RTy of the Transmission Stack TS0 shall be: 94,0 <100,0 x RTo <106,0,
b) The RelativesFhickness RT; of the Transmission Stack TS1 shall be: 69,0 < 75,0 x RT, <81,0,
and

c) Tllle Relative Thickness RT; of the Transmission Stack TS2 shall be: 52,0 <57,0 x RT, <62,0.

NOTE The thickness of the Recording Layers are very thin and can be negligible in the calculation of the thickness.

A.4 Thickness variations of Transmission Stack for QL disk

Kk
The Relative Thickness of the Transmission Stack j is defined as: RT; = z d
i=1

D(n;)

The Relative Thickness RT of the Transmission Stacks, measured over the whole disk, shall fulfill the
following requirements:
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a) The Relative Thickness RTy of the Transmission Stack TS0 shall be: 94,0 <100,0 x RTo < 106,0,

b) The Relative Thickness RT; of the Transmission Stack TS1 shall be: 78,5 <84,5 x RT; <90,5,

c) The Relative Thickness RT- of the Transmission Stack TS2 shall be: 60,5 < 65,0 x RT, < 69,5, and

d) The Relative Thickness RT3 of the Transmission Stack TS3 shall be: 50,5 < 53,5 x RT3 < 56,5.

A.5 Thickness variations of Spacer Layers for TL disk

Th

TH
ing

the actual and effective thickness are the same. In thisssection, defocus is defined as focu

m

TH

A

TH

ES

ES

FJ
wh

Th

$3: Effective thickness.ofthe Spacer Layer 3

k

e effective thickness of the Spacer Layer j is defined as: ES; = Zdi xf(n;)
i=1

1. Effective thickness of the Spacer Layer 1

2. Effective thickness of the Spacer Layer 2

c: Effective thickness of TS2 or Cover Layer

nction f(n) is defined in Clause 12 and shown in Figure 18. The effective-thickness means imagi
en refractive index is assumed to be 1,60.

e actual thickness (that can be measured by the method descriped in Annex K) under arbitrary
ex is converted to the effective thickness under standard refractive index of 1,60. Defocus valu

pvement of the light going through the transparent mediumwith each thickness and each refractive

e effective thicknesses shall meet the requirement*ESc— (ES: + ES2) > 1,0 um, ES1—ES;>1,0

6 Thickness variations of Spacer Layers for QL disk

k

e effective thickness ES of the Spacef.LLayer j is defined as: ES; = Zdi xf(n;)
i=1

1. Effective thickness of the Spacer Layer 1

2. Effective thickness of the-Spacer Layer 2

c. Effective thickness of TS2 or Cover Layer

nction f(n)~is defined in Clause 12 and shown by Figure 18. The effective thickness means imagi
en refractive index is assumed to be 1,60.

ecactual thickness (that can be measured by the method described in Annex K) under arbitrary

hary value

refractive
ps of both
5 position
index.

m.

hary value

refractive

In( avic canvartad ta tha affactivia thicknacc rindar ctandard rafractiva ndav aof 1 60 Dafocusvaliy
Ex—1S—-Cor e rte atoHe— e ctve keSS e —Stattatra—+eHattve—Haex—0o+t 1 TSttt

T7OUT

es of both

the actual and effective thickness are the same. In this section, defocus is defined as focus position
movement of the light going through the transparent medium with each thickness and each refractive index.

The effective thicknesses shall meet the requirement ESc— (ES; + ES; + ES3) > 1,0 ym, ES;— ES3> 1,0 ym
ES;—-ES1>1,0 ym and ES3z > 10,0 ym.
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A.7 Example of thickness calculation for TL disk

Assume a Cover sheet with refractive index n; = 1,52 and a nominal thickness of 55,0 uym is attached to the
Substrate which has Layer L2 by a gluing sheet with a refractive index n, = 1,58. In this case, the nominal
thicknesses of Cover Layer at index n; = 1,52 and 1,58 are calculated as follows.

D(1,52) = D(1,6) x g(1,52) = 56,35 pm,

D(1,58) = D(1.6) x 9(1.58) = 56.81 ym.

Where
D(1,6) =57,0 um, g(1,52) = 0,988 6 and g(1,58) = 0,996 6 (see 12.3)
Then the pominal thickness of the gluing sheet is calculated as follows.

| 55
d, =$6,81x 1- —>_ |~ 136um.
277 X[ 56,35j 136u

and the effective thickness of Cover Layer (ESc: cover sheet + gluing sheet) is-calculated as follows.
ESc E55x10757 +136 x10177 = 60,55 um
where
f(1,59) = 1,075 7 and f(1,58) = 1,017 7 (see Clause 12)
The resulf shows that effective thickness ESc is larger wkhién refractive index n is smaller. Then it is better that
refractive |[ndex of Cover Layer (n;) is smaller than these of Spacer Layers (nsi, hsz, nNs3) from the view point| of
requirement of ESc— (ES; + ESy) > 1,0um for a TL disk
and ESc-{(ES: + ES, + ES3) > 1,0um for a QL'disk and following conditions are preferable;
In case of|a TL disk from the view poiptiof the requirement of ES;— ES; > 1,0 ym
Ns2 > Ns1 > N
In case of|a QL disk from the-view point of the requirement of ES; — ESz > 1,0um and ES;— ES1 > 1,0 ym

Ns3 >|Ns1 > Ns2 > N¢
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Annex B
(normative)

Measurement of reflectivity

B.1 General

The rpflprti\/iry of a disk can he measured in several Ways The two most commaon methods are:

—1 parallel method,
— focused 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 method.

When measuring the reflectivity in the focused way, only the light returnedby\the Reflective Layer ¢f the disk
(Rin) will fall onto the photodetector. The reflected light coming from the_front surface of the disk and the light
coming from the parasitic reflectance’s inside the disk will mainly fall‘outside the photodetector. Because in
the parallel method only the “total” reflectance (R;) can be measured, d calculation is needed to deteérmine the
“main” reflectance from the Reflective Layer.

Bl2 Calibration method

A pood Reference disk free of birefringence shall be:chosen, for instance with a 0,1 mm glass Cgver Layer
with a golden reflective mirror. This Reference disk shall be measured by a parallel beam as|shown in
Figure B.1.

R// to I%nt
detector

Figure B.1 — Reflectivity calibration

In this figure the following applies:

R = reflectivity of the Recording Layer (including the double pass Transmission Stack transmission)
r = reflectivity of the Entrance surface

Riet = reflectivity as measured by the focused beam (is by definition = Ry / Ig)

I = incident beam

Rs = reflectance caused by the reflectivity of the Entrance surface
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Rm
Rint

Ry

main reflectance caused by the reflectivity of the Recording Layer

reflectance caused by the internal reflectance’s between the Entrance surface and the Recording
Layer,

measured value (Rs + Rm + Rint)

The reflectivity of the Entrance surface is defined by:

n
n+

2
r= (;ﬂ , Where n is the index of refraction of the Cover Layer.

The main feflectance Rm = Ry — Rs —Rint Which leads to:

(@-r)y x[R”—rJ
R o = o

ref =
|
B 1-rx 2—&
IB

The Refeflence disk shall be measured on a Reference drive. The total detectar.cutrent (the sum of all fg
elements pf the photodetector = lota)) Obtained from the Reference disk, and meéasured by the focused bea
is equated to R as determined above.

Now the arrangement is calibrated and the focused reflectivity is adinear function of the reflectivity of t
Recording Layer and the double pass Transmission Stack transmission, independently from the reflectivity
the Entrarjce surface.

B.3 Measuring method

Reflectivity in Unrecorded virgin Recordable Area

A method |of measuring the reflectivity using the Reference drive.

a)

b)

Nleasure the total detector current, (I++12)rer from the Reference disk with calibrated reflectivity Ryes.

Nleasure the total detectoreurrent (l1+l2)c from a Groove Track in an area of the disk und
investigation where the-Groove Track and the two adjacent Tracks on each side of the Groove Tra
mever have been recorded.

(Qalculate the unrecorded virgin disk reflectivity Rq.v in the Groove Tracks of the Recordable Area
[, +1
follows: Ry =@ rof -
(Il + I2 )ref

Reflectivity4n\Recorded Recordable Areas

ur
im

of

er
ck

as

A method of measuring the reflectivity using the Reference drive.
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a)

b)

Measure the total detector current (l1+12)rer from the Reference disk with calibrated reflectivity Ryes.

Measure lgy from a recorded Groove Track in an area of the disk under investigation where at least

the two adjacent Tracks on each side of the Groove Track also have been recorded. Recording

of

the Tracks shall be done using the optimum powers as determined from the OPC algorithm

(see G.1).
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c) Calculate the recorded disk reflectivity Rsy in the Groove Tracks of the Recordable Area as

I
f0||OWS R8H = ﬁx R
1 2 Jref

ref *

Remark: When measuring the reflectivity on a Recording Layer, make sure that the corresponding portions of

all other layers are unrecorded.

B.4 Procedure for compensating stray light effect from observed reflectivity

o

The—reflectivity-obtainedby—apphinrgthe-measurrgtrethot-deserbedrB-3-sthflvereedby-the-Stray lights
which are caused by the reflection from other layers (see Figure B.2). Therefore, the observed reflegtivity shall
bg compensated to decrease the influence. Hereafter, the reflectivity obtained by applying_the measuring

method described in B.3 shall be referred as the observed reflectivity and the reflectivity compens
the procedure below shall be referred as the compensated reflectivity.

f\ Layer LO

Layer L1
\\
Layer L2
Stray lights Reflection from the layerbeing readout
/ \ ¥ \ Disk surface
Incident beam —

focused on Layer L1 Observed reflectivity

Figure B.2 — Influence of stray lights from other layers
THe observed reflectivity of the reproduction layer can be compensated by the procedure below.
Fdllowing conditions are assumed.

a) Multiple reflection can be ignored.

c) Effects of coheréntioptical interference on the detector surface is ignored.

d) The intensity_of the stray light spot projected on the detector is uniform. Thus, the detecto

; Reflection from PD
; Disk Layer Lj duction |
Layer Li ,——A—, - reproduction layer

b) Observed light is the sum of reflection from reproduction layer and all stray lights from all oth

hted using

er layers.

output of

the single_stray light is proportional to the ratio of area of the stray light spot and photodetector.

Stray light

Figure B.3 — Ray trace of stray light
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i Layer index of reproduction layer

IE Layer index of other layer
n: refractive index of the Transmission Stack
a: angle of incidence beam at interior of the disk, sina =NA/n
dij : physical distance between Layers Li and L]
r: spot radius on the other Layer: r =d;;tana
PDnorm : Size of detector projected on the reproduction layer (see 9.4)
M : transversal optical magnification of the optical system,
In geomef ical npfir\e \IiQ\I\I, the radius of the cfrny Iighf elr_\nf prnjnr\fnd an the raprnrlnr\finn l ayer Liis 2 as

shown in Figure B.3.

The areal|ratio of the stray light spot from Layer Lj and the detector, both projected on the reproduction layer
is then defived as bellow:

Ai' — IDDI"IOI’m — PDnorm
J 1T(2r)2 1'r(2dijt(:1no{)2

The observed light is the sum of reflection from the reproduction layer and all stray.lights from all other layeys.
Thus, the pbserved reflectivity of the reproduction Layer Li is then expressed with.the following formula.

N
j=0
[i#i]
whereg,
Si= pbserved reflectivity (Rmg-v , Rm,gn) Of Layer Li(ircluding influence of stray light),
Ri = ¢ompensated reflectivity (Rq.v, Rsn) of LayerLi,
N = pumber of Recording Layers of disk (2 fora TL disk, 3 for a QL disk).
For Rg.v,

this forfnula can be rewritten as Sgy.,=A'- Rg.y Using the vector and matrix representation where

Sg-v is the observed reflectivity vector in the Unrecorded Virgin Layer, Rq.v is the compensated reflectiity
vector |n the Unrecorded Virgin/Layer, and A is the areal ratio matrix.

Thus, the compensated-eflectivity vector Ry.y can be derived as:

Ry [z AT eS¢

g-v

For RSH,

the compensated reflectivity in the Recorded Layer (Rgy) can be expressed as the following formula.

N
Rgni = Sen,i — ZRg-v,inj (N=2,3)
j=0
Li=i]

where Sgh is the observed reflectivity of the Recorded Layer Li.
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Annex C
(normative)

Measurement of scratch resistance of Cover Layer

C.1 General

THe Enfrance surface of the disK has suffiCient scraich resistance, which may be improved by,a

Cq

C

ating.

2 Taber Abrasion test

THe following so-called “Taber Abrasion” test verifies whether the scratch resistance.of the Entran
of the disk is sufficient:

™

o wheels covered with abrasive material are applied to the disk under\test with a specified

Figure C.1).

rotation axis of disk

rotation
@\Qf wheels

rotation
direction
of disk

line through
“\.\gentre of disk

Protective

te surface

load (see

i projection of  ~~. —
rotation axis of wheels

Figure C.1 — Typical abrasive test setup

Conditions for the test:
The test setup shall be according to ISO 9352 with the following details:

— type of wheels: CS10F,

— load applied to each wheel: 25N,

©l
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— number of revolutions: 5,

— the abrasion test shall be applied before the necessary recordings are made.

Results after test:
The i-MLSE as specified in Annex H, when measured on Layer LO, shall be < 14%.

Treatmen

t of the abrasive wheels

Treatment of the abrasive wheels should be based on ASTM D1044[,

Before peg
refacing s

— hew\

— whee

one:
Vheels shall be refaced for 100 cycles,

s that have been used before shall be refaced for 25 cycles.

fforming a Taber Abrasion test, each time both abrasive wheels should be refaced by an STH11

238
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Annex D
(normative)

Measurement of repulsion of grime by Cover Layer

D.1 General

Th

determining the disk's sensitivity to fingerprints. Figure D.1 shows the basic procedure.

Figure D.1 — Applying AFP to disk

After applying the AFP, the Random SER (see-33:4) in each Physical Cluster in the AFP-Printed A

measured on Layer LO, shall be < 4,2 x 10=3 when recording and reading through the AFP. In eac
Cluster the number of burst errors with length’ > 40 bytes shall be less than 8 and the sum of the
these burst errors shall be < 800 bytes,

DJ2 Specifications of stamp
THe silicone rubber stamp shallhave the following specifications (see Figure D.2):
— dimensions: stamp-shape & 16 mm x & 12 mm x 20 mm height,

— Shore hardness s A60.

49N 49N
10 seconds 10 seconds
J/ Silicone rubber \I/
stamp
= &= =
Ink pad Disk under test Disk under test
adhesion of ink to stamp stamping with AFP

is Annex describes a method for applying an Artificial I:ingpr Print (AFD) to the disk for the purpose of

rea, when
h Physical
lengths of

© ISO/IEC 2015 — All rights reserved
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\_/V

Figure D.2 — Stamp shape and preparation
To provid¢ the stamp with random scratches it shall be abraded with a sandpaper #240.

The sandpaper is moved slowly in one direction between 10 times and 20 times. The force on the sandpaper
shall be between 4,9 N and 9,8 N.

Then the $tamp is rotated over an arbitrary angle and the previous proeess is repeated.

Rotating gnd abrading shall be repeated at least 30 times.

D.3 Preparation of ink
The ink to|print the AFP shall be composed of the following components:
— M: Mé¢thoxy Propanol (1-Methoxy-2-Propanol),

— T: Triplein (purity of at least 60%),

— D: Standard Dust (according to-specifications defined in JIS Z 8901, selected grade: class 11 (KANTO
Itgm). For further informatien contact: (Association of Powder Process Industry and Engineering,
JAPAN; http://www.appie.or.jp/english/).

The compgonents M, T and\D’ shall be mixed in the mass ratio 240:20:8. The mixture shall be stirred rapidgly

using a plpstic stick for(at-least 15 seconds by hand. Every time mixing the solution, the stirring stick shall pe

cleaned by ethyl alcohot-

D.4 Preparation of ink pad

To guararttee—=e fixetramotnt-of-ink—taken t by the Stamp; the-tk—s op;n coated-onto-the-ik pad, whieh P d
shall be an injection-molded polycarbonate Substrate without any Pit or Groove pattern. Just before applying
the ink on the disk it shall be stirred very well, e.g. by ultrasonic vibration for at least 30 seconds.

While rotating the Substrate on a spinner at 60 revolutions per minute, within 10 seconds at least 2 ml of the
ink solution is applied on it at a radius of about 12 mm (see Figure D.3).
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spreading
the solution
by spinnig

Solution
Put on
Substrate

Figure D.3 — Spin coating ink pad

After applying the ink on the disk, the rotational speed shall be 100 revolutions_pep minute for one second,
theén the speed shall be increased linearly to 5 000 revolutions per minutes in 5 seconds, which spegd shall be
held for one second (see Figure D.4). The spin-down time is not critical.

pouring the
ink solution

<100 100
r/min_r/min

60 r/min

<« > D>C———— P>
0,1s~1s1s 5s 1ls

Figure D.4 — Speed profile for spin coating ink pad

D|5 Using ink pad and-stamp
THe recommended Jecation for applying ink to the stamp is around radius 30 mm.
THe stamp can‘be-Cleaned with lint-free tissues, such as BEMCOT.

THe stamp:can be cleaned first with a tissue wetted with ethyl alcohol, after which it can be wiped| off with a
dry tissue:
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Annex E
(normative)

Measurement of wobble amplitude

E.1 Measurement methods

signals sufficiently accurately by normal oscilloscope measurement. Therefore it is prescribed to-measure the
wobble signals by means of a spectrum analyzer according to the following procedures (while -continuously
tracking the Spiral Groove):

Step 1) measurement of non-normalized wobble signal

Under the|tracking requirements of 25.3.4 the Push-Pull signal shall be measured-by-a spectrum analyzer wjth
the following settings:

— Centrg frequency: 1 913,043 kHz,

— Span zero span,

— Resolution bandwidth: 30 kHz,

— Vided bandwidth: 100 Hz,

— Sweefptime: set it such that several beats in-the wobble signal can be observed.

Under thege conditions the spectrum analyzer shows the;RMS value of the input signal as a function of time
(see Figure E.1).

Mkrl 533 ms —39,6 dBV

Ref -32 dBV Atteén 0 dB Mkr2 367 ms —46,4 dBV
Log
2dB/
Mkrl
A A @ A

M \ N

Mkr2

Centre 1 913,043 kHz Span 0 Hz
Res BW 30 kHz VBW 100 Hz

Figure E.1 — Example of spectrum analyzer showing wobble signal
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The signal level at marker Mkr2 represents the minimum wobble signal WS, in dBV. Because the spectrum
analyzer measures RMS values, a multiplication factor of 2x+/2 shall be added to translate the measured

va

lue into volts peak (-46,4 dBV in the example corresponds to 13,5 mVpeak).

Step 2) measurement of the non-normalized Push-Pull signal

Next the open loop Push-Pull signal (l1 — I2)pp is measured (see 25.4):

su

ppose for this example the value is 30 mVpp.

St

St

Th

Th

St

Ur

bp 3) calculate the normalized wobble signal

WS~ WShia 135
™ (li-1p), 30

=045

bp 4) determine the wobble beat

e signal level at marker Mkrl represents the maximum wobble signal WSpaxin"dBV.
e wobble beat is now:

WS, ~WSin =680dB or NWS,  =22xNWS,,

bp 5) measurement of the carrier to noise ratio of the webble signal

th¢ following settings:

Ur
M

Centre frequency: 1 MHz,

Span: zero span,

Resolution bandwidth: 30 kHz,

Video bandwidth: 10 Hz,

Sweeptime: set it'such that several beats in the wobble signal can be observed.

der these conditions the spectrum analyzer shows the RMS value of the noise signal in the bang
Hz as a function of time (see-Figure E.2).
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