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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 BDA (Blu-ray Disc Association). In October 2005, BDA issued the first version of the Blu-ray Disc™
Recordable Format Partl and in April 2008 Version 1.3 of Blu-ray Disc™ Recordable Format Partl was issued,
which enabledrtheRecording-Vetocity-tupto-tx—nIune-2610; BBAtsstedBit-ray Bisc™Recordabte+ormat

Partl Version 2.0, which specifies the TL and QL of BD Recordable disk.

By the end of 2010, over 100 million Blu-ray Disc™ had already been shipped, and Blu-ray™  devices guch as
players, recorders, 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 10
Testing Centefs in Asia, Europe and the USA.

The BDA gavg consumer applications the highest priority in the first few yearS:\But it was known, of ¢ourse,
that Internatiofal Standardization would be required before many government entities and their confractors
would be allowed to use Blu-ray Disc™. In February and January of 2011%the chairs of ISO/IEC JTC 1ySC 23
and JIIMA (Japan Image & Information Management Association) formally requested the BDA to consider
International Standardization. The reason for this was to enable thé: inclusion of writable BDs, along with
DVDs and CDg, in an International Standard specifying test methods for the estimation of lifetime of|optical
storage mediag for long-term data storage. In October 2011, the President of the BDA responded that his
organization had decided to pursue International Standard ofthe basic physical formats for the Recgrdable
and Rewritablg Blu-ray™ Formats.

In December gf 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 Interrnational
standards. The¢y are ISO/IEC 30190 - 120 mmSingle Layer (25,0 Gbytes per disk) and Dual Layer (50,0
Gbytes per disk) BD Recordable disk, ISO/IEC 30192 - 120 mm Single Layer (25,0 Gbytes per disk) and Dual
Layer (50,0 Ghytes per disk) BD Rewritablesdisk, ISO/IEC 30191 - 120 mm Triple Layer (100,0 Ghytes per
disk) and Quadlruple Layer (128,0 Gbytes)per disk) BD Recordable disk and ISO/IEC 30193 - 120 mnp Triple
Layer (100,0 Gbytes per disk) BD Rewritable disk.

, the BDA developed a double sided Triple Layer BD Recordable disk of 200,0 Gbytes and
revised Blu-ray Disc™ Recordable Format Partl Version 2.0 to Version 2.1. In the same month, the BD)A sent
a project propgpsal to revisestSO/IEC 30191 to include the double sided Triple Layer BD Recordable [disk to
ISO/IEC JTC 1/SC 23 via the Japan national body. The revised edition of ISO/IEC 30191 includes the 120 mm
Triple Layer (1P0,0 Ghytes single sided disk and 200,0 Gbytes double sided disk) and Quadruple Layer|(128,0

This International Standard speciiies the mechanical, physical and optical characteristics of a 120 mm
recordable 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
292, Yoshida-cho, Totsuka-ku,Yokohama, 244-0817, Japan

Hitachi

, Ltd.,

IT Platform R&D Management DiviSion Patentstrategy
322-2, Nakazato, Odawara-shi, Kanagawa, 250-0872, Japan

Panas
Intelleg
OBP P

Pioneeg
Intelleg
1-1, SH

Sony Q
IP Ass
1-7-1,

nic Corporation
tual Property Center
anasonic Tower 8th Floor, 2-1-61, Shiromi, Chuoh-ku, Osaka, 540-6208, Japan

r Corporation
tual Property Division, Legal & Intellectual Property Division,
in-Ogura, Saiwai-ku, Kawasaki-Shi, Kanagawa, 212-0031, Japan

orporation
bt Management Department Intellectual Property Division,
onan, Minato-ku, Tokyo, 108-0075, Japan

Attenti¢n is drawn to the possibility that some of the elements of this document may be the su

rights ¢
such p

ther than those identified above. ISO and IEC shall not be held responsibility for identi
htent rights.

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

to thei
concer

NOTE

standards. Users are encouraged,'to consult the databases for the most up to dd
ning patents.

Blu-ray™, Blu-ray Disc™.and the logos are trademark of the Blu-ray Disc Association.

bject of patent
ying any or all

atents relevant
ita information
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INTER

NATIONAL STANDARD ISO/IEC 30191:2015(E)

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
recordable optical disk with a capacity of 100,0 Gbytes, 128,0 Gbytes or 200,0.Ghytes. It spec
of the fecorded and unrecorded signals, the format of the data and the recording’method, there
information interchange by means of such disks. User data can be written/onee and read many

non-re

This In

— thy

— the conditions for conformance,

— th¢ environments in which the disk is to be opgfated and stored,

— th

data processing systems,
— thé¢ format of the information on the disk, including the physical disposition of the Tracks an

— the error correcting codes and the coding method used,

— th
frg

This In
for volu

ersible method. This disk is identified as BD Recordable disk.
ernational Standard specifies

ee related but different Types of this disk,

mechanical and physical characteristics of the disk, so as to provide mechanical interch

characteristics of'the signals recorded on the disk, enabling data processing systems t(
m the disk.

ternational) Standard provides for interchange of disks between disk drives. Together W

of a 120 mm
fies the quality
by allowing for

times using a

ange between

d Sectors,

read the data

ith a standard

me and file structure, it provides for full data interchange between data processing systems.
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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 Generating system

A generating
in accordance

stem shall be in conformance with this International Standard if the optical disk it gepefates is
ith 2.1.

2.3 Receiving system
A receiving sygtem shall be in conformance with this International Standard if it is able to-handle both a[Type

TL disk and a Type QL disk according to 2.1. Handling of a Type TL/D disk is optional for a receiving system.
See Clause 7 for the Types of disk.

A claim of conformance by a Generating or Receiving system with this International Standard shall in¢lude a
statement listifg any other standards supported. This statement shall*specify the numbers of the stapdards,
igk Types supported (where appropriate) and whether support includes reading only ¢r both
reading and wiiting.

3 Normative references
The following [referenced documents are indispetisable for the application of this document. For| dated
references, only the edition cited applies. For ‘undated references, the latest edition of the referenced
document (including any amendments) applies:

ISO/IEC 646, Information technology —ASQ 7-bit coded character set for information interchange
ISO 9352, Plagtics — 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 gycle)

IEC 60950-1, Information 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

4.2
BD
disk hgving a thin Cover Layer of around 0,1 mm thick and a Substrate around 1,1 mm thickon which data is
read ol recorded by an OPU using - 405 nm laser diode and NA = 0,85 lens

Notel tp entry User Data recorded on the disk is formatted using the 17PP modulation andsan LDC+BIS Code.

4.3
Case
housing for an optical disk, that protects the disk and facilitates disk interchange

4.4
Channiel bit
element by which the binary value ZERO or ONE is represented by*Marks and Spaces on the d{sk

4.5
Cover |Layer
transparent layer with precisely-controlled optical properties that covers the Recording Layer| closest to the
Entrange surface of the disk

4.6
Data Zpbne n
area between the Inner Zone and the OuterZone on Layer Ln

4.7
Defectjve Cluster
Clustell in a User-Data Area that has been registered in a Defect List as unreliable or uncorrectgble

4.8
DigitaltrSum Value (DSV)
arithmetic sum obtained from a bit stream by assigning the decimal value +1 to Channel bits sget to ONE and
the degimal valug'~* to Channel bits set to ZERO

plane one of 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

© ISO/IEC 2015 — All rights reserved 3
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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 HFM 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 modulated 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
Information Area
area on the digk in which information can be recorded

4.15
Information Zpne
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 Unregcorded
Recording Laygr, that can be sensed 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 VelOCity twhich-thediskismeastred Gluu;llu ICad;IIU

Notel to entry 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 Land surface,
that can be sensed by the optical read-out system

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

4.24
Polarization
directipn of the electric field vector of an optical beam

Notel tp entry The plane of Polarization is the plane containing the electric field vector and [the direction of
propagdtion of the beam.

4.25
Pre-re¢orded Area
area o the disk where information has been recorded by the manufacturer/supplier of the disk by applying
standafd recording techniques after finishing of the replication process

4.26
Protective Coating
optiongl additional layer on top of the Cover Layer provided, for extra protection against scrat¢hes and other
types df damage

4.27
Recorglable Area
area oh the disk where information is recorded\by means of Marks and Spaces according to the data format
as defiped in Clause 13, either by the manufacturer/supplier of the disk or by the end user of thg disk

Notel tp entry The Recording Layer material in the Area is composed such that once the layer hag been recorded,
any attgmpt to change the information williresult in Unreadable Data.

4.28
Recor{ing Layer

part off the disk consisting,“of a stack of films of specific materials on or in which data is|written during
manufacture and/or usé

4.29
Recordling Velocity
linear Jelocity~at which the disk is actually recorded

Notel tp_entry nx Recording Velocity means the Recording Velocity of n times the Reference Velocity.

4.30

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

4.33
Sector
minimum-size

4.34
Spacer Layer
transparent lay

4.35
Spaces
areas separati

Notel to entry

4.36
Substrate
layer which ma

4.37
Track
360° turn of a

4.38
Track Pitch
distance betwsg

4.39
Transmission
all layers toget

Notel to entry
passed through

4.40

User-Data Arg
collection of al

4.41

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

addressable data part of a Track in the Information Zone

el WIth precisely-controlled optical properties separating two kecording Layers

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

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

y be transparent or not, provided for the mechanical support-0fthe Recording Layer(s)

continuous spiral, formed by a Groove

en centrelines of a Groove in adjacent Tracks, measured in the radial direction
Stack
her between the Entrance surface of the disk and the Recording Layer concerned

In other words: the Transmission Stack of a specific Recording Layer consists of all layers fhat are
py the light beam, whensaccessing that Recording Layer.

a
Data Zone(s).on the disk and consists only of the Clusters in which User Data can be reforded

Virgin Groovs

blank Groove on the disk which has never been recorded

4.42

Wobbled Groove
Groove that has a periodic sinusoidal deviation from its average centreline

Notel to entry

By modulating the sinusoidal deviation, the wobble provides address information and general

information about the disk.

4.43
Zone

annular area of the disk
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5 Conventions and notations

5.1 Terminology

511

In this |

Meaning of words

nternational Standard the following words have a special meaning:

May: indicates an action or feature that is optional.
Optional:  describes a feature that may or may not be implemented.

SH

Sh

5.1.2

Many t
For the

Fr
Bl

Cl
Fr

5.2 R

A mead
value X

EXAMRA

— THh
(n

— TH

— TH

IT iImplemented, the feature shall be implemented as described.

all: indicates an action or feature that is mandatory and must be implemented\to-g
compliance to this specification.

ould: indicates an action or feature that is optional, but its implementation,is strongl
recommended.

Levels of grouping

mes data is collected into groups, where these groups of data can be“eollected into high

hgment:  a level of grouping that can be applied by.the application. A certain amount
allocated to a (fixed) number of consegutive Clusters.

Representation of numbers

sured value Xmeasured May be rounded offuto the least significant digit of the correspor
before being compared with this specified value.

LEs:

i ; ia- 001" .
e specification is: x = 1,26{505

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

e specification is:x < 0,3:
A measuredwalue Xmeasured < 0,35 fulfills this specification
(roundingoff is applied for 0,30 < Xmeasured < 0,35: Xrounded = 0,3).

e specification is: x < 0,3:
A/measured value Xmeasured = 0,299 fulfills this specification

clarity of the grouping hierarchy, in this document the following levels of hierarchy will b4
hme: the lowest level of grouping. Generally Frames contain bytes of information.
DCK: the second level of grouping. Generally blocks consist of a number of Frames|
Lister: the highest level of grouping. Clusters consist of several blocks.

laim

er level groups.
used:

of data will be

ding specified

(Mo Tounding off TTeeds to be apptied):
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


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

ISO/IEC 30191:2015(E)

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

— A measured value of 2,99 dB does not fulfill this specification.

Numbers in decimal notation are represented by the digits 0 to 9. The decimal symbol is “,

numbers the

“” (comma). |

(space) can be used as digit grouping symbol.

n 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-
significant bit shown to the left. The character x in binary numbers represents a digit O or 1.

Negative valug

In a pattern of
(Isb). Bit b-1)

An uninterrupt
The setting of

In data fields d
Byte 0, shall bg

In a field of 8n
ben-1) shall be

In data fields ¢

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

n bits, bit b,-1y shall be the most-significant bit (msb) and bit bo shall be the leastssignifi
thall be recorded first.

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

omposed of bytes, the data is recorded so that the Most-Significant Byte (MSB), ident
b recorded first and the Least-Significant Byte (LSB) last.

bits, bit ben-1) shall be the most-significant bit (msb) and’bit by the least-significant bit (Is
Fecorded first.

pmposed of nibbles, the data is recorded so that the most-significant nibble, identified as

0, shall be recgrded first and the least-significant nibble last;

In a field of 4n
bun-1) shall be

A range of valy

A list of intege
7). If the step S

A group of par
between m an

If X is nearly eq

5.3 Integer

bits, bit bn-1) shall be the most-significant bit (msb) and bit by the least-significant bit (I
fecorded first.

es is indicated as x ~ y, where x\and y are included in the range.

s is indicated as i .. j. Thelist contains all numbers between i and |, including i and j (e.g

hmeters is indicated as Param m..n or Pm .. Pn. The group contains all parameters with a|
I n, including m'and n (e.g. byte 16..31, bit 7..4).

ual to y, themit is expressed as x = y.

calculus

ize is different from 1, thisTis indicated as: i, (i+step) .. j (e.g. k =1, 4 .. 16, where step=3),

cant bit

fied as
D). Bit

Nibble

Sb). Bit

k=0..

N index

div(n,d) represents the integer part of the division of n by d
mod(n,d) represents 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:
5.4 Names

floor(+3,7) =+3  floor(-3,7) = -4

The names of specific entities, e.g. particular tracks, fields, etc., are given with an initial capital. Other terms

having explicitl

y-defined meanings for the purposes of this document are also capitalized.
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6 Listof acronyms

ac
ADIP
APC
AU
AUN
BCA
BIS
BP
BPF
CAV

alternating current
Address In Pre-Groove
Automatic Power Control
Address Unit
Address-Unit Number
Burst-Cutting Area
Burst-Indicating Subcode
Byte Position

Band-Pass Filter
Constant Angular Velocity

ISO/IEC 30191:2015(E)

chs
CNR
dc
DCz
DDS
DFL
DI
DL
DMA
DMS
DSV
EB
ECC
EDC
EQ
FAA
FS
FWHM
HF
HFM
HMW
HPF
HTL
LAA
LDC
LPF
LRA
LSB
Isb
LSN
MM
MSB
ms

msb

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 Waye
High-Pass Filter
High-To-Low

Last ADIP Address’(of Data Zone)
Long-Distance.Code
Low-Pass ilter
Last-Recorded Address
Least=Significant Byte
least-Significant bit
bogical-Sector Number
MSK Mark

Most-Significant Byte
millisecond

most-significant bit

MSK
MW
NA
NHWS
NRZ
NRZI
ns
NWA
NWL
NWS
OPU
PAA
PIC
PLL

Minimum-Shift Keying
Monotone Wobble

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
Reed-Solomon (code)

Relative Thickness

[ Recording-unit Bfock

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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7 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).

Type
Subst
transpa
order f

is appl

Type T

Substrate is covered with three Recording Layers on each side. The Recording Layers of each

same (
side of
Annex

includipg Annex O.

The fir
first (L
read-o
Toimp
Clamp

Data ¢
power

The R
naviga

Recorg
Cover

Depen

rtte is covered with four Recording Layers. The four Recording Layers are separn

L disk: The 120 mm optical disk consists of a Substrate of about 1,1 mm nominal
irent Spacer Layers whose thickness are about 15,5 ym, 19,5 ym and 11,5 ym,-resp
om the Substrate, and on top of these Recording Layers, a transparent Cover'Layer of
ed (see Figure 2).

[L/D disk: The 120 mm optical disk consists of a Substrate of abgut-1,0 mm nominal
haracteristics and structure as a Type TL disk (see Figure O-1).-The three Recording L

a disk can be accessed from the side only. Requirements specific for a Type TL/D disk
0. All requirements for a Type TL disk shall be applied to ayType TL/D disk unless other

hyer L3), second (Layer L2) and third (Layer-L1) Recording Layers of a Type QL disk
it side of the disks shall be semi-transparent:

Fove the scratch resistance, the Coverdiayer optionally can be protected with an addition
ng is performed in the Clamping“Zone.

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

bcording Layer(s) (contain Wobbled Groove (s) with addresses, which serve as a spe
ion system for the/data to be written to the Recording Layer concerned.

ing and read-out of the data is accomplished through the Cover Layer or through the
| ayer, Recording Layers and Spacer Layers, depending on which Recording Layer is inv

ing ,on which Recording Layer is to be accessed, the optical beam passes through t

thickness. The
ated by three
ectively in this
about 53,5 um

thickness. The
side have the
ayers on each
are defined in
vise described

5t (Layer L2) and second (Layer L1) Recording.Layers of a Type TL disk and a Type TL/D disk and the

seen from the

bl hard coating.

pad with a low
ed control and
total stack of

blved.

he transparent

aTvua Tl il PN WY T /D chicl P B-NW7-N7 2 o o

Cover

aayar (ool oty 1 o opr 19 o
CayCTrecaumygroviitmTg CayCT CZ oo T ypC T UioKh o a T ypC oD UioK, O CaycT Co ol A

Type QL disk)

or through the transparent Cover Layer, the semi-transparent Recording Layer(s) and the transparent Spacer
Layer(s) (reading/writing Layer LO and Layer L1 on a Type TL disk or a Type TL/D disk, or Layer LO, Layer L1
and Layer L2 on a Type QL disk).

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

© ISO/IEC 2015 — All rights reserved
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Transmission Stack 0
Transmission Stack 14

Transmission Stack 2

£y

>

direction of
rotation _

o)

(——"

Substrate

Spacer Layer 1
acer Layer

Top surface

<— Recording Layer LO
<— Recording Layer L1
<— Recording Layer L2

Transm
Transmig

Transmissi
Transmission

This Internatio

Figure 3 show:

ission Stack 0

(Protective Coating)

cover Layer

T

Entrance surface
for optical beam

Figure 1 — QOutline of Type TL disk

sion Stack 14

bn Stack 2 0

N

direction of
rotation  --_

Substrate

Stack 3 ¢\ v

(Protective Coating)

acer Layer
acer Layer
Spacer Layer 3

Cover Layer

T

Top surface

Entrance surface
for optical beam

Figure 2 — Outline of Type QL disk

nal Standafd-specifies two kinds of Recording Velocity 2x, 4x.

b the/Recording Velocity requirements for each Disk Type.

<— Recording Layer L
<— Recording Layer |
<— Recording Layer |
<«— Recording Layer L

i Push-Pull | ayer Pp(‘nrding \/plnr‘ity
Disk Type polarity Type 2X 4x
T;ggeT-[ll_D On-Groove 2 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

12

Figure 3 — Recording Velocity requirements for Disk Type
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8 General requirements

8.1 Environments

8.1.1 Test environment

8.1.1.1

General

During measurements for testing the conformance of the disk with this document, the disk shall be in the test

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

have the following properties:

— temperature : (23+2)°C

— relative humidity : 45 % to 55 %

— atospheric pressure : 86 kPa to 106 kPa

No corjdensation on the disk shall occur. Before testing, the disk shall be conditioned in this ¢

sufficignt time.

8.1.1.2| Test conditions for sudden change in operating environment

Some parameters can be rather sensitive for changes in the, operating environment. Where

following two tests shall be performed. In both cases the required specifications shall be fulfi

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

a) apply a sudden change in relative humidity, “while keeping the temperature at a
relative humidity = 90 %, temperature = 25 2C\~= relative humidity = 45 %, temperatur
Fidure 4).

b) apply a sudden change in temperature,” while keeping the absolute humidity at a consta
10/4 g/m?3): temperature = 25 °C, «€lative humidity = 45 % = temperature = 55 °C, rela
10(% (see Figure 4).

8.1.2 |Operating environment

A disk] in conformance. (with this document shall provide data interchange over the speci

environmental parameters in the operating environment. The operating environment is the envi

the air jmmediately surrounding the disk shall have the following properties:

— temnperature- 5°Cto55°C

— relative_ humidity : 3% to90 %

— absalGte humidity : 0,5 g/m3to 30 g/m3

the disk shall

nvironment for

specified, the
lled during the

onstant level:
p = 25 °C (see

nt level (about

ive humidity =

ied ranges of
onment where

atmospheric pressure : 60 KPa o 106 kPa

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.

© ISO/IEC 2015 — All rights reserved
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absolute air humidity, g/m3
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Figure 4 — QOperating environment

8.1.3 Storagg environment

8.1.3.1 General

The storage environment is the énvironment where the air immediately surrounding the optical disk shg

1l have
the following pfoperties:
— temperature : -10°Cto55°C
— relative hymidity,. 5 % to 90 %
— absolute Humidity: 1 g/m®to 30 g/m?
— atmosphefie pressure : 60 kPa to 106 kPa
— temperature variation max.: I5°C/h

— relative humidity variation max. : 10 %/h

8.1.3.2 Climatic storage tests

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

— Dry heat test according to IEC 60068-2-2 Ba:
T =55 °C, RH = 50%, 96 hours.

Damp heat cycle test according to IEC 60068-2-30 Db:
Thigh = 40 °C, Tiow = 25 °C, RH =95 %, cycle time = (12 + 12) hours, 6 cycles.
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After exposure to these environmental conditions, one should allow for some recovery time before measuring

((24 or
8.14

8.14.1

48) hours).
Transportation

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

8.1.4.2

The fo
isther

8.1.4.2

Insulat
of trang

8.1.4.2
a) Ay
b) AV
c) Di

d) TH
of

8.2 §

The dis
foreses

8.3 H

The dis

bsponsibility of the sender. It should take into account the following hazards:

Packagimy

1 General

m of packaging should be agreed between sender and recipient or, in absenee of such an agreement,

2 Temperature and humidity

on and wrapping should be designed to maintain the conditigns-for storage over the eg
portation.

3 Impact loads and vibrations

oid mechanical loads that would distort the shape.ef the disk.

oid dropping the disk.

5ks should be packed in a rigid box containing adequate shock-absorbent material.

e final box should have a clean.interior and a construction that provides sealing to prev
dirt and moisture.

bafety requirements

k shall satisfy the(requirement of Standard IEC 60950-1, when used in the intended ma
bable uses in an(information system.

flammability

k shall*be made from materials that comply with the flammability class for HB material

specififd i Standard IEC 60950-1.

timated period

bnt the ingress

inner or in any

5, or better, as
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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.

9.2 Measurement conditions

During tests, th

9.3 Optical

The basic set-

system

that the perforfnance 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 Re
the beam is focused at the radius where the measurement iscto-be performed.

Layer on whick

The optical system shall be such that the detected light reflected from_the Entrance surface of the
s not to affect the accuracy of the measurements.

minimized so &

l1 = la+p

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

e disk shall be in a test environment as defined in 8.1.1, unless stated otherwise.

up of the optical system of the Reference drive used for measuring specified write an
parameters is shown in Figure 5. Different components and locations of components are)permitted, p

HF read channel

PP read channel

Disk

d read
ovided

cording

disk is

Laser Collimator
diode lens

Polarizing SA

1/4 A Objective
beam splitter corrector plate

lens

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.

16
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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 Qnptical beam

The fo¢used optical beam used for writing and reading data shall have the following properties lfsted below:

—  Whvelength (A) of the laser beam: (405K 5) nm
— Pqlarization: circular
— Nuymerical aperture: 0,851 0,01
— Light intensity at the rim of the pupil of the objective lens relative‘to the maximum intensity:

—1 in the tangential direction: (60 45) %

—{ in the radial direction: (65 45) %
— Maximum wave-front aberration at the Recording Layef(s): 0,033 x Arms

(after correction of tilt and spherical aberrations)

— Maximum Relative-Intensity Noise of the laser'diode: —125 dB/Hz

10 xlog ac light power density / Hz
dclight power

— Ngrmalized detector size: S.AM? < 25 pm?
(where S is the total surface-of the quadrant photodetector)

— Ra4ad power for disktesting (average)

— Layer LO and Layer L1 for a TL disk: (1,20 + 0,10) mW
— Layer L2 fer'a TL disk: (1,10 + 0,10) mW
— Layer LOxlayer L1 and Layer L2 for a QL disk: (1,20 + 0,10) mW
— LayerLk3'for a QL disk: (1,10 + 0,10) mW

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

9.5 HFTread 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 within £ 1,0 dB relative to their dc gain from dc to 16 MHz.

9.7 Disk Cl

While its para
most of the ClI
as the bottom

Clamping shal
The total clam

In order to pre
chucking force
exceed 0,5N

The top angle

amping

eters are being measured, the disk shall be clamped between two concentric' rings ¢
mping Zone (see 10.6). The top Clamping Area shall have the same inner and outer dig
Clamping Area (see Figure 6).

occur between din =(235+0,5) mm and dow: = (32,5+0,5) mm.
bing force shall be F1=2,0N + 0,5 N.

vent warping of the disk under the moment of force generatéd, by the clamping force &
F», which is exerted by the tapered cone on the rim of theikcéntre hole of the disk, Fz s
see Figure 6).

O of the tapered cone for centring of the disk shall be’40,0° + 0,5°.

out

v

bvering
meters

ind the
hall not

i

F>

9.8 Rotatio

= Iad Fall H PN £ +
T |yu|c \%) \./IClIII}JIIIy CUTITUTUUTTO TUT TITTCAOUT TITITITU

n 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

7,690 m/s

18

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

for a QL disk with a User Data capacity of 32,000 GB per layer.
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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
2 1+ K
HN(Iw)=1x[(_ﬂ—0j X (.UO x(1+ a,)imj
3 \iw 14 lw iw
3xwy
where:
w E2m f
wq = 21X fo
Wipt = 211X fint
i2F -1

K £ order of integrator

Here f{ is the O dB crossover frequency of the open-loop transfer function. The crossover frequencies of the
lead-lap network of the servo are given by:
— lead break frequency: fi=fo/3
— lag break frequency: fo=fox 3

Wing | - . : . .
The tefm (1+ I'—”‘] in the formula above represents an integrator function. Such an integratoy or equivalent
w

functioh is used to further reduce of low-frequency compdnents, especially those due to deviations with
frequemcies equal to the rotational frequency of the diskior its harmonics.

Also, fi}t is the crossover frequency of the integraterfunction.
Anothgr frequency of importance is the frequency fx, at which a sinusoidal displacement with an amplitude

equal to the maximum allowed residual “racking error emax, corresponds to the maximum expected
accelefation amax. This frequency can he calculated as follows:

fle L [Fmax
21\ epax

Because the tracking-error signals from the disk can have rather large variations, the tracking-grror signal fed
into each Reference.servo loop shall be adjusted to a fixed level (effectively calibrating the tgtal loop gain),
which guarantees.the specified bandwidth.

x

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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H

The crossover
formula. Here
is multiplied by
55 nm. Thus th

e 0 dB crossover frequency shall be:

P

3xMx0py 1 [3x125x60

£)3,2kHz

“3m

The integrator

In the frequency range 100.Hz\to 10 kHz:

0,9 x

In the frequency range 86 Hz to 100 Hz:

0,9 x

|

shall be first order (K=1) Wwith a crossover frequency of fi,; = 100 Hz

emax  2M\ 55x107°

|1+ Hu ] < [2+H | <1,1x |1+ Hu]

f

int

4,78
")

|1+ Ha] < [1+H®H] < 1,1x|1+HN(fim)x(

In the frequency rangeuptoS6Hz:

77,0 dB < | 1+H(f)| < 97,0 dB

The frequency fx has the following value: f,

A [Omax _ 1 /ngJ,GkHz
2m\ ena 2T\ 55%x10°

9.10.3 Reference servo for axial tracking at 2x Measurement Velocity

gain (dB)
100
97 .0 hnaninnmilnans 2
1
I— 1
80 C N
77,0p==smmmme e i
i
]
54,6 -----=--=------ A---N\
5279 | \
40 :
1
i \
20 ; N
i \\
1
0 ; s
1 10 36 100 1x103 10 x1@2 100 x10°
frequency (Hz)
igure 7 — Servo characteristic for axial tracking.at 1x Measurement Velocity
frequency fo of Hn(f) (see 9.9) used to define the\limits of |1+H(f) | is specified by the fdllowing
max = 6,0 M/s? is the maximum expected axjal acceleration due to local disturbances, and amax
a factor m = 1,25 for servo margin. The {racking error emax, caused by this m x amax, ghall be

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:

20
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gain (dB)

100
97,0

77,0

60

457

44,0

20

frequency (Hz)

The 0{dB crossover frequency fo shall be 3,2 kHz, the/same as the measurement condit

Measurement Velocity.

1 10 66,5 200 1x10° 1@~\10% 100x103

Figure 8 — Servo characteristic for axial tracking’at 2x Measurement Velocit

y

For thg maximum residual tracking error of 80 nm (see 11.4.3), this corresponds to an acceleragon of

(2w xf,)? _ (2mx3,2x10%)?

O =~ XEpax == 80 x107° =10,8m/s? .
For thg maximum residual tracking error of-110 nm (see 11.4.3), this corresponds to an accelerg
2 342
al - (ZWT”O) ‘e . = w x110x10"° =14,8m/s? .

The integrator shall be second order (K = 2) with the crossover frequency fin: = 200 Hz.
Infthe frequency range\200 Hz to 10 kHz:

0,9x |1+Hnv®I2 |1+ HM®| <1,1x |1+ Hn]

Injthe frequeney: range 66,5 Hz to 200 Hz:

5,36
0,9 0+ Hu(f) | < [1+H( | < 1,1x[1+ HN(fint)x(fithj

wtion of

LN e
In threfrequency range upto66;5Hz:

|1+H(H | 277 dB
9.11 Measurement Velocities and Reference servos for radial tracking

9.11.1 General

on for the 1x

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.

© ISO/IEC 2015 — All rights reserved

21


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

ISO/IEC 30191:2015(E)

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
99,0 i
50 N
79,07 77T -

i

i
56,6 f=======——F---- Y

54,9f====="==""f""Tm T \
40 \
20

N
0 \v
]

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

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

The crossover|frequency fo of Hy(f) (see 9.9), which is used to define the limits of |1+H(f) |, is specified by the
following formdila. Here amax = 2,2 m/s? is the worst-case maximum expected radial acceleration due {o local
disturbances. Here amax is multiplied by afactor m = 1,25 for servo margin. The tracking error emax, caysed by
this m x amax, $hall be 16 nm. Thus the 0-dB crossover frequency shall be:

1 [3xmx Ay _i\/3x125><2,2
2m\|  emax 2w\ 16x107°

The integrator shall be first order with crossover frequency at fins = 100 Hz

In the fretﬂuency range 100 Hz to 10 kHz:
0,9 x | 1+Hulil < [1oHB [ <11 % [1atyf)]

In the frequency range 36 Hz to 100 Hz:

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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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

The O-
Measu

accele

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

In
ol

In

0:

In

60

47, 7p-zzzooom-qmooooos
46,0

\

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

20

JENRUS PR | U Y U

dB crossover frequency fo shall be 3,6:kkz, the same as the measurement condi
rement Velocity. For the maximum residualtracking error of 20 nm (see 11.5.3), this cor

(21 xf,)? (2% 3,6 x10°%)?
3 X€mpax = —3

ation of d,,, = x20x107° =34m/s?.

the frequency range 200.Hz to 10 kHz:
) x | 1+Hn(f) | < [1+HE [-< 1,1 x | 1+Hn() |

the frequency range 66,5 Hz to 200 Hz:

5,36
x| T1oH0] < 10t < 2

the frequency range up to 66,5 Hz:

|1

PHyN ] =79 dB
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on for the 1x
esponds to an
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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.

1

i

; o ol

! FITST —EEoRG

; transition Area transition Area

5 Clamping Rim
Centre Zone _ Area

|} hole | | Information Area

T

i

i

Figure 11 — Owerview of disk dimensions
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Detail of smooth transition

Clamping Zone

T~

1

Detail of the edge of . L |
Centre hole Detail of the Plrotectlon ring

hl‘

10.2 Disk reference planes(and reference axis

Figure 12 — Details of*disk dimensions for Type TL disk and Type QL disk
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i 8 g
| T} (2} <! _CZ_'
: = < -
: (D_+ ...... R “.._ pu pr— /_/_. o & — 7
i . =, | . e —  * — - . /; = _/_/_ R A g F——— 2
| ~ a3
: < / P < d11 <
[Cover Layer
Entrance surface

Substrate side

isk reference

(For Djisk reference planestsee 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 (s¢e 10.6) at the
read-olit side of the disk.

The Digk reference plane Q is the plane determined by the surface of the Clamping Zone at the

of the dlisk.

The reference axis A 1S the axis through the middle of the centre hole, perpendicular 1o the

plane P.

The Disk reference plane R is a plane parallel to the Disk reference plane P. The distance between Disk
reference plane R and Disk reference plane P shall be 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).

© ISO/IEC 2015 — All rights reserved
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Jl

Centre hole

Recording layer LO

Substrate

Cover Layer

Turntable

10.3 Overall

The overall outer diameter of the disk shall be d; = (120,0 + 0,3) mm (see Figure 11),

The diameter
There shall be

The edge of th
or chamfered.

maximum 0,1 mm above the bottom surface of the First transition"Area. The rounding or chamfer shall e

maximum h; =
The maximum

the highest stjucture protruding from the Entrance surface”of the disk and the highest structure pro

from the top sy
Maximum thic
shall be e; = 1
disk.

Minimum thick

Outside the CI
mm.

Outside the ClI
mm (see Figur

The paramete

igUre 13 — Details of Disk reference planes P and R and Recording Layer L@

dimensions

+0,10

f the centre hole shall be d, =15,007)

mm (see Figure 11).
no burr on the edge of the centre hole at the read-out side.

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

0,25 mm from Disk reference plane P (see detaikin Figure 12 and Figure O.2).
thickness of the disk is defined as the distance‘in the direction of the reference axis A b

rface of the disk.

ness of the disk, including Cover Layer, Protective Coating and Label printing, at any|
140 mm for a Type TL disk and«a@Jype QL disk (see Figure 12). See Annex O for a Typ
ness of the disk in the Infermation Area shall be e> = 0,90 mm.

Amping Zone the top-surface may be inside the Disk reference plane Q by maximum H
hmping Zone-the top surface may be outside the Disk reference plane Q by maximum
e 12).

s hi;'and hs are only for a Type TL disk and a Type QL disk.

ed off

btween
truding

radius

e TL/D

2:0,4

3:0,1

10.4 First transition 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.
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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

damage 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.

Between ds and ds, the height of the Protection ring shall sink gradually to the surrounding surface (see Figure

12).

10.6 Clamping Zone
The inner diameter of the disk Clamping Zone shall be ds < 23,0 mm (see Figure 11).
The ou

Figure [0.2).

+0,10

The thickness of the disk within the Clamping Zone shall be ez =120 55, i (see Figure 12 an

Within
Within

the Clamping Zone (ds < d < dy), both sides of the disk shall beflat within maximum 0,1 n
the Clamping Zone (ds < d < dv), both sides of the disk shallbe parallel within maximum

10.7 $econd transition Area

The S¢
Figure

cond transition Area is an area between the Clamping Zone and the Information Area: d
11).

In the area, the surface at the read-out side of.the disk may be inside the Disk reference plane
hg = 0,12 mm. This surface may be outside.the Entrance surface in the Information Area by
0,01 mm (see Figure 12 and Figure O.2).

In the area, the top surface of the disk-may be outside the Disk reference plane Q by maximum

The stgp from the top surface in the area to the top surface in the Information Area is his
betwegn the start and the<end diameters of the step is I;. If hig > 0,2 mm, then the slope d
surface of the Information_Area shall be smooth and |, shall be > 1,8 mm as indicated in Figur
surfacg in the Information Area is stepped down from the top surface in the area, then the
within gliameters dg=40,0 mm.

The parametets-hii, his, It and ds are only for a Type TL disk and a Type QL disk.

ter diameter of the disk Clamping Zone shall be d; =2 33,0 mm (see Figure 11, Figure 12 and

d Figure O.2).

hm.
D,1 mm.

7 < d <dg (see

P by maximum
naximum hio =

h11 = 0,2 mm.

The distance
bwn to the top
e 12. If the top
step shall end

10.8 Ipformation Area

10.8.1 General

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

Figure 11 and

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 dp,,= 480

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

© ISO/IEC 2015 — All rights reserved
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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.

Information Area
Inner Zone Quter Zone |
[ . Information Zone
|
i [ ] 0 |
|
i
! I Nata Zona | ead-out
| Cead-m etter=one
: (Lead-out) (Outer)
[
/ i %o
Y, ! doz
/ : dDZO
i le
Zaan
Figure 14 — Division of Information Area
10.8.2 Subdiyision of Information Zone on TL disk

The Informatio
The Informatio
On Recording

— alead-in
— abData Zo

| ayer LO:

ne 0

— aOuter Zgne 0

On Recording

| ayer L1:

— aOuterZ

nel

On

On

Layer LO
of the disk.

a Data Zohe 1
alnner Zdne 1

a Inner Zgne 2
a Data Zohe 2

Recording Layer L2:

h Area is used to record the Information Zone, divided-Over the three Recording Layers.

h Zone is subdivided in the following main parts (see Figure 15):

zone (part of the Inner Zone 0)

a Lead-out Zone (Outer Zone 2)

dLayer L2 the spiral Grooves shall run from the inner side of the disk towards the ouTer side

On Layer L1 the spiral Groove shall run from the outer side of the disk towards the inner side of the disk.
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Recording Layer LO Lead-in Zone | /\

Data Zone 0

| Outer Zone 0

—> spiral direction

Data Zone 1

| Outer Zone 1

<«—— spiral direction

Data Zone 2

| Lead-out Zone

—> spiral direction

Spacer Layer / \
Recording Layer L1~ InnerZone1 | [ |
Spacer Layer / \
Recording Layer L2 Inner Zone 2 | / \
Cover Layer / \
inner side |Optica||
of disk beam

outer side
of disk

Figure 15 — Use of Information Area on TL disk

The Ldad-in Zone starts in the area extending from diameter 44,0 mm to diameter 44,4 mm'al
the beginning of the Data Zone 0 at diameter dpzipo.

nd shall end at

The Opter Zone 0 shall start at the end of the Data Zone 0 at diameter dpzoo,and shall emd at diameter

minimym 117 mm.

The Oditer Zone 1 shall start at diameter minimum 117 mm and shall end/at-the beginning of [

diameter dpzoa.

The Inner Zone 1 shall start at the end of the Data Zone 1 dpz:1 and.shall end at the diameter

mm.

The Inper Zone 2 shall start at the diameter maximum 44;4.mm and shall end at the beginni

Zone 2| at diameter dpzp.

The Lead-out Zone shall start at the end of the Data Zone 2 at diameter dpzo2 and shall e

minimym 117 mm.

10.8.3|Subdivision of Information Zone.gn QL disk

The Information Area is used to record the Information Zone, divided over the four Recording Lg

The Information Zone is subdivided into the following main parts (see Figure 16):

On Regording Layer LO:

— allead-in Zone (part,of the Inner Zone 0)
— aData Zone O

— a Quter Zone 0

On Regording Layer L1:
— aQuter Zone 1

Data Zone 1 at

maximum 44,4

ng of the Data

nd at diameter

yers.

— abDataZone 1
— alnnerZone 1

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)

© ISO/IEC 2015 — All rights reserved
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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 117 mm.

The Outer Zon
diameter dpzoz

The Inner Zon
maximum 44,4

The Inner Zon
Zone 2 at dianj

The Outer Zo

mm.

eter dpzpo.

minimum 117 mm.

The Outer Zon
diameter dpzos

The Lead-out
extending from

Rec

Rec

Rec

Rec

diameter 44,0 mm to diameter 44,4 mm.

e 1 shall start at diameter minimum 117 mm and shall end at the beginning of Data Zo

e 1 shall start at the end of the Data Zone 1 at diameter dpz: and shall endat the di

e 2 shall start at the diameter maximum 44,4 mm and shall end at the beginning of th

he 2 shall start at the end of the Data Zone 2 at diameter(tpzo2 and shall end at di

e 3 shall start at diameter minimum 117 mm and shall‘end at the beginning of Data Zo

Zone shall start at the end of the Data Zoné\3 at diameter dpzs and shall end in th

Substrate

brding Layer LO Lead-in Zone | [\

Data Zone O | Outer Zone 0

Spacer Layer

—> spiral direction

[

prding Layer L1 Inner Zone 1 |

Data Zone 1 | Outer Zone 1

A

Spacer Layer

<«<— spiral direction

brding Layer L2 Inner Zone 2 | I \

Data Zone 2 | Outer Zone 2

Spacer-Layer

—> gpiral direction

he 1 at

ameter

e Data

ameter

he 3 at

e area

prdingtayer 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.

30
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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 Mechan

11.1 Mass

ical characteristics

The mass m of the disk shallbe 12g=<m <17 g.

11.2 Momen

t of inertia

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

11.3 Dynamj

c imbalance

The dynamic ifnbalance of the disk shall be < 2,5 g-mm.

11.4 Axial ru

11.4.1 Gener3

When measur
at a half of the
R (see Figure
0,3 mm over th

nout

1l

bd by an optical system using the Reference servo for axial trackingy and with the disk
Recording Velocity, the distance between each Recording Layer/and the Disk referenc

e entire disk.

Within one Track (one revolution), the deviation of each Recordihg Layer from its average position

direction of the
Due to the in

sufficiently sug
disturbances.

11.4.2 Residy

The residual 4

reference axis A shall be maximum 0,1 mm.

tegrator function in the Reference servo (see 9.10), this component will be supp
h that the residual tracking errors as defined in 11.4.2 and 11.4.3 are mainly due t
al axial tracking error for 1x Measurement Velocity

xial tracking error of each.Recording Layer for frequencies below 1,6 kHz (=fx, see ¢

measured using the Reference servo for+axial tracking as specified in 9.10.2, shall be maximum

(displacement

of the objective lens needed to move the focal point of the optical beam onto the Re

Layer) with the disk rotating at 1xSReference Velocity, 3,688 m/s for a TL disk and 3,845 m/s for a (

respectively, g
recommended
the read stabili

Spikes in the
excluded.

nd with the read ‘power at ( 0,70 + 0,10 ) mW for any layers for a TL and a QL dig
ty at 1x Reference Velocity.

residual-axial tracking-error signal due to local defects, such as dust and scratches, g

otating
e plane

12, Figure O.2 and Figure 13) in the direction of the reference/axis A shall be maximum hi, =

in the

ressed
o local

.10.2),
15 nm.
tording
DL disk
k. It is

to measure the'residual axial tracking-error signal in a short period to avoid the deterioration of

hall be

The measuring filter shall be a Butterworth LPF, with f_3qg = 1,6 kHz and slope = —60 dB/decade.

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 = —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
account as described in 1.10.

The measuring filter shall be a Butterworth LPF, with f_sgg = 3,2 kHz and slope = —60 dB/decadg.

This means that for frequencies < 3,2 kHz the maximum local acceleration of the Recerding Layer in the
directign of the reference axis A will not exceed 10,8 m/s?, see 9.10.3. Howeveh, due to|the additional
reductipn of low-frequency components by the second order integrator function the maximum pcceleration at
frequemcies below about 400 Hz can reach values up to 45 m/s?.

The rms noise value of the residual error signal in the frequency band from/3;2 kHz to 20 kHz, measured with
an intepgration time of 10 ms, and using the Reference servo for axial tragking, shall be maximym 32 nm. The

measufing filter shall be a Butterworth BPF, from f_sqs = 3,2 kHz withsslope = +60 dB/decade, tq f_sqg = 20 kHz
with slgpe = —60 dB/decade.

11.5 Radial runout

11.5.1|General
The rupout of the outer edge of the disk shall be faximum 0,3 mm pp.
The rafdial runout of the Tracks in each Retcording Layer (including eccentricity and unroundpness) shall be

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

The raglial runout shall be maximum 75 pm pp.
Due tq the integrator fudction in the Reference servo (see 9.11), this component will Qe suppressed
sufficigntly such that the-residual tracking errors as defined in 11.5.2 and 11.5.3 are mainly due to local
disturbpnces.

The repidual tracking error shall be determined by applying the radial PP read channel (l: - I2) [signal for both
measufement-and radial servo control purposes as indicated in Figure 5.

11.5.2 |[Residual radial tracking error on 1x Measurement Velocity.

The residual radial tracking error in each Recording Layer for frequencies below 1,8 kHz (= fx, 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 residual radial tracking error in each Recording Layer for frequencies below 3,6 kHz, measured using the

Reference ser
2x Reference
power refers tqg

Spikes in the
excluded.

The measuring

This means tH
exceed 3,4 m
second-order
values up to 1f

The rms noise
an integration

measuring filte)
with slope = —§

11.6 Durabil

11.6.1 Impact

To prevent exd
disk, the surfa
by a procedurg

11.6.2 Scratc

To prevent ex
resistance shal

ity of Cover Layer

o at for radial tracking as specified in 9.11.3, shall be maximum 20 nm with the disk rot
Velocity, 7,375 m/s for a TL disk and 7,690 m/s for a QL disk, respectively, and with th
9.4.

esidual radial tracking-error signal due to local defects, such as dust andpscratches, s

filter shall be a Butterworth LPF with f_sqs = 3,6 kHz and slope = —60 dB/decade.

at for frequencies < 3,6 kHz the maximum local acceleration-in the radial direction

52 (see 9.11.3). However, due to the additional reduction of low-frequency components
ntegrator function, the maximum acceleration at frequencies below about 400 Hz car
m/s?.

value of the residual error signal in the frequency band from 3,6 kHz to 20 kHz, measur
ime of 10 ms, and using the Reference servo farradial tracking, shall be maximum 9,2 n

r shall be a Butterworth BPF, from f_3qg = 3,64Hz with slope = +60 dB/decade, to f_sgg =
0 dB/decade.

resistance of Cover Layer

ce of the disk should.-lave a minimum impact resistance. This impact resistance can be
s described in Anhex L.

h resistance of Cover Layer

cessivexscratching, the surface of the disk shall have a minimum hardness. The
| beltested by a procedure described in Annex C.

hting at
e read

hall be

Wwill not
by the
reach

bd with
m. The
20 kHz

essive disk damage in caSe an object lens hits the Entrance surface at the read-out sidg¢ of the

tested

scratch

11.6.3 Repulsion of fingerprints by Cover Layer

To prevent excessive contamination, the surface of the disk should repel grime as much as possible. The

repulsion of gri

34

me shall be tested by a procedure described in Annex D.
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12 Optical characteristics in Information Area

12.1 General

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

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

12.2 Refractive index of the Transmission Stacks (TS5)

If the layers making up the total TS have different refractive indexes, then the procedure-descril;
shall bg followed.

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

12.3.1

The a

Transmission Stack (TS0, TS1 or TS2) on the disk.

The th
require

In Figy

aberrafion. The ratio of the thickness with arbitrary refractive index n to that with refractive

expres

g(n
Figure
require
value |

The ag

index ¢f 1,60. The.defocus values of both the actual and effective thickness are the same.

defocu
each th

Thickness of Transmission Stack of TL disks

erage thickness between radius ry and radius r, is galled the Reference Thickness
icknesses of TSO, TS1 and TS2, measured oOver the whole disk, shall fulfill the
ments.

re 17 for reference to requirements a) to-c), the curves show the thickness of equiv
5ed by the approximately by the function of g(n)

=-1,111 1n® + 5,814 3n> - 9,880 8n + 6,476 0

18 shows a coefficient \function for converting the actual thickness to an effective
ments f). The actualwthickness means its physical value. The effective thickness me
here the refractive-index is assumed to be 1,60.

tual thicknesstof arbitrary refractive index is converted to an effective thickness of stan

5 is defined" as the focus position movement of the light going through the transparen
ickness-and each refractive index.

ed in Annex A

<1,70

of the related

ollowing eight

nlent spherical

index 1,60 is

thickness for

ans imaginary

dard refractive
n this section,
t medium with

The ca

effieient function of f(n) equals tan (6;) / tan (6,), where 6, and 6; are the converging

angles in the

Transmission Stack with each refractive indexes of 1,60 and arbitrary n, respectively. The function f(n) is
expressed by approximately as,

f(n)

=-1,088 0n® + 6,102 7n? — 12,042n + 9,100 7

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

b) The thickness of the TS1 (all layers on top of Layer L1) as determined by its refractive index shall be
within the middle shaded area in Figure 17 (In case of a refractive index of n, the thickness shall be
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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 and 23,0 um,

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

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

h) The maximum deviation AD of the thickness of TS2 from its References Fhickness shall meet the
requiremgnt |[AD| < 2,0 ym.

12.3.2 Examplle of target thickness of Spacer Layers for TL disks

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

It is recommended that following three requirements are fulfilled, then the requirements a) to f) of 12.B.1 are

always fulfilled|for a refractive index of 1,60.

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 thickngss of TS2 (=C) should be ( 57,0 #2,0 ) um.

12.3.3 Thicknfess of Transmission Stacks-of QL disks

The average thickness between radius' 23 mm and 24 mm is called the Reference Thickness of the [related

Transmission $tack (TS0, TS1 ,TS2 or TS3) on the disk.

The thicknessps of TS0, TS1; TS2 and TS3, measured over the whole disk, shall fulfill the follow|ng ten

requirements:

In Figure 19 fpr reference to requirements a) to d), the curves show the thicknesses having equivalent

spherical aberfation--The 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) =-1,111 1n® + 5,814 3n? - 9,880 8n + 6,476 O,

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 ref

ractive 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.

36
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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)

b)

<)

d)

e)

f)

9)

h)

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 index 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) ym and 106,0xg(n) ym, and 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 index shall be

within the second-uppermost shaded area In Figure 19 (In case of a refractive INndex o} N
shall be between 78,5xg(n) ym and 90,5xg(n) ym, and the dashed curve indicates thernef

as

Th
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Th
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a function of the refractive index).

e thickness of the TS2 (all layers on top of Layer L2) as determined by its/refractive
hin the second-lowest shaded area in Figure 19 (In case of a refractive index of n, the
between 60,5xg(n) um and 69,5xg(n) um, and the dashed curve indicates the nominal
ction of the refractive index).

b thickness of the TS3 (all layers on top of Layer L3) as detérmined by its refractive
hin the undermost shaded area in Figure 19 (In case of a refractive index of n, the thig
ween 50,5xg(n) yum and 56,5xg(n) um, and the dashed Curve indicates the nominal

ction of the refractive index).

b thickness of the Spacer Layerl (S1) sandwiched by Layer LO and Layer L1 shall be be
i 20,5 um.

b thickness of the Spacer Layer2 (S2) sandwiched by Layer L1 and Layer L2 shall be be
i 24,5 ym.

b thickness of the Spacer Layer3 (S3) 'sandwiched by Layer L2 and Layer L3 shall be be
i 16,5 um.

b thickness differences shallimeet the requirement C — (S1 + S2 + S3) > 1,0 ym, S1 — S3
b1 > 1,0 ym and S3 > 10;0 ym (C, S1, S2, S3 shall be converted from actual thickne
kness by being multiplied by coefficient f(n) shown in Figure 18, where the thickness of
ver Layer thicknesS(€), and n is refractive index).

e maximum deviation AD of the thickness of the TS0, TS1 and the TS2 from their respeg
ckness shall-meet the requirement |[AD| < 2,5 pym, and

b maximum deviation AD of the thickness of the TS3 from its Reference Thickness
uitfement |AD| < 2,0 ym.

the thickness
ninal thickness

index shall be
thickness shall
thickness as a

index shall be
kness shall be
hickness as a

ween 11,0 ym

ween 14,5 ym

ween 10,0 um

>1,0um, S2
ss to effective
' S3 equals the

tive Reference

shall meet the

12.3.4 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)
b)
<)
d)

The thickness of the Spacer Layerl (S1) should be (15,5+ 1,5) um,
The thickness of the Spacer Layer2 (S2) should be (19,5+ 1,5) um,
The thickness of the Spacer Layer3 (S3) should be (11,5+ 1,5) um,
The thickness of TS3 (=C) should be (53,5+1,5) um.
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Thickness of the Transmission Stack (um)
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Refractive index of the Transmission Stack
Figure¢ 17 — Thickness of the Transmission Stacks as a function of the refractive index
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Refractive index of Spacer Layer

Figure 18 —Ratio of effective thickness with refractive index 1,60
and that with arbitrary refractive index n
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Refractive index of the Transmission Stack
Figure¢ 19 — Thickness of the Transmission Stacks as a function of the refractive index
12.4 Reflect|vity of Recording Layers
The reflectivity]of each Recording Layer in the Taformation Zone, including the transmission through thg Cover
Layer, shall fulfil the following requirementstinder the measurement conditions of Annex B:
— in Unrecoided Virgin Groove:
— of Layer LO and Layer L1of\a TL disk / Layer LO, Layer L1 and Layer L2 of a QL disk:
Rgv=1,8t04,0%
— of Layer L2 of a TL disk’ / Layer L3 of a QL disk: Rgv=2,0t04,0%
— in Recordg¢d Groove:
— of Layer LO-andLayer L1 of a TL disk / Layer LO, Layer L1 and Layer L2 of a QL disk:
Rsn=1,61t04,0%
— of Layerl2 of a TL disk / Layer L3 of QL disk: R =1,8104,0%
— ateach location on the disk: 0,75 X Rg.v < Rgr < 1,25 x Rg.y

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

12.5 Birefrin

gence

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

40
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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

Recording Layer

Substrate

Read-out
Surfate

é Reflected beam

Incident beam

Figure 20 — Definition)of angular deviation

The requirements for the angle a are:

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

— Infthe tangential direction
— under the normal test.conditions specified in 8.1.1: |ajmax. = 0,30°.
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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 bvtes
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 y A 4
Data Block Access 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 colurmns 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
(155 cglumns)
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.

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.

The data_on BD Recordable disks is recorded in 64K partitions, called Clusters, containing 32 Data Frames

with 2 048 bytes of User Data. These Clusters are protected by two error correction mechanism

5.

— Fifst the data is protected by a Long Distance (LDC) Error-Correction Code , consisting of (248,216,33)

Ré¢ed-Solomon (RS) code words. This code has ample parities and interleaving length with
efficiency, and can correct both random errors and burst errors.

— Sqcondly, the data is multiplexed with a powerful Burst Indicator Subcode (BIS), whi
(62,30,33) Reed-Solomon (RS) code words. These BIS code-words_carry addresses
purposes and Control Information belonging to the User Data. They<can also be used t
burst errors, by means of which the LDC can efficiently perform erasure corrections.

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

All the [data is arranged in an array as indicated in Figure 22, This array is read in the horizont
after rqw, and recorded on the disk after insertion of additional d.c. control bits, modulation,

a good overall

Ch consists of
for allocation
b indicate long

| direction, row
nd insertion of

Synchronization patterns.
The Edror-Correction Codes are applied in the vertical direction, which gives a good basic break-up of burst
errors pn the disk. Additionally the LDC code-wards have been interleaved in a diagonal directign.
38 1 38 1 38 1 38
Sync bytes byte bytes byte bytes byte bytes
i) Do evee Da7 Bo Dsg ...... D7s | Bi | D7....Duz | B2 | Dia.. st | 7
D152 Dlgg Bg Dlgo ...........
Address | 31
Unit O | rows
y
data stream
496 s
rows on disk
T
Address| 31
Unit 14 | rows
y
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 Frame accompanied by its Control Data is called a Sector. All Sectors in all Physical Clusters all over
the disk (including the Inner and Outer Zones) are called Physical Sectors. All Physical Sectors have a virtual

number assigrjed, called the Physical-Sector Number (PSN). These PSN's are not recorded onio, iR

however they

Logical Secto
Not all Physica

re synchronized with the AUN’s.

I's:
| Sectors are available for storage of User Data delivered by the application‘ar host. Th

and Outer Zones are excluded. The remaining Sectors are available for storing User’Data and are

Logical Sectors

13.2 Data Fr
A Data Frame

The 2 048 Us
Figure 23).

13.3 Error-D

The 4-byte fiel
Data. Conside|

D .

ame

consists of 2 052 bytes: 2 048 bytes of User Data and 4 bytes of Error-Detection Code

er Data bytes are identified as udo to ud. 047 and the 4 EDC bytes as ed; oss to ed>
T udo T
2048
User Data
bytes : 2052
J udz 047 bytes
T ed2 048
4 ed2 049
EDC bytes edz2 os0
4 ed2 051 {

Figure 23 — Data Frame

etection Code (EDC)

1 ed,.gagto ed, gs1 shall contain an Error-Detection Code computed over the 2 048 bytes
fing,the Data Frame as a single-bit field, starting with the most-significant bit of the fir

e disk;

e Inner
called

(EDC).
51 (see

bf User
5t User

Data byte (udq

) ‘and ending with the least-significant bit of the last EDC byte (ed os1), then the msb

will be

b16 415 and the Isb will be bo.

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

EDC(x

where

44

)= > by =1(x)modG(x)

1=31

32
D)= Dbixt and  G(x)=xT+x%axt 41
i=16 415
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13.4 Scrambled Data Frame

Each Data Frame consisting of 2 052 bytes of User Data + EDC shall be scrambled with the output of the
circuit defined in

Figure 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.

Here so to s15 form a 16-bit shift register. At each shift clock the content of sn shifts to sn+1 (n = 0..14), while s

1 tt\ o D oo Al ctanda for Ty oliionn (O
IS se POT5 OO U O WU O3 (@ oA oS 1O EATTO STV C—OT)T

At the peginning of the scrambling procedure of each Data Frame, the shift register sq.10"s15 fhall be preset
with a |value derived from the (virtual) Physical-Sector Number (PSN) associated with the Data Frame (see
Clause] 17). The 16-bit preset value shall be composed in the following way:

— s14 shall be set to ONE,
— S14.. So shall be set to PS1g .. PSs of the PSN (see Figure 24).

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

PSN
MSB LSB
P P P P P P P P P
S S S S S S S S| |S|S S
3 2 2 1 1 1 8 7 5|4 0
1 4 3 9 [5)
ONE \\
III\¢ VYVYVVYVVYY
aralle )
Ir())ad —»ii i SSSSSSSS<—shn‘tcl(ck
|r\ Mm M
NPARNY/ NP

Figure 24 — Scrambler circuit

After Igading the preset value, s7 .. sp are taken out as scrambling byte So. Then an 8-bit shift is repeated 2
051 times and:the following 2 051 bytes are taken from sy .. Sp as the scrambling bytes Si to S gs1.
The 2 T52 bytes ud/edk of the Data Frame become scrambled bytes dk where:

dk = ud/edk ® Sk fork =0to 2 051; ® stands for Exclusive-Or.
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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 F 31
T do,o doF do31
dio diF diz
2 052 : : :
bytes
dZ 050,0 dZ 050,1 dl 050,F dl 050,31
J d2 051,0 d2051,1 d2 051,F d2 051,31

These data are
into 9,5 colum

Figure 25 — 32 Scrambled Data Frames

P rearranged into an array of 216 rows x 304 columns by dividing each Serambled Data
Ns as shown in Figure 26. This new array is called a Data Block. It should be noted tha

Frame
t every

even Scrambl¢d Data Frame ends halfway down a column, and every odd Scrambled Data Frame starts
halfway a column.
«— 304 columns -
0 1 9 10 18 19 303
T do,o d216,0 d1o440 | Oiosa 01 836,1 do, d1 836,31
d10 d217,0 010450 | G091 d1837,1 di2 d1 837,31
d2 050,0
216 d2 051,0
rows do,1
dl,l
0106,1
d d215.0 das1,0 d107,1 O3231 O2051,1 | dais2 d2 051,31
Figure 26 — Compesition of Data Block from 32 Scrambled Data Frames
13.6 LDC Blpck
The bytes in gach column of the Data Block are renumbered as shown in Figure 27 starting from thg top of
each column gs follows=eoL eiL .. €L .. t0 €251, in which L represents the code word number (= the golumn
number: 0 to 3D3).
The LDC Blotk—ts—compteted—y—extending—each—of—the—cotumms—with—S2—Parity—bytes—according to a

(248,216,33) Long-Distance RS Code. The Parity bytes are numbered: p2isL P217.L .. PjL .. 1O P2a7.L.

46
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«— 304 columns —
Code word | Code word Code word Code word | Code word
0 1 L 302 303
T 0 €0,0 €0,1 oL €0,302 €0,303
216 €10 €11 eiL €1,302 €1,303
rows €20 . . . :
with :
1LDC data :
code-word \ €215,0 €215 €215, €215,302 €215,303
=248 T P216,0 P216,1 P216,L P216,302 P216,303
h\]lfne 22 0 0 : : :
rows
with
parity
2 | P247,0 P2471 P247,L P24z,302 D247,303

13.7 U DC code-words

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

The symbols of GF(28) are represented by bytes (groups-of 8 bits), using the polynomial-base
with (af, a8, @, .., @?, a, 1) as a basis. The root a is thus represented as:

a

Each

Solomon code over GF(28), having 32 parity bytes and 216 information bytes. Such a codg
represg¢nted by a polynomial lqc(x). of degree 247 (possibly having some coefficients equal to z4
highes
correspond to the parity part of the vector (pzis.L .. €tc.).

lac(x) i @ multiple of the-generator polynomial g(x) of the LDC code-word. The generator polyno

The LIE s systematic: the 216 information bytes appear unaltered in the highest-degree po

D(X) =x8 +x* +x3+x2+ 1

F 00000010

UDC code-word, represented by the“vector lgc = (€oL .. €L .. €2151L Pat6L .. PjL .. P247

degrees correspond to~the information part of the vector (eoL .. etc.) and the Iq

31

g(x):H(x—ai).

=0

Figure 27 — Renumbering data bytes and forming LDC Block by;adding parities

code word. The parity-check matrix Hpc Of code Igc IS such that.

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

the finite field

epresentation,

L), is a Reed-

word can be

ro), where the
west degrees

mial equals:

sitions of each

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:

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

In the first interleaving step, the 304 columns of height 248 are rearranged into a new array with 152 columns

and 496 rows.

Each new colymn is formed by multiplexing each even column from the LDC Block with the next odd golumn.
The new column is filled by taking the first byte from the even LDC Block column, then the first loyte frpm the
odd LDC Block column, next the second byte from the even LDC Block column, followed by the,second byte
from the odd LPC Block column, etc. as shown in Figure 28.
« 152 columns -
0 151
T €0,0 €0,2 €0,302 T
€o,1 €0,3 €0,303
432 €10 €12 €1,302
ows €11 €13 €1,303
Wwith :
Hata
€215,0 €2152 €215,302
1 €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
ows P217.1 P217g P217,303
Wwith : : :
parity
P247,0 P247,2 P247,302
\ P247 1 P247,3 P247,303 \
Figure 28 — First step of interleaving
13.8.3 Second interleaving step
To reduce the| inflience of error propagation and further improve the burst-error correcting capabilies, an
additional interffeaving is introduced.

All rows of an 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.
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<« 152 -
bytes
< shift €0,0 €0,2 €0,300 €0,302
0 €0,1 €03 €0301 | €0,303
« shift €16 €18 €1'300 €1,302 €1,0 €1,2 €1,4
3 €17 €19 €1,301 €1,303 €1,1 €13 €15
« shift €212 €214 | €2302 €2.0 €22 €24 €26 €28 €2,10
6 €213 €215 - | €2303 €21 €23 €25 €27 €29 €211
« shift €50300 | €50302 || €500 |... €50,298
150 €s50301 | €50303 | €s01 |... €50,209
« shift €512 €514 €s51300 | €s1302 [ €510
1 €513 €515 €51301 [ ©€51303 €511
<« shift
mod(kx3, 152)
« shift 130 | pass260 | P246.262 P246,302 | P24so |... 246,258
P246,261 | P246,263 ‘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 | P2azd P247,3 P247,5 P2477 | .-- 247,265
Figure 29 — LDC Cluster
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13.9 Addressing and Control Data

13.9.1 General

For the purpose of accessing the data on the disk, addressing and Control Data is included.
13.9.2 Address Units

13.9.2.1 General

For positioning_the optical head onto the desired Track, a fast addressing mechanism is_implemented by
subdividing thg 64K Physical Clusters into 16 Address Units. Each Address Unit contains an address;.which is
placed in such|a way into the BIS code-words (see 13.11) that it can be accessed quickly (see Figure 3D).

Each Address [Field consists of 9 bytes:

— 4 bytes pdrtially for, modified and inverted, Address-Unit Number (see 13.9.2.2)
— 1 byte for flag bits

— 4 bytes fof error correction

<« 16 addresses -
0 1 : S : 15
0 AFoo AFo 1 : AFRgs : AFo 15
Address AF1o AF11 : : : AF115
Unit Numbers : : _ : : .
9 AF3p AF31 : AF3s : AF315
bytEE Flag bits AF410 AF411 ) AF4,S . AF4V15
AF5,0 AF5,1 . AF5,S . AF5V15
Parities : : : : : :
J AFsgpo AFg ¢ : AFgs : AFs 15

Figure 30— 16 Address Fields

13.9.2.2 Bytg¢ assignments for Address Fields

Before describjing Address Fields,«Rrimary Address Fields, which consists of Address-Unit Number, flag bits
and parity bytds, are defined as_following (see Figure 31).

PAFos =MSB of the Address-Unit Number with modified bit order as (AU31, AU30, AU29, AU28, AU24 | AU27,
AU26,-AU25)

of thevAddress-Unit Number

of the *Address-Unit Number

PAF;s=2"S
PAF,s =3 SR
PAFss = LSB
PAF;s=flag b

hesebitscan-beused-totheieatestatusof-ndividuat Batat+amest—eaElgsterotr'can be
used to hold other information, such as an address. The basic format for assigning some of
these flag bits is specified in 13.9.2.4. Flag bits not used shall be set to ZERO.
PAFss . PAFgs = 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:
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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 ..

correspond to the parity part of the vector (PAFss .. etc.).

etc.) and the lowest degrees

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

The P
degreg

HH

The s§
polyno
parity-(

hp
Addres

AFos
AFis
AF;zs
AFss
AF.s
AFss
AFgs
AF7s
AFsgs

13.9.2.

The 16
Addres

The Ad

3
900 =] [x—a)
i=0

imary-Address-Field Code is systematic: the 5 information bytes appear uhaltered i
positions of each code word. The parity-check matrix Hparc Of code pafc is sueh that:

arc x pafc’ = 0 for all Primary Address-Field Code words pafc

cond row hparc 2 Of the parity-check matrix Hearc correspopding to the zero a of
mial g(x), defines the code word positions to be used for errorioeations. This second ro
heck matrix Hparc is given by:

hNFC 2 = (GS, a7 .. a21 a, 1)
s Fields are defined as following by partially inverting Primary-Address-Fields.

PAFo s
PAF;s
all bits inversion in PAF; s
all bits inversion in PAF3 s
PAF,s
all bits inversion in PAFs s
all bits inversion in PAFs s
PAF; s
PAFs s

3 Address-Unit(Numbers

Address Fields to be recorded in the BIS columns of the Physical Cluster each co
s-Unit Number (AUN).

dress-Unit Numbers shall be derived from the Physical-Sector Numbers (PSN) as define

n the highest-

the generator
vV hparc 2 Of the

ntain a 4-byte

d in Figure 31.

The Ad

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).

ynchronization

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).

© ISO/IEC 2015 — All rights reserved
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The bits of the Address-Unit Numbers shall be set as follows.

— AUs; .. AUs shall be a copy of PS3; .. PSs from the PSNs.
— AUy, .. AU; shall count from 0 to 15 inside the Physical Cluster.
— AU shall be Reserved.

PSN
7~  MSB LSB
P P P P P P P Plpr P
s s S S S S S sls S
3 2 2 1 1 8 7 5[4 0
i 5
In Cluster
count ZERO
Address Unit Number f \ (
Y VY Y YV VY l l l l
A Alalala]a A A A A A AlA AlA
u ulu fujulfu u U u u U ulu ulu
3 212 ]2]2]2 2 1 1 8 7 5[4 1o
1 8|7 ]6]|5]4 3 6 5
m | Im | m m |
B B B B B B 3 B
PAFos PAF1s PAPys PAF;s

| I {>c
flag bits {>c
4 A\

PAF;s

parity bytes Primary AddressField
A
r hY

PAFss PAFss PAF:s PAFsgs

Y O Y

Address Field
AFos

AF;s
AFs
AF3s

AF4s
AFss
AFss
AF7s
AFsgs

Figure 31 — Composition of AUN’s, Primary Address Field and Address Field from PSN’s
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Status
Addres

Bit b7 4

Bit be
Frame

Bit bz t

13.9.2,

Each p

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
AF42 Sas 1 Sas Saup Sasp 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
AF45 Sa1 | Sau1 | Sawoe | Saiioe Rsv Rsv Rsv RsV
AFa4p Sain1 Saiz1 Saizo Saisp Rsv Rsv Rsv 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 Rsv 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 Sasie Rsv Rsv Rsv RsVv

Rsv: Reserved unless otherwise specified by the Application.

Figure 32 — Flag bits from 16 Address Fields

bits Sai; (0 <i< 31, 0<j<1): Because each Cluster contains 32 Data Frames and th{
s Units, each such Address Unit<has to hold the flag bits for 2 Data Frames (see Figure 3

bre are only 16
2).

nd bit bs of successive flag-bytes AF4 s are defined as status bits Sazs1 and Sags for Dafa Frame 2S.

hnd bit b, of the successive flag bytes AFss are defined as status bits Sazs+11 and Sags+1,0 for Data

2S+1.

5 Usage’of status bits Saij

b bit bo of allflag'bytes AF.s are Reserved unless otherwise specified by the Application.

airof status bits Saii/Saip is used to indicate the status of an individual Data Frame in

a Cluster. The

followir

Sai/Saip =
Saii/Saip =

g Settings are defnea.

other : Reserved unless otherwise specified by the Application.

recording them onto the disk,

00: the Data Frame contains general User Data,
11: the Data Frame contains Padding data inserted by the drive to complete Clusters 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.
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13.9.3 User 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).

13.9.4 Byte/B

The User Cont
bytes shall be

54

«— 32 Units N
0 1 S 31
0 UCoo UCo.1 UCo,s UCo31
UCip UCi1 . UC131
18 bytes : : :
N UC170 UC171 UCi7s UC1731

Figure 33 — 32 User-Control-Data Units

t assignments for User Control Data

rol Data bytes are Application dependent. If this setting is not specified by the Application these
Set to 00h.
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«— 24 columns -
T AFo,0 AF10 ARo0 AFo7 AF17 AF27 AFos AF16 AF26 AFos AFo.1 AF11 AF21 T
6 rows AF(),s AF1,8 AF2,8 AF0115 . . AF0,14 . . AF0,13 AFoyg AF1,9 AFz,g
with AF41 AFs 1 AHz 1 AFa0 AFs AF3o AF. 7 AFs 7 AF; 7 AF.6 AF4> AFs, AF3,
Physical AF49 . ! AF,g AFsg AF3g AF415 . . AF4 14 AF410 AFs 10 AF310
Addresses Angz AFe,z AF7,2 AFg,l AFe,l AF7,1 AFs,o AFs,o AF7,0 AFgJ AFg,g AF6,3 AF7,3
J AFs 10 : ) AFgg : : AFgg AFes AF7s AFg g AFsg 11 AFe 11 AF711
0 UCo, UCe,1 UCho,» UCo.4 : : : : : : UC12.30
UCh7,2 UC17.30 30
24 rows Udos UCo .31 rows
with : ] :
User UCi71 =
Control UCo> UCo.30
Data : : : .
UCi70 UCi74
UCo.1 UCos
N UCs 1 UC11 UCh7,3 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

first, third and fifth row, starting with address 0 and each successive address shifted ¢

direction in the clically
three positions|to the left (see Figure 34).
The three groyps of bytes of each of the addresses 8 to 15 are placed in a diagonal directionin the gecond,
fourth and sixth row, starting with address 8 and each successive address shifted cyclically-three positions to
the left.
Within each grpup of bytes in the third and fourth rows, the bytes are shifted cyclically to'the left over ope byte
position.
Within each gffoup of bytes in the fifth and sixth rows, the bytes are shifted: cyclically to the left over|2 byte
positions.
Mathematically, this mapping of the address bytes into the Access Black can be represented by the following
formulae:

byte AFxy ghall be allocated in: row r =2 x div(x,3) + div(y,8)

and column ¢ = 3 x mod{[div(X3) + 16 — y],8} + mod{[x — div(x,3)],3}

The User-Confrol-Data Unit is placed in the column direction, whereby each User-Control-Data Unit gnly fills
¥ of a column|(4 User-Control-Data Units in 3 full columns; see Figure 34).
13.11 BIS Bjock
The bytes in epch column of an Access Block are renumbered as shown in Figure 35 starting from the top of
each column gs follows: boc bic..%hi¢ .. to bagc, where C represents the code word number (= the folumn
number: 0 to 2j3).
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
b1,0 D11 bic D123
Information bn.c
+BIS bytes : : :
Code-word { b29,0 D29 1 b2o.c 29,23
= 62 bytes T pb 30,0 pb 30,1 pbsoc Pb 30,23
32 : : : :
Parity : : : :
byies pbe1o pbe11 pbe1c Pb 61,23
{

13.12

The BI

generatted by a primitive element a, where a is a root of the{primitive polynomial p(x):

p(

The sy
with (a

a

Each §
Reed-
represg
highes

correspond to the parity.part of the vector (pb soc .. etc.).

bis(x) i

F 00000010

BIS code-words

S RS code is defined over the finite field GF(28). Theion-zero elements of the finite f

Y=x8+xt+x3+x2+ 1

mbols of GF(28) are represented by bytes (groups of 8 bits), using the polynomial-base
, % a®, .., a? a, 1) as abasis. The rgot a is thus represented as:

BIS code-word, represented by the vector bis = (boc .. bic .. baoc pbzoc .. pbjc
bolomon code over GF(2%); having 32 parity bytes and 30 information bytes. Such a cod
bnted by a polynomialibis(x) of degree 61 (possibly having some coefficients equal to z4
degrees correspond to the information part of the vector (boc .. etc.) and the Iq

5 a multiple©f the generator polynomial g(x) of the BIS code-word. The generator polyno

Figure 35 — Renumbering data bytes and forming BIS/Block by adding pariti¢s

eld GF(2%) are

epresentation,

. pbal,c), is a
e word can be
ro), where the
west degrees

mial equals:

31 )
x):H(x—a')

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

Heis is given by:

heis2 = (a®, a® .. @?, a, 1)
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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 and Figure 38):

— Each row
row of the

— The even
into Units

— The 3-byt
whereby t

— The first 3
which is o

— row N
— row N
— row N

— etc, ¢
3, ..,

— Now, with
shifted, ro

—  For the od

pf a BIS Block is split into eight groups of 3 bytes. These 3-byte groups are each placed
BIS Cluster.

rows of the BIS Block are mapped into Units 0 to 7, the odd rows of the BIS Block are n
8 to 15.

b groups from an even row of the BIS Block are placed each in the same row of Units
ne Units are used in reverse order (according to their numbering).

ne higher than the start Unit used for the previous row:

= 0 of the BIS Block is placed on rows r = 0 of Units; 0,7,6,5,..,2,1
= 2 of the BIS Block is placed on rows r = 1 of Units: 1,0,7,6,..,3,2
= 4 of the BIS Block is placed on rows r = 2 @f Units: 2,1,0,7,..,4,3

his process is repeated cyclically until row N=60, which is placed on rows r = 30 of Units:
0, 7

n each Unit, each row r is shifted cyclically to the right by mod(r,3) positions: so row r =

d rows of the BIS Blogk the same kind of procedure is followed, but then using the Units

v r = 1 is shifted 1, row r =219 shifted 2, row r = 3 is not shifted, row r = 4 is shifted 1, etq.

in one

happed

Oto 7,

-byte group of each successive row of the BIS Block shall be-placed in a Unit with a pumber

61 5! 41

D is not

8 to 15.

58
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<« 3 —
columns
T ) Bo B1 B ) )
31 : : : |
{ Bgo Bo1 Boo |
T Bos Boa Bos |
\ |
|
|
|
| Ll
T T
496 | 16
rows 31 e Ir Units
rows | «——
)
T
31
J J B1 487 \2

Mathematically, the mapping of the bytes from«a.BIS Block into a BIS Cluster can be reprg

following formulae:

Figure 36 <~ BIS Cluster

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

— inUnit u = mod{[div(N,2) %8 — div(C,3)],8} + 8 x mod(N,2)

— onrow r = div(N,2)
— ingolumn e =mod{[C + diV(N,2)],3}

The byte number m, giving the sequence number Bm as the Physical Cluster is written to

Figure |22), is

m=(ux3L+r)x3+e.

sented by the

the disk (see
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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
Z 1423 14 21 14 22 1
16,1 16,2 16,0 2 start of Block row N = 16
30 60,18 60,19 60,20 0
1 0 0,21 0,22 0,23 0 end of Block row N = 0
1 2,2 2,0 2,1 1 start of Block row N =-2
2 4,4 4,5 4,3 2
3 6,6 6,7 6,8 0
2 0 0,18 0,19 0,20 0
1 2,23 2,21 2,22 1 end ‘of Block row N = 2
2 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 0.
1 2,20 2,18 2,19 1
2 4,22 4,23 4,21 2
3 6,0 6,1 6,2 0 start of Block row N = 6
4 0 0,12 0,13 0314 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 ’)’Q '711-‘\ '717 1 2 continuation of Black rauw 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

60
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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
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 1721 1722 1720 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 N = I
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 15 1 continuation of Block row N|= 1
3,8 3,6 377
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

Some ¢onclusions:

— A

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

information bytés;of a BIS Block are found in the first 15 rows of each Address Unit.
— All parity bytes.ofia BIS Block are found in the last 16 rows of each Address Unit.
— E4ch Address/Field is found in the first 3 rows of each Address Unit (see Figure 39).
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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]l « ol ol o le o« o
) AFo, AF10 AF20
AF30 AF70 AF50
AFgo AF70 AFsgo Addresp
UCuyv : : Unit 0
AFo1 AF11 AF21
496 AF31 AF41 AFs1
rows AFg1 AF71 AFg 1 Addresp
UCxy : y Unit 1
\2

Figure 39 — ECC Cluster after multiplexing of BIS Cluster with LDC Cluster
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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-
significant bits of the bytes handled first.

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

Next, €

13.16

The 49

13.17

155 bytes

\

A

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

U

Figure’40 — Composition of Recording Frame

ach group of 45 data bits is completed with 1 additional bit position to form a dc-control B

Physical Cluster

6 rows frem(an ECC Cluster, transformed into Recording Frames are called a Physical G

17RP Modulation for Recordable data

13.17.1 General

< 1 240 bits >
25 45 45 45 45
bits bits bits | bits bits
Framei data dc data dc data
Sync control contro cgntrol
20 ' 25 1 45 I 45
dc-control block #0 dc-control block#1 dc-control block #2..26  dc-control block[#27
46 bits - 46.bits ~ o5x46bits 46 bits R
1 288 bits

lock.

luster.

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).
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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 Channel-bit stream (see 13.18), and subsequently recorded onto the disk.

Data bits Modulation bits

00 00 00 00 010 100 100 100

00 00 10 00 000 100 100 100

00 00 00 010 100 000

00 0001 010 100 100

00 00 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 . -
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
Figure 41 — 17PP modulation code conversion table

13.17.3 dc-cpntrol ptocedure
Because a ONE/in-the Modulation-bit stream means a transition in the recorded signal, the polarity|of this
signal can be |nverted if an odd number of ONE s is added to the Modulation-bit stream in a controllgd way.

Because of the parity-preserve property of the 17PP modulation code, this is possible just by inserting
additional bits into the data-bit stream and setting these to ONE if an inversion is needed.

In this way, the accumulated DSV of the recorded signal shall be minimized 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
the recorded signal. Before recording onto the disk the Frame-Sync codes are converted to an NRZI Channel-
bit stream (see 13.18).

Becaug

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-Sync codes

e seven different Frame Syncs are insufficient to~identify 31 Recording Frames, §

ach Frame is

identified by the combination of its own Frame Sync and4he/Frame Sync of one of the preceding Recording
Frames. The mapping of these combinations can be made such that, even with missing Fram¢ Syncs in 1, 2
or 3 preceding Frames, a Recording Frame can still be-identified by its own Frame Sync and the last present
Frame|Sync (see Figure 43).
Re¢. Framen—-4 | Rec. Framen-3 _Ji' Rec. Framen-2 | Rec.Framen-1 | Rec. Framen
Recofding Frame n can be identified from the Frame Sync IDs of:

i

Recording Frame n + Recording Frame n-1
Recording Frame n + Recording Frame n—2
Recording Frame n + Recording 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.

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 FES4
15 FS3 30 ES2

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

13.18 Modujation and NRZI conversion

Before being récorded onto the disk, data bits are converted to_ Modulation bits, which in turn are converted to
NRZI Channel|bits according to the following process (see Eigure 45):

dat modulation NRZI converted
. . Ex-OR :
bits bits NRZ Channel bits
» modulator > . —+ >
conversion

1T
T = 1 Channel clock period |  delay

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

Modulation-bit pattern: 0 1 0/0 1 0| 0 0 1|0 1 0| O

NRZ converted signal: |_|
NRZI converted signal:

Figure 45 — Modulation and NRZI conversion
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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 the Recordable Areas of the disk, a wobble cycle shall correspond to 69 Channel bits if the Channel-bit rate

is lock

932 Channel

bits (=

............

1 288 data bits), covers exactly 28 wobble cycles. This locked case is considered tob

e the nominal

situatign.
14.2 Recording-Unit Block (RUB)
14.2.1 (General
Each RUB consists of a Data Run-in of 2 760 cbs (nominally 40 wobble'\pefiods), a Physical Cluster of 496 x
1 932 |cbs (nominally 496 x 28 wobble periods) and a Data Run-eut/of 1 104 cbs (hominglly 16 wobble
periodg).
Run-in Physical Cluster | Ruf-out || Guard_3
<40 wbhs— [«496 x 28 wbs— <16 wbs— [«8 wbs—
Figure 46 — Layout of single*written Recording-Unit Block
Each gingle written RUB or each continuously, written sequence of RUB’s shall be terminated|by a Guard_3
field, ehsuring that no gaps (Unrecorded Areas) will ever occur between any 2 RUB’s.
Such g Guard_3 field shall consist of 540-cbs (nominally ~ 8 wobble periods).

Run-in Physical Cluster Run-out Run-in Physical Cluster | : | Physical Cluster Runtout | Guard_3
«40 wbp— | <496 X 28 whs= <16 wbhs— <40 wbs— [ <«496 x 28 wbs— | : | <496 x 28 whs— [«16 Wwhs—|«8 whs—
Figure™4¥— Layout of continuously written sequence of Recording-Unit Blocks
14.2.2 |Data Run-in
14.2.2. 4\ General

The Data Run-in consists of the following parts:
— 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).
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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 content re

These pattern
electronic circd

14.2.2.3 Aut

Automatic Po
chosen freely
in14.2.2.2.

The first 5 wovi

14.2.2.4 Con

The PrA field h

The content of

presented in Modulation bits is: 36 times repeated 01[0%]1[0*]1[0?]1[0?]1[0°]1[0%]

5 result in a repeated 5T/5T/3T/3T/7T/7T sequence, which is well-suited to)re-seftle the
its.

bmatic Power Control (APC)
bles of the Guard_1 field at the start of a recording sequence can¢be used for perfornming an

er-Control procedure. The Modulation-bit pattern to be used forsuch an APC procedure|can be
y the recorder manufacturer and is allowed to be different from-the repeated pattern as dlefined

tent of PrA fields
as a length of 1 680 Channel bits.

the PrA field shall be as shown in Figure 49:

01[e41[0*11[0%]1[0?]1[06]1

In general Syn
after the PrA is

This means th
The first bit of
control (# = ZH

52 tinjes repeated 214 1214 1B 15
Sync_1 Sync_2 01[0“]1[0~]1[O°]JL[O
<«——1|560 cbs ——— <30 chs» «—40chbs— | «30chs— «—20 chs——

Figure 49 — Layout of PrA field

c_1 shall be FS{mod[(N+4),7]} and Sync_2 shall be FS{{mod[(N+6),7]}, if the first Fram
FS(N) (N =0%6; see 13.17.4).

e Sync

at Sync. \1 shall be FS4 and Sync_2 shall be FS6 (the first Frame Sync after the PrA is
each-0f 'Sync_1, Sync_2 and the first Frame Sync after the PrA is allowed to be used
R©@,0r'ONE, see Figure 42).

FS0).
for dc-

14.2.3 Data Run-out

14.2.3.1 General

The Data Run-

Guard_2:

PoA (Post-amble):

out consists of the following parts:
564 Channel bits,

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 PdA field has a length of 564 Channel bits.

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

16 times fepeated

Sync_3 01[08]1[08] 1[08]1[08]1[08] 1[07] 01[0411[04] 1[02]1[02]1[06] 1[05]

< 30chs > | «———54cbs 480 cbs——— >

Figure 51 — Layout of Po@A field

In genéral Sync_3 shall be chosen such that it corresponds\to a Frame-number n+1 if the User Data before
the PoA ends with Frame number n (see 13.17.4).

This means that Sync_3 shall be FSO.
The firgt 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.

14.2.33 Content of Guard_2 fields
The Gdard_2 field has a length of 540 Channel bits.

The content represented in’Modulation bits is: 18 times repeated 01[0#]1[0%]1[02]1[0?]1[0®]1[0®]
14.2.4|Guard_3 field

14.2.41 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 exampple of 3 separately-written single Recording-Unit Blocks is given in Figure 53

Run-in Run-out
< > < >
Run-in Run-out Physical
G1 | PrA PoA| G2 | |63
< > < > ClUster
Run-in Run-out Physical
G1 | PrA PoA| G2 | G3
< > < > Cluster
Physical T
G1 | PrA PoA| G2 | G3 i
Cluster Link
) 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 Locating data relative to wobble addressés

The nominal si
the locations o
first Data_x Un
The accuracy f

As a conseque

or determining the start positions shall be better than + 34 cbs.

nce, the length of the Overwritten Area shall be between 7 and 9 wobble lengths.

art positions for recordings (and single RUB’s), as continuous sequences of several RUB'’s, are
f the middle of the wobble in.NWL 25 in the Reference Unit between the Sync_3 Unit and the
it of the ADIP words with a.RAA of which bits AA1,AA0 = 00 (see 15.7).
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15 Track Format

15.1 General

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

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

15.2 Track shape

The Zgne between radius r1 = 21,0 mm and radius r3 = 22,2 mm is reserved to be used for[the BCA (see
Clause 35). In this Zone there shall be Tracks formed by a single spiral Groove, whose inner. eflge shall be at

the radjus = 21,0 35 mm.

On Layer LO, the transition from a Straight Groove to an HFM Groove between the BCA|Zone and the
Embogsed HFM Area shall occur between radius r, = 22,0 mm and radius rz (see Figure 54). Af this transition,
the spifal Groove shall be uninterrupted.

The Gloove Tracks in the BCA Zone shall be Straight Grooves (without)any modulation) betwg¢en a radius of
21 mm| and the inner edge of the HFM Groove on Layer LO or the inrer edge of the Wobbled Grooves on the
other Llayers (see Clause 18).

Inner Zone n . Data Zone n
! L
! . BCA | Embossed HFM | Recordable Area
! ) Area L
Layen LO i | ) .
_ Btraight Groove  HFM Groove Wobbled Groove tracking
///L—ﬁ I direction
/ . > =
Vi I I3 =
/ : @
Layen L1 | — o]
——— L U U T N N A & S
Straight Groove Wobbled Groove tracking o =
: N —— <« <« ) 5
. X direction ) =
: 7
! = 5
| 3
Layer L2 : U A o
| . - )
Straight Groove trackin @
| g Wobbled Groove acd g =
i g direction
i
Layer L3 | e WU e Ue U UaUe UaUe VaUaUa
Strai Wobbled Groove trackin -
IStraight Groove RIC g
! 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
centrelines of the Wobbled Grooves. This sinusoidal deviation is modulated by replacing some of its cycles
with different signal patterns at certain locations.

The wobble c4
the modulated
shape of each

NOTE Alth
acronym of "Ad
"Groove" in this

At the connec
uninterrupted.
a Groove-only
Track.

Groove geom
On each layer,

For On-Groovsg
disk than the L

n be used for speed control of the disk and synchronization of the write clock of the\dri
parts represent addressing information called Address in Pre-Groove or ADIP (see)15.
Track is determined by the requirements specified in Clause 27.

bugh the term of "Pre-Groove" is not defined in this International Standard, "ADIP* is widely use)
dress In Pre-Groove" in optical disk standards. The meaning of "Pre-Groove" s the same as
nternational Standards.

ion between the Embossed HFM Area and the Recordable Afea, the spiral Groove g
Between the HFM Groove and the Wobbled Groove with ADIP-information, it is allowed
part (without any modulation) for maximum 1 mm length ‘in the tangential direction alg

ptry
only On-Groove recording is allowed in this Interpational Standard (see Clause 7).

b recording a geometry is used where the Grooves are nearer to the Entrance surface
ands. The outline of the Groove geometry is presented in Figure 55.

Land

Substrate

Transmission Stack

read-out
beam

e, and
7). The

d as an
that of

hall be
o form
ng the

of the

“On -Groove recording ”

Figure 55 — Outline of Groove geometry
(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 when 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 when 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 prea between radius r; and radius rs; the Track Pitch has to transition from 2,0 ym to (,35 uym of the
Embogsed HFM Area on Layer LO and to 0,32 um of the Wobbled Grooves Area on©ther Layers.

15.4.2 |Track Pitch in Embossed HFM Area

The Trpack Pitch in Embossed HFM Area is the distance between the average centrelines of the HFM Groove
in adjagent 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 shallhe (0,350 + 0,003) um.
15.4.3|Track Pitch in Recordable Areas

The Track Pitch (TP) in Recordable Areas is the distance between the average centrelines df the Wobbled
Groovg in adjacent Tacks, measured in radial direction.

The Track Pitch in these areas shall be (6,320 + 0,010) um.
The Track Pitch averaged over Recordable Areas shall be (0,320 + 0,003) um.
15.4.4|Track Pitch between.Embossed HFM Area and Recordable Area

The change in Track Pitch from 0,35 ym to 0,32 um (on Layer LO) shall be realized within [maximum 100
Tracks|(revolutions), Which Tracks shall be located completely in Protection-Zone 2 (see Figure(85).

15.5 Track layeut of HFM Groove

15.5.1 |Genperal

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 Data F

15.5.2.1 Dat

Each Data Fral

15.5.2.2 Scr

Each Data Fra
scrambler AUN

15.5.2.3 Dat

Each 2 Scram
indicated in Fig

15.5.2.4 LDC

Next, 32 rows
with the differe
248 rows x 19

Sync
1 byte 10 bytes 1 byte 9 bytes
0 Do Do Bo Do ....... Dis )
Dig ..... Dosg B1 Dog vevvennnn. .
data stream 216 data
248 rows :
on disk :
|
T
32 parities
N B247 oo Da711 N

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

Dbrmat

h Frame

hmbled Data Frame

me with its EDC is scrambled according:the procedure described in 13.4. For the prese
15 .. AUN; (see 15.5.3.2 and 13.9.2.2)shall be used instead of PSig .. PSs.

h Block

pled Data Frames are mapped into an array of 216 rows x 19 columns as described in 11
ure 26 (only columns 0..18).

Block

Wwith Error-Correction Parities are added according to the procedure described in 13.5 an
nce being-that there are only 19 columns (L = 0..18). The result of this processing is a m
columns.

15.5.25 Inte

e is extended with a 4-byte Error-Detection Code((EBDC) as described in 13.2 and 13.3|

[ of the

8.5 and

d 13.6,
atrix of

Fleaving

The interleaving procedure 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 left side are re-entered in the array from the right side (see Figure 57).
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«— 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 P247,18 \}

Figure 57 — Interleaving of PIC LDC Block

After this process the bytes are renumbered in the horizontal direction through all the rows fesulting in the

numbefing Do to D4 711 as indicated in Figure 56.

15.5.3|Addressing and Control Data

15.5.31 General

Unlike the format in Recordable Areas of the disk, a BIS\Block is composed of 4 BIS code-words and filled up
with 8 hddresses of 9 bytes each in 18 rows and 2 User-Control-Data Units of 24 bytes each ih 12 rows (see

Figure [58).
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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 AF27
6 AF33 AF3> AF31 AF3p
7 AF37 AF3s AF3s AF34
8 AFao0 : . AFa1 T8 Tows
9 AFa4 : : addresses
10 AFs1 AFs
11 AF5,5 . .
1B|S 12 AFs 2 AFs1 AFso
code-yvord 13 AFs s : : :
=62 hytes 14 AF73 : AF74 AF7q
15 AF77 : : :
16 AFsyo . . Angl
17 AFg4 AFg 7 AFsgge AFsgs N
18 UCo, UCi20 UCo.1 UCi21 0
19 UCa1,0 UCi3p UCrq UCis 12 rows
: : : : : User Control
28 UCi0,0 UC220 UCi01 UC221 Data
29 UCi10 UC230 UC111 UCo231 N
30 pb 30,0 pb 56,1 pb 30,2 pbs03 0
31 pb a1 pb’a1 1 pbs12 pb i3 32 rows
: : : : : parities
d 61 pbe1o pbe11 pb 61,2 pbe13 {
code-word O | code word 1 | code word 2 | code word 3 |
Figure 58 — PIC BIS Block
15.5.3.2 Address Figlds

Comparable tg

thie ‘Recordable Areas of the disk, where each 1/16 of a 64K Cluster (= 4K bytes) is id

by one Addre

is-binit Number (see 139 2 and subclause) each 4K PIC Cluster shall he identified

entified

by one

Address-Unit Number. These Address-Unit Numbers shall increase by two for each successive 4K PIC

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.
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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
AFs s = all bits inversion in PAFs s
AFg s = all bits inversion in PAFs s
AR7s=PAF7s
ARss = 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 afcording to the
definitions given in 13.9.2.

The 8 @ddresses are mapped into the PIC BIS Block in a special pre-interleavedway.

The bytes of addresses 0 to 3 are placed in a diagonal direction in the even-humbered rows, starting with byte
0 of address 0 in row 0, column 0 and each successive address being_shifted cyclically one nore position to
the left|(see Figure 58).

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

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

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

and in columns &= mod[(x + 8 — y),4]

15.5.3.8 User Control Data

There gre 2 User-Control-Rata Units, each consisting of 24 bytes. Bytes 0 to 11 of the first Usgr-Control-Data
Unit shall be placed in column 0, rows 18 to 29 of the PIC BIS Block and bytes 12 to 23 in colymn 1, rows 18
to 29. |n the same way.bytes 0 to 11 of the second User-Control-Data Unit shall be placed in[ column 2 and
bytes 12 to 23 in column 3 (see Figure 58).

All bytgs of botfi-dser-Control-Data Units shall be Reserved.

15.5.3. 4\ BIS code-words

The PIC BIS Block is completed by adding 32 rows with parity bytes (see Figure 58) according 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).

© ISO/IEC 2015 — All rights reserved 77


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

ISO/IEC 30191:2015(E)

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 vice 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 34 bytes,
where each 3l-byte group is composed of 9 address bytes, 6 UC data bytes, and 16 parity bytes in
succession. The address bytes, due to the pre-interleaving, appear in the correct order for direct .access.
BIS Block BIS Cluster
i c=0 1 2 3 < 1 byte >
=0 0 93 62 31 Bo 0
1 124 217 186 155 4
2 32 1 94 63
3 156 125 218 187
4 33 2 95 :
5 157 126 219 o Bi
6 34 3 :
7 158 127
8 4 35
9 128 159
10 5 :
11 129 Bi23 248
12 6 Bi24 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 Bouz )

Figure 59 — Reading order for constructing PIC BIS Cluster
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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.

15.5.4.2 Modulation

The 1

a transjtion at the start and in the middle of the bit cell (see example in Figure 60).

The mpdulation bits are recorded on the disk by a deviation of the Groove from its averagg
indicated in Figure 60. The length of each bit cell shall be 36T, where T-corresponds to t

Channel bit in the Recordable Areas.

example of data bit stream

15.5.483 Frame Sync

Each Recording Frame starts with*a Synchronization pattern equivalent to 8 data bits. The
replacqd by 4 bit cells with a special pattern that violates the normal Biphase encoding rules

two posgsible patterns depending on the initial phase).

Sync pattern

0 1 0 1 1
average \ 'Q - /
Gro0Ve- - [ --QQ-—- T
centre

\ N/ /
R e D —
36T 36T

Figure 60 — Biphase modulated HFM Groove

8 bits of each PIC Recording Frame, except some of the bits of the Synchronizatig
converted into modulation bits by applying a Biphase modulation method. In this modulation.me
value 4ERO is represented by a transition at the start of the bit cell and a bit with value ONE is

\

n pattern, are
pthod a bit with
epresented by

centreline as
ne length of a

first 4 bits are
see Figure 61:

data| _ Sync body o< Sync identification . |data
~ - - - 1Dy ID, ID, Parity
1 1 0 0 1 0 0 1 1 X 1 1 X 1 X 1
1 1 0 0 1 0 0 1 1 X 1 1 X 1 X 1

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 ID2

[y

Parity

FSO

0

FS1

FS2

FS3

FS4

FS5

PP PO |0O|0|O

FS6

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

OO |O(Rr|F

Figure 62 — Sync identification

By means of
Recording Frg
15.5.3.5).

The 31 succe
patterns (see g

The other Syn

b patterns are mapped as specified in Figure 63.

he PIC BIS column, the 248 rows of a PIC Cluster can be divided into eight groupd
mes, where each group of Recording Frames carries an address in its first|9” row

5sive Recording Frames of each such group are identified by a special sequence 0
Iso 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 FSS 24 FS1
10 £ES4 25 FS6
11 FS3 26 FS2
12 FS4 27 FS6
13 FS6 28 FS4
14 FS6 29 FS4
15 FS3 30 FS2

15.6 Track ITyout of Wobbled Grooves

Figure 63 — Mapping of Sync patterns on PIC Recording Frames

5 of 31
s (see

f Sync

15.6.1 General

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

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

(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),
— the second modulation method is “HMW?” (Harmonic-Modulated Wave).
In the Protection-Zone 3 Area-in the Quter 7nnn(e) (cnn Clause 16 and 202 1n) the _Groove shall be

modulgted by MSK-cos only and NOT by HMW.

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

15.6.2 MSK-cos modulation

MSK-cps modulation is applied by replacing three consecutive Monotone Wabbles by one M$K Mark (MM).
An MSK Mark consists of three nominal wobble lengths NWL with the fallowing wobble patterjs as indicated
in Figufe 64:

— thI first NWL starts the MSK Mark with a cosine wobble with afrequency = 1,5 x fyop,

— th¢ second NWL continues the MSK Mark with a cosine wobble with a frequency = fwob,
— the third NWL terminates the MSK Mark with a cosine \iobble with a frequency = 1,5 x fyob
wobble:
—COS(211 X fwob X t)
f
\?\fgtr)tbcl)es wobble: wobble:
+cos[2 x (1,5 xfwob) X t] | —cos[2m X (1,5 X fwob) X t]
inher side
ofldisk < >« >| < >

i \

v
oyter side |[¢€S=_—>|€——>|< ] B — b e E—

ol 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 Fig

ure 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]
inner side < ONE "1 "TONE <ZERO Y| [YZERO
of disk

outer sid
of disk

15.6.3 Wobbl

When Push-PUll polarity (see 26.1) is negative, then the Wobble{Groove shall start its first wobble dg

towards the ou

When Push-P
towards inner

15.7 ADIP in

15.7.1 Gener3

Data to be req
from ADIP sy
Recording Fra

D
<
e
~
.
<
<
J
<
-
J
<
<

\ KK
WALVARVARY W

< > 4 4 < > 4 4 <

WWobbles I SawTooth Wobbles

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

N

Figure 65 — Definition of Saw-Tooth Wobbles (OnzGroove)
b polarity

ter side of the disk.

Ill polarity (see 26.1) is positive, then the Wobble Groove shall start its first wobble de
Side of the disk.

formation

1l

mes (see 13.15),-Each group of such 56 NWLs is called an ADIP Unit (see Figure 66).

viation

viation

orded onto the disk must be aligned with the ADIP addresses. The ADIP address is (lerived
nbols modulated in<thé wobble, refer to Figure 70. Therefore 56 NWLs shall correspond to 2

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

82

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):

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

Re
Sy
Sy
Sy
Sy
D4

The 4
value (

M
Rg
Sy
Sy
Sy
Sy
Do
Do

15.7.3

nc_0 Unit:
nc_1 Unit:
nc_2 Unit:
nc_3 Unit:
ta_x Unit:
Data_1 Unit:
Data_0 Unit:

Sync Units are used for synchronization purposes while the Data 1 Unit is used to re
DNE, and the Data_0 Unit is used to represent the bit value ZERO.

NWL
notone Unit
ference Unit
hc_0 Unit
hc_1 Unit
nc_2 Unit
nc_3 Unit
ta_0 Unit
ta_1 Unit

ference 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\an
consisting of one MM followed by 15 MWs, one MM, 7 MWs, one MM an
consisting of one MM followed by 17 MWs, one MM, 7 MWSs, one MM an
consisting of one MM followed by 19 MWSs, one MM, 7 MWs, she MM an
with x representing one or zero:

consisting of one MM followed by 9 MWs, one MM, 3 MWSs, 37 STWSs an
consisting of one MM followed by 11 MWs, one MM,.0neé MWs, 37 STW

l 27 MWs,
] 25 MWs,
] 23 MW,
] 21 MWs,

d one MW,
and one MW.

ADIP word'structure

present the bit

0..3.. 18 . .55
[ EEEEEEEEEEEEEEEEEEEEEEOIAEEEEEEEEEEEEEEEEEEEENIEEEEEE
[ EEEEEEEEEEEEEEENVNHNIN NI NN NN NNV N NN NNV NN NNV VNN NN
-IIIIIIII|III1IIII-IIIIIIIIIIIIIIIIIIIIIIIII |
[ HEEEEEEEEEEEEEE EEEEEE SEEEEEEEEEEEEEEEEEIEEEEEE
[ EEEEESESSEEEEEEDNS HSESEEEE EEEEEEEEEEEEEEEEIEEEEEE
[ EEEEEEEEEEEEECSNESEEE SEEEEEE EEEEEEEEEEEEEEIEEEEEE
I T T T T T T - NRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRNKRRRRN[]
N T T T T TN T (NAANANAANAAAAAAAAAAANAANAAAAAAAAAAANAAAAA]
B \ISK Mark
O Monbtene Wobble
N_SawTooth Wobble representing ZERO [/SawTooth Wobble representing ONE
Figure 67 — ADIP-Unit Types
83 ADIP Wnits are grouped into one ADIP word. This means that 3 ADIP words correspond tp 3 x 83 x 2 =
498 Rgcording Frames, which is equivalent to one Recording-Unit Block (RUB) (see 14.2).
Each ADIP word shall be constructed as indicated in Figure 68.
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

S) Sync_2

6 Monatone e

7 Sync_3

8 Reference

9 Data_x bs

10 Data_x b2

11 Data_x by >

12 Data_x bo

13 Reference

14 Data_x b3

15 Data_x b2

16 Data_x ™ “

17 Data_x bo

18 Reference
8+ix5 Reference
9+ix5 Data_x b3
10+ix5 Data_x b
11+ix5 Data_x by ¢
12+ix5 Data_x bo

78 Reference

79 Data_x b3

80 Data_x b2

81 Data_x by C1a

82 Datax 15

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 b2 b1 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 : : AXo !
Frgure 69—ADP=-mformatiomstructure

The nipbles no to ng are transcoded to nibbles co to c14 by an error correction system(see 15/7.5). Because
this erfor-correction system is non-systematic, there is no simple direct relationship, between [the bits in the
information array and the coded bits in the ADIP Unit.

15.7.4p ADIP-information bit assignments
The infprmation contained in the ADIP data bits shall be as follows:

— A$23..AS0: These 24 hits shall contain the Physical ADIP Symbol (PAS). AS23 shall bge the msb and
A$0 shall be the Isb. These symbols are converted from the Physical ADIP Address (PAA) jas follows:

setto sequeftial number setto
. A —00,01,10
MSB Ls8™ | |
Physital ADIP Address Aalala A A A A AR
2|2]2|2 il 1 8 7 2|1]0
3|2|1]0 6 5
T MITT TTITITITITITOIT T IMMITITITITITITT
\\\\ 1] 11 Hepeprprpapagi Heprprprprpat
Physical ADIP Symbol YV VYV VYN AT 217 ¥ IV IV VIV VYN
aelslsl | | 18l I8 a s sl8ls
If AR22 is equal to AA21, then 21212]2 1 1 8 7 2]1{0
812[1[0 6 5
R R
EEEEEE S L1111 settoll
YVVY YYVYVY YYVYVYVYVYVY YYVYYVYYVY
ATATATA A A A A AJATA
If AR22 is not equal tg AA21, then g % % g ? % g ? % ? 8
K 3|2l1l0 6 5
Figure 70 — Relation between PAA and PAS
Layer Structure LO L1 L2
Y Inner Outer { Outer Inner i Inner Outer
PAA=0 20 00 00h PAA=0AO 00 00h
PAA=0 5F FF FEh i
[AA22,AA21] in Physical [0,0] W y [0,0] m
4 7 .
[0.1] w [L1] [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 Address (PAA)

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] "

Figure 72 — Combination of AA22 and AA21 for QL disk

AAO shall be the Isb. This address shall consist of three parts (see Figure 71 and Figure 72 ):

on Lal

3 con

AA1,
corre

The first addrg
which is PAA (

The last addre
The first addre

The last addre
The first addre

The last addre
The first addre

The last addre

AX11..AX

In the)

In the

>

—

AA24
yer LO, Layer L1, Layer L2 and Layer L3, respectively. All other settings shall be Reservg

AA21..
secutive ADIP words (synchronized to the RUB’s, see 14.2).

\AO:
sponding to one RUB. The setting 11 shall not be used.

ese Its shall Indicate the layer numper and shall be set 10:

AA2: These 20 bits shall contain a sequential number, which shall increase by one aft
These 2 bits shall be set to 00, 01 and 10 consecutively in 3.successive ADIP]

ss in the Information Zone on Layer LO shall be such that the\first address in the Data
02 00 00h, is located at radius 24,053 mm.

5s of the Data Zone on Layer LO (LAA) shall be located'dt a radius < 58,1 mm.
55 of the Data Zone on Layer L1 (FAA) shall be located’at a radius < 58,1 mm.

5s of the Data Zone on Layer L1 (0 7D FF FEh) shall be located at radius 2409 01 mm.

5s of the Data Zone on Layer L2 (0 82 00 00h),shall be located at radius 24,0%’1 mm.

5s of the Data Zone on Layer L2 (LAA + 0 80 00 00h) shall be located at a radius < 58,1
5s of the Data Zone on Layer L3 (FAA-0 80 00 00h) shall be located at a radius <58,1

5s of the Data Zone on Layer L3 (0 D FF FEh) shall be located at radius 240°% 01 mm.

D: These 12 bits contain auXiliary information about the disk.
Data Zone(s) and the Outer Zone(s) of the disk the auxiliary bits shall be set to ZERO.
Inner Zone(s) ofthe' disk the auxiliary bits shall be used as follows:

X11..AXO0 from 96 consecutive ADIP words (equivalent to 32 RUB’s), shall form one AD
rame with"144 bytes.

he’first bits of each ADIP Aux Frame shall be located in an ADIP word with a PAA th

=

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

d 011
d.
er each

words

Zone,

mm.
mm.

IP Aux

atis a

pultiple of 128 (PAA = X XXXX XXXX XXXX XxxX X000 0000).

The content of the 144 bytes are defined in 15.8.

15.7.4.3 Relation between Physical ADIP Addresses on 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 Figure 73

86

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,AA0 = 00,01,10
PAA, on Layer LO AA24 .. AA22 = 000 AA21 .. AA2 from inner to outer
- — AA1,AA0 = 00,01,10
PAA; on Layer L1 AA24 .. AA22 = 001 AA21 .. AA2 from outer 1o inner
PAA,on Layer L2 | AA24 .. AA22 =010 AADL . AAD AALAAD = ?,Ofult’elro
B — — AA1,AAQ'= 00,01,10
PAAz on Layer L3 AA24 .. AA22 =011 AA21 .. AA2 from-outer td inner
Flgure 73 — Relation between Physical ADIP Addresses on Layers fromiLayer LO to|Layer L3
Layer LO First address Last address
002 00 00h ..... PAA, | v L LAA
Inner Zone I I I Outer Zpne
Layer L1 Last address First address
07D FF FEh ..... PAA, | L FAA
Inner Zone I I I Outer Zpne
Layer L2 First address Last address
0:82 00 O0Oh ..... PAA2 | ... LAA + 0 80 00 00h
Inner Zone I I I Outer Zpne
Layeric3 Last address First address
QFD FF FFh PAA; EAA + 080 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

0 7D FF FEh=

last address of Data Zone 1 can be derived as follows:
0 02 00 00h+1 80 00 01 h ,and the first address of Data Zone 1 is:

FAA=LAA+1

PAA; are obtai

PAA; are obtai

15.7.5 ADIP e

The non-zero
the primitive pq

p(x) = X1

The symbols
representation

a = 0010.

The code word,

to ng with the f

C(x) =

where g

Q

and g®(
g(
O

14 7

B - .

P oot :Z:ni xg®(x)+ng x g, (x)
=0

80 00 01h

ned by adding 0 80 00 00h to PAAG..

ned by adding 0 80 00 00h to PAA;.

rror correction

lements of the finite field GF(2*) are generated by a primitive element a, where a is a
Dlynomial p(x):

+x+ 1.

of GF(2*) are represented by nibbles (groups of 4 bits);\\Using the polynomi
with (a®, @2, a, 1) as a basis. The root a is thus represented &s:

represented by the vector (co C1 .. C13 C14), can béscalculated from the information sym
bllowing formula:

i=0

(x) is the parent generator polynemial:

13 _
,(x):H(x—a'),
i=0

) is a specific génerator polynomial for each symbol ni (i =0 .. 7).
)(x) is derived\from the parent generator polynomial gy(x) by removing one of the zero
(x) and nermalizing the result such that g®(z) = 1. The zero z; to be removed is given by

Zi :ai+6.

defined

Culated

root of

nl-base

bols no

es zi of

ne.generator polynomials are then calculated as follows:

where g®(x) =222
X

5(x)
B
gp(X)

g0 =22

and B =g"(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.
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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 gp(x). The following table

gives the corresponding zero factor for each information symbol (note that ne does not have a corresponding
ZERO){seetFigure—5):

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

Figure 75 — Corrésponding zero factor for each information symbol

If an |nformation symbol is known and its corresponding zero extends the existing sefies of zeroes
corresponding to (x — a®)~ X —a®) .. , the Hamming distance will increase. For instance if nd is known, the
Hamm|ng distance willlbecome d = 8. If both ng and n; are known, the Hamming distance will|become d = 9
etc.

In othgr words{_prior knowledge of information symbols can increase the Hamming distance of the code.
Becauge the-‘addresses in the ADIP increase linearly, such prior knowledge is present.

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

15.8 Disk Information 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

14h AX11 AX10 AX9 AX8 AX7 AX6 AX5 AX4
word 95 | word 95 | word 95 | word 95 | word 95 | word 95 | word 95 | word 95

14b AX3 AX2 AX1 AXO AX11 AX10 AX9 AX8
word 95 | word 95 | word 95 | word 95 | word 96 | word 96 | word 96 | Word 96

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

15.8.2 Error g

The DI Aux Fr
such a Long-D
to complete th
the dummy byj
P247.L represen

Figure 76 — ADIP Aux Frame byte ordering

&

rotection for Disk Information Aux Frames

hmes are protected by a Long Distance RS Error-Corréction Code according to 13.7. B

es (all set to FFh), bytes ejoaL .. €215 representithe Disk-Information bytes, and bytes
| the Parity bytes.

DF Block

pcause

istance Code is built up from 248 bytes, 104 dummy;bytes (not recorded on the disk) areg added
b Long-Distance DI Aux Frame Code words (see.kigure 77). Bytes eoL .. €103 in 13.7 represent
PoisL -

S

DI A

X Frame
N-1

DI Aux Frame

0

DI Aux _Frame

b

DI Aux Frame
0

DI Aux Frame
N-1

104

dummy bytes:

—

bytes addedsto'each DI Aux Frame

1 DI Aux Frame from dsk:
96 ADIP words x 12 bits = 144 bytes

FFh

Disk-Information Unit (112 bytes) Parity

S

<— 32 —>

216

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 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 Figure 91 for Layer L3 layout of a QL disk), the auxiliary bits can be set to
ZERO or can contain DI Aux Frames (such that the sequence is contiguous with a DI Aux Frame 0 at the
addresses specified above).

The 112 Disk-Information bytes in each DI Aux Frame are called a Disk-Information (DI) \Unif. Each DI Unit
shall start with 8 bytes, forming the Unit header (see 15.8.3.2).

DI Units can contain different sets of parameters, such as different write strategies’y To distinguish DI Units
that halve 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-pufpose. With this Qyte, 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 Uit/ such a set shall be stofed in multiple
conseqdutive DI Units, in which case bit b; of byte 6 indicates that the next DI Unit in the pequence is a
continyation of the actual one.

Usage [of DI Units for write strategies are given in 15.8.3.6

In futute 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 dan still be used if appropriate, and in that way backwards compatibility with existing [drives can be
facilitaed. Each drive should check all DI &ux Frames present on the disk and, based on [the DI-Format
Numbgr (byte 2) and the indicated Recording Velocity (bytes 28 to 29), only use the ones that |t is supporting
(see also0 15.8.3.6).

15.8.3. General definitions for.Dl*'Unit

Each DI Unit shall consist of a header, a body and a footer as depicted in Figure 78.

Number
Bytelnumber Content of bytes
Oto1l Disk-Information identifier 2
2 DI-Format Number 1
3 Number of DI Aux Frames _in ea(_:h DI BI(_)ck (5_bits) _ 1
Number of the Layer to which this DI Unit applies (3 bits)
HCC{UIUI “ RUDUIVUUI 1
5 DI-Unit sequence number in DI Block 1
6 Continuation flag (1 pit) o _ _ 1
Number of DI bytes in use in this DI Unit (7 bits)
7 Reserved 1
Body 810 99 DI-Unit content 92
100to 105 |Disk-Manufacturer ID 6
106 to 108 |Media-Type ID 3
Footer -
109to 110 |Time stamp 2
111 Product Revision number 1

Figure 78 — General DI-Unit format
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Bytes O to 1:

Byte 2:

Disk-Information identifier
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.

For disks without BCA code the msb of this byte shall be set to ONE.

NOTE

In future this Int¢rnational Standard may be extended to allow for new features, such as instance higher, recording

or higher data

possible, a Clasg number and a Version number have been introduced.

The Class number will be incremented if a BD Layer according to the new specifications should not be accessed b
drives at all, neither for reading nor for writing (e.g. to prevent possible damage to the disk.6rto the drive).

If the read com

The Version nu
update is neede
break. Although
previously defing

As a consequen
drive. In such (
needed to set t
should accept th

By using the ClI
maximized whilg

Each Layer Typ
an indication for

Byte 3:

Bits b7 to bq:

Bits b to bq:

The|DI-Format Number only defines the content of the DI Unit and has no relation with the Class num
the Version numpber as defined in byte 11.

nsities. To prevent backwards-compatibility problems of such newer disks with oldepdrives as n

tibility can be made to conform to an existing Class, no new Class number is needed.
ber will be incremented if the new specifications imply an extefsion/change for which no Class

d (read compatibility is maintained), but for which new spécifications will result in a write-com
such a BD Layer is carrying a higher Version number; it still could contain a DI Unit accordi

ases the recording parameters (such as e.g:nrecording speed, recording power, timing requir
he related write strategy can be checked and‘if these are within the capabilities of the drive, t
e disk for recording.

Sss number and the Version numbercas described above, backwards compatibility of future disks
still preventing possible damage, to disks and drives.

b (defined by bytes 8 to 10) has'its own independent DI Format numbering. The DI-Format Numbe)
the write strategy type, which is specified in the DI Unit.

Number of DLLAux Frames in each DI Block / Number of the Layer to which
Unit applies

These 5 bits shall specify the number of DI Aux Frames N in each DI Block (1 <N <

These 3 bits shall specify the number of the Recording Layer to which the specifical

bd DI Format, if this layer can be recorded according to.thé write strategy as defined in such DI Unif.

Ce of this, drives should always check for the presence of a DI Unit with a DI-Format Number kI"IO\I;F‘I to the

ber and

speeds
huch as

legacy

number

hatibility
ng to a

ments)
e drive

can be

Iis also

this DI

31).

ions in

this DI Unit apply.

Byte 4:

Byte 5:

92

Reserved
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 | ayer number Write strategy
0 0 preferred WS
1 alternative W$
1 preferred WS
k-1 v alternative W$
k _ preferred WS
: ' alternative W$
: 1 preferred WS
2k-1 alternative W$
2k 0 most preferred WS
Vo > V1
k=1 least preferred WS
V3 > Vo 0 :
N-1 etc: etc.

Figure’?9 — Example of DI-Block sequence
Byte 6 Continuatiop-flag / Number of DI bytes in use in this DI Unit

Bit b This bitspecifies whether the parameter set in this DI Unit is continued in tie next DI Unit
or if the next DI Unit is the start of a new set of parameters.

It-shall be set to:

ZERO if the next DI Unit is the start of a new set of parameters,

ONE if the parameter set in this DI Unit is continued in the next DI Unit (spe Figure 80).

Bits be to bo:  These 7 bits indicate the number of bytes in use in the actual DI Unit up to the last unused
(Reserved) bytes immediately preceding the footer (see e.g. Figure 81).
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Byte 7:

Bytes 8 to 99:

Bytes 100 to 105:

Byte 2 = ..
Byte 3=N/LO
Byte 5=n-1
Byte 6, bith; =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
Byte 2 = X
| Byte 3=N/L1 L X X
Byte 5 - n+1 CUTummuatiun ur aciual pClIaIIICLCI SC1
Byte 6, bit by =1
Parameter set Byte 2 = x
for Layer L1 _
spans 3 DI Units | oY 3=N A
P Byte 5 = n+2 :
! Byte 6, bit b7 =0 end of actual parameter set
|
|
\!
Byte 2 = .. start oftnext parameter set
Byte 3=N/L2
Byte 5 = n+3
Byte 6, bit by = ..
Figure 80 — Example of DI-Unit extension
Reserved
This byte shall be setto 00h.
DI-Unit content
These 92\bytes shall store the specific content of the DI Unit, such as e.g. genetal disk
parameters, read/write powers and write strategy parameters.
Disk-Manufacturer 1D

Bytes 106 to 108:

Tk £ + itk + foaf o Lo loast H + oot +la Hat I1
Frc Turnmat arnu tuic CUTTIITTIU UT UTICoT U UYyLlTo TCYUITT AayiTTITICTIU UTWWTTTT 1T miceTul ange

parties, else these bytes shall be set to all 00h.
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

94

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).

© ISO/IEC 2015 — All rights reserved


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

ISO/IEC 30191:2015(E)

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-Manufacturer ID and the same Media-Type ID, regardless of the 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! Th|s International
Standard does not specify the format and the content of this byte. It shall be ignored 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 1
13 Channel-bit length 1
=% Pust=Puttpofarity ftag bits T
15 Recorded Mark polarity flag bits 1
16 BCA descriptor 1
171to 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
33to 41 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
6510 [f’2 and 73 | AdTop first-write-pulsé start time offset 8,5
(msb 4 bits)
73 (I$b 4 bits) ATop first-write~ptilse duration offset 7,5
and |74 to 80
81 to B4 and 85 | AdT.p last-pulse start time offset 45
(msp 4 bits)
85 (Isb 4 bits) AT{p last-pulse duration offset 4,5
and |86 to 89
90 to P7 and 98 {}-AdTs start time offset of the Space level 8,5
(msp 4 bits)
98 (Isb 4 bits) Reserved 0,5
99 Reserved 1
100+4e—111 BH-Unittooter 12

Bytes Oto 1:

Byte 2:

96

Disk-Information identifier

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.

Figure 81 — Content of Disk Information for DI format 4
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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 Unif are used and
that there is no continuation in the next DI Unit. All remaining bytes of th¢ 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 B to 10: BD Layer-Type identifier

These 3 bytes identify the type of the Bb~layer to which this DI Unit appligs and shall be
set to 42 44 52h, representing the characters “BDR” in each Recordable Laygr.

Byte 1] Disk size / Class / Version
Bits|b;to be:  These 2 bits specify the disk:size. They shall be set to 00 to indicate a 120 mpm disk.

Bits|bs to bs:  These 2 bits specify.-the Class number. The Class number identifies BD|Layers of the
same Layer Type butwith different basic specifications.

BD Layers according to this International Standard shall have these bits set to 01.

Drives_net ‘familiar with a particular Class of layers should not access the| Data Zone of
such-layers (neither for reading nor for writing).

Bits| bz to bo: _~TFhese 4 bits specify the Version number. They shall be set to 0010.

BD structure

o3}
<
=
®
=
o

On a TL disk they shall be set to 0011 to indicate three Recording Layers.

On a QL disk they shall be set to 0100 to indicate four Recording Layers.

Bits bz to bp:  These 4 bits specify the type of BD Recording/Recorded Layer to which this DI Unit applies.
Bits bz to by shall be set to 0010 to indicate a recordable Recording Layer.
Byte 13: Channel-bit length

Bits b7 to by: These 4 bits shall be set to 0000 on disks.
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Bits bz to bg:

Byte 14:

These 4 bits specify the main data Channel-bit length, which shall be the same on
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.

Push-Pull polarity flag bits

all BD

Bit by

Byte 15:

Bit bi:

Byte 16:

Bits b7 to b4:

Bits bz to bg:

Each bit b; shall specify the polarity of the Push-Pull signal on Recording Layer
26.1). They shall be set to

ZERO, to indicate that the Push-Pull polarity on Layer i is positive
ONE, toindicate that the Push-Pull polarity on Layer i is hegative.
For Recording Layers that are not present, bit bi shall be setto ZERO.
For this International Standard, this byte shall be set to:00h.
Recorded Mark polarity flag bits
Each bit bi shall specify the polarity of the Récorded Marks on Recording Layer i.
They shall be set to

ZERQO, to indicate a Layer Type on which Recorded Marks have a lower reflectiv
the Unrecorded Layer(HTL disks).

ONE, to indicate a‘llayer Type on which Recorded Marks have a higher ref
than the Unrecorded Layer (Reserved).

For this Internatienal 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,

Li (see

ty than

ectivity

Bytes 17 to 18:

Bytes 19 to 26:

0001, indicates that BCA code present,
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.

In each DI Unit relating to Laver 1.3 these bytes shall be set to the value E

AA + 00 80 00

Byte¢s 23 to 26:

Byte 2f:

Bytes P8 to 29:

00h, which shall be 00 EO 32 80h for a disk with a User Data capacity of 32,
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 Zane of the

In each DI Unit relating to Layer LO these bytes shall be settg-a value LAA,
00 1F CD 7Eh for a disk with a User Data capacity of 32,0, GB per layer, of
for a disk with a User Data capacity of 33,4 GB per layer, to indicate PAA|
32,0 GB per layer or PAA 2 167 678 for 33,4 GB perlayer as the last PAA of

In each DI Unit relating to Layer L1 these bytés shall be set to 00 7D FF H
PAA 8 257 534 as the last PAA of Data Zope 1

In each DI Unit relating to Layer L2 these bytes shall be set to the value L
00h, which shall be 00 9F CD 7Eh-for a disk with a User Data capacity g
layer, or 00 Al 13 7Eh for a disk with' a User Data capacity of 33,4 GB per la
PAA 10 472 830 for 32,0 GB pertayer or PAA 10 556 286 for 33,4 GB per I
PAA of Data Zone 2.

In each DI Unit relating-to Layer L3 these bytes shall be set to 00 FD FF H
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
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

D GB per layer,

related layer.

which shall be
00 21 13 7Eh
2 084 222 for
Data Zone 0.

fEh to indicate

NA + 00 80 00
f 32,0 GB per
yer, to indicate
wyer as the last

fEh to indicate

parameters as

Byte 30:

© ISO/IEC 2015 — All rights reserved

n =100 x Vnhom.

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

99
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greater than or equal to the read powers defined in 30.6. By default, the powers defined in
30.6 shall be used.

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 necessary to guarantee stability of recordings on the disk.

Byte 31:

NOTE For

read power might be necessary to guarantee stability of recordings on.the disk.

Byte 32:

Bytes 33 to 41:

Maximum HF-modulated read powers at the Nominal Recording Velocity

The maximum read power is defined as the maximum optical power on~the Emtrance
surface of the disk, at which at least 10° successive reads can behapplied ithout
degrading the recorded signals (see 30.6). Maximum read powers in this) section ghall be
greater than or equal to the read powers defined in 30.6. By default, the powers defined in
30.6 shall be used.

This byte specifies the maximum HF-modulated read power P, at the same feadout
velocity as 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 milliwatts.

eading at lower speeds than the Nominal Recording-Velocity specified in this DI Unit a reductiop of the

Reserved
This byte shall be set to 00h.

Write-power settings

Bytes 33 t0|34: Pinp: Pino can be uSed as a starting value for the determination of Piager in the OPC
procedure (see Annex G).
These bytes.'shall specify the indicative value Pinp Of Prarget in milliwatts as a number n
such that
=20 x P\np.
Bit by of Byte 33 is msb and bit by of Byte 34 is Isb.
Byte 35: mino: Minp €an be used as a starting value for the determination of Piarget in the OPC
procedure (see Annex G).
This byte shall specify the modulation at Pinp as determined by the media manufacturer as
a number n such that
n =200 x minp.
Byte 36: 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.
100
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Byte 37:

Byte 38:

Byte 39:

ISO/IEC 30191:2015(E)

gw: This byte shall specify the write-bias/write-peak power ratio egw used in the OPC
algorithm (see Annex G) as a number n such that

n =200 x&pw.

&c. This byte shall specify the cooling/write-peak power ratio &c used in the OPC algorithm
(see Annex G) as a number n such that

n =200 x&c.

&s: This byte shall specify the space/write peak power ratio €s used in the OPC algorithm
(see Annex G) as a number n such that

Byt¢ 40:

Byt¢ 41.:

Byte 4

N

Bytes 43 to 63:

Bytes #3t0.47:

n =200 x&s.

k. This byte shall specify the target value for k used in the OPC-precedure [(see Annex G)
as a number n such that

n=20 x K.

B: This byte shall specify the target value for 8 used in the alternative QPC procedure
(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 of,the second and higher pulses of the multi-pulse train, of
the Extended N-1 write strategy, for recording Marks (see Annex F).

The first 5 bits (bits b7 towb3) of this byte shall specify the variable part as a| fraction of the
actual Channel-bit cloek period as an unsigned binary number p such that

p=32x % (0 < p <30). (where p is even.)

W
The last)3 bits (bits b, to bo) of this byte shall be Reserved.
In.these bytes, Anchor position or duration time is defined for dTiop, Ttop, dTLp| TLp, and dTs.
Anchor position means the leading edge position of each write pulse(see Figyre F.1and

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 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 > 5T Space (positive values are leading, negative
values are lagging; see Annex F).

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 recording
Marks of a run-length 3T, 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).

Byte 46:

Byte 47:

Bytes 48 tg

Byte 48:

Byte 49:

Byte 50:

This byte shall specify the start time of the first pulse of the multi-pulse train for¢egording
Marks of a run-length 4T, 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 regording
Marks of run-lengths > 5T, relative to the trailing edge of the first Ghannel bit of the data
pulse (positive values are leading, negative values are lagging; s€e,Annex F).

Tiop first-write-pulse duration
The first 6 bits (bits b7 to b,) of these bytes specify the*duration of the first pulsg 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 > 5T \Space (see Annex F).

These bytes shall specify a fraction of the actual Channel-bit clock period as an unsigned
binary number b such that

-
b=232x T‘°" (0 < b < 60)cAwhere b is even.)

w

The last 2 bits (bits b, to hp). of these bytes shall be Reserved.

This byte shall specify-the duration of the pulse for recording Marks of a run-length RT with
a succeeding 2T ‘Space (see Annex F).

This byte shall’ specify the duration of the pulse for recording Marks of a run-length T with
a succeeding > 3T Space (see Annex F).

This.byte shall specify the duration of the first pulse of the multi-pulse train for re¢ording
Marks of a run-length 3T (see Annex F).

Byte 51:

Byte 52:

102

Thic hvta chall cnacifis tha duratinn of tha firct nulca af tha multi e train far rao '\Ordlng
HHS—BYA Han—-SPeciytHe—atatHon—-e—He—HStpuhse—-e+—tRe—tht-pthsSe—+ai1e+el

Marks of a run-length 4T (see Annex F).

This byte shall specify the duration of the first pulse of the multi-pulse train for recording
Marks of run-lengths > 5T (see Annex F).
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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

dT, p :

c=32x o (-30 < ¢ <£30). (where cis even.)

Bytg 53:

Byt 54:

Byte 55:

Bytes p6 to 58: Ty p last pulse duration

W

The last 2 bits (bits b1 to bg) of these bytes shall be Reserved.

This byte shall specify the start time of the last pulse of the mulfi~pulse traip 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).

This byte shall specify the start time of the first pulserof.the multi-pulse traip 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 values-are lagging; see Annex F).

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 thé leading edge of the last Channel|bit of the data
pulse (positive values are leading, negative values are lagging; see Annex F).

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—Z,write strategy, for recording Marks with run-lengths 3T, 4T and
> 5T with a succeeding= 5T Space (see Annex F).

These bytes shallbspecify a fraction of the actual Channel-bit clock period gs an unsigned
binary number d such that

d.=32 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.

Byté¢ 56 This byte shall specify the duration of the last pulse of the multi-pulse traip 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 b to b;) of these bytes specify the start time of the Space level

of the

Extended N-1 write strategy, for the recording Marks of run-lengths 2T, 3T, 4T and > 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-bit

clock period as a signed two’s complement binary number e such that

dT .
e=32x — (—48 < e < 30). (where e is even.)

Byte 59:

Byte 60:

Byte 61

Byte 62:

Byte 63

Tw

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
2T with a preceding 2T Space.

This byte shall specify the start time of the Space level for recording Marks of a run
2T with a preceding > 3T Space.

This byte shall specify the start time of the Space levelof'the multi-pulse train for re
Marks of a run-length 3T.

This byte shall specify the start time of the Space*level of the multi-pulse train for re
Marks of a run-length 4T.

This byte shall specify the start time of the Space level of the multi-pulse train for re
Marks of run-lengths > 5T.

Byte 64: Resg¢rved

Bytes 65 to 98

Bytes 65 to 72

This byte shall be set to 00h.

In these bytes, A is defined as the offset from the anchor position or duration time wh
specified from bytes 43 to 63. Offset means the time difference from the Anchor posit
Regarding the duration time, Offset is specified in a similar way.

and 73 (msb'4 bits):  AdTp first-write-pulse start time offset

Thesé hytes specify the leading edge offset of the first pulse of the multi-pulse train, g
Extended N-1 write strategy, for recording of Marks with run-lengths 2T, 3T, 4T and 3
with a preceding 2T, 3T, or 4T Space (see Annex F).

-length

-length

cording

cording

cording

ch is
on.

f the
5T

The first pulse start time offset AdT.p is expressed as a fraction of the actual Cha

hnel-bit

104

clock period as a signed two’s complement binary number f such that

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 by " f " includes the offset values.

Byts

Byts

Byit¢

Bytg

f Theareawithrthis patterrinciodes theoffset vatues; whichare represented by

a The area with this pattern includes the anchor values, which are representéd

b 65:

b 66:

b 67

b 68:

The value "i=f+a" shall satisfy -28<i < 30.
(see F.2)

The first 6 bits (bits by to by) of this byte shall specify the start time offset g
recording Marks of a run-length 2T with a preceding 2T Spaceand a succee
In case this byte applies, the anchor position is specified in byte 43 (dTiop
with a preceding > 5T Space and a succeeding 2T Space).

The last 2 bits (bits b1 to bo) of this byte shall be Reserved.

The first 6 bits (bits b7 to by) of this byte shall-Specify the start time offset d
recording Marks of a run-length 2T with a*preceding 2T Space and a su
Space. In case this byte applies, the anchor position is specified in byte 44
Mark with a preceding > 5T Space, afid-a succeeding > 3T Space).

The last 2 bits (bits b1 to bo) ofithis byte shall be Reserved.

The first 4 bits (bits b7 to ba) of this byte shall specify the start time offset o
of the multi-pulse train far recording Marks of a run-length 3T with a precec
In case these bits (bits by to ba) apply, the anchor position is specified in by
a 3T Mark with a ‘preceding > 5T Space).

The last 4 bitsAbits bs to bo) of this byte shall specify the start time offset o
of the multi-pulse train for recording Marks of a run-length 4T that with g
SpaceIn case these bits (bits bs to bo) apply, the anchor position is speci
(dTép for a 4T Mark with a preceding > 5T Space).

The first 4 bits (bits b7 to bas) of this byte shall specify the start time offset o
of the multi-pulse train for recording Marks of run-lengths > 5T with a prece
In case these bits (bits b to bs) apply, the anchor position is specified in byj
a > 5T Mark with a preceding > 5T Space).

f the pulse for
ding 2T Space.
for a 2T Mark

f the pulse for
cceeding > 3T
(dTyop for a 2T

the first pulse
ing 2T Space.
e 45 (dTyop for

the first pulse
preceding 2T
fied in byte 46

the first pulse
ling 2T Space.
e 47 (dTiop for

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 3T Space and a succeeding a 2T

Space. In case these bits (bits bs to bo) apply, the anchor position is speci

fied in byte 43

(dTwp for a 2T Mark with a preceding > 5T Space and a succeeding 2T Space).
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Byte 69:

Byte 70:

Byte 71:

Byte 72:

Byte 73 (m

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).

The first 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 a run-length 4T with a preceding 3T Space.

In case these bits (bits b to bs) apply, the anchor position is specified in byte 46,(dT, 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 firdt 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 puilse for
recording Marks of a run-length 2T with a preceding 4T Space and a succeeding 2T|Space.
In case these bits (bits br to bs) apply, the anchor position-is specified in byte 43 (dTp 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 start time offset of the pulse for
recording Marks of a run-length 2T with a-preceding 4T Space and a succeeding > 3T
Space. In case these bits (bits bs to bg) apply, the anchor position is specified in lhyte 44
(dTwp for a 2T Mark with a preceding > 5T; Space and a succeeding > 3T Space).

The first 4 bits (bits b; to ba) of thistbyte shall specify the start time offset of the firdt 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 ba) apply, the anchor position is specified in byte 45 (d[Ttop for
a 3T Mark with a preceding >5T Space).

The last 4 bits (bits b3 jto bo) of this byte shall specify the start time offset of the firgt pulse
of the multi-pulse_ train for recording Marks of a run-length 4T with a preceding 4T [Space.
In case these bits (bits bz to bo) apply, the anchor position is specified in byte 46 (dTp for
a 4T Mark with.a preceding > 5T Space).

b 4 bits):

Thexfirst 4 bits (bits b to ba) of this byte shall specify the start time offset of the firgt 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 (dTp 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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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,
on the preceding and succeeding Spaces. The area denoted by " b " accommodates the anchor values

and the area denoted by " g

" includes the offset values.

Byts

Byts

Byits

Tl bl Sk H Ll o oo ! ) ol
Y e arca witT tiS—pattetm mMeTotCStC oOnSTT vardCST Wit arC TCPreSTtCU—|

b The area with this pattern includes the anchor values, which are represented

Byt

e 73 (Isb 4 bits):

p 74

p 75:

p 76"

The value "j=g+b " shall satisfy 0 <j < 60.
(see F.2)

The last 4 bits (bits bz to bg) of this byte shall specify thie)duration offset g
recording Marks of a run-length 2T with a preceding 2T Space and a succee
(see Annex F). In case these bits (bits bz to bg) apply; the anchor duration ti
in byte 48 (Twp for a 2T Mark with a preceding >.5F)Space and a succeeding

The first 4 bits (bits b7 to bs) of this byte shall specify the duration offset @
recording Marks of a run-length 2T with a*preceding 2T Space and a su
Space (see Annex F). In case these bits (bits b7 to bs) apply, the anchor d
specified in byte 49 (Tp for a 2T ,Mark with a preceding > 5T Space and g
3T Space).

The last 4 bits (bits bs to bg) ofthis byte shall specify the duration offset of th
the multi-pulse train for recording Marks of a run-length 3T with a preceding
Annex F). In case these bits (bits bs to bo) apply, the anchor duration time
byte 50 (Twop for a 3T(Mark with a preceding > 5T Space).

The first 4 bits\(bits bz to ba) of this byte shall specify the duration offset of th
the multi-pulse’train for recording Marks of a run-length 4T with a preceding
Annex F)uln: case these bits (bits bz to ba) apply, the anchor duration time
byte 51(Top for a 4T Mark with a preceding > 5T Space).

The-last 4 bits (bits bs to bo) of this byte shall specify the duration offset of tf
the multi-pulse train for recording Marks of run-lengths > 5T with a prece
(see Annex F). In case these bits (bits bz to bg) apply, the anchor duration ti
in byte 52 (Twp for a > 5T Mark with a preceding > 5T Space).

by "b "

f the pulse for
ding 2T Space
me is specified
2T Space).

f the pulse for
cceeding > 3T
uration time is
| succeeding >

e first pulse of
PT Space (see
is specified in

e first pulse of
PT Space (see
is specified in

e first pulse of
ling 2T Space
me is specified

The first 4 hits (hits by to by) of this byte shall specify the duration offset g

f the pulse for

recording Marks of a run-length 2T with a preceding 3T Space and a succee

ding 2T Space

(see Annex F). In case these bits (bits b7 to b.) apply, the anchor duration time is specified
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 78:

Byte 79:

Byte 80:

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 3T with a preceding 3T Space (see
Annex F). In case these bits (bits b7 to bs) apply, the anchor duration time is specified in
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 of
the multi-pulse train for recording Marks of a run-length 4T with a preceding 3T Space (see
Annex F). In case these bits (bits bz to bo) apply, the anchor duration time is specified in
byte 51 (Twop for a 4T Mark with a preceding > 5T Space).

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 run-lengths > 5T with a preceding 3T Space

(see Annex F). In case these bits (bits by to bs) apply, the anchor duration time is specified
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 offset of ‘the puilse for
recording Marks of a run-length 2T with a preceding 4T Space and a succeeding 2T|Space
(see Annex F). In case these bits (bits bz to bg) apply, the anchor duration time is specified
in byte 48 (Twp for a 2T Mark with a preceding > 5T Space and a succeeding 2T Spgce).

The first 4 bits (bits b7 to bs) of this byte shall specify the duration offset of the pylse for
recording Marks of a run-lengths 2T with a preceding 4T.Space and a succeeding > 3T
Space (see Annex F). In case these bits (bits by to bg) apply, the anchor duration |time is
specified in byte 49 (Tip for a 2T Mark with a preceding > 5T Space and a succeg¢ding >
3T Space).

The last 4 bits (bits bs to bg) of this byte shalkspecify the duration offset of the first gulse of
the multi-pulse train for recording Marks of.@run-length 3T with a preceding 4T Spage (see
Annex F). In case these bits (bits bs tody) apply, the anchor duration time is spedified in
byte 50 (Twp for a 3T Mark with a preeeding > 5T Space).

The first 4 bits (bits bz to ba) of this’ byte shall specify the duration offset of the first guise of
the multi-pulse train for recording Marks of a run-length 4T with a preceding 4T Spage (see
Annex F). In case these hits-(bits b7 to bs) apply, the anchor duration time is spedified in
byte 51 (Twop for a 4T Mark with a preceding > 5T Space).

The last 4 bits (bits bs to bg) of this byte shall specify the duration offset of the first gulse of
the multi-pulseftrain for recording Marks of run-lengths > 5T with a preceding 4T|Space
(see Annex.F)..In case these bits (bits bz to bg) apply, the anchor duration time is specified
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

Byt

Byt

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

L AdTp

W

h=32 (-8 <h <7) (where his even.)

Succeeding Space

2S

3S h
4S
>5S c

This table shows the dependence of the dT | p value for each Mark that is going to be written,
on the preceding and succeeding Spaces. The area denoted by " ¢ " aéeommodates the anchor values
and the area denoted by " h " includes the offset values.

The area with this pattern includesvthe anchor values, which are represented

The value "r=h+c" shall satisfy =30 <r < 30.
(see F.2)

The first 4 bits (bits by to ba)\of this byte shall specify the start time offset o

The area with this pattern includes-the offset values, which are represented by "

f the last pulse

of the multi-pulse train forrecording Marks of a run-length 3T with a succeedling 2T Space.

In case these bits (bits by to bs) apply, the anchor position is specified in byt
3T Mark with a succeeding > 5T Space).

The last 4 bits-(bits bz to bo) of this byte shall specify the start time offset of t
the multi-pulse‘train for recording Marks of a run-length 4T with a succeedin
case these bits (bits bs to bo) apply, the anchor position is specified in byte
AT Markywith a succeeding > 5T Space).

The-first 4 bits (bits by to ba) of this byte shall specify the start time offset o
of the multi-pulse train for recording Marks of run-lengths > 5T with a succee
In case these bits (bits b7 to ba) apply, the anchor position is specified in bytg
> 5T Mark with a succeeding > 5T Space).

53 (dTLP fora

ne last pulse of
g 2T Space. In
54 (dT.p for a

the last pulse
ding 2T Space.
55 (dT.p for a

Thalact 4 hite (hite ho ta h ) of thic hvia chall chacifvtha ctart tima nffcat of t+
eSS4 BHSA(BHSP3t0-Po) -6t HS B yte-SHanr-Spe&iytHe-StatHe-oHSeHo++

ne last pulse 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 bo) apply, the anchor position is specified in byte
3T Mark with a succeeding > 5T Space).

© ISO/IEC 2015 — All rights reserved
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Byte 83:

Byte 84

Byte 85 (m

110

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 bas) apply, the anchor position is specified in byte 54 (dT.p for a

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 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 for a

> 5T Mark with a succeeding > 5T Space).

The first 4 bits (bits b 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 3T with a succeeding 4T

Space.

3T Mark with a succeeding > 5T Space).

case these bits (bits bs to bo) apply, the anchor position is specified ‘inybyte 54 (dT
4T Mark with a succeeding > 5T Space).

Eb 4 bits):

> 5T Mark with a succeeding > 5T Space).

In case these bits (bits b to bs) apply, the anchor position is specified in byte 53 (dTjp for a

The last 4 bits (bits bs to bo) of this byte shall specify the start time offset of\the last gulse of
the multi-pulse train for recording Marks of a run-length 4T with a succeeding 4T Space. In

p for a

The first 4 bits (bits b to ba) of this byte shall specify the start time offset of the lagt pulse
of the multi-pulse train for recording Marks of run-lengths > 5T with a succeeding 4T| Space.
In case these bits (bits by to bs) apply, the anchor_pgsition is specified in byte 55 (dTjp for a

© ISO/IEC 2015 — All rights
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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

AT p

w

v =32 x (-8 <v <7) (whereviseven.)

Succeeding Space

2S
3S V.
4S

>5S d

This table shows the dependence of the T p value for each Mark that is geing\to be written,
on the preceding and succeeding Spaces. The area denoted by " d " aécemmodates 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 includesvthe anchor values, which are represented py " d "
The value "s =v+d" shall satisfy'0 <s < 30.
(see F.2)

Byte 85 (Isb 4 bits):

The last 4 bits (bits bs tevbo) of this byte shall specify the duration offset of the last pulse of
the multi-pulse train for recording Marks of a run-length 3T with a succeefling 2T Space
(see Annex F). In\case these bits (bits bz to bg) apply, the anchor duration time is specified
in byte 56 (Twefor'a 3T Mark with a succeeding > 5T Space).

Byte 86: The first 4\bits (bits by to bs) of this byte shall specify the duration offset of the last pulse of
the malti~pulse train for recording Marks of a run-length 4T with a succeefling 2T Space
(se€ Annex F). In case these bits (bits b7 to bs) apply, the anchor duration time is 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 last 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 is specified

in-byte 58 (Tfor-a— 5T Mark-with-a-succeeding> 5T Space)—

Byte 87: 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 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).

© ISO/IEC 2015 — All rights reserved 111


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

ISO/IEC 30191:2015(E)

Byte 88:

Byte 89:

The first 4 bits (bits by to by) 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 specified

in byte 58 (T p for a > 5T Mark with a succeeding > 5T Space).

The last 4 bits (bits b3 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 3T with a succeeding 4T

Space

(see Annex F) In case these bits (bits bs to bo) apply, the anchor duration time is specified

in byte 56 (T.p for a 3T Mark with a succeeding > 5T Space).

The first 4 bits (bits by to by) 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 with a succeeding 4T

Space

Bytes 90 to 971

and 98 (msb 4 bits):  AdTs start time offset of the Space level

(see Annex F) In case these bits (bits b7 to bs) apply, the anchor duration time is sgecified

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 ofithe last g
the multi-pulse train for recording Marks of run-lengths > 5T with a succeeding 4T
(see Annex F) In case these bits (bits bs to bo) apply, the anchor duration time is sy
in byte 58 (T.p for a > 5T Mark with a succeeding > 5T Space).

These bytes specify the start time offset of the Spacenlevel of the Extended N—
strategy, for the recording Marks with run-lengths 2T¢ 3T, 4T and > 5T with a sucg
2T, 3T or > 4T Space (positive values are leading, negative values are laggin
Annex F).

The start time offset of the Space level<AdTs is expressed as a fraction of the
Channel-bit clock period as a signed twa’s complement binary number w such that

w =32 x % (-24 <Ww< 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) (whe
W
even.)

ulse of
Space
ecified

1 write
eeding
g; see

actual

re w is
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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 by " w " includes the offset values.

Tl bl Sk H Ll o oo ! ) ol
W e arca witT tiS—pattetm mMeTotCStC oOnSTT vardCST Wit arC TCPreSTtCU—|

e The area with this pattern includes the anchor values, which are represented

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 time offset of t
for recording Marks of a run-length 2T with a succeeding 27-Space and ¢
Space. In case this byte applies, the anchor position is §pecified in byte 54
Mark with a preceding 2T Space and a succeeding > 5T{Space).

The last 2 bits (bits by to bo) of this byte shall be Reserved.

The first 6 bits (bits b7 to by) of this byte shall specify the start time offset of t

he Space level
preceding 2T
(dTs for a 2T

he Space level

for recording Marks of a run-length 2T with*a succeeding 2T Space and a preceding > 3T

Space .In case this byte applies, the anchor position is specified in byte 6(
Mark with a preceding > 3T Space and a succeeding > 5T Space).

The last 2 bits (bits by to bo) ofithis byte shall be Reserved.
The first 4 bits (bits b7 to ba)*of this byte shall specify the start time offset of t
of the multi-pulse train forrecording Marks of run-length 3T with a succeedin

case these bits (bits.b2 to bs) apply, the anchor position is specified in byte 6
Mark with a succeéding > 5T Space).

The last 4 bits-(bits bz to bg) of this byte shall specify the start time offset of {

(dTs for a 2T

he Space level
g 2T Space. In
1 (dTs fora 3T

he Space level

of the multi-pulse train for recording Marks of a run-length 4T with a succeeding 2T Space.

In case-these bits (bits bs to bg) apply, the anchor position is specified in byt
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 {
of the multi-pulse train for recording Marks of run-lengths > 5T with a succee
In case these bits (bits b7 to ba) apply, the anchor position is specified in byt
> 5T Mark with a succeeding > 5T Space).

P 62 (dTs for a

he Space level
ding 2T Space.
P 63 (dTs for a

Byte 94

The last 4 bits (bits bz to bg) of this byte shall specify the start time offset of t

he Space level

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 bo) apply, the anchor position is speci
(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 t

fied in byte 59
).

he Space level

for recording Marks of a run-length 2T with a succeeding 3T Space and a preceding > 3T

Space. In case these bits (bits b7 to bs) apply, the anchor position is speci

fied in byte 60

(dTs for a 2T Mark with a succeeding > 5T Space and a preceding > 3T Space).

© ISO/IEC 2015 — All rights reserved

113


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

ISO/IEC 30191:2015(E)

Byte 95:

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).

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 run-lengths >5T with a succeeding 3T Space.

Byte 96:

Byte 97:

Byte 98(msb 4 bits):

Byte 98 (Isb 4

bits):«-Reserved

In case these bits (bits bs to bg) apply, the anchor position is specified in byte 63 (dTs for a
> 5T 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 Spage level
for recording Marks of a run-length 2T with a succeeding 4T Space and a preceding 2T
Space. In case these bits (bits b7 to bs) apply, the anchor position.is specified in yte 59
(dTs for a 2T Mark with a succeeding > 5T Space and a preceding- 2T Space).

The last 4 bits (bits bs to bg) of this byte shall specify the start\timie offset of the Spage level
for recording Marks of a run-length 2T with a succeeding-4¥ and a preceding >3T |Space.
In case these bits (bits bs to bg) apply, the anchor position-is specified in byte 60 (dTs for a
2T Mark with a preceding > 3T Space and a succeedifg> 5T Space).

The first 4 bits (bits b7 to bs) of this byte shall speeify the start time offset of the Spage level
of the multi-pulse train for recording Marks of\a‘run-length 3T with a succeeding 4T [Space.
In case these bits (bits by to ba) apply, theianchor position is specified in byte 61 (dTs for a
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 Spage level
of the multi-pulse train for recording Marks of a run-length 4T with a succeeding 4T [Space.
In case these bits (bits bs to bg) apply, the anchor position is specified in byte 62 (dTs for a
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 Spage level
of the multi-pulse train for recording Marks of run-lengths >5T with a succeeding 4T [Space.
In case these’bits (bits b7 to ba) apply, the anchor position is specified in byte 63 (dTs for a
> 5T Mark'with a succeeding > 5T Space).

These bits shall be set to 0000.

Byte 99:

Reserved
This byte shall be set to 00h.

Bytes 100 to 111: DI Unit footer.

114

See 15.8.3.2.

© ISO/IEC 2015 — All rights reserved


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

ISO/IEC 30191:2015(E)

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 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 y.
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 to 46 dTop leading edge start time of Tiop 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 y.
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 8p
(msb 4 bits)
71 (Isb 4 bits) ATop Write-pulse level duration offset 75
and 72to 78
79 to 82 and 83 | AdT¢ceoling level start time offset 45
(msb 4 bits)
83 (Ish 4 bits) , |<AT,p last-pulse-level duration offset 3
84 ,85 and 86
(msb 4 bits)
86 (Isb 4 hits) Reserved 0p
87 to 94-and 95 | AdTs: start time offset of the Space-level 8p
(mshk4’bits)
95 (Isb 4 bits) Reserved 0p
96 to 99 Reserved 4
100to 111 DI Unit tooter 1

© 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 to 10:

Byte 11:

Bits b7 to b

Bits b5 to by:

Q)

Number of DI AUX Frames In each DI BIOCK / NUmBber of the Layer to which this
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 useiin this DI Unit

This byte shall be set to 60h to indicate that the first 96 bytes of the DI Unit are us
that there is no continuation in the next,DI Unit. All remaining bytes of the DI-Un
(excluding the bytes in the DI-Unit foqtér) 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 s
set to 42 44 52h;representing the characters “BDR” in each Recordable Layer.

Disk size\/ Class / Version
These,2 bits specify the disk size. They shall be set to 00 to indicate a 120 mm disk.

These 2 bits specify the Class number. The Class number identifies BD Layers
same Layer Type but with different basic specifications.

Bits b3 to b0:

Byte 12:

Bits b7 to b4:

116

DI

ed and
it body

hall be

of the

BD Layers according to this International Standard shall have these bits bs to bs set to 01.

Drives that are not familiar with a particular Class of layers should not access th
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.

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.

Layer Li (see

ver i. They

eflectivity

her reflectivity

Byte 13: Channel-bit length
Bits b7 to b4: These 4 bits shall be set to 0000.
Bits b3 to b0: 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, 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 1#: Push-Pull polarity flag bits
Bit Ii: Each bit bi shall specify the polarity of the Rush-Pull signal on Recorded
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 1p: Recorded-Mark'polarity flag bits
Bit Ii: Each bit bi shall specify the polarity of the Recorded-Marks on Recording La
shall be\set to
ZERO, to indicate a Layer Type on which Recorded-Marks have a lower
than the Unrecorded Layer (HTL disks).
ONE, to indicate a Layer Type on which Recorded-Marks have a hig
than the Unrecorded Layer (Reserved).

This byte shall be set to 00h.

© ISO/IEC 2015 — All rights reserved
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Byte 16:

BCA descriptor

Bits b7 to b4: These 4 bits shall be Reserved.

Bits b3 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,

Other settings, Reserved.

Bytes 17 to 1§:

Bytes 19 to 26:

Bytes 19 to

Bytes 23 to

Reserved

These bytes shall be set to all 00h.

Data-Zone allocation.

22: These bytes specify the first Physical ADIP Address of the Data Zone of the related

In each DI Unit relating to Layer LO, these bytes shalk be set to 00 02 00 00h to i
PAA 131 072 as the first PAA of Data Zone 0.

In each DI Unit relating to Layer L1, these bytes’shall be set to a value FAA, which 9
00 60 32 80h for a disk with a User Data capacity of 32,0 GB per layer, or 00 5E |
for a disk with a User Data capacity of 33;4 GB per layer, to indicate PAA 6 304
32,0 GB per layer or PAA 6 220 928 for33,4 GB per layer as the first PAA of Data Z|

In each DI Unit relating to Layerck2, these bytes shall be set to 00 82 00 00h ing
PAA 8 519 680 as the first PAA-of Data Zone 2.

In each DI Unit relating totkayer L3, these bytes shall be set to the value FAA + O(
00h, which shall be Q8~EO0 32 80h for a disk with a User Data capacity of 32,0 GB p¢g
to indicate PAA 14 692 992 as the first PAA of Data Zone 3.

26: These bytes specify the last Physical ADIP Address of the Data Zone of the related

In each«Bl'Unit relating to Layer LO these bytes shall be set to a value LAA, which s
00 1ECD 7Eh for a disk with a User Data capacity of 32,0 GB per layer, or 00 21
fora-disk with a User Data capacity of 33,4 GB per layer, to indicate PAA 2 084
32,0 GB per layer or PAA 2 167 678 for 33,4 GB per layer as the last PAA of Data Z

ayer.

ndicate

hall be
FC 80h
384 for
pone 1.

icating

80 00
r layer,

ayer.

hall be
13 7Eh
P22 for
pne 0.
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PAA 8 257 534 as the last PAA of Data Zone 1.

dicate

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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Bytes 28 to 29:

Byte 3

NOTE
read po

Byte 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 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 xVnom

1 :

n shall be equal to

03 01h to indicate a Nominal Recording Velocity of 7,69 m/s (32,0.GB per
02 E2h to indicate a Nominal Recording Velocity of 7,38 m/s (83,4 GB per

or:

06 02h to indicate a Nominal Recording Velocity of\15,38 m/s (32,0 GB pe
05 C3h to indicate a Nominal Recording Velocity-of 14,75 m/s (33,4 GB p¢g

Maximum dc read power at the Nominal Reeording Velocity

The maximum read power is definedvas the maximum optical power on
surface of the disk, at which at least 108 successive reads can be 4§
degrading the recorded signals (see 30.6). Maximum read powers in this s
greater than or equal to the read-powers defined in 30.6. By default, the poy
30.6 shall be used.

This byte specifies the-dc read power P, at the same readout velocity a

layer),
layer).

I layer),
r layer).

the Entrance
pplied without
ection shall be
vers defined in

s the Nominal

Recording Velocity defined in bytes 28 to 29 of this DI Unit. The decimal expression of this

byte shall be:

n = 100 %P, , where the unit of P is milliwatts.

For reading dt'lower speeds than the Nominal Recording Velocity specified in this DI Unit §
wer might be necéssary to guarantee the stability of the recordings on the disk.

Maximum HF-modulated read powers at the nominal Recording Velocit

The maximum read power is defined as the maximum optical power on
surface of the disk, at which at least 10° successive reads can be 3

reduction of the

the Entrance
pplied without

degrading the recorded signals (see 30 6) Maximum read powers in this s

ction shall be

NOTE

greater than or equal to the read powers defined in 30.6. By default, the powers defined in

30.6 shall be used.

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.

read power might be necessary to guarantee the stability of the recordings on the disk.

© 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 Prarger in milliwatts as a number n such
that

Byte 35:

Byte 36:

Byte 37:

Byte 38:

Byte 39:

n =20 x Pp.
Bit b7 of Byte 33 is msb and bit by of Byte 34 is Isb.

Mmino: Mino €an be used as a starting value for the determination of\ Piarger in the OPC
procedure (see Annex G).

This byte shall specify the modulation at Pino as determined by the' media manufacturer as
a number n such that

n =200 X myp.

p: This byte shall specify the write-power multiplieation 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 middleiwrite peak power ratio eu used in the OPC algorithm
(see Annex G) as a number n such-that

n =200 x &u.

&c: This byte shall spegify the cooling/write-peak power ratio c used in the OPC algorithm
(see Annex G) as a number n such that

n=200\X ¢ec.

&s: This_byte shall specify the space/write peak power ratio €s used in the OPC algorithm
(see Apnex G) as a number n such that

n =200 X ¢s.

Byte 40:

Byte 41:

Bytes 42 to 61:

120

k.—This bvte shall specify the target-value for k- used-in-the QPC procedure (see Adnex G)
7 Lo 7 J Lo \

as a number n such that
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

Q. =29 ¥
o —

Th
By
By
By
By

By

T

( 22 LY 20) _Onhara o ic avan )
o= oU) W HETS Ever

TW
e last 2 bits (bits by to bg) of these bytes shall be Reserved.
te 42 shall represent the start time of a 2T run-length Mark with a succeeding.2T Space,

te 43 shall represent the start time of a 2T run-length Mark with a suc€eeding > 3T Spacs

D

te 44 shall represent the start time of a 3T run-length Mark,
te 45 shall represent the start time of a 4T run-length Mark,

te 46 shall represent the start time of a > 5T run-lengthh\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-bit
clock period as an unsigned binary number b such that

-
b=232x % (0 <b < 92). (where b is even.)

w

Bytes 52 to 54:

Byte 52:

Byte 53:

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 2T
Space,

Byte 48 shall represent the first pulse of a 2T run-length Mark-with a succeeding > 3T
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 these bytes specify the cooling level start time for|writing
pulse of the Extended Castle writé strategy with run-lengths of 3T, 4T and > 5T,/ with a
succeeding > 5T Space (see Annex F).

These bytes shall specify the-start time as a fraction of the actual Channel-bit clock period
as a signed two's complement binary number ¢ such that

c=32x dTL (=62 < ¢ <£16). (where c is even.)
W

The last hit'\(bit bo) of these bytes shall be Reserved.

This-byte 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 the

Evidtandad - Cactlaarita ctrataong th o v Innath ~f AT

Byte 54:

122
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This byte shall specify the start time of the cooling level of the writing pulse of the
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 of 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:32x_Tri (0<d<62).

w

Bytes b7 to 61:

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 b)) of these bytes specify.the start time of the Spgce level of the
Extended Castle write strategy, for recording Marks with run-lengths 2T, 31|, 4T and > 5T,
with a succeeding > 5T Space (positive values-are leading, negative valugs are lagging;

see Annex F).

The start time of the Space level dTs_iS expressed as a fraction of the actyal Channel-bit
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) ofthese bytes shall be Reserved.

Bytg 57: This byte shallkspecify the start time of the Space level of a writing pulse of the Extended
Castle write strategy with a run-length of 2T and a preceding 2T Space.

Byt 58: This byte shall specify the start time of the Space level of a writing pulse of the Extended
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 Extended
Castle write strategy with a run-length of 3T.

Byt¢ 60: This byte shall specify the start time of the Space level of a writing pulse of the Extended
Castle write strateqy with a run-length of 4T

Byte 61: This byte shall specify the start time of the Space level of a writing pulse of the Extended
Castle write strategy with run-lengths of > 5T.

Byte 62: Reserved.

Bytes 63 to 95:

This byte shall be set to 00h.

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 123


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

ISO/IEC 30191:2015(E)

Bytes 63 to 70 and 71(msb 4 bits): AdTwp leading edge start time offset of Tiop level

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 B (—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

ucceeding Space
Preceding Space

2S
3S f N
W
4S N
>5S 4R

This fable shows the dependence of the dT ,, value for eaeh*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 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 ti=f+a" shall satisfy -32 <i < 30.
(seeF.3)
Byte 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 regording
Marks ofia‘run-length 2T with a preceding 2T Space and a succeeding 2T Space. |n case
this byte applies, the anchor position is specified in byte 42 (dTwp for a 2T Mark| with a
preceding > 5T Space and a succeeding 2T Space).

The last 2 bits (bits by to bo) of this byte shall be Reserved.

Byte 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:
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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

b7 to ba) 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,

the anchor position is specified in byte 45 (dT:wp for 4T Mark with a preceding > 5T Space).

Byte 66:

Byte 67:

Byte 68:

The first 4 bits (bits by to ba) of this byte shall specify the leading edge off
time of the Tyop part of the writing pulse of the Extended Castle write strateg)
Marks of run-lengths > 5T with a preceding 2T Space. In case these-bits
apply, the anchor position is specified in byte 46 (dT, for > 5T Mark with a
Space).

The last 4 bits (bits bs to bg) of this byte shall specify the leading edge off
time of the Tyop part of the writing pulse of the Extended’ Castle write strateg)
Marks of a run-length 2T with a preceding 3T Space 'and a succeeding 2T
these bits (bits bz to bg) apply, the anchor positien.is specified in byte 42
Mark with a preceding > 5T Space and a succeeding 2T Space).

The first 4 bits (bits b7 to bs) of this byte“shall specify the leading edge off
time of the Top part of the writing pulse€.of the Extended Castle write strateg
Marks of a run-length 2T with a preceding 3T Space and a succeeding >
case these bits (bits by to bs) apply,~the anchor position is specified in byte
2T Mark with a preceding > 5T /Space and a succeeding > 3T Space).

The last 4 bits (bits bs to-ho) of this byte shall specify the leading edge off
time of the Tyop part of the writing pulse of the Extended Castle write strategy
Marks of a run-length 3T with a preceding 3T Space. In case these bits (bits
the anchor position is specified in byte 44 (dTwp for a 3T Mark with a p
Space).

The first 4, _bits (bits by to bs) of this byte shall specify the leading edge off
time ofthe Tiop part of the writing pulse of the Extended Castle write strateg)
Marks of a run-length 4T with a preceding 3T Space. In case these bits (bits
the.anchor position is specified in byte 45 (dTwp for a 4T Mark with a p
Space).

The last 4 bits (bits bs to bo) of this byte shall specify the leading edge off
time of the Tiop part of the writing pulse of the Extended Castle write strateg)

set of the start
, for recording
(bits by to ba)
breceding > 5T

set of the start
, for recording
Space. In case
dTewp for a 2T

set of the start
, for recording
3T Space. In
43 (dTp for a

set of the start
, for recording
bs to bo) apply,
receding > 5T

set of the start
, for recording
b7 to ba) apply,
receding > 5T

set of the start
, 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 46 (dTwp for a > 5T Mark with
5T Space).

© ISO/IEC 2015 — All rights reserved

a preceding >

125


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

ISO/IEC 30191:2015(E)

126

Byte 69:

Byte 70:

Byte 71 (

Bytes 71

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 2T with a preceding 4T Space and a succeeding 2T Space. In case
these bits (bits b7 to bs) apply, the anchor position is specified in byte 42 (dTwp for a 2T
Mark with a preceding > 5T Space and 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 Top part of the writing pulse of the Extended Castle write strategy, for recording
Marks of a run-length 2T with preceding a 4T Space and a succeeding > 3T Space. In
case these bits (bits bz to bg) apply, the anchor position is specified in byte 43 (dTp for a
2T Mark with a preceding > 5T Space and a succeeding > 3T Space).

(Isb 4 bits) and 72 to 78: ATiop Write-pulse level duration offset

The first 4 bits (bits by to ba) 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, forreg¢ording
Marks of a run-length 3T with a preceding 4T Space. In case these bits (bitsdyz-to b4) apply,
the anchor position is specified in byte 44 (dTiwp for a 3T Mark with arpreceding > 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 Tiop part of the writing pulse of the Extended Castle/write strategy, for re¢ording
Marks of a run-length 4T with a preceding 4T Space. In case theSe bits (bits bs to bq) apply,
the anchor position is specified in byte 45 (dTwp for a 4T/ Mark with a preceding > 5T
Space).

msb 4 bits):The first 4 bits (bits b7 to bs) 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 stratggy, for
recording Marks of run-lengths > 5T with a preceding 4T Space. In case these bits |(bits by
to bs) apply, the anchor position is specified in byte 46 (dTp for a > 5T Mark|with a
preceding > 5T Space).

These bytes specify the duration offset of the Tip level of the write pulses of the EXtended
Castle write strategy, for,recording Marks with run-lengths 2T, 3T, 4T and > 5|T, with
preceding a 2T, 3T or 4T Space.

These bytes shall specify a fraction of the actual Channel-bit clock period as a signed two’s
complement binaty number g such that

AT )
g =32\ o (-8<g<7). (where giseven.)
w
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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,
on the preceding and succeeding Spaces. The area denoted by " b " accommodates the anchor values

and the area denoted by " g

" includes the offset values.

Tl bl Sk H Ll o oo ! ) ol
Y e arca witT tiS—pattetm mMeTotCStC oOnSTT vardCST Wit arC TCPreSTtCU—|

b The area with this pattern includes the anchor values, which are represented

Byt¢ 71 (Isb 4 bits):

Byte 72:

Byte 73:

The value "j=g+b " shall satisfy 0 <j <92.
(see F.3)

The last 4 bits (bits bz to bg) of this byte shall specify the-duration offset of
the writing pulse of the Extended Castle write strategy,\for recording Marks
2T with a preceding 2T Space and a succeeding-2T)Space. In case these
bo) apply, the anchor duration time is specified-in byte 47 (Twp for a 2
preceding > 5T Space and a succeeding 2T Space).

The first 4 bits (bits b to ba) of this byte shall specify the duration offset of
the writing pulse of the Extended Castle write strategy, for recording Marks
2T with a preceding 2T Space and-a)succeeding > 3T Space. In case these
bs) apply, the anchor duration d¢ime is specified in byte 48 (Twp for a 2
preceding > 5T Space and a succeeding > 3T Space).

The last 4 bits (bits bs t0.0¢) of this byte shall specify the duration offset of
the writing pulse of the Extended Castle write strategy, for recording Marks
3T with a preceding*2T Space. In case these bits (bits bz to bo) apply, the g
time is specified in‘byte 49 (T, for a 3T Mark with a preceding > 5T Space).

The first 4 bits (bits b7 to bs) of this byte shall specify the duration offset of
the writing pulse of the Extended Castle write strategy, for recording Marks
4T with a preceding 2T Space. In case these bits (bits b; to bs) apply, the &
time-is specified in byte 50 (T for a 4T Mark with a preceding > 5T Space),

The last 4 bits (bits bz to bg) of this byte shall specify the duration offset of
the writing pulse of the Extended Castle write strategy, for recording Marks d
5T with a preceding 2T Space. In case these bits (bits bs to bo) apply, the g

by "b "

the Tiop part of
of a run-length
bits (bits bs to
I Mark with a

the Tiop part of
of a run-length
bits (bits b7 to
I Mark with a

the Tiop part of
of a run-length
nchor duration

the Tiop part of
of a run-length
nchor duration

the Tiop part of
f run-lengths >
nchor duration

time is specified in byte 51 (T, b for a > BT Mark with a preceding > 5T Spacd

).

Byte 74:

The first 4 bits (bits b7 to bs) 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
2T with a preceding 3T Space and a succeeding 2T Space. In case these

of a run-length
bits (bits b7 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
2T with a preceding 3T and a succeeding > 3T Space. In case these bits

of a run-length
(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:

Byte 76:

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).

The first 4 bits (bits b7 to ba) 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 run-lengths >

Byte 77:

Byte 78:

Bytes 79 t¢

82 andi83 (msb 4 bits): AdTc cooling level start time offset

5T with a preceding 3T Space. In case these bits (bits b7 to ba) apply, the anchaor duration
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 Top|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 casé.these bits (bils 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).

The first 4 bits (bits b to bs) of this byte shall specify the-duration offset of the Tp|part of
the writing pulse of the Extended Castle write strategy, ferrecording 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 Castleowrite strategy, for recording Marks of a run-length
3T with a preceding 4T Space. In case.these bits (bits bz to bg) apply, the anchor duration
time is specified in byte 49 (Typ for@a 3T Mark with a preceding > 5T Space).

The first 4 bits (bits by to ba),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
4T with a preceding 4T Space. In case these bits (bits by to bs) apply, the anchor duration
time is specified in byte"50 (T:op for @ 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 Tiop|part of
the writing pulse of the Extended Castle write strategy, for recording Marks of run-lepgths >
5T with a,preceding 4T Space. In case these bits (bits bs to bo) apply, the anchor duration
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

128

Extended Castle write strategy, for recording Marks with run-lengths 3T, 4T and > 5T,
with a succeeding 2T, 3T or 4T Space.

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.

h The area with this pattern includes the offset values, which are representedby " h *
c The area with this pattern includes the anchor values, which are represented py " ¢ "
The value "k =h+c" shall satisfy -62 <k <16.

(see F.3)

Byts

b 79:

The first 4 bits (bits by to ba) of this byte shall specify the leading edge off

et 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 217 Space. In case thg
to bs) apply, the anchor position is specified in{ byte 52 (dTc¢ for a 31
succeeding > 5T Space).

The last 4 bits (bits bs to bg) of this byte shall specify the leading edge off

se bits (bits b7
[ Mark with a

set 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 2T Space. In case the
to bo) apply, the anchor position. is- specified in byte 53 (dTc¢ for a 41

se bits (bits bs
[ Mark with a

succeeding > 5T Space).

Byt¢ 80: The first 4 bits (bits by to-ba) of this byte shall specify the leading edge offset of the start
time of the cooling levelhof the writing pulse of the Extended Castle write strategy, for
recording Marks of run-lengths > 5T with a succeeding 2T Space. In case fhese bits (bits
b; to bs) apply, the anchor position is specified in byte 54 (dTc for a > 5T Mark with a

succeeding > 5T:Space).

The last 4 _bits (bits bz to bp) 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 3T Space. In case thgse bits (bits bs
tonbo) apply, the anchor position is specified in byte 52 (dTc for a 3T Mark with a
succeeding > 5T Space).

Byte 81:

The first 4 bits (bits by to bs) of this byte shall specify the leading edge offget 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 3T Space. In case thdse bits (bits by
to bs) apply, the anchor position is specified in byte 53 (dTc for a 4T 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 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:

Byte 83 (fnsb 4 bits):

Bytes 83 (Isb

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
succeeding > 5T Space).

1 bits) and 84 to 86: AT, last-pulse-level duration offset

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”stratggy, for
recording Marks of run-lengths > 5T with a succeeding 4T Space. In ¢ase these bits (bits
b7 to bs) apply, the anchor position is specified in byte 54 (dTc fok > a 5T Mark|with a
succeeding > 5T Space).

These bytes specify the duration offset of the last pulseNevel length of the write pylses of
the Extended Castle write strategy, for recording Marks with run-lengths 4T and > §T, with
a succeeding 2T, 3T or 4T Space.

These bytes shall specify a fraction of the actual Channel-bit clock period as a signed two’s
complement binary number v such that

v =32 x% (-8 < v £ 7). (where vis even.)

ucceeding Space

2S \
W
3s .\\\\\3\ v
4s o
>55 d

This
on th
and

able shows thedependence of the T p value for each Mark that is going to be written,
e precedingand succeeding Spaces. The area denoted by " d " accommodates the anchor values
he area.denoted by " v " includes the offset values.

\\ V. The area with this pattern includes the offset values, which are represented by " v "
)

TNE area WITIT thiS pattern MCcIudes the anchor values, WHICIT ale Teprese Ted 57 [o

The value "p=v+d" shall satisfy 0 <p <62.
(see F.3)

Byte 83 (Isb 4 bits):

130

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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The first 4 bits (bits b7 to bs) 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 run-lengths > 5T with a succeeding 2T Space. In case these bits (bits b7 to bs) 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 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 3T Space. In case these bits (bits bz to bo) apply, the
anchor duration time is specified in byte 55 (T.p for a 4T Mark with a succeeding > 5T

Space).

Byt¢ 85: The first 4 bits (bits b7 to b.) of this byte shall specify the duration offset 0
level length of the writing pulse of the Extended Castle write strategy, for, re
of run-lengths > 5T with a succeeding 3T Space. In case these bits (bits-by t
anchor duration time is specified in byte 56 (T p for a > 5T Mark'with a su
Space).

The last 4 bits (bits bs to bg) of this byte shall specify the dufation offset of
level length of the writing pulse of the Extended Castle’write strategy, for re

anchor duration time is specified in byte 55 (T p-for a 4T Mark with a su
Space).

Byt¢ 86: The first 4 bits (bits b7 to b.) of this byte_shall specify the duration offset o
level length of the writing pulse of the Extended Castle write strategy, for re
of run-lengths > 5T with a succeeding.4T Space. In case these bits (bits b t
anchor duration time is specified in.byte 56 (T p for a > 5T Mark with a su
Space).

The last 4 bits (bits bs to bo)wef this byte (Reserved).

These bits shall be set to 0000.

Bytes B7 to 94 and 95 (msb 4 bits):,AdTs: start time offset of the Space-level

These bytes specify the leading edge offset of the start time of the Spa
writing_pulse of the Extended Castle write strategy, for recording Marks with

3T, AT.and > 5T, with a succeeding 2T, 3T or 4T Space.

The leading edge offset AdTs is expressed as a fraction of the actual Ch
period as a signed two’s complement binary number w such that

the last pulse
cording Marks
D bs) apply, the
cceeding > 5T

the last pulse
cording Marks

of a run-length 4T with a succeeding 4T Space. In casethese bits (bits bs t¢ bo) apply, the

cceeding > 5T

the last pulse
cording Marks
b ba) apply, the
cceeding > 5T

ce level of the
run-lengths 2T,

annel-bit clock

w =32 x% (=31 <w < 30). for byte 87 and 88 (where w is even.)
w=32x AdTs (-8 <w < 7). for byte 89 to 94 and 95 (msb 4 bits) (where w is even.)
W
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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 offset values.

I bl b H Ll ") oo 1 Lo vl m m
W e arcar Wit tniS— PpatteT Mot eS e onStTr varaeSTwiCiT ar e TepreSTtmeaoy \A4

e The area with this pattern includes the anchor values, which are represented by " ev™

Byte 87:

Byte 88:

Byte 89:

Byte 90:

Byte 91:

132

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 edge offset of the start
time of the Space level of the writing pulse of the Extended, €astle write stratggy, for
recording Marks of a run-length 2T with a succeeding 2T Spaceand a preceding 2T| Space.
In case this byte applies, the anchor position is specified in\byte 57 (dTs for a 2T Mark with
succeeding > 5T Space and a preceding a 2T Space).

The last 2 bits (bits by to bo) of this byte shall be Réserved.

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 stratgdgy, for
recording Marks of a run-length 2T with,a succeeding 2T Space and a preceding > 3T
Space. In case this byte applies, the<anchor position is specified in byte 58 (dTs for a 2T
Mark with a succeeding > 5T Space-and a preceding a > 3T Space).

The last 2 bits (bits b1 to bo) of this byte shall be Reserved.

The first 4 bits (bits b7.te"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 3T with-a Succeeding 2T Space. In case these bits (bits b7 to bs) apply, the
anchor positionsis\specified in byte 59 (dTs for a 3T Mark with a succeeding > 5T Spgce).

The last 4 bits (bits bs to bg) of this byte shall specify the leading edge offset of the start
time ofthe Space level of the writing pulse of the Extended Castle write stratdgy, for
recordig Marks of a run-length 4T with a succeeding 2T Space. In case these bits [bits bs
to ‘oY apply, the anchor position is specified in byte 60 (dTs for a 4T Mark |with a
succeeding > 5T Space).

Fhefirst4bits<(hits b7 to bz of thisbyteshatt-specify theteadingedgeoffset of the' Space
level of the writing pulse of the Extended Castle write strategy, 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 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

© ISO/IEC 2015 — All rights reserved


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

Byte 92:
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(bits b7 to bs) apply, the anchor position is specified in byte 58 (dTs for a 2T Mark with a
succeeding > 5T Space and a preceding a > 3T 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 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
level of the writing pulse of the Extended Castle write strategy, for recording Marks of a
run-length 4T with a succeeding 3T Space. In case these bits (bits b7 to bs) apply, the

Byte 93:

Byte 94:

Byte 95(msb:4 bits):

anchor position is specified in byte 60 (dTs for a 4T Mark with a succeeding

The last 4 bits (bits bs to bg) of this byte shall specify the leading edge off
time of the Space level of the writing pulse of the Extended Castle writ
recording Marks of run-lengths > 5T with a succeeding 3T Space! In case
bs to bg) apply, the anchor position is specified in byte 61,(dTs for a > 5
succeeding > 5T Space).

The first 4 bits (bits b7 to ba) of this byte shall specify the leading edge offsq
level of the writing pulse of the Extended Castle~write strategy, for record
run-length 2T with a succeeding 4T Space and a-preceding 2T Space. In ¢
(bits b to ba) apply, the anchor position is specified in byte 57 (dTs for a 2
succeeding > 5T Space and a preceding 2T{Space).

The last 4 bits (bits bs to bg) of this.hyte shall specify the leading edge off
time of the Space level of the writing pulse of the Extended Castle writ
recording Marks of a run-length@T with a succeeding 4T Space and a pre(
case these bits (bits bz to bo) ‘@apply, the anchor position is specified in byte 5
Mark with a succeeding > 5T*Space and a preceding > 3T Space).

The first 4 bits (bits bz to ba) of this byte shall specify the leading edge offsg
level of the writing pulse of the Extended Castle write strategy, for record
run-length 3T with> a succeeding 4T Space. In case these bits (bits b7 to
anchor position'is specified in byte 59 (dTs for a 3T Mark with a succeeding

The lasti4 bits (bits bz to bg) of this byte shall specify the leading edge off

> 5T Space).

set of the start
e strategy, for
hese bits (bits
T Mark with a

t of the Space
ng Marks of a
ase these bits
T Mark with a

set of the start
e strategy, for
eding > 3T. In
B (dTs for a 2T

t of the Space
ng Marks of a
bs) apply, the
> 5T Space).

set 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 4T Space. In case the

tovbo) apply, the anchor position is specified in byte 60 (dTs for a 47

succeeding > 5T Space).

se bits (bits bz
Mark with a

Byte 95 (Isb:4 bits):

The TirST 4 Dits (DItS b7 10 ba) Of tis byte shall Specity the feading edge ofrs

t of the Space

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 (bits b7 to bs) apply, the
anchor position is specified in byte 61 (dTs for a > 5T Mark with a succeeding > 5T Space).

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

See 15.8.3.2.

15.8.3.5 Write-strategy requirements

The write-strategy requirements for disks according to this specification are depicted in Figure 83.

a At least one of t
2x only disk can n

15.8.3.6 Usa

By using the
facilitates the
Layers, while K

Recording Write strategy
Disk type Velocity Ex N-1 | Ex Castle
TLQL 2X Optional 2 | Optional @
4x Mandatory

e two write strategies shall be present and they shall be defined as most preferred write strategy.
Dt be allowed.

Figure 83 — Write strategy type requirements
ge of DI Units for write strategies
concept of multiple DI Units, identified by their DI-Eormat Number (byte 2), the BD

future) use of disks for different Recording Velocities /and with three, four or more Re
eeping backwards compatibility in the best possible‘'way.

system
cording

Generally each different Recording Velocity might need a different write strategy (different set of parameters),

which write str
Additionally ed
Reference Vel
The Recording
Parameters in
Velocities shal

strategy requir

These disks s
the 2x Recordi

Additional DI U

htegy furthermore can depend on the appliedtechnology.

ch Recording Layer might need a different set of values for the write strategy parameters|

pCity is the velocity correspond t0.66 MHz Channel clock frequency.

Velocity is referred to Nomjnal Recording Velocity of DI.

this International Standard have been defined for the so-called “4x” disk (applicable Re
be, 2x and 4x Reference Velocity) (see Figure 84). Each Recording Layer shall fulfill th

bments as indjcated in Figure 83.

nall contain<at least two DI Units for each Recording Layer, one containing the parame
hg Velogity and one containing the parameters for the 4x Recording Velocity.

njts, containing alternative write strategy parameter sets, may be added in order of prefs

cording
e write

ters for

prence,

see Figure 79.

In the DI Unit defining parameters for the 2x Recording Velocity, bytes 28 to 29 are set to as follows:

bytes 28 to 29:

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 28 to 29:

134

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).

© ISO/IEC 2015 — All rights
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4x disk (TL) with 2x EX N-1& Castle
and 4x EX Castle write strategy
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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:WS EX_N-1
byte 2f DI-Format Number 5 byte 2: DI-Format Number 5
byte 3t # of DI's/L# 9/0 byte 3: # of DI's/L# 12/0
byte 4f --- 00h byte 4: --- 00h
byte 5f sequence # 1 byte 5: sequence # 1
msb of byte 6: 0 msb of byte 6: 0
bytes P8 to 29: Velocity 2x bytes 28 to 29: Velocity 2x
bytes A2 to 95:WS EX_Castle bytes 42 to 95:WS EX_Castle
byte 2f DI-Format Number 4 byte 2: DI-Format Number 4
byte 3t # of DI's/L# 9/1 byte 3: # of DI's/L# 12/1
byte 4f --- 00h byte 4: --- 00h
byte 5 sequence # 2 byte 5: sequénce # 2
msb of byte 6: 0 msb of hyte )6: 0
bytes P8 to 29: Velocity 2X bytes 280 29: Velocity 2X
bytes A2 to 98:WS EX_N-1 bytes*42 to 98:WS EX_N-1
byte 2f DI-Format Number 5 byte 2: DI-Format Number 5
byte 3t # of DI's/L# 9/1 byte 3: # of DI's/L# 12/1
byte 4f --- 00h byte 4: --- 00h
byte 5 sequence # 3 byte 5: sequence # 3
msb of byte 6: 0 msb of byte 6: 0
bytes P8 to 29: Velocity 2x bytes 28 to 29: Velocity 2x
bytes A2 to 95:WS EX/Castle bytes 42 to 95:WS EX_Castle
byte 2f DI-Format Number 4 byte 2: DI-Format Number 4
byte 3t # of DI's/L# 9/2 byte 3: # of DI's/L# 12/2
byte 4f --- 00h byte 4: --- 00h
byte 5[ sequenece# 4 byte 5: sequence # 4
msb of byte &: 0 msb of byte 6: 0
bytes P8 ta 29: Velocity 2X bytes 28 to 29: Velocity 2X
bytes A210'98: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# 9/2 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
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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: # of DI's/L# 9/1 byte 3: # of DI's/L# 12/3
byte 4: --- 00h byte 4: --- 00h
byte 5: sequefice # 7 byte 5: sequence # I
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 93:WS EX_Castle bytes 42 to 95:WS EX_Castle
byte 2: DI-Forfnat Number 5 byte 2: DI-Format Number 5
byte 3: # of DI's/L# 9/2 byte 3: # of DI's/L# 12/0
byte 4: --- 00h byte 4: --- 00h
byte 5: sequefce # 8 byte 5: sequence # 8
msb of byte 6 0 msb of byte 6: 0
bytes 28 to 29: Velocity 4x bytes 28 to 29: Velocity. 4x
bytes 42 to 93:WS EX_Castle bytes 42 to 95:WS EX_Castle
[ Repeat | byte 2: DI-Format Number 5
byte 3: # ofDI's/L# 12/1
byte 4: --¢ 00h
byte 5isequence # 9
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# 12/2
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 # 11
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)
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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
information about the disk. The outer part of Inner Zone 0, other Inner Zones, Data Zones and Outer Zones
constitute the Recordable Areas in which the information can be recorded on the Wobbled Grooves.

16.2 R

The Inf
Zone (
Zone 2

Data Z
replica
Zone 2
layers

16.3 R

The In
Outer 4
2, Datg
L3 (seq

Data Z
Zone ¢
Zone 1
smooth

17 L4
The R¢
Outer }
Figure

The PH

Fformat of Information Zone on Triple-Layer disk

ormation Zone is divided into nine parts: a Lead-in Zone (part of Inner Zone 0)nData Zo
on Layer LO, and Outer Zone 1, Data Zone 1 and Inner Zone 1 on Layer L1))and Inne
and Lead-out Zone on Layer L2 (see Figure 85, Figure 86, and Figure 87):

pbne 0, Data Zone 1 and Data Zone 2 are intended for recording User'‘Data. The Lead-in
ed and Recordable Control Information and an area for disk and drive testing. The Inne
, Outer Zone 0, Outer Zone 1 and Outer Zone 2 allow for a smooth run-in/run-out for t
hnd also contain Control Information.

Format of Information Zone on Quadruple-Layerddisk

fone 0 on Layer LO, and Outer Zone 1, the Data.Zone 1 and Inner Zone 1 on Layer L1, &
Zone 2 and Outer Zone 2 on Layer L2, and;Quter Zone 3, Data Zone 3 and Lead-out 2
Figure 88, Figure 89, Figure 90 and Figure.91).

pne 0, Data Zone 1, Data Zone 2 and“Data Zone 3 are intended for recording User Dat
pntains replicated and Recordable.Control Information and an area for disk and drive tes
, Inner Zone 2, Inner Zone 3, Oufer Zone 0, Outer Zone 1, Outer Zone 2 and Outer Zor
run-in/run-out for the respegtive Layers and also contain Control Information.

wyout of Recordable Area of Information Zone

bcordable Area of the Information Zone is constituted from part of the Inner Zones, D
rones. The start.radii for the Zones indicated in Figure 85, Figure 86, Figure 87, Figure
90 and Figure 91 are the nominal values of the centre of the first/last Groove Track of tha

the nurrber of Physical Clusters (RUBSs) that can be recorded per Zone are indicated.

ne 0 and Outer
r Zone 2, Data

Zone contains
Zone 1, Inner
heir respective

ormation Zone is divided into twelve parts: a Lead:in Zone (part of Inner Zone 0), Dafa Zone 0 and

nd Inner Zone
fone on Layer

A. The Lead-in
ting. The Inner
e 3 allow for a

ata Zones and
88, Figure 89,
\t Zone.

ysicalsADIP Addresses (PAA) listed are the first/last address in the Groove Tracks of each Zone. 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
ending radius 21,0 mm
ctartina raduic Soagin niteh” ROCA
starting-radivs—wide-pitch BGA
21,0 mm Grooves
Protection
-Zone 1 22,2
(First AUN <00
Emg‘;iﬂsed 0C0480h | 272D
(HEM PIC 22,510 : (x4 KB)
Groove) Last AUN = 00
0C 19 BEh)
. 001 83 38h
Protection) 23,068 ! 300
Lead-in 0 01 87 E6h
Zone
001 87 E8h
(ﬁ’art of | Buffer;V) 53107 : 3078
nner Zone
Zone 0) 0 01 B7 FEh
0 01 B8 00h
INFO 2 23,468 : 256
| 0 01 BB FEh
{ 0 01 BC 00h
Information OPCO 23,498 : 2 048
Zone 0 01 DB FEh
Information | 0 01 DC 00h
Area l TDMAO | 23,736 : 2 04B
tracking direction 001FBFEh
0 01 FC 00h
Recordable INFO 1 23,971 : 256
0 01 FF FEh
(Wobbled 24,000 0 02 00 00h
Groove) Zgﬁt:() 509 152
LAA
HAA+2h
INFO 3/4 | 58,000 : 204
out LAA + 4 98h
ZOL:];”O LAA + 4 9Ah
DCZ 0 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
Buffer 0 7E C5 B6h
Zone 22,510 : 4104
0—7E-85-98h-
0 7E 85 96h
OPC1 23,004 : 2048
0 7E'65 98h
QO YE 65 96h
Reserved| 23,246 : 1894
0 7E 48 00h
Inner 0 7E 47 FEh
Zone 1 INFO 2 23,468 : 256
0 7E 44 00h
tracking direction 0 7E 43 FEh
A TDMA% 23,498 : 2048
| 0 7E 24 00h
Information . 0 7E 23 FEh
Area Information Reserved| 23,736 : 2048
Z"T”e 0 7E 04 00h
0 7E 03 FEh
’ Recordable INFO 1 23,971 : 256
0 7E 00 00h
(Wobbled 24,000 0 7D FF FEh
Data :
Groove) Zone 1 : 509 152
FAA 2
FAA - 2h
INFO 3/4| 58,000 : 294
FAA — 4 98h
Outer FAA — 4 9Ah
Zone 1 DCz1 : 760
58,014 FAA — 10 78H
Protection 58,050 FAA — .10 7AR
-Zone 3 :
starting radius 58,5 mm

—FAA=TAATI 800601 (see 15.7.4.3)

Figure 86 — Layout of Information Zone on Layer L1 of TL disk
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Nominal First PAA
Descrip- starting of Zone Number
Layer L2 tion radius : of Phys.
Last PAA |[Clusters
(mm)
of Zone
starting radius “wide pitch”
21,0 mm Grooves
Wobbled Protection 299 .
Groove -Zone 1 ’
U Ol oA 40I1
E;‘(‘)frf]‘zr 22,510 : 200
0 81 3D 66h
081 3D 68h
oner | opca | 22535 : 2048
0 815D'66h
0 815D 68h
Reserved| 22,782 : 1600
@ 81 76 66h
081 76 68h
INFO 2 22,973 : 256
081 7A 66h
| 081 7A 68h
N TDMA 2 23,004 : 2 048
Information 0 81 9A 66h
Information Zone 0 81 9A 68h
Area | E;(‘)frf]‘zr 23,246 : 6246
1 081 FB FEh
tracking direction 0 81 FC 00h R
Recordable INFO 1 23,971 : 256
081 FF FEh
(Wobbled 24,000 0 82 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 : 769
Zone 2) LAA2 + 10 78h
Protection 58,050 LAA2 +.10 7Ah _
-Zone 3 :
Rim Area starting radius 58,5 mm | | | |

a8 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 starting radius 16,5 mm
ending radius 21,0 mm
starting radius  “wide pitch”
21,0 mm Grooves BCA
Protection
-Zone 1 e
Embossed (First AUN = 0(
HFM i L [ P20
(HEM PIC 22,510 : (x4 KB)
Groove) Last AUN =00
0C 5A 7Eh)
Protection 001 8B 50h
Zone.2 23,091 : 300
001 8F FEh
0 01 90 00h
g‘éf:]‘zr 23,132 : 814
001 9C B6h
001 9C B8h
INFO 2 | 23,232 : 256
| lxéad-in 0 01 A0 B6h
N Zone 001 A0 B8h
Information (part of OPCO 23,263 : 2048
Zone Inner 001 CO B6h
Information | Zone0) | o 001 CO0 B8h
uffer :
Area J Zone 23,513 : 3794
tracking direction 001 FB FEh
0 01 FC 00h
Recordable INFO1 | 23,970 : 256
0 01 FF FEh
(Wobbled 24,000 0 02 00 00h
Data :
Groove) Zone 0 : 488 288
LAA
LAA + 2h
INFO 3/4 | 58,000 : 294
LAA + 4 98h
LAA + 4 9Ah
Outer DCZO0 58,014 : 732
Zone O LAA + 10 08h
Protection 58,050 LAA + .10 0Ah
-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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Nominal Last PAA
Descrip- ending of ane Number
Layer L1 tion radius I of Phys.
(mm) First PAA | Clusters
of Zone
ending radius  “wide pitch”
21,0 mm Grooves
Wobbled Protection 22 2 :
Groove -Zone 1 ' 0 7E BD B8h
Ruiff 0 7E BD B6h
urer
Zone 272,509 : Z 50
0 7E 96 A8h
0 7E 96 A6h
OPC1 22,824 : 2 048
0 7E 76 A8h
0 7E.76 A6h
Inner INFO 2 23,079 ) 254
Zone 1 Q\ZE 72 A8h
O"7E 72 A6h
TDMA 0 23,111 : 2 30¢
tracking direction 0 7E 4E A8h
Information ) Buffer 0 7E 4E A6h
Area | Zone 23,394 ; 4778
Information 0 7E 04 00h
Zone 0 7E O3 FEh
1" Recordable INFO1 23,970 0E (.)O oon 254
(Wobbled 24,000 0 7D FF FEh
Data :
Groove) Zon@l : 488 288
FAA 2
FAA —2h
INFO 3/4| 58,000 : 294
FAA — 4 98h
Outer FAA — 4 9Ah
Zone 1 DCzZ 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%.7.4.3)
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
Wobbled Protection 292 :
Groove -Zone 1 ' 0 81 42 46h
Bufier | 22,500 . 3268
0 81 75,56h
0 81 75 58h
INFO 2 22,920 : 256
0781 79 56h
0 81 79 58h
TDMA 1 22,952 : 1280
0 81 8D 561
Inner Buffer 0818D 58
Zone 2 Zone 23,111 : 3754
081 C7 FE
| 0 81 C8 00K
1 OPC 2 23,570 : 2048
. 0 81 E7 FEH
Information Information 0 81 E8 00h
Area Zone TDMA2 | 23,817 : 1280
| 0 81 FB FE}
v 0 81 FC 00H
tracking direction INFO 1 23,970 : 256
Recordable 0 81 FF FEN
(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 :

a8 LAA2 =LAA + 08000 00h (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 22,2 L
Groove -Zone 1 0 EE BD B8h
0 FE BD B6h
OPC 3 22,509 : 2.048
0 FE 9D B8h
22,768 ' 6 2%4
Zone
O-FE-3C 00h
Lead-out
Zone 0 FE 3B FEh
(part of | INFO2 | 23539 : 25p
Inner 0 FE 38 00h
S Zone 3)
Information tracking direction 0 FE 37 FEh
Area T TOMAG ¥ 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
Grooye) Zone 3 :
FAA3 2
FAA3 - 2h
INFO 3/4| 58,000 : 294
FAA3 — 4 98h
Outer FAA3 — 4 9Ah
Zone 3 DCz 3 : 73p
58,014 |raa3_1008h
Prgiicjlgn 58,050 FAA3 - 10 OAh _

oTTe

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.

Bits PS3z; to PSyg of the PSN shall be Reserved.

Bits P,z to PS5 of the PSN shall be set to the Layer number.
The firgt PSN in the Data Zone 0 is 00 10 00 00h.
The lagt 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 firgt PSN in the Data Zone 1 is 8 x FAA, which is
= (02 F7 64 00h on a TL disk,
= (3 01 94 00h on a QL disk.
The lagt PSN in the Data Zone 1 is 03 EF FF FFh.
The firgt PSN in the Data Zone 2 is 04 10 00 Q@h.
The lagt PSN in the Data Zone 2 is 8 x LAA2 + 15, which is
= (5 08 9B FFh on a TL disk,
=04 FE 6B FFh on a QL disk.
The firgt PSN in the Data\Zone 3 is 8 x FAA3, which is
= (7 01 94 00hrer a QL disk.

The lagt PSNL.in'the Data Zone 3 is 07 EF FF FFh.
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These PSNs 4
ECC Clusters

Finally a Physi
location on the

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|a
1 7l |5la 3 6 5
in Cluster )
count ZERO
Aqure s Uni&l\iumlie l l l i /
VYVYYVYYVY YYVYVY Vi YYVVVYY (AR
A Al TATA A A A A AT TATA ATA
) ul |ulu u U U u ul |ulu ulu
3 2 212 2 1 1 g 5la 1la
T 7T 514 3 6 5
set to
00, 01, 10
consecutively
YYYVYY YYVYVYY A A l
A ATATATA ATA A A A AJATA
n Ala|A[A AlA A A A AlAlA
A 2|2|2]2 1]1 1 ) 7 2[1]0
i 3]2]1]0 716 5

Physical ADIP Address

Figure 92 — Physical ADIP Addresses derived from PSN’s

re converted to the Address-Unit Numbers, which&hall be recorded in the BIS columng of the
see 13.9.2.2).

cal ADIP Address is derived from the PSN/AUN as defined in Figure 92. This PAA identifies the
disk where the data shall be recorded.
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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).

Inner Zone O (in its Lead-in Zone part) contains an Embossed HFM Area and a Recordable Area. Inner Zone
1, Inner Zone 2 and Inner Zone 3 (in its Lead-out Zone part) contain an embossed wobbled parts and
Recordebte-Ares igtre-93Fgtre-94Figure-95Figtre-96Fgure-97ie areHgttie 99).

In the Embossed HFM Area on Layer LO, all Groove shall be encoded according to the format as defined in
15.5 and subclause.

On Layer LO this encoding shall start at a radius 22,2_%3 mm, such that the AUN of\the first Clusgter shall be
— AUN =00 0B F8 E2h if disk is a TL disk.

— APUN =00 0C 3A 1Ch if disk is a QL disk.

The addresses shall be continuously increasing as described in 15:523.2 and shall end with AUN = 00 0C 19
BEh fof a TL disk, 00 OC 5A 7Eh for a QL disk in the last 4K Cluster. at the outermost radius of the PIC Zone.

In Protgection-Zone 1 of Inner Zone 0 the content of the DatalFrames can be set to all 00h or thely can be equal
to the gontent in the PIC Zone.

Protecfion Zone 1 is intended to as a Protection Area against overwriting of the PIC Zone by thg BCA code.

In the Permanent Information & Control Data (PIC) Zone, general information about the disk angl various other
information can be stored in the Embossed-HEM Groove.

In the Recordable Area and the Wobbled’Grooved Area (Protection Zone 1 on Layer L1, Layef L2 and Layer
L3 for & QL disk), all Grooves shall be:wobbled as defined in 15.6.

The R¢cordable Areas of each Inner Zone(s) are used to execute OPC (Optimum Power Contilol) procedures
and to| store specific information about the disk, such as e.g. Disk Management Informatign and Control
Information. Also a Zone has been reserved where drives can store their own specific informatign.
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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 00187 E8h 3078
Reserved 8 001 B8 Q0h 2 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 Contrpl
J DMA 2 0 01 BA 80h 32 Disk Management
Recordable Control Data 2 | 001 BB 00h 32 data information
v Buffer 2 001 BB 80h 32
kin .
;:‘:Cﬁo?] OPC O Test Zone 001 BC 00h 2 044 OPC testing
OPC 0 Buffer | 001 DB FOh 4 buffer
TDMA 0 0 01 DC 00h 2048 Temporary Disk-
Management Area
Pre-write Area | 0 01 FC 00h 32 Drive calibration
Drive Area 001 FC'80h 32 drive specific informatign
Drive Area 0 0L-FD 00h 32 drive specific informatign
INFO 1 Drive Area 001'FD 80h 32 drive specific informatign
Drive Area 001 FE 00h 32 drive specific informatign
DMA 1 0 01 FE 80h 32 Disk Management
Control Data 1 0 01 FF 00Oh 32 data information
PAC1 0 01 FF 80h 32 Physical-Access Contrpl
(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
INFO 1 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 specificiinformation
Drive Area 0 7E 03 00h 32 drive spegific information
Pre-write 0 7E 03 80h 32 Drive calibration
Area
Reserved 0 7E 04 00h 2048 future extension
TDMA 1 0 7E 24 00h 2048 Temporary|Disk-
Managemerjt Area
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-Accegs Control
INFO 2 Reserved 5 07E'46 00h 32 future extenhsion
Reserved 6 0 7E 46 80h 32 future extension
Reserved 7 0 7E 47 00h 32 future extenhsion
tracking Reserved 8 | 0 7E 47 80h 32 future extepsion
direction
Reserved 0 7E 48 00h 1894 future extension
OPC-Y Test Zone 0 7E 65 98h 2048 OPC tesfing
Buffer 0 7E 85 98h 4104
ﬁ/obbled Protection 0 7E C5 Bsh
5rooves -Zone 1
Figure 94 — Inner Zone 1 of TL disk
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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 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 future, éxtension
J DMA 2 081 78 Esh 32 Disk-Management
Recordable Control Data 2 | 081 79 68h 32 data information
v Buffer 2 08179 E8h 32
tracking TDMA 2 081 7A 68h 2048 Temporary Disk-
direction Management Area
Buffer 081 9A 68h 6,246
Pre-write Area | 0 81 FC 00h 32 Drive calibration
Drive Area 081 FC 80h 32 drive specific informatign
Drive Area 0 81 FD\OOh 32 drive specific informatign
INFO 1 Drive Area 0 81 FED 80h 32 drive specific informatign
Drive Area 0 8LFE 00h 32 drive specific informatign
DMA 1 0 81 FE 80h 32 Disk Management
Control Datad. | 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
Buffer 0 01 90 00h 814
Reserved 8 001 9C B8h 32 future extension
Reserved 7 0 01 9D 38h 32 future extepsion
Reserved 6 001 9D B8h 32 future extepsion
Reserved 5 001 9E 38h 32 future extepsion
INFO 2 PAC 2 0 01 9E B8h 32 Physical-Acceds Control
J DMA 2 001 9F 38h 32 Disk Management
Recordable Control Data 2 0 01 9F B8h 32 data information
¥ Buffer 2 001 A0 38h 32
racking | opc g | Test Zone 0 01 AO B8h 2048 OPC tesling
direction
Buffer 0 01 CO B8h 3794
Pre-write Area 001 FCQO0h 32 Drive calibration
Drive Area 0 01 EC80h 32 drive specific information
Drive Area 0 01¢FD 00h 32 drive specific information
INFO 1 Drive Area 001 FD 80h 32 drive specific information
Drive Area 0 01 FE 00h 32 drive specific information
DMA 1 0 01 FE 80h 32 Disk Management
Control Data’1 0 01 FF 0O0h 32 data information
PAC1 0 01 FF 80h 32 Physical-Accegs Control
(Data Zone 0) 002 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 U /E 03 00N 32 drive Speciic informatign
Pre-write Area | 0 7E 03 80h 32 Drive calibration
Buffer 0 7E 04 00h 4778 future extehsion
TDMA 0 0 7E 4E Agh 2 304 Temporary Disk-
Management Area
\! Buffer 2 0 7E 72 A8h 32
Recordable 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 Contrpl
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
tracking Reserved 8 | 0<E 76 28h 32 future extension
direction
OPC 1 Test Zone 0 7E 76 A8h 2048 OPC testing
Buffer 0 7E 96 A8h 2 500
Wobbled Protection 0 7E BD B8h
Grooves Zaene-1
Figure 97 — Inner Zone 1 of QL disk
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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 extension
reserved o Uol 70 Doll 574 fotore extension
INFO 2 Reserved 081 77 58h 32 future_éxtension
J DMA 2 08177 D8h 32 Disk’Management
Recordable Control Data2 | 081 78 58h 32 data information
v Buffer 2 081 78 D8h 32
tracking TDMA 1 081 79 58h 1280 Temporary|Disk-
direction Managemerjt Area
Buffer 081 8D 58h 3754
OPC 2 Test Zone 081 C800h 2044 OPC testing
OPC 2 Buffer | 081 E7 FOh 4 buffen
TDMA 2 081E8GOR| 1280 Temporary|Disk-
Managemerjt Area
Pre-write Area | 0 81~C 00h 32 Drive calibration
Drive Area 081 FC 80h 32 drive specific information
Drive Area 081 FD 00h 32 drive specific information
INFO 1 Drive Area 081 FD 80h 32 drive specific infformation
Drive Area 0 81 FE 00h 32 drive specific information
DMA-1 0 81 FE 80h 32 Disk Management
Control Data 1 | 0 81 FF 00h 32 data informnation
Reserved 0 81 FF 80h 32 future extepsion
(Data Zone 2) | 082 00 00h
Figure 98 — Inner Zone 2 of QL disk
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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 U FE U3 00Nh 37 drive Speciic informatign
Pre-write Area | 0 FE 03 80h 32 Drive calibration
TDMA 3 0 FE 04 00h 3328 Temporary Disk-
Management Area
J Buffer 2 0 FE 38 00h 32
Recordable Control Data 2 | 0 FE 38 80h 32 datayinformation
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
tracking Reserved 8 | 0 FE8B 80h 32 future extension
direction
Buffer 0.FE 3C 00h 6 254
OPC 3 Test Zone 0 FE 9D B8h 2048 OPC testing
Wobbleg Protection 0 FE BD B8h
Grooveq Zone 'l
Figure 99 — Lead-out Zone of QL disk
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18.2 Permanent Information & Control Data (PIC) Zone

18.2.1

Genarel

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.

18.2.2

Content of PIC Zone

The PI
of 544

The PI

The PI
0D 00h

The PI
COh, 0

C Zone shall consist of five repetitions of a PIC-Info Fragment, where each PIC-Info,Fra
PIC Clusters (for a total of 2 720, see Figure 100 for a TL disk and Figure 101 for.ad QL d

C Clusters shall be formatted as described in 15.5.

C-Info Fragments shall start on Layer LO for a TL disk at AUNs: 00 0C ‘04 80h, 00 0OC
, 00 0C 11 40h and 00 OC 15 80h.

C-Info Fragments shall start on Layer LO for a QL disk at AUNs:(0Q'0C 45 40h, 00 0C 49

D 0C 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

jment consists
Sk).

D8 COh, 00 0C

80h, 00 OC 4D
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The first PIC G
the ADIP Aux
Frame shall bg

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 QC 4D BEhQ
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 YEh

bytes up to byte 3 584 shall be set to 00h.

The last 512 b
see 15.8.3 ang

All other PIC Q

Figure 101 — PIC Zone for QL disk
luster of each Info Fragment shall contain a copy of the 'Disk-Information Block as contg

Frames (see 15.8.3 and Figure 102). Only the first 112 bytes of each Disk Informati
included (excluding the 32 parity bytes). If less than 32 DI Units are present then the ren

ytes of the first PIC Cluster of each Info _kragment shall contain the Emergency-Brake d

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

3 360(t0)3 471 DI Unit 30 112

3 472)to 3583 Reserved 112

3.584 to 4 095 EB Data Set 512

Figure 102 — First PIC Cluster of each Info Fragment

lusters shall be Reserved, unless specified otherwise (e.g. in other Applications).

ined in
bn Aux
naining

hta set,

156
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18.2.3 Emergency Brake

As a protective measure, a data set is defined that can be used by specific drive models to recognize disks
that need special handling to prevent destructive malfunction.

This data is called Emergency Brake (EB) data.

The EB data is specified in bytes 3 584 to 4 095 of the first PIC Cluster of each Info Fragment. It consists of
an EB Header, EB-data field(s) and an EB Footer. EB-data fields shall be included only after mutual
agreement between the disk manufacturer and the drive manufacturer involved, when specific drives require
special actions when handling such disks, e.g. to prevent damage to the disk or the drive. Up to a maximum of
62 EB-data fields may be applied.

The Emergency-Brake data shall be implemented as depicted in Figure 103.
Byte number Function Definition Numbaer of bytes
3584 to 3585 Identifier 2
3586 EB Version 1
3587 Reserved 1
Header 7
3588 List/length 1
35891t0 3591 Reserved 3
3592 to 3593 Drive-Manufacturer ID 2
3594 to 3595 EB Drive Model 2
3596 to 3597 Data field<l Firmware Version 2
3598 to 3599 Drive Actions 2
(3584 +ix8)to (3584 +ix8)+1 Drive-Manufacturer 1D 2
3584 +ix8)+210(3584 +ix8) 43 DataEE’eld | Drive Model 2
3584 +ix8)+41t0(3584+ix8)y+5 (L<i<N) Firmware Version 2
3584 +ix8)+61t0(3584-+ix8)+7 Drive Actions 2
(3584 + N x 8)to/(3584 + N x 8) +1 EB Drive-Manufacturer 1D 2
(3584 +Nx8)+21t0 (3584 +N x8)+3 | Data Field Drive Model 2
(3584 + N x8)+4t0(3584+Nx8)+5 N Firmware Version 2
(3584 +N%8)+6t0(3584+Nx8)+7 | (N<62) Drive Actions 2
[P S84 (N+1) x[i] 224 +(N+1) x 8] + 7 EB Footer Terminator 8
[3 584+ (NTZ) 8] to4095 Ynused Reserved 512—= ( \ + 2) x 8

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 3589 to 3 591: Reserved

Bytes (3 584 4

Bytes (3 584 4

Bytes (3 584 4

Bytes (3 584

Bytes [3 584

Bytes [3 584

These bytes shall be set to 00 00 00h.
i x8)to (3584 +ix8)+1(1l<Li<N):Drive-Manufacturer ID

The format and the content of these 2 bytes require agreement betweenJthe inter
parties, else these bytes shall be set to all 00h.

ix8)+2to (3584 +ix8)+3(1<i<N): Drive-Model number

These 2 bytes represent the Drive-Model number and/shall be defined by the
manufacturer. This International Standard does not specify‘the format and the content]
byte. It shall be ignored in interchange.

ix8)+4to (3584 +ix8)+5(1<i<N): Drive-Eirmware Version

These 2 bytes represent the Drive-Firmware)Version and shall be defined by th
manufacturer. This International Standard does not specify the format and the content
byte. It shall be ignored in interchange.

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 d
These bytes shall be defined by the drive manufacturer. This International Standard dog

specify the format and the,content of this byte. It shall be ignored in interchange.

(N+1) x 8] to [3584-+(N + 1) x 8] + 7 (0 <N £ 62): EB Terminator

thange

drive
of this

P drive
of this

isk.
S not

These bytesshall be set to FF FF FF FF FF FF FF FFh to indicate the end of the EB dgta.

(N+2) x8]to 4 095 (0 < N £ 62): Reserved

These bytes shall be Reserved.

18.3 Recordable Area of Lead-in Zone of TL disk

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.
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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.

18.3.5

INFO 2 / Reserved 6

This Zq

18.3.6

This Zq

For the

For the

18.3.7

This Zgne comprising 32 Physical Clusters starts at PAA 0-01’BA 00h on Layer LO and is inten

for sto
unreco,

18.3.8

This Z
Manag

18.3.9

This Z

Information. Unused Clusters'shall be left unrecorded until the disk is closed.

18.3.1(

This Zq

18.3.11

ne comprising 32 Physical Clusters starts at PAA 0 01 B9 00h and shall be left unrecérd

INFO 2 / Reserved 5

ne comprising 32 Physical Clusters starts at PAA 0 01 B9 80h and is Application depend

disks without BCA code, this Zone shall be recorded all 00h before shipped.

INFO 2/ PAC 2

[ing Physical-Access Control (PAC) Clusters (see“21.2). Unused Clusters in this Zon
rded.

INFO 2/ DMA 2

bne comprising 32 Physical Clusters\starts at PAA 0 01 BA 80h and is intended for u
ement system. Until the disk is closed (see 22.6) these Clusters shall be left unrecorded.

INFO 2 / Control Data 2

bne comprising 32 Physical Clusters starts at PAA 0 01 BB 00h and is intended tg

INFO 2 / Buffer 2

ne comprising 32 Physical Clusters starts at PAA 0 01 BB 80h and shall be left unrecord

OPC 0/ Test Zone

ent.

disks with BCA code, this Zone shall be left unrecorded unless otherwise specified by the Application.

led to be used
e shall be left

5e by the Disk

store Control

ed.

The Test Zone comprising 2 044 Physical Clusters starts at PAA 0 01 BC 00h and is reserved for testing

and/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.
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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

OPC 2

Track direction

v

<+—— Track direction

Layer L1 | 4f | 2 3[4 | >>--cmm i -->> [n=2|n-1n
OPC 1/
Layer L3 > OPC directi ‘L
OPC 3 » usage direction
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 LOyLayer L1, Layer L2 and Layer L3

160 © ISO/IEC 2015 — Al rights reserved


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

ISO/IEC 30191:2015(E)

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.

ClustErFN=2 Cluster#FN =1 : Cluster # N_CIuster # P

[

Y.
A
\ 2

OPC Area

é o

Recording direction »

1 RS
AN

Z + N JoelN DdO
Z+ W #2dO
T + N # JoelN DdO
T+ W #0dO

N # 1N DO |

OPC #M occupies exactly one Cluster; OPC #M+1 exceeds one Cluster;
OPC #M+2 isssmaller than one Cluster

Figure 105 —Example of position of OPC Markers

18.3.12.3 OPC update in the TDMA

Each QPC procedure shall be.completed by updating the corresponding “next available PSN of Test Zone on
Layer Ix” (x =0, 1, 2 and 3) in.the TDDS, see 22.4.4.

18.3.13 OPC 0/ ORC.0 Buffer

This Zgne of 4 Physical Clusters starts at PAA 0 01 DB FOh and is intended as a buffer Zone fgr the transition
from OPC 0 Area’to the TDMA 0 Area and shall be unrecorded.

18.3.14 “\TDMA 0

This Zone of 2 048 Physical Clusters starts at PAA 0 01 DC 00h and is intended for use as a Temporary 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 Format of Drive-specific Information

Each Drive-sp
Frame shall ¢
following form4

48 bytes f
48 bytes ¢
32 bytes f

beific Information shall be contained in one 2K Data Frame. The first 128 bytes of suth
pntain a signature of the drive that has created the related Data Frame, accarding
it

Dr the Manufacturers name, represented by characters from the ISO 646 character set,
f additional identification, represented by characters from the ISO 646 chdracter set,
Dr a unique serial number of the drive.

a Data
to the

The format of the remaining 1 920 bytes of the Data Frame is not defined and can,be chosen freely by each
drive designer
Drive-specific Information of the last 32 drives that have used this optien-shall be stored in the pewest
recorded Phydical Cluster. Each time a new drive is going to write its~Drive-specific Information in|a new
Physical Cluster, the oldest Drive-specific Information, which is located in Data Frame 31 of the last Physical
Cluster is rempved, the content of Data Frames 0 to 30 of the last Physical Cluster is are copied info Data
Frames 1 to 3l in the new Physical Cluster and the new information is written in Data Frame O in the new
Physical Cluster (see Figure 106). Initially the Physical Clusterstarting at PAA 0 01 FC 80h shall be lised to
store the Drivetspecific Information.
Phys. Clustet Data Frame
(Data Frame 0) Manufacturers
drivey name
(Rata Frame 1) Onex2K ) yditional ID
drive i—1 Sector
Drive Area 32x2K ) Unigue Ser. Num.
Sectors | :
Recorded (Data Frame 30) Drive-specific
Phys. Cluster drive i-30 Information
Recorded (Data Frame 31)
Phys. Cluster drive i-31
Last Recorded
Phys. Cluster
New Recorded
Phys. Cluster
Unrecorded (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.

18.3.19 INFO1/PAC1

This ch)ne comprising 32 Physical Clusters starts at PAA 0 01 FF 80h on Layer LO and is inten

for sto
unreco|

18.4 H

18.4.1

This Zq

18.4.2

This Z
proced

18.4.3

This Z¢

18.4.4
This Zq
For the

For the

18.4.5

This Zq

rded.

Recordable Area of Inner Zone 1 of TL disk

Buffer

ne comprising 4 104 Physical Clusters starts at PAA 0 7E 85 98h/and shall be left unrec

OPC 1/ Test Zone

ures. The OPC 1 Area shall be used according 18:3.12.
Reserved

ne comprising 1 894 Physical Clusters starts at PAA 0 7E 48 00h and shall be unrecordg
INFO 2/ Reserved 8
ne comprising 32 Physical Clusters starts at PAA 0 7E 47 80h and is Application depend
disks with BCA code, this Zone shall be left unrecorded unless otherwise specified by th
disks without BCA code, this Zone shall be recorded all 00h before shipped.
INFO 2 /Reserved 7

ne. comprising 32 Physical Clusters starts at PAA 0 7E 47 00h and shall be left unrecord

led to be used

fing Physical-Access Control (PAC) Clusters (see 21.2). Unused Clusters in this\Zone shall be left

brded.

bne comprising 2 048 Physical Clusters starts at PAAYO 7E 65 98h is reserved for testifg and/or OPC

d.

ent.

e Application.

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

© ISO/IE

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

unrecorded.

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

Management s

18.4.10

INFQ2-LControlData-2

ystem. Until the disk is closed (see 22.6) these Clusters shall be left unrecorded.

This Zone comprising 32 Physical Clusters starts at PAA 0 7E 44 80h and is intended to store

Information. U

18.4.11 INFC
This Zone com
18.4.12 TDM

This Zone cor
Temporary Dig

18.4.13 Resq

This Zone com

18.4.14 INF(

This Zone conpprising 32 Physical Clusters starts at PAA 0 7E 03 80h and all 32 Physical Clusters s

recorded by th
write Area sha

18.4.15 INF(

The use of this
This Zone can

has created th
in 18.3.16 sha

hused Clusters shall be left unrecorded until the disk is closed.

2 | Buffer 2

prising 32 Physical Clusters starts at PAA 0 7E 44 00h and shall be leftunrecorded.

Al

nprising 2 048 Physical Clusters starts at PAA 0 7E 24,00h and is intended for us
k-Management Area.

erved

prising 2 048 Physical Clusters starts at PAA/O 7E 04 00h and shall be left unrecorded.

1/ Pre-write Area

b first drive that writes on Layer L1 and shall contain all 00h. Drives that write the INFO
| update Pre-write Area flags'of the TDDS (see 22.4.4).

1/ Drive Area
Zone, divided into four parts of 32 Physical Clusters, starting at PAA 0 7E 01 80h is opti
be used by drives to store drive-specific information, restricted to be used only by the dr

b information. To guarantee that drives can allocate their own information, the format sfg
be used. The Clusters in this Zone shall be ignored in interchange.

Control

e as a

hall be
|l / Pre-

bnal.

ve that
ecified

18.4.16

INFO-3-FDA

1
T

This Zone comprising 32 Physical Clusters starts at PAA 0 7E 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.

18.4.17

INFO 1/ Control Data 1

This Zone comprising 32 Physical Clusters starts at PAA 0 7E 00 80h and is intended to store Control

Information.

Unused Clusters 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.

18.5.2|OPC 2/ Test Zone

The Te¢st Zone comprising 2 044 Physical Clusters starts at PAA 0 81 3D 68h and ‘is“reserped 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 Zgne comprising 4 Physical Clusters starts at PAA 0 81 5D 58h and'is intended as a buffer Zone for the
transitipn from OPC 2 Area to the Reserved Area and shall be left unrecoerded.

18.5.4 [Reserved
This Zgne comprising 1 600 Physical Clusters starts at PAA 081 5D 68h and shall be left unrecprded.
18.5.5|INFO 2/ Reserved 8
This Zgne comprising 32 Physical Clusters starts*at PAA 0 81 76 68h and is Application dependgent.

For thg disks with BCA code, this Zone shall be left unrecorded unless otherwise specified by the Application.

For thg disks without BCA code, this\Zone shall be recorded all 00h before shipped.

18.5.6 [INFO 2 / Reserved 7

This Zgne comprising 32(Physical Clusters starts at PAA 0 81 76 E8h and shall be left unrecordgd.

18.5.7 [INFO 2 / Reserved 6

1%
o

This Zgne comprising 32 Physical Clusters starts at PAA 0 81 77 68h and shall be left unrecord

18.5.8 [INFO 2 / Reserved 5

This Zone comprising 32 Physical Clusters starts at PAA 0 81 77 E8h 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.

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 Cluste

rs shall be left unrecorded until the disk is closed.

18.5.12 INFC

This Zone com

18.5.13 TDM

This Zone comprising 2 048 Physical Clusters starts at PAA 0 81 7A 68h and \is) intended for us

Temporary Dig
18.5.14 Buff

This Zone com

18.5.15 INFC

This Zone conpprising 32 Physical Clusters starts at PAA 0”81 FC 00h and all 32 Physical Clusters s

recorded by th

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 INFC
The use of thi
optional. This
drive that has
specified in 18
18.5.17 INFC

This Zone con
Management S

2 / Buffer 2

prising 32 Physical Clusters starts at PAA 0 81 79 E8h and shall be unrecorded.

A 2

k-Management Area.

[1°)

r

prising 6 246 Physical Clusters starts at PAA 0 81 9A 68h and shall be left unrecorded.

1/ Pre-write Area

b first drive that writes on Layer L2 and shall contain all 00h.

1/ Drive Area

5 Zone, divided into four parts of each 32 Physical Clusters starting at PAA 0 81 FC
yone can be used by drives to store drive-specific information, restricted to be used only
Created the information. To guarantee that drives can allocate their own information, the
3.16 shall be used-These Clusters in this Zone shall be ignored in interchange.

1/DMA 4L

hprising. 32 Physical Clusters starts at PAA 0 81 FE 80h and is intended for use by th
ystem. Until the disk is closed (see 22.6) these Clusters shall be left unrecorded.

£ as a

hall be

80h is
by the
format

e Disk

18.5.18

INFO 1/ Control Data 1

This Zone comprising 32 Physical Clusters starts at PAA 0 81 FF 00h and is intended to store Control

Information.

Unused Clusters shall be left unrecorded until the disk is closed.

18.5.19

INFO 1/ Reserved

This Zone 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 Z7 Reserved 8
This Zgne comprising 32 Physical Clusters starts at PAA 0 01 9C B8h and is Application-depengent.
For thg disks with BCA code, this Zone shall be left unrecorded unless otherwise spécified by the Application.

For thg disks without BCA code, this Zone shall be recorded all 00h before shipped.
18.6.4 [INFO 2 / Reserved 7

This Zgne comprising 32 Physical Clusters starts at PAA 0 01 9D 38h-and shall be left unrecorded.
18.6.5[INFO 2 / Reserved 6
This Zgne comprising 32 Physical Clusters starts at PAAQ 01 9D B8h and shall be left unrecorded.
18.6.6 [INFO 2 / Reserved 5
This Zgne comprising 32 Physical Clusters stafts at PAA 0 01 9E 38h and is Application dependent.

For thg disks with BCA code, this Zone.shall be left unrecorded unless otherwise specified by the Application.
For thg disks without BCA code, -this"Zone shall be recorded all 00h before shipped.
18.6.7 [INFO 2/ PAC 2

This Zone comprising 32)Physical Clusters starts at PAA 0 01 9E B8h on Layer LO and is intenfled to be used
for stofing Physical-Aecess Control (PAC) Clusters (see 21.2). Unused Clusters in this Zorle shall be left
unrecofded.

18.6.8|INFO 2/ DMA 2

This Zone comprising 32 Physical CIUSIErs starts at PAA 0 01 9F 38T and 15 fmended 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 OPC procedures. The OPC 0 Area shall be used according to 18.3.12.

18.6.12 Buffer

This Zone com

18.6.13

This Zone co
recorded by th

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 INFC
The use of thi
optional. This
drive that has
specified in 18
18.6.15 INFC

This Zone con
Management S

18.6.16 INFC

This Zone comprising 32 Physical Clusters startssat PAA 0 01 FF 00h and is intended to store

Information.

Unused Cluste

18.6.17 INFC

This Zone com

for storing Ph
unrecorded.

18.7 Record

lable-Area of Inner Zone 1 of QL disk

prising 3 794 Physical Clusters starts at PAA 0 01 CO B8h and shall be left unrecorded.

INFO 1/ Pre-write Area

1/ Drive Area
5 Zone, divided into four parts of each 32 Physical Clusters starting.at PAA 0 01 FC
yone can be used by drives to store drive-specific information, restrieted to be used only

Created the information. To guarantee that drives can allocate their own information, the
3.16 shall be used. These Clusters in this Zone shall be ignoted in interchange.

1/DMA 1

hprising 32 Physical Clusters starts at PAA 0 0L FE 80h and is intended for use by tk
ystem. Until the disk is closed (see 22.6) these.Clusters shall be left unrecorded.

1/ Control Data 1

rs shall be left unrecorded uniil'the disk is closed.

1/PAC1

prising 32 Physijcat-Clusters starts at PAA 0 01 FF 80h on Layer LO and is intended to b
sical-Access ‘Control (PAC) Clusters (see 21.2). Unused Clusters in this Zone shall

hall be

80h is
by the
format

e Disk

Control

e used
be left

18.7.1 Buffer

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 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 Zgne comprising 32 Physical Clusters starts at PAA 0 7E 74 A8h and is Application dépendent.

For thg disks with BCA code, this Zone shall be left unrecorded unless otherwise(specified by the Application.
For thg disks without BCA code, this Zone shall be recorded all 00h before-shipping.
18.7.7 [INFO 2/ PAC 2

This Zene comprising 32 Physical Clusters starts at PAA 0 7E 7428h on Layer L1 and is intengled to be used
for stofing Physical-Access Control (PAC) Clusters (see 21¢2). Unused Clusters in this Zorle shall be left
unrecofded.

18.7.8 [INFO 2/ DMA 2

This Zpne comprising 32 Physical Clusters startsrat PAA 0 7E 73 A8h and is intended for uge 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 Zpne comprising 32 Physical-Clusters starts at PAA 0 7E 73 28h and is intended td store Control
Information. Unused Clusters shall be left unrecorded until the disk is closed.

18.7.10 INFO 2/ Buffer2
This Zgne comprising32 Physical Clusters starts at PAA 0 7E 72 A8h and shall be left unrecorded.

18.7.11 TDMA-0

This Zpre eomprising 2 304 Physical Clusters starts at PAA 0 7E 4E A8h and is intendetij for use as a

Temp ary Bisk=ivtar ragenet tAres:

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 shall be used. These Clusters in this Zone shall be ignored in interchange.

18.7.15 INFO1l/DMA1

This Zone comprising 32 Physical Clusters starts at PAA 0 7E 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.

18.7.16 INFC

1/ Control Data 1

This Zone comprising 32 Physical Clusters starts at PAA 0 7E 00 80h and is intended to store

Information.

Unused Cluste

18.7.17 INF(

This Zone com
for storing Ph
unrecorded.

rs shall be left unrecorded until the disk is closed.

1/PAC1

prising 32 Physical Clusters starts at PAA 0 7E 00 00h on Layér L1 and is intended to b
sical-Access Control (PAC) Clusters (see 21.2). Unused<Clusters in this Zone shall

18.8 Recordjable Area of Inner Zone 2 of QL disk

18.8.1 Buffer

This Zone com

18.8.2 INFO 2

This Zone com

For the disks W

For the disks W

18.8.3 INFO 2

This Zone com

prising 3 268 Physical Clusters starts attPAA 0 81 42 48h and shall be left unrecorded.

/ Reserved 8
prising 32 Physical Clusters.starts at PAA 0 81 75 58h and is Application dependent.
ith BCA code, this Zone shall be left unrecorded unless otherwise specified by the Applig

ithout BCA code, this Zone shall be recorded all 00h before shipping.

| Reserved~7

prising 32 Physical Clusters starts at PAA 0 81 75 D8h and shall be unrecorded.

Control

e used
be left

ation.

18.8.4 INFO 2+Reserved 5

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 Zpre jsi /Si : 858 is—atended store Control
Information.

Unused Clusters shall be left unrecorded until the disk is closed.
18.8.9|INFO 2 / Buffer 2
This Zgne comprising 32 Physical Clusters starts at PAA 0 81 78 D8h and shall be unrecorded.

18.8.10 TDMA 1

This Zpne comprising 1 280 Physical Clusters starts at PAA 0,81 79 58h and is intended for use as a
Temparary Disk-Management Area.

18.8.11 Buffer
This Zgne comprising 3 754 Physical Clusters startszat PAA 0 81 8D 58h and shall be unrecorded.

18.8.12 OPC 2/ Test Zone

The Té¢st Zone comprising 2 044 Physical Clusters starts at PAA 0 81 C8 00h and is reserped 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 Zgne comprising 4 Physical Clusters starts at PAA 0 81 E7 FOh and is intended as a buffer Zone for the
transitipn from OPC 2 Area to the TDMA 2 Area and shall be left unrecorded.

18.8.14 TDMA-2

This Zpne (comprising 1 280 Physical Clusters starts at PAA 0 81 E8 00h and is intended for use as a
Temparary, Disk-Management Area.

18.8.15 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 Zone comprising 32 Physical Clusters starts at PAA 0 81 FF 00h and is intended to store Control
Information.

Unused Clustgrs shall be left unrecorded until the disk is closed.

18.8.19 INFQ 1/ Reserved

This Zone conqprising 32 Physical Clusters starts at PAA 0 81 FF 80h and shall be unrecorded.
18.9 Recordjable Area of Lead-out Zone of QL disk

18.9.1 OPC 3}/ Test Zone

This Zone conjprising 2 048 Physical Clusters starts at PAA 0 FE 9BB8h is reserved for testing and/¢r OPC
procedures. The OPC 3 Area shall be used according 18.3.12.

18.9.2 Buffer
This Zone conjprising 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 disks with BCA code, this Zone shall be left unrecorded unless otherwise specified by the Appligation.
For the disks without BCA code, (this Zone shall be recorded all 00h before shipping.
18.9.4 INFO 2/ Reserved ¥

This Zone conjprising-32"Physical Clusters starts at PAA 0 FE 3B 00h and shall be unrecorded.

18.9.5 INFO 21 /"Reserved 6

This Zone comprising 32 Physical Clusters starts at PAA 0 FE 3A 80h and shall be 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 Zpre—comprising—32—hysical-Gluste a aH—PAA—D 38—80h is—tended store Control
Information. Unused Clusters shall be left unrecorded until the disk is closed.

18.9.10 INFO 2/ Buffer 2

This Zgne comprising 32 Physical Clusters starts at PAA 0 FE 38 00h and shall be\unrecorded.

18.9.11 TDMA 3

This Zpne comprising 3 328 Physical Clusters starts at PAA 0 EE\04 00h and is intended for use as a
Temparary Disk-Management Area.

18.9.12 INFO 1/ Pre-write Area

This Zpne comprising 32 Physical Clusters starts at PAA 0 FE 03 80h and all 32 Physical Clusters shall be
recorded by the first drive that writes on Layer L3 andishall contain all 00h.

Drives that write the INFO 1 / Pre-write Area shallupdate Pre-write Area flags of the TDDS (se€ 22.4.4).

18.9.13 INFO 1/ Drive Area
The uge of this Zone, divided into four_parts of 32 Physical Clusters, starting at PAA 0 FE 01 80h is optional.
This Zgne 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 fgrmat specified
in 18.3|16 shall be used. These Clusters in this Zone shall be ignored in interchange.

189.14 INFO1/DMA 1

This Zpne 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.

18.9.1% .<INFO 1/ Control Data 1

This Zone comprising 32 Physical Clusters starts at PAA 0 FE 00 80h and is intended to store 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 Zones

20.1 Generd|

On a TL disk the Outer Zone 0 and Outer Zone 1 are meant as a Transition Area between the Data Zgnes on
Layer LO and Uayer L1. The Outer Zone 2 has the function of Lead-out Zone (see Figure 107 and’Figur¢ 108).

On a QL disk Quter Zone 0 and Outer Zone 1 function as a Transition Area between the(Data Zones o Layer
LO and Layer IL1. The Outer Zone 2 and Outer Zone 3 are also meant as a Transition Area between tHe Data
Zones on Laydr L2 and Layer L3 (see Figure 109 and Figure 110).

. Number of
Outer I First PAA
Zone 0 1 2 Description of Zone Rhys. Purpose
Clusters
Buffer 4 LAAN + 2h 32
. INFO 3 DMA 3 LAAN + 82h 32 Disk Managemgnt
dabi Control Data 3 LAAN + 1:02h 32 data informatioh
Recor € - Angular buffer LAAR,+'1 82h 102
v DMA 4 LAAN + 3 1Ah 32 Disk Managemgnt
- INFO 4 Control Data 4 LAAN + 3 9Ah 32 data informatioh
tracking dirgction
Buffer 6 LAAN + 4 1Ah 32
DCz0/2 Test Zone LAAN + 4 9Ah 760 Drive calibratioh
Protection-Zone 3 | LAANn +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

. Number of
Outer Description First PAA Phys. Purpose
Zone 1 of Zone
Clusters
- Protection-Zone 3 o= o .
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

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
tracking direction
Buffer 6 LAAN + 4 1Ah 32
DCZ 072 TestZone tAAT T4 9ANh 732 Drivetalibration
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
bone 1/3 Description of Zone Phys. Purpose
Clusters
Protection-Zone 3 -
DCz1/3 Test Zone FAAR'</10 08h 732 Drive calibration
. Buffer 6 FAANh — 4 98h 32 --
INFO 4 Control Data 4 FAAN — 4 18h 32 data information
Recordable -
DMA 4 FAANn — 3 98h 32 Disk Mapagement
v Angular buffer FAAn — 3 18h 102 -
o Control:Data 3 FAAn — 1 80h 32 data information
trgcking direction -
INFO 3 DMA 3 FAANn — 1 00h 32 Disk Mahagement
Buffer 4 FAAN — 80h 32 --
FAAnris\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 Zong',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 com

20.2.8 DCZ 0

prising 32 Physical Clusters shall be left unrecorded.

Test Zone, DCZ 1/ Test Zone, DCZ 2 / Test Zone and DCZ 3/ Test Zone

These Test Zones comprising 760 Physical Clusters for a TL disk and 732 Physical Clusters for a QL gisk are
reserved for dijve calibrations. The DCZ Areas shall be used according to 20.2.9.
20.2.9 Usage|of DCZ Area
20.2.9.1 DCZ procedure order
The Drive-Calipration Zone shall be used consecutively in descending PAA order. The first area used for a
calibration progedure ends at the end of the last PAA. The last usable Physical Cluster of the DCZ Area is
located at the first PAA of the DCZ Area, see Figure 111.
PAA PAA
Layer LO of TL: LAA + 4 9Ah Layer LO of TL: LAA + 10 78h
Layer L2 of TL: LAA2 + 4 9Ah Layer L2 of TL: LAA2 + 10 78h
Layer LO of QL: LAA + 4 9Ah Layer LO of QL: LAA + 10 08h
Layer L2 of QL: LAA2 + 4 9Ah Layer L2 of QL: LAA2 + 10 08h
DCZ usage direction ¢——— T
Layer LO
DCZO0/ m|m-21m-2| <<-- =«------ << 4 3 2 1
Layer L2
DCZ 2 Track direction >
Track direction
Layer L1 N 4 = N >> —2 -1
DCZ 17 1 RZ ?) 3 m m m
Layer L3 —
DgZ 3 l » DCZ usage direction A
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 OL 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 — 1

Cluster#N =2

Cluster # N Cluster # P 1 Cluster#P + 1
1
al | -

) 4

o
L |
I

=

D

/.
<0

DCZ Area

Recording direction .

/

T+ N # 1N uoneiged § NN

N # 19XIe|N uonedqied |

2 + W 14 UonRIgED | RN
N # uoneiqie)d

¢ + N # uoneiqiied
T + N # uonieiqied

Calibrgtion # M occupies exactly one Cluster; Calibration # M+1 exceeds one Cluster; Calibration # M+2 is
smallef than one Cluster

Figure 112 — Example of position of Calibration Markers
20.2.98 Update of TDMA

Each galibration procedure permitted at any of the DCZ Zones shall be completed by| updating 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.

20.2.1Q ProtectionsZone 3

This Zone contains an Unrecorded Groove.

All ADI[D yUnits in the Grooves in this Zone shall be modulated by MSK-cos only and not by HMW (see 15.6.2).

© ISO/IEC 2015 — All rights reserved 177


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

ISO/IEC 30191:2015(E)

21 Physica

|[-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 designgd before the introduction date of such new PACs will in general not be able to intefp
therefore shall|treat such a PACs as a so-called “Unknown PAC”. By obeying standard “Unknown-RAC
defined in the header of the PACs, compatibility problems with and unwanted destruction of data for
applications cgn be avoided as much as possible.

Drives designed after the introduction date of a new PAC can be assumed to be familiar with the §
application/fungtion connected to the new PAC. Such drives can therefore ignore,the “Unknown-PAC

et and
Rules”,

specific

pecific
Rules”

and apply the fules defined in the “PAC-specific information” fields of the PAC. For such “Known PACg” there
are no physical-access restrictions unless specified otherwise in the “PAC-specific information” fields.
NOTE To Keep compatibility;
— from a point of view of a Zone layout, the PAC 1 and PAC 2 are~allocated only on Layer LO and Lgyer L1,
and the cqrresponding Zones on Layer L2 and Layer L3 are resefrved,
— from a pdint of view of PAC content, PAC has no additional Unknown-PAC Rules for these rdserved
Zones and these reserved Zones are out of control by PAC:
21.2 Layout|of PAC Zones
The INFO 1/ RAC 1 Zones on Layer LO and Layer-L1 form one area of 64 Clusters available for the stofage of
PAC and the INFO 2/PAC 2 Zones on Layer kO-and Layer L1 form another area of 64 Clusters available for
the storage of PAC.
Each PAC Cluster shall be recorded in both Zones INFO 1/ PAC 1 and INFO 2 / PAC 2 so there will falways
be two copies|of each PAC Clusteritecorded. A PAC shall always be updated first in the INFO 1 /|PAC 1
Zone and then be copied to the TINFO 2 / PAC 2 Zone, which eases the handling of possible power-down
failures. The FAC-Update Countyof the PAC Cluster recorded in the INFO 2 / PAC 2 Zone shall be th¢ same
as the PAC-Update Count afithe PAC Cluster recorded in the INFO 1/ PAC 1 Zone.
The status of all locations in both the INFO 1 / PAC 1 and INFO 2 / PAC 2 Zones shall be indicated in the
TDDS (see 22]4.4)/by.a 2-bit pattern as follows:
bn+1),bn Content in PAC location
00 unrecorded
(also to be used if layer not present)
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 ir?‘][,)h;tgnlzcrl;;ne Content Numbey of bytes
0 Oto2 PAC_ID 3
0 3 PAC format 1
0 4t07 PAC-Update Count 4
0 8to 11 Unknown-PAC Rules 4
0 12 Unknown-PAC Entire_Disk_Flags 1
0 13to 14 Reserved 2
0 15 number of Segments 1
0 16 to 23 Segment_0 8
0 241031 Segment(1 8
0 32 to 263 > 29 x8
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 Oto 2047 PAC-specific information 2048
31 0to 2 04y Reserved 2048
Figure 114 — General layout of PAC Clusters
The PAC_ID shall identify the specific type of PAC Cluster.
— If $etto 49,53°31h the PAC Cluster is the IS1 PAC as defined in 21.4.
— If $et16.49 53 32h the PAC Cluster is the 1S2 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
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(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 2
] b2o read E
INFO 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) 1
INFO b15 read ZERO
| Drive Area (part 2) ! write ZERO
P b1o read ZERO
Drive Area (part 1) by write ZERO
P bs read ZERO
TDMA| Zones (not including the TDDS; see .
b7 write -
22.4.2
Reserved unless
b otherwise )
6 specified by the
Application
b write -
INFO 1,2,3,4 | Control'Data Zones >
bs read -
bs write -
Data Zones User-Data Area / Segments
b2 read -
b1 write -
INFO 1&2 PAC Cluster - —
L%/0] rcad

means: no mandatory setting specified, as well ZERO as ONE can be allowed depending on
specific PAC

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:

For thg 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'af the Clusters in the
related area(s) are not allowed to be transferred outside the drive).

Cantrol type = write

—1 if setto ZERO: to indicate that re-writing the current PAC Cluster or changing ity status bits in
theTDDS is allowed,

—{ if setto ONE: to indicate that re-writing the currént*PAC Cluster and changing its sfatus bits in the
TDDS shall not be allowed.

Cantrol type = read

—1 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 fgr 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 Entiréy,'Disk_Flags byte specifies Unknown-PAC Rules that cover the entjre disk.

Bifs b7 to bs : These bits shall be Reserved.

Bif by : This bit shall be set ONE to indicate Re-initialization is not possible.

The nyniber of Segments shall specify the total number N (0 < N < 32) of Segments specifie(li in the current

PAC.

Moreover the total number of Segments defined for all PACs on a disk shall not exceed 32.

Z number of Segments in PAC; <32

overallPACs

© ISO/IEC 2015 — All rights reserved 181


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

ISO/IEC 30191:2015(E)

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 last 4 bytes shall contain the last PSN of the last Cluster belonging to the Segment.

These Segments shall only be applied to the Unknown-PAC Rules. If overlapping Segments in differepnt PAC
Clusters are gncountered, the drive shall apply the OR-function to the related Unknown-PAC RUI€Y in the
overlap areas.

The Known-PAC Entire_Disk_Flags byte specifies rules for the entire disk in case the’drive is fble to
interpret the PAC.

— Bits by to Ip: : These bits shall be Reserved.

— Bitbo: This bit shall be set ONE to indicate Re-initialization is'not possible.
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21.4 1S1 and 1S2 PAC Clusters

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 8to 1l 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 : 29 x8
0 264 to0 271 Segment_31 8

0 272 to 383 Resetved 112
0 384 Known-PAC-Entire_Disk_Flags 1

0 385t0 2 047 Reserved 16638
1 0to 2047 Reserved 2048
31 0to 2047 Reserved 2048

Figure 116 — General layout of IS1 and IS2 PAC Clusters

The PAC_ID shall be set to 49 53 3%h, representing the characters “IS1” for IS1 PAC. The P/
set to 49 53 32h, representing the eharacters “IS2” for IS2 PAC.

The PAC-format field shall be set to 00h to indicate this is a version 0.

The PAC-Update Countsshall be set to 00 00 00 00h.

AC_ID shall be

The Unkown-PAE Rules shall be set 00 AA 00 00h for IS1 PAC and shall be set 00 AA 00 CBHh for IS2 PAC.
The Unkown;PAC Entire_Disk_Flags byte shall be set to 01h.

The numberef-Segments—shatbe-setto-06h-

The Segment_i fields shall all be set to all 00h.

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 Record

ing Management

The BD Recordable system supports a Sequential-Recording Mode (SRM), which is managed by means of a
Sequential-Recording Range Information (SRRI) structure.

22.2.1 Seque

The disk has 4
User Data sha

Information aQ
Information (S
(TDMAs, see 2

The SRR shall

22.2.2 Record

During continy
added immedi
next address

completely-Un
the sequentia
according to th

When Sequen
a Physical Cly
each individual
11 (see 13.9.2

The SRR entry
in the SRR fille

ntial-Recording Mode (SRM)

| continuous area, referred to as the Sequential-Recording Ranges (SRR). Insidejthe S
| be recorded sequentially in the direction of increasing addresses.

out the location and status of the SRR shall be stored in a Sequential-Recording
RRI) structures. The SRRI shall be recorded in the Temporary /Bisk-Management
2.3). On a Recorded disk the final SRRI is recorded in a Disk -Management Area (DMA)

ing User Data in SRR.

ous sequential recording, User Data, presented by)the host in 2KB Logical Sectors, S
htely after the last-written Sector in the SRR. However when the host computer asks
hvailable for recording in the SRR, the drive“shall return the first PSN of the next-a
recorded Cluster in the SRR. This address iS'called the Next-Writable Address (NWA).

recording process, the NWA is dynamically incremented in Units of Physical C
e size of the written User Data.

ial Recording is terminated and the size of the User Data is not matching with the bound
ster, the remaining part of the last Physical Cluster shall be padded with ZERO data,

Data Frame containing Padding Data shall be identified by setting its status bits Sai 1
5). The NWA shall point fo the first Sector of the next Unrecorded Cluster.

(see 22.4.6.4) contains a Last Recorded User Data Address (LRA) to indicate the last
d with User Data-(ren-Padding Data) (see Figure 117).

Recorded Physical Cluster

one sector

— —

start at a Cluster boundary and has only one point from where-new data can be recorded.

RR the

Range
Areas

hall be
for the
ailable
During
usters,

aries of
where
Saio to

Sector

\
NWA

_ Recorded <—Unrecorded —

T — ) S
UserData padded

Figure 117 — Example of last RUB with Recorded User Data and padded ZEROs
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SRR status

An SRR can have one of the following states:

Open

Closed

the SRR has a valid NWA and data can be appended

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

(‘Incing SRR

When
one or
setto ]

Itis no
SRR s

223 1

22.3.1

The Ré¢cording Management Information may need to be updated many times during use. For

special

For a
Layer |

For a

Physic
Physic
Clustel

In the
TDMA

In the
order:

Each 1
TDMS

hn Open SRR was closed the Open SRR number bytes shall be set to 00h (see 22:4.4
more Clusters can be padded with all bytes set to 00h and the status bits Sai1/Sai for &
1.

necessary to record the remaining Unrecorded Clusters of the SRR on €losing. The LRA
hall be correct.

[emporary Disk-Management Areas (TDMA)

General

area is available in the Inner Zone called the Temporary Disk-Management Area (TDMA

L disk there are 3 TDMAs. TDMA 0 in the kead-in Zone of Layer LO, TDMA 1 in the
|1 and TDMA 2 in the Inner Zone2 of LayerL2 shall have a fixed size of 2 048 Physical

DL disk there are 4 TDMAs. TDMA Q4 the Inner Zonel of Layer L1 shall has a fixeg
bl Clusters. TDMA 1 and TDMA2 in the Inner Zone2 of Layer L2 shall have a fixed
bl Clusters each. TDMA 3 in the Inner Zone3 of Layer L3 shall has a fixed size of 3
S.

case of a TL disk, TDMA O0,TDMA 1 and TDMA 2 shall be used sequentially in the f
0 > TDMA 1 > TDMA™"2

ase of a QL disk-the TDMA 0,TDMA 1,TDMA 2 and TDMA 3 shall be used sequentially
TDMA 0 2 TDMA 1 > TDMA 2 > TDMA 3

DMA:shall be filled contiguously and in the direction of ascending PSNs. All element
(see.22.4.2) shall be located in one TDMA. If insufficient space is left in the actual TDM

complg

.3). Optionally
|| Data Frames

\ of the Closed

this purpose a

).

nner Zonel of
Clusters each.

size of 2 304
size of 1 280
328 Physical

bllowing order:

n the following

5 of the actual
A, then a new

te.TDMS set shall be created in the next available TDMA and the indicator for this nd

xt 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.

© ISO/IEC 2015 — All rights reserved 185


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

ISO/IEC 30191:2015(E)

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 repetitions
of the DDS as this is recorded in DMA 1 (see 22.5.4)

L TDMA 0 i
e o}
1 )
| indicator Clusters i
1 A — 1
v N 1
Layer LO
< 2 3833838 (
S 2 2 2 o o 2 8 < Track dirgction
O o o 9o 0o o 0 = 2 >
&) (&) (&) &) (¢} Q AN AN
r @ oeowoeox - F
Figure 118 — TDMA Indicator Clusters’on TL disk
1 1
P TDMA O o
[l L]
1 1
i indicator Clusters i
| A |
1 T —
Layer L1 C)\\
T 28BTETETETEE <
Track direction L < <332 3 33 3 3 3 =
< = = 2 5 3 b B H D D oA [a)
O 0O o 0o O OO O OV O O
F F FDKXoe o o@eoereoe o
Figure 119 — TDMA Indicator Clusters on QL disk
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22.4 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 ),

n

22.4.2

The T
recordi

For Se
TH

TH

Se

The las
This T
these ¢

The TLO

The TI
(see 21

the dafa recording shall continue_inthe next available Physical Cluster in the TDMA. If Defecti

detects
rewrite
in the

bmporary Disk-Management Structure consists of the following three elements dep
ng mode. All of these elements shall be present in the same TDMA n that isyactually in u

Huential-Recording Mode the TDMS consists of:

pecti Closed.

Temporary Disk-Management Structure (TDMS)

mporary Disk-Definition Structure (TDDS),
mporary Defect List (TDFL),
quential-Recording Range Information (SRRI).
t Data Frame of the last of the Clusters constituting a TDMS Update Unit shall always cq
DDS contains pointers to the latest recorded TDFL Clusters, SRRI. After an update of
lements, the TDDS pointers shall be updatedk

MS shall consist of the latest recorded;versions of the TDDS, the TDFL and the SRRI.

DMS Update Units shall be recorded sequentially in the direction of ascending PSNs
p.3). If a Physical Cluster is perc€ived as defective during recording, this Cluster shall L

d immediately after writing' of the full TDMS Update Unit (verify-after-write) then it is
the Defective Clusters and the last Cluster of the TDMS Update Unit (for updating of the
TDDS) at the next-available locations (as a consequence of this the order of the TD

Temporary Disk-Management Structure s (TDMS), recorded in the TDMA Zones as long as the disk has

ending on the
be.

ntain a TDDS.
bne or more of

n each TDMA
e skipped and
e Clusters are
llowed to only
TDFL pointers
- Clusters as

recordg¢d on the disk néednot to be the same as their order in the Defect List. This last one shall be indicated

by the

22.4.3

In the

bointers in the\TDDS).

TDMSin.Sequential-Recording Mode

Sequential-Recording Mode, the TDMS Update Units for the SRRI shall always contai

Vil Y Y @) W 1 Y

h a Temporary

Disk-D

CP-S TP al TIRP-Y T Dot (el tox el (@ P PSRNt TP =] e P
CT oo oS oCtorT T OooO) i e 1aSt oata OCTUT ard— o ocyutTiarnCCOTratiTg—ar

e Information

(SRRI) block in the Sectors immediately preceding the TDDS (see Figure 120). The SRRI block shall start at a
Sector boundary and the length of the SRRI block is limited to 31 Data Sectors. The SRRI block is terminated

with an

SRRI terminator (see Figure 129).
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The TDFL alw
The TDFL shal
Cluster of the ]
the two structu
located at the {

22.4.4 Tempdrary Disk-Definition Structure (TDDS)

The TDDS cor
to the address
of previously
itself. The form

The TDDS Ide

Cluster | Data Frame Content
o 0..29 Set to 00h
()
§ SRRI
g 30 (one Sectors)
[
O 31 TDDS

(one Sector)
Frigure t20—tExampteof TBMSBpdatetnitfor SRRtHfor-SRiv

hys starts in the first Data Sector of the first Cluster of a TDMS Update Unit (see(Rigur
| be terminated with a Defect-List Terminator (see Figure 127). The last Data Sector of
DMS Update Unit for the TDFL shall contain a TDDS. If both the SRRI and TDFL are re

res can be combined in one TDMS Update Unit as indicated in Figure 12%, where the T
op of the TDMS Update Unit and the SRRI at the bottom, immediately preceding the TDI
.Cluster | Data Frame Content
TDFL
0 (one Sectop)
o}
] 1..29 Sett0.00h
>
© SRRI
5 30 (one Sector) [
TDDS
31 (one Sector)

Single-Clyster TDMS Update Unit

Figure 121 — Examples of TDMS Update Units for TDFL

tains information-about the format and status of the disk. The last recorded TDDS is the
bs of the other, parts/elements of the TDMS. Pointers in the TDDS shall only point to add
vritten structures (no forward pointers), which all shall be in the same TDMA n as the
at of the/TDDS is defined in Figure 122.

ntifier shall be set to 44 53h, representing the characters “DS”.

b 121).

he last

corded,

DFL is

DS.

anchor
resses
TDDS

The TDDS for

mat tield shall be set to 0O0n.

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 on th

188

e 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
31 20to 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/ PAC Llocations on Layer LO 8
31 7210 79 Status bits of INFO 2 /PPAC 2 locations on Layer LO 8
31 80 to 87 Status bits of INFO.4 /)PAC 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 1028t0 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 1087 Reserved 36
31 1088 to 1.091 Next available PSN of Test Zone on Layer LO (P_TZ0) 4
31 1092 tp~1-095 Next available PSN of Test Zone on Layer L1 (P_TZ1) 4
31 1 096'to 1 099 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 17104 to 1 107 | Next available PSN of Drive-Calibration Zone on Layer LO (P_QZz0) 4
31 1108to 1111 | Next available PSN of Drive-Calibration Zone on Layer L1 (P_QZz1) 4
31 1112t01 115 | Next available PSN of Drive-Calibration Zone on Layer |2 (P_(Q72) 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 PSN of Drive Area field shall specify the first Physical Sector Number (PSN) of the Cluster that
contains the latest Drive-specific Information Frames. If the Drive Area is unrecorded, this field shall be set to

00 00 00 00h.
The First PSN
When the disk
the first Defeg

Defect List cou

The Location
Cluster and sh

The Last LSN
last Sector ava

of Defect List field shall be set to 00 00 00 00h in all TDDS Sectors appearing in-the T
is being closed and the final DDS is written in the DMA, this field shall specify, the first
t List that can be retrieved error free in the DMA Zone containing the particular DDS
Id be stored error free, this field shall be set to FF FF FF FFh.

all be set to 00 10 00 00h unless otherwise specified by the Application.

of User-Data Area field shall specify the Logical-Sector Number (LSN; see Clause 23
ilable for the storage of User Data and shall be set to 02,E9 D3 FFh for a TL disk and 03

FFh for a QL disk unless otherwise specified by the Application.

The 8-bit Flag
ZERO and bitg
bo shall be set

The 8-bit Pre-

A field specifies the status of a TL disk or a QL disk. On a TL disk, bits b7 and bs shall b
bs, ba, bs, b2, b1 and bg shall be set to ONE, and on a QL disk, bits b7, be, bs, ba, bs, by,
to ONE ,unless otherwise specified by the-Application.

vrite Area flags field specifies the status of the INFO 1 / Pre-write Areas for each Re

Layer. If the Pile-write Area on Layer i is recorded thén bit bi shall set to ONE, else bit bi shall be set to

The Status bi
Clusters in the
21.2.

s of INFO 1/ PAC 1 locations on Layer LO field shall specify the recording status o

MAs.

PSN of
5. If no

of LSN 0 of User-Data Area field shall specify the PSN of the first User Data Frame in the first

of the
B9 AF

b set to
b; and

cording
VERO.

fall 32

INFO 1/ PAC 1 Zone on kayer LO (see Figure 123). The bit pairs shall be set as defined in

Byte position Bits INFO 1/ PAC 1 location PAA
64 b7 bs 0 01 FF 80h
64 bs b 0 01 FF 84h
64 bs b2 0 01 FF 88h
64 b1 bo 0 01 FF 8Ch
65 b7 be 0 01 FF 90h
70 b1 bo 0 01 FF ECh
71 b7 be 0 01 FF FOh
71 bs b, 0 01 FF F4h
71 b3z 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 be 0 01 BA OOh 0 01 9E B8h
72 bs ba 001 BA 04h 0 01 9E BCh
72 bs b 001 BA 08h 0 01 9E COh
72 b1 bo 001 BAOCh 0 01 9E C4h
73 h’ I—\u 001 BA 10h 001 Ogcgh
78 b1 bo 001 BAG6Ch 0 01 9F24h
79 b7 be 001 BA 70h 0 01"9F 28h
79 bs b 001 BA 74h 0 01'9F 2Ch
79 bs b2 001 BA 78h 0 01 9F 30h
79 b1 bo 001 BA7Ch 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\ield shall specify the recording status of all 32
Clustefs in the INFO 1 / PAC 1 Zone on Layer L1 (see Figure 125). The bit pairs shall be sef as defined in

21.2.
Byte position Bits INFO 1/ PAC 1 location PAA
80 b7 be 0 7E 00 00h
80 hs a4 0 7E 00 04h
80 bs 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 I 7PAT T address focations 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 b1 bo 0 7E 45 8Ch 0 7E 74 34h
___ 89 b-be 07E 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 b4 0 7E 45 F4h 0 7E 74 9€h
95 b3z b, 0 7E 45 F8h 0 7E-74’A0h
95 b1 bo 0 7E 45 FCh 0.7E74 Adh

Figlire 126 — Status bits and related INFO 2 / PAC 2 addresslotations on Layer L1

The Recordin

Area. This field shall be set to 00h to indicate Sequential-Recording Mode unless otherwise specified

Application.

The Last-Rec
Physical Sectg
the LRA of the
User-Data Are

The Next avai
available for tg

J Mode field specifies the mode in which User Data.is’going to be recorded in the Uss

r in the User-Data Area recorded with data‘supplied by the host. This address shall be €
highest numbered SRR containing User Data (see 22.4.6.4). If no User Data is reco
b, the value of this field shall be set to/@0 00 00 00h.

able PSN of Test Zone on Layer LO field shall specify the first PSN of the next usable
sting and OPC procedures,in'the Test Zone on Layer LO. The initial value for this field

er-Data
by the

orded Address of User-Data Area field shall specify the PSN of the highest numbered

qual to
rded in

Cluster
n case

of an unused Test Zone is 00 OE DF 60hon TL disks (the highest addressed 4 Clusters of the Test Zpne on
Layer LO shall|be reserved as a buffer zone on TL disks) or 00 OE 05 AOh on QL disks. If the Test Zpne on
Layer LO has rfo free Cluster, this field shall be set to FF FF FF FFh.

NOTE If an OPC procedure fail$, the drive might not be able to correctly update the TDMS.

The Next available PSN‘ef-Test Zone on Layer L1 field shall specify the first PSN of the next usable Cluster
available for tgsting and.OPC procedures in the Test Zone on Layer L1. The initial value for this field [n case
of an unused Test Zone is 03 F4 2C AOh on TL disks or 03 F4 B5 20h on QL disks. If the Test Zone of Layer
L1 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 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 AOQh. If the Test
Zone 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.

NOTE

If an OPC procedure fails, the drive might not be able to correctly update the DCZ.

The Ne¢
usable
value f
Zone o

NOTE

The Neg
usable
value f
disks d
Clustel

NOTE
The Ne

usable
TL dis

Calibrgtion Zone is 8 x (FAA + 0 80 00 00h,= 9Ch). If the Drive-Calibration Zone on Layer

Clustel
NOTE

The Fi
Tempo

The Fi
the late

The Dr
drive th
format

xt available PSN of Drive-Calibration Zone on Layer L1 field shall specify the first.P
Cluster available for drive calibration procedures in the Drive-Calibration Zone on'Laye
pr this field in case of an unused Drive-Calibration Zone is 8 x (FAA — 4 9Ch), {fithe D
n Layer L1 has no free Cluster, this field shall be set to FF FF FF FFh.

If an OPC procedure fails, the drive might not be able to correctly update the DCZ.
xt available PSN of Drive-Calibration Zone on Layer L2 field shall specify the first P
Cluster available for drive calibration procedures in the Drive-Calibration Zone on Laye
pr this field in case of an unused Drive-Calibration Zone is.8% (LAA + 0 80 00 00h +
r 8 x (LAA + 0 80 00 00h + 10 06h) on QL disks. If the Drive-Calibration Zone on Layer
, this field shall be set to FF FF FF FFh.

If an OPC procedure fails, the drive might not be ableto*correctly update the DCZ.
xt available PSN of Drive-Calibration Zone*on Layer L3 field shall specify the first P
Cluster available for drive calibration procedures in the Drive-Calibration Zone on Laye
s, this field shall be set to 00 00 00 00hw"The initial value for this field in case of an
, this field shall be set to FF FF FF FFh.

If an OPC procedure fails, the drive might not be able to correctly update the DCZ.

rary Defect List in the, TDMA Zone.

st PSN of Sequential-Recording Range Information field shall indicate the PSN of th
st Sequential<Recording Range Information in the TDMA Zone,

ive ID: Manufacturers Name / Additional ID / Unique Serial Number fields shall uniqu

(see.18.3.16: Drive Area):

SN of the next
L1. The initial
ive-Calibration

SN of the next
L2. The initial
10 76h) on TL
L2 has no free

SN of the next
L3. In case of
unused Drive-
.3 has no free

st PSN of first Cluster(ofy Defect List field shall specify the first PSN of the first Cluster of the latest

b first Sector of

ely identify the

at has-recorded this TDDS. These 128 bytes shall contain a drive signature according to the following

48

32

bytes Manufacturers Name, represented by characters from the 1ISO 646 character set,

bytes Unique Serial Number of the drive.
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48 bytes Additional Identification, represented by characters from the ISO 646 character set,
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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 TDFL data structure

The TDFL DatgFrame staft e composed as Showrm i Figure 127

Data Frame .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 Defect-List Header (DLH) identifies the Defect List and contains information about the compositionf of the
List of Defects|(see22.4.5.3).

The Defect-Ligt Terminator closes the List of Defects and shall be written immediately following thg actual
last entry in the List of Defects. The Defect-List Terminator shall.b&located in the last Data Frame of th¢ TDFL.

All remaining Hytes following the Defect-List Terminator in the last Data Frame shall be set to 00h.

22.45.3 Defect-List Header

Figure 128 shgqws the format of the Defect-List Header.

Clustgr Byte position
numbaer / in Data Erame Content Number of bytes
Data Frame
0/0Q 0 tod DFL identifier 2
0/0Q 2 DFL format 1
0/0Q 3 Reserved 1
0/0 4t07 DFL-Update Count 4
0/0Q 8to 11 Reserved 4
Reserved unless otherwise

0/9 121023 specified by the Application 12
0/0Q 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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22.45.4 Defect-List Terminator

The Defect-List 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 TDFL-Update Count in the header of the TDFL (can be used to
check the validity of the Defect List).

22.4.6

Sequential-Recording Range Information (SRRI)

1

22.4.6.

The S
covers

22.4.6.

The SH
SRRI t

o 1
[ otheran

RRI Structure specifies the recording status for Sequential-Recording Mode (SRM).
TL and QL disks. The data structure of the SRRI is described in 22.4.6.2.

The S
entries

The SH
one un

The SH
entry in

All rem

Figure 129'— Format of SRRI table

RRI Header identifies the SRRI and contains information about the composition of th
(See 22.4.6.3).

RR entry contains a list off SRRs and their related information (See 22.4.6.4). The num
ess otherwise specified by'the Application.

RRI Terminator closes the List of SRR entries and shall be written immediately following
the List of SRR.entries (see 22.4.6.5).

aining bytésfollowing the SRRI Terminator until the Data Frame boundary shall be set to

00h.
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One structure

PSRRI Data Structure
RRI structure, consisting of one Sector, contains an SRRI Header followed by a list of SRR entries. An
brminator 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 3
7210 79 SRRI Terminator B
80 to 2 047 set 00h 1968
(31) (TDDS)

e List of SRR

per of SRRs is

the actual last
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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

Otol SRRI identifier 2

2 SRRI format 1

3 Reserved 1

4t07 SRRI Update Count 4

8to1l Reserved 4

12to 15 number of SRR entries 4

30 ” ; - -

10 HUrmoeTr O UpPCeTl DR‘Rb L

17t0 19 Reserved 3

20to 21 Open SRR numbers 2

22 10 51 Reserved unless oth_erw?se specified 20

by the Application
52 to 63 Reserved 12
Figure 130 — SRRI Header
The SRRI Identifier field shall be set to 53 52h, representing the characters “SR?3.

The SRRI format field shall be set to 00h..

The SRRI Update Count shall specify the total number of update @perations of the SRRI structure. This field
shall be set to |00 00 00 00h during the Initialization operation, and/shall be incremented by one each time the
SRRI structureg is updated.
The number pf SRR entries (N_SRR) shall indicate the“total number of SRR entries in the SRRI. The
number of SRIRs is one unless otherwise specified by the*Application.
The number gf Open SRRs field shall indicate the\number of SRRs with status Open. The maximum Jalue of
this field is ong¢ unless otherwise specified by the Application. The value of this field shall be set to 0Qh after
the disk is recqrded.
The Open SRR numbers shall indicate‘all SRR numbers with status Open.
22.4.6.4 SRR entry
The SRR entry shall be formatted as shown in Figure 131.
SRR entry conkists of-8.bytes and is recorded contiguously.
The bytes of the{SRR entry are converted into a 64-bit sequence Wlth the msb f|rst The List of SRR |entries
shall be sorted-inrasc : 64-bit unsigned C mbets shall
be assigned as one unless otherW|se speC|f|ed by the Appllcatlon
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 110 3 of SRR entry | of SRR entry bytes 5to 7
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

22.4.6.5 SRRI Terminator

The SRRI Terminator shall be composed of two 4-byte parts:
— the first 4 bytes shall be set FF FF FF FFh,

— thé second 4 bytes shall be equal to the SRRI Update Count in the header of the-SRRI strufture.
22.5 Wnrecorded (blank) disk structure

22.5.1 |General

Some Fones of a Unrecorded disk may be pre-recorded before shipment of the disk. The statlis of Zones on
an Unrecorded (blank) disk is summarized in 22.5.

22.5.2 |Pre-recorded Areas on Unrecorded disk

The argas on the Unrecorded (blank) disk that are specified in Figure 132, Figure 133, Figure 134, Figure 135,
Figure [136, Figure 137 and Figure 138 may be pre-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
Protection 001 83 38h 300
Zone 2
Buffer 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
INFO 2 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
OPCO Test Zone 0 01 BC 00h 2044 either @ See 18.3.11
OPC 0 Buffer | 001 DB FOh 4 unrecofded
TDMA 0 0 01 DC 00h 2 048 gither @ 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
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 18.3.19
(Data Zone 0) | 002 00 0Qh unrecorded
a 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 1 Drive Area 0 7E 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
Regerved 0 7E 04 00h 2048 unrecorded
TOMA 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 unrecocded
NFo 2 PAC 2 0 7E 45 80h 32 e?thera See 18.4.8
Reserved 5 0 7E 46 00h 32 either @ See 1§.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 1§.4.4
Regerved 0 7E 48 00h 1 894 unrecorded
OPC 1 Test Zone 0 7E 65 98h 2048 either? See 18.4.2
Buffer 0 7E 85 98h 4104 unrecorded
Protection 0 7E C5 BSh
Zone 1

Figure 133 —(Pre-recorded Areas in Inner Zone 1 of TL disk

a either means that the Zone may or may not be pre-recorded according to its descrigtion.

© ISO/IEC 2015 — All rights reserved
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- First PAA Number of Pre-recorded
Description Phys. L Reference
of Zone condition
Clusters
Protection
Zone 1 -
Buffer 081 3A 48h 200 unrecorded
OPC 2 Test Zone 0 81 3D 68h 2044 either? See 18.5.2
OPC 2 Buffer | 081 5D 58h 4 unrecorded
Reserved 081 5D 68h 1600 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
INFO 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
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 Data 1l | 081 FF 00h 32 unrecorded
Reserved 0 81 FF 80h 32 unrecorded
(Data Zone 2) | 082 00 00h unrecorded
a either means that the Zone may or‘imay not be pre-recorded according to its description.

Figure 134 — Pre>ecorded Areas in Inner Zone 2 of TL disk
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Figure 135~ Pre-recorded Areas in Lead-in Zone of QL disk

. 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
uffer —— 00190 00h 14 unrecaorded
Reserved 8 0 01 9C B8h 32 either? See\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 1§.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
OPC 0 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
NEO 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 Data 1l | 001 FF 00h 32 unrecorded
PAC 1 0 01 FF 80h 32 either? See 18|6.17
(Data Zone 0) | 002 00-Q0h unrecorded

a either means that the Zoneiiay or may not be pre-recorded according to its descrigtion.

© ISO/IEC 2015 — All rights reserved
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202

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
INFO 1 Drive Area 0 7E 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(7.13
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
INEO 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 unrecarded
Reserved 7 0 7E 75 A8h 32 unrecorded
Reserved 8 0 7E 76 28h 32 either @ See 18.7.3
OPC 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
2 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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a either means that the Zone may or may not be pre-recorded according to its descrig

Figure 137.-=/Pre-recorded Areas in Inner Zone 2 of QL disk

© ISO/IEC 2015 — All rights reserved

. 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 Reserved5 6-8++6DB8h 32 etthrer2 See18.8.5
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
TOMA 1 081 79 58h 1280 unrecorded
Buffer 0 81 8D 58h 3754 unrecorded
QOPC 2 Test Zone 0 81 C8 00h 2044 either? See 18|8.12
OPC 2 Buffer | 081 E7 FOh 4 unreeorded
TOMA 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
NEO 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) | 082 00 00h unrecorded

tion.
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- First PAA Number of Pre-recorded
Description Phys. L 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
INFO 1 Drive Area 0 FE 01 80h 32 unrecorded
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(9.12
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
INEO 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 unrecordéd
Reserved 7 0 FE 3B 00h 32 unrecorded
Reserved 8 0 FE 3B 80h 32 either 2 See 18.9.3
Buffer 0 FE 3C 00h 6 254 unrecorded
OPC 3 Test Zone 0 FE 9D B8h 2 048 either? See 18.9.1
Protection 0 FE BD B8h
Zone 1
a either means that the Zone may or may not be'pre-recorded according to its description.
Figure 138 — Pre-recorded+Areas in Lead-out Zone of QL disk
22.5.3 Pre-re¢orded BCA
BCA code maly or may not be recorded. The BCA code is not recorded unless otherwise specified|by the
Application. THe Modulation and Format of the BCA code are not specified in this document. See Clause 35.
22.5.4 Pre-re¢orded INFO 2 [Reserved 5, Reserved 8 and Pre-recorded INFO 1/ Pre-write Area
When BCA cdde is not_feeorded on an Unrecorded disk, Zones of INFO 2 / Reserved 5, Reserved 8 and
INFO 1/ Pre-write Area_in both Inner Zone 0 and Inner Zone 1 are recorded with all 00h. When BCA tode is
recorded on an Unrecorded disk, these Zones are unrecorded. See 18.3.6, 18.4.7, 18.5.8, 18.6.6, [18.3.3,
18.4.4, 18.5.5,(18.6;3, 18.3.15, 18.4.14, 18.5.15 and 18.6.13.

22.5.5 Pre-recorded INFO 1/ PAC 1 and Pre-recorded INFO 2/ PAC 2
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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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.

22.5.7

See 18.3.11, 18.4.2, 18.5.2, 18.6.11, 18.7.2, 18.8.12 and 18.9.1.

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
recorded on the Unrecorded disk, TDMS in the TDMA 0 is recorded to specify;

— Zd
— Anf
— S

22.5.8

BD Refrordable disks are initialized before use. When a Temporary Disk-Management Strug

write A
Unrecq

A newly created TDMS shall have all Update Count fields set to ZERO. The TDMS shall be re
from the first Cluster of TDMA 0.

BD Retordable disks may be formatted for the SequentialkRecording Mode unless otherwise s
tion. A newly created a single-Cluster TDMS\contains the following elements (s¢e 22.4.3 and

Applicg
Figure

— an
— an
— a

TDDS with all relevant information like (see Figure 122).

nes are recorded,
empty SRR is created from LSN 0O,
me OPC Clusters are used.

Initialization of disk

rea(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 r
rded disk, these areas shall be recorded before recording in thel User-Data Area.

121):

empty TDFL, containing only a header,.no DFL entries and a Terminator,
SRRI with at least one Open SRR (thé/first SRRI entry shall have the Session start bit s

ture and Pre-
ecorded on an

corded starting

pecified by the

bt to ONE),
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22.6 Recorded (Closed) disk structure

22.6.1 Genera

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 DMA Z

The structureg
was finished. 1
TDMA on the
data (see Figu

Other unwritte

h

InNng

Recorded disk. Optionally all remaining Clusters in the TDMAs can be recorded with

N areas on the disk need not to be recorded.

nes

in the DMA Zone describes the exact status of the disk at the moment when data re
he SRR status shall be set to Closed, the TDMS structures shall be updated and ¥vritten

e 139).

r Zone OutenZone

A

»
>

DMAJ

Data Zone ‘J§WA3 DMA4

DMA1

The DMAs 1, 2

The DDS in th
22.6.3 Disk-M

22.6.3.1 Gen

A Disk-Manag
(DFL). The DD
DFL consists g

All four occurrg
same informat

The DMA Zon
possible powe

b DMA Zones preserves the references tq@ these TDMS.

Figure 139 — Disk-Management Areas

, 3 and 4 shall be recorded with copies of the information contained in the latest TDMS.

anagement Structure (DMS)

eral

ement Structure (DMS), is made up of a Disk-Definition Structure (DDS) and a Defs

cording
to the
all 00h

pct List

S is combined in one Cluster with an SRRI and shall be repeated for robustness reasons. The

f 8 consecutive Clusters on a TL disk or a QL disk and can be repeated seven times.

ences of the.BMS, recorded in the DMA Zones in the Inner and Outer Zone(s), shall cont
on, except.for the First PSN of Defect List (see 22.4.4, byte 24 of Data Frame 0 of the DIl

es shall be updated in the order DMA 1, DMA 2, DMA 3, and DMA 4 for ease of h

ain the
DS).

andling

-dewn failures.
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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
Tracking direction
Layer L1 Cluster Cluster Cluster Cluster Clustgr
64 63 35 34 33
Tracking direction
Layer L2 Cluster Cluster Cluster Cluster. Cluster
65 66 67 95 96

Figure 140 — Clusters of DMAs on TL.disk

The DDS + SRRI shall be recorded in a specific sequence (see FEigure 141) in the first 6 Clusters of each
DMA. The DFL is recorded in Clusters 9 to 16 of each DMA and may be optionally repeated in he Clusters 17
to 64 (if no repetition is applied, Clusters 17 to 64 shall contain-all*@0h).

The fir
the late
9,17 ..

Cluster 1to 6

DDS + SRRI

Six repetitions

Cluster 7 to 8

Reserved

These Clusters shall
be left unrecorded

Cluster 9 to 16

1st positionof-DFL

DFL

Cluster 17 to 24

2nd position of DFL

optional copy of DFL
or 00h User Data

Cluster 25 to 32

3rd.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 6510 96

Reserved

These Clusters shall
be left unrecorded

first ful

Figure 141 — Example of DMA Zone on TL disk

5t Data Frame (0) of each of the Clusters 1 to 6 is designated as the DDS and shall contain a copy of
st TBDDS;, except for the First PSN of Defect List, which address shall be set to the first PSN of Cluster
or’57-of the DMA Zone containing this DDS. The indicated address shall identify the oc¢urrence of the
DEL that can be retrieved error free.

Data Frames 1 (see 22.4.3) of each of the Clusters 1 to 6 are 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

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
Tracking direction
Laver L1 Cluster Clustet Clustet Clustet Cluster
¢ 64 63 35 34 33
Tracking direction
Laver L2 Cluster Cluster Cluster Cluster Cluster
/ 65 66 67 95 36
< Tracking direction
Laver L3 Cluster Cluster Cluster Cluster Cluster
4 128 127 99 o5 e
Figure 142 — Clusters of DMAs on QL disk
The DDS + SRRI shall be recorded in a specific sequence (see Figure 143) in the 4 Clusters that locatg at the

odd Cluster nu

The DFL is red
(if no repetition

is applied, Clusters 17 to 64 shall containall 00h).

mber from the beginning of each DMA (Cluster 1,:3,'5 and 7).

orded in Clusters 9 to 16 of each DMA and may be optionally repeated in the Clusters 1

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

Cluster7 DDS+SRRI

Cluster 8 Reserved This Cluster shall be

left unrecorded

7 to 64

208

Cluster 9 to 16 1st position of DFL

DFL

Cluster 17 to 24 | 2" position of DFL

optional copy of DFL
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
reasons in each following group of 8 Clusters in each DMA Zone.

© ISO/IEC 2015 — All rights reserved 209


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

ISO/IEC 30191:2015(E)

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

AA+15 = X)

The first LSN ¢n Layer L1 shall be one higher than the last LSN on Layer LO and is assigned to the-first User

Data Frame in
(at PSN =8 x

The last LSN
Frame in the |3
(at PSN =03 H

Data Frame i
(at PSN =04

The first LSN ]
n

The last LSN
Frame in the |3
(at PSN =040

The first LSN ¢n Layer L3 shall be one higher than theiast LSN on Layer L2 and is assigned to the fir
the first Cluster after the Outer Zone 3

Data Frame in

F FF FFh).

0 00 00h).

the first Cluster after the Outer Zone 1
FAA = X+FCO0000 00h ).

bn Layer L1 is equal to 16 x LAA + 31 — 00 20 00 00h and is assigned_to the last Us¢r Data
st Cluster before the Inner Zone 1

n Layer L2 shall be one higher than the last LSN on Layer L¥7and is assigned to the firgt User
the first Cluster after the Inner Zone 2

bn Layer L2 is equal to 24 x LAA + 47 — 00 30 00<00h and is assigned to the last Usgr Data
st Cluster before the Outer Zone 2
0 00 00h + 8 x LAA + 15 = X + 04 00 00 00h).

5t User

(at PSN =04 0 00 00h + 8 x FAA = X+F8 00 0060h ).
The last LSN pn Layer L3 is equal to 32.x"LAA + 63 — 00 40 00 00h and is assigned to the last Us¢r Data
Frame in the I3st Cluster before the Lead-out Zone
(at PSN = 07 BF FF FFh).
Inner Outer Outer Inner Inner Oufter
radius| Layer LO radius radius Layer L1 radius radius Layer L2 radius
R IR A
— ~ — ~
l user- User
g Data Data
Area
A .
rea / --------------------
User
Data
------------------- - Area
ey
8
o | Lead-in Outer Outer Inner Inner Lead-out
g Zone Zone 0 I Zonel Zone 1 I Zone 2 Zone
o
= * 1 * 4 ] *
00 10 00 00h X X+ FC000000h O03EFFFFFh 04 10 00 00h
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Figure 144 — Assignment of Logical-Sector Numbers
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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 specified (the
format of the Grooves has been defined in Clause 15)

All reqliirements in Clause 25 to Clause 27 shall be fulfilled in all layers independent of the.recqrding status of
other Recording Layer (whether unrecorded, recorded or partially recorded) from the jinnen radius of the
Embossed HFM Area(s) (start/end of the PIC Zone) at nominal radius 22,4 mm up-to-the inngr radius of the
Outer Yone(s) + 20 ym (dpzo/ 2 + 20 um). It is recommended that the requirements are alsg fulfilled in the
remainder of the Outer Zone(s).

25 Mgpthod of testing for Grooved Area

25.1 General

When measuring the signals, the influence of local defects, such as dust and scratches, are gxcluded. Local
defectg might cause tracking errors, erroneous ADIP information or uncorrectable Data (see Clguse 34).

25.2 Environment

All signals shall be within their specified ranges if-the disk is in its range of allowed environmgntal conditions
as defiped in 8.1.1.

25.3 Reference drive

25.3.1 |General

All sigrjals shall be measuredtin the appropriate channels of a Reference drive as specified in Glause 9 and in
Annex [H.

25.3.2 |Read power

The repd power-is the optical power, incident on the Entrance surface of the disk. The read power shall be
(1,20 4 0,20)mW for Layer LO and Layer L1 of a TL disk and Layer LO, Layer L1 and Layer L2 of a QL disk
and (1J1+°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 TL and QL
disks.

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 Scanni

ng velocities

The actual rotlition speed of the disk shall be such that it results in an average Channel-bit rate of|

~

Mbit/s or an 4
measurement

average Chan

25.4 Definiti

The amplitude
related to the ¢

Some signals are normalized relative to the total detector current in an Unfecorded, Grooved Area.

This total dete

lc=(l +
Push-Pull sig
The Push-Pull
(see Figure 5)
the drive for ral

In general the

(I1+12). The peak-to-peak value of this real-time normalized Push-Pull signal is defined as:

PP,

norm —

verage wobble frequency of 1 913,043 kHz except when measuring Push-Pullcsigna
of Push-Pull signals, the actual rotation speed of the disk shall be such that it|result
hel-bit rate of 66,000 Mbit/s or an average wobble frequency of 956,522 kHz.

pn of signals

5 of all signals are linearly related to currents through a photodetéctor, and therefore
ptical power falling on the detector.

ctor current is referred to as

|2)groove-

nal:
signal is the Low-Pass Filtered sinusoidal difference signal (I:—I,) in the radial PP read @
when the focus of the optical beam.€rosses the Tracks. The Push-Pull signal can be
fial tracking (see Figure 145).

difference signal (I:-—I.) is .nermalized relative to the Low-Pass Filtered total detector

(Il _IZ)attz _ (Il_IZ)attl

(|1+ I2)att2 (|1+ |2)att1

ly(t)-1()
'1(t)+|2(t)

}p eak—peak

32,000
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5 in an

b
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In thes
conver

detector
currents . |
(mA) : :
! 1
I I
! 1
(1 +12) \_:/ :
! 1
sum signal T .
! 1
! 1
I I
: (ll - |2)max :
I :
I I
I I
0 | !
(Ili—12) B ! 2 : ) ——>
difference signal | (\radial position

| ! (time)

(I = 12)min : :
on Track on Track

Wobble signal:

The wa
channg
Annex

The sig

Figure 145 — Definition of Push-Pult’signals

e BD Recordable system specifications, the real-timé<normalized Push-Pull signal (P
ed for the photodetector size of 25 pm?(see 1.9).

bble signal Iwpp is the peak-to-peak value of the sinusoidal difference signal (I:—I2) in the

| (see Figure 5), when the focus of the optical beam follows the Tracks according to 24
M and Annex E for a measurement method.
nal shall be normalized by the peak-to-peak value of the Push-Pull signal (l1—I2)pp:
I
NWS = PP
(Il - I2 )pp

3norm) shall be

radial PP read
.3.4. See also
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26 Signals

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),

the single

pass phase depth of the Grooves is less than 90 °.

If the polarity i

The polarity o
Information (ss

26.2 Push-P

The peak-to-p
requirements:

26.3 Wobble

The Normalizsg
centre line. DU
shows a variat

At locations
Normalized HA

At locations
Normalized HA

NOTE Bec
the wobble sigr]
measuring theseq

26.4 Jitter o

f the Push-Pull signal on each Recorded Layer of the disk shall be indicated”in th

in the Emipossed HFM Areas

opposite to the polarity of the specified case, it is said to be negative.

e 15.8.3).

ull signal

pak value of the real-time normalized Push-Pull signal (PPnorm ureony Shall meet the fo

0126 < (Ppnorm,HFM)conv £ 0752

signal

d HFM-Wobble Signal is a measure of the,deviation of the Groove Track from its g
e to interference with the wobbles of adjagent tracks, the amplitude of the HFM wobblg
on (called “wobble beat”).

vhere the HFM wobble signal shows minimum amplitudes due to the wobble be
M-Wobble Signal (NHWS) shallbe: 0,30 < NHWSnin < 0,60.

bhere the HFM wobble ssignal shows maximum amplitudes due to the wobble be
M-Wobble Signal shall be: NHWS_ <3 xNHWS

max — min *

huse the shape of/the.HFM wobble signal detected in the Embossed HFM Areas differs significan

al in the Recordable Areas, the measurement procedure as described in Annex E is not suit|
HFM wobbletsignals.

HFM-signal

The binarized

waobble signal from the HFM Groove represents the Embossed HFM information in t

e Disk

llowing

verage
signal

at, the

at, the

tly from
Able for

he PIC

Zone. The jitter of the leading edges and the jitter of the trailling edges of this binarized signal s

measured separately relative to a PLL clock.

Both the leading edge jitter and the trailing edge jitter shall be < 4,5 %.

The jitter shall

ac couplin

no equaliz

214

be measured under the following conditions:
g (High-Pass Filter): first order, f_sq8 = 20 kHz,

ation,

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
requirements in each layer:

— inUnrecorded Areas (all neighboring Tracks unrecorded):

0121S (Ppnormunrec.)conv < 0’45

— maximum variation of Push-Pull signal within 150 Tracks in Unrecorded Areas.

(P I:)norm,unrec. )max - (P Pnorm,unrec. )min

<018
(PPnorm,unrec. )max + (Ppnorm,unrec. )min

— maximum variation of Push-Pull signal within one Layer in Unfecorded Areas:

(P I:)norm,unrec. )max - (P I:)norm,unrec. )min

<025
(PPnorm,unrec. )max * (Ppnorm,unrec. )min

— inRecorded Areas (all neighboring Tracks recorded):

021<(PP,.  Veny <045

ormyec.
— ralio of average Push-Pull signals in-Recorded and Unrecorded Areas within one layer:

(Ppnorm,rec. )conv
0,75 ———<125

(PP

norm,unrec. /conv

27.3 Wobble signal

27.3.1|General

The ndrmalized wobble signal is a measure for the deviation of the Groove Track from its average centreline.
The digtance that the actual centre of the Wobbled Groove Track deviates from the average Track centre line
can be calcutated according 10 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 guarantee
signal shall be

The Second-H
measuring the
of the disk. Bo

The ratio of thg
the following r¢g

SHD / SH

SHD / SH

The measurenjents shall be made using a spectrum analyzer (see“Annex E).

28 Charact

The signal va
otherwise.

In this Internat

signals g€

signals gej

Clause 28 to ¢
as used for wri

All requiremen

armonic Level (SHL) and the Second-Harmonic Distortion (SHD) shall be determi
fundamental wobble frequency level and the second harmonic frequency level'at two lo
h levels shall be measured in the Data Zone and in Protection-Zone 3.

b SHD and SHL, normalized to the local fundamental wobble frequengy level, shall meet
quirements:

| < —-12 dB with zero radial tilt, or

| < —6 dB within £ 0,70 ° of radial tilt.

eristics of Recording Layer

ues specified in Clause 28 to Clauset31 are valid for all disk capacities, unless sy

onal Standard, two types of signals are distinguished:
nerated by Groove struct(res on the disk, and
herated by User-wriften Marks.

lause 31 specifies a series of tests to assess the recording properties of the Recording
ting data.

s in ClauSe 28 to Clause 31 shall be fulfilled in all layers independent of the recording st

other Recording Layer (whether unrecorded, recorded or partially recorded) from the inner radius
Recordable Arpa(start/end of the INFO/OPC Zone) at nominal radius 23,2 mm up to the inner radiug

Outer Zone(s)

+ 20 ym (dpzo/2 + 20 ym). It is recommended that the requirements are also fulfilled

remainder of the Outer Zone(s).

216

a_minimum_quality of the HMW_ modulation, the Second-Harmonic Distortion of the wobble
sufficiently low compared to the Second-Harmonic Level originating from the HMW mad{lation.
ned by
cations

one of

ecified

Layer,

atus of

of the
of the
in the
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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 might cause tracking errors, or uncorrectable Data (see Clause 34).

29.2 Environment

All signjals shall be within their specified ranges if the disk is in its range of allowed envirenmental conditions
as defiped in 8.1.1.

29.3 Reference drive

29.3.1 |General

All signjals shall be measured in the appropriate channels of a Reference drive as specified in Glause 9 and in
Annex [H.

29.3.2 |Read power

The repd power is the optical power, incident on the, Entrance surface of the disk and only uged for reading
the infgrmation. The read power shall be (1,20 + 0,10)>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 Lgyer L3 of a QL
disk.

29.3.3|Read channels

The drjve shall have two read chanhels as defined in 9.5 and 9.6. The HF signal from the HF read channel
shall npt be equalized, except whenh measuring i-MLSE (see Annex H).

29.3.4|Tracking requirements

During|the writing and reading of the signals, the axial tracking error between the focus of th¢ optical beam
and the Recording.tayer shall be maximum 55 nm at 2x Reference Velocity, or maximun} 80 nm at 4x
Reference Velocity.

The raglial tracking error between the focus of the optical beam and the centre of the Track shajl be maximum
16 nm pt2x Reference Velocity, or maximum 20 nm at 4x Reference Velocity

For 4x disks local defects that cause large axial tracking errors shall be taken into account as described in 1.10.

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 write peak power Py,

— the bias W
— the space

— the middlg

rite power Pgw:
power Ps,

power Py,

— the cooling power Pc,

which are the @ptical powers incident on the Entrance surface of the disk.

Marks are crea
The values of
The actual po

Pew, Pc, Pu a
(see 15.8.3).

29.4.2 Write

The optimized

owers

ted by the write peak power Pw, Spaces are created by thelspace power Ps.

Pw, Pew, Ps, Pm and Pc shall be optimized according.fo JAnnex G.

vers Pw, Pesw, Ps, Pw and Pc for testing shallbg within + 5 % of their optimum values,| where
nd Ps shall be proportional to Pw according te the ratios € as specified in the Disk Infofmation

write powers Pwo, Pswo, Pso,.Pma and Pco shall meet the conditions as shown in Figure [L46.

(%]

£ | Disk Fype TL QL

3

2 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 | pso (mW) 0,60 16,8 0,60 16,8
Pco (MW) 0,10 16,8 0,10 16,8
Pwo (mW) ° 54 28,0 54 28,0
Pwo (mW) 8,0 28,0 8,0 28,0

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
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In addition to the conditions shown in Figure 146, the write powers shall be such that:
— At 2xVref : Pwo = Pmo > Pso = Pco and Pwo > Pewo.
— At 4xXViet . Pwo = Pwvo > Pso = Pco.

29.4.3 Average power

Average write power (Pave.) shall be equal or less than 14,0 mW.

29.4.4 Write conditions for i-MLSE measurement

The tes$t for i-MLSE (Integrated-Maximum Likelihood Sequence Error Estimation) shall be learfjed out on any
group ¢f five adjacent Tracks, designated (m-2), (m-1), m, (m+1), (m+2) in the Recordable)Areas of the disk.

The fije Tracks are recorded with random data with a write power Pw = Pwo,as) specified in 29.4.1. To
measufe the i-MLSE, all five Tracks are written with random data with a write power Pw = Pwo.

29.5 Definition of signals

The amplitudes of all signals are linearly related to currents through-a“photodetector, and th¢refore linearly
related|to the optical power falling on the detector.

i-MLSE:
i-MLSH is a quality indicator of the signal in PR(1, 2, 2, 2)1) ML reproduction system with 17PP modulation
code. It is defined by standard deviation(o) that correlate with the error probability of specific patterns in PR(1,
2,2, 2|1) ML reproduction signals (see Annex H).
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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 Modulated amplitude

The modulateq
Space lengths

The modulated amplitude lspp is the peak-to-peak value of the HF signal generated by the Isecond s

Mark and Spa
inserted.

NOTE In tH
therefore their in

8pp

amplitude lgpp is the peak-to-peak value of the HF signal generated by the largest Ma
The peak value gy is the peak value of the HF signal before ac coupling.

Ce lengths. The 0O level is the signal level obtained from the measuring device’when no

e Sync patterns run-lengths of 9T do occur. However the recurrence of these 9Ts is very low and
fluence on the HF peak-to-peak signal is negligible.
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- S

‘- S
OIS
o DD
AAXAX XX XXX

%

\

VAVAVAVAVAVAVAVAVAY,
_ ‘.A‘_A‘A‘.A’A’A‘A‘A’A .
_______________ V‘VI‘VAV ‘v‘v‘vAvAv ‘v

SO OCD

A A A A ATATA AT A

AN~ -~ e~ ~ > e <~

[ I R g T il T

OLEVEL

Because the |

Figure 147)— Schematic representation of HF signal from Marks and Spaces

ppdisa relatively small signal, its amplitude can not be determined reliably from a rand

irk and

mallest
disk is

om HF

signal. Theref

renit’is recommended. for observation of Ispp / lspp. to record an area with consecutive 3T

Marks

and Spaces only and to record an area with consecutive 8T Marks and Spaces only. The signals can now be
measured accurately with appropriate measuring equipment.

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:

- (|8pp / |8H)c0nv 2 01401

— |3pp / |8pp 2 0,040

The variations
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—  (lsrmax — IgHmin) / lshmax < 0,33 within one layer (continuously recorded),

—  (IgHmax — lsHmin) / lsnmax < 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;

— lgnaLj and lsna, .k are measured at the same position, both in radial and in tangential direction,

— lgna = Rsn X Read power,
— j=1,2 k=0,1 j>kforaTLdiskand j=1,2,3 k=0, 1, 2 j>kfora QL disk.
The rafio between the reflectivity on each layer shall be,
= 0,33 < (Rsn,Lj — Renk) / (RenLj + Renk) < + 0,33 (continuously recorded),
where;
— (Ren,j and Rgn Lk are measured at the same positionyboth in radial and in tangentipl direction,

— j=1,2 k=0,1 j>kforaTLdisk and j=1, 2,3)k=0, 1,2 j>k fora QL disk.

30.3 Reflectivity-Modulation product

The reflectivity of the disk multiplied by the Is Modulation (= normalized ls,, modulated amplitude) shall be :

I
R xM =Rgy x(ﬂj , with: 0,0073 < RxM < 0,022 for Layer LO and Layer L1 of|a TL disk and
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 I3 of a QL disk.

The reflectivity of the disk’/multiplied by the Iz Modulation (= normalized I3, modulated ampljitude) shall be
(see Annex B and Annex’l):

I
R xlg=Rgy x {fﬂJ , with: Rxl3 > 0,00055 for Layer LO and Layer L1 of a TL dis and Layer LO,
8H Jconv

Layer L1 and Layer L2 of a QL disk,

Rxl3 > 0,00062 for Layer L2 of a TL disk and Layer L3 of a 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

© ISO/IEC 2015 — All rights reserved 221


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

ISO/IEC 30191:2015(E)

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-MLSE in Track m shall fulfill the following requirements:

On Layer LO of TL disk and on Layer LO and Layer L1 of QL disk:

for all disks

independent on capacity:

<1109

when measured using the circuit specified in Annex H.

On Layer L1 df TL disk and on Layer L2 of QL disk:

for all disks

<1159

independent on capacity:

when measured using the circuit specified in Annex H.

On Layer L2 df TL disk and on Layer L3 of QL disk:

for all disks

<12,09

independent on capacity:

when measured using the circuit specified in Anngx'H.
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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.

The dis

Higher
and by

Read Velocity Layer Read power
TL QL
Layer LO 1,20mwW | 1,20 mW
Layer L1 1,20mw | 1,20 mW
“~ Layer L2 1,10 mw | 1,20 mW
Layer L3 1,10 mW.
Layer LO 1,70 mW | 1,7Omw
Layer L1 1,70 mW 51,70 mW
4X Layer L2 1,55mW | 1,70 mW
Layer L3 1,55 mw

k must remain within all specifications in the operating environment.

The modulation should fulfill the following requirements (see Figure 149):

— m

— rafio of peak power and average power

Light °
intensity

pdulation frequency (= 1/Thg-1aser)

(400 + 40) MHz

(2,0+0,2)

THF»Iaser

v

Figure 148 — Read power values{arread stability testing

DC read powers and higher HF-modulatedfead powers shall be applied when specifie
e 31 (see 15.8.3.3 and 15.8.3.4).

1 in DI byte 30

average

caoaidih
PorSCTvvTorT

(FWHM)

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:

32 C

Clause
with th

User-w

— air bubbles: diameter < 100 ym
—  blgckdotswithrbirefringence: dameter<-156ppm
— black dots without birefringence: diameter < 150 ym

naracteristics of User Data

32 to Clause 34 describe a series of measurements to test conformance of the User D
s document. They check the legibility of User-written Data. The data.is assumed to be ar

ritten Data may have been written by any drive at any speed‘in-any operating environme

ata on the disk
Ditrary.

Nt.

© ISO/IEC 2015 — All rights reserved

225


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

ISO/IEC 30191:2015(E)

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 by the error detection and correction circuit in the read channel defined below. The
requirements in Clause 32 to Clause 34 define a minimum quality of the data, necessary for data interchange.

33.2 Environment

All signals shall be within their specified ranges if the disk is in its range of allowed environmental conditions
as defined in 9.2.

33.3 Reference drive

33.3.1 General

All signals shall be measured in the appropriate channels of a Reference drive as specified in Clause 9,

33.3.2 Read gower
The read power is the optical power, incident on the Entrance surface of the disk. The read power ghall be

(1,20 £ 0,10) 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 LayerL[3 of a QL disk.

33.3.3 Read dhannels
The drive shall have two read channels as defined in 9.5 and 9.6.
The HF signgdl from the HF read channel shall not be equalized and filtered before processifg. For

measurement |of the disk quality, the® characteristics of an HF signal pre-processing shall be the same as
specified in Anpex H for the i-MLSE:measurement.

33.3.4 Error dorrection

Correction of grrors in the ‘data bytes shall be carried out by an error detection and correction system| based
on the definitions in-Clause 13.

33.3.5 Trackimg-reguirements
During the measurement of the signals, the axial tracking error between the focus of the optical beam and the
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 le

gth of a burst error is defined as the total number of bytes counting from the first errone

us byte that is

separal
that is

The nu
correct

Symbd
The Sy
bytes i

—h_ A

Z]

fed by at least three correct bytes from the last preceding erroneous byte, until the last.g
separated by at least three correct bytes from the first succeeding erroneous byte.

mber of erroneous bytes in a burst is defined as the actual number of bytes.in.that bu
(see example in Figure 150).

brroneous byte

st that are not

Ix|clclcel x| x[clelx]clxIx|Ix]elclcl.og

[ x|

<——— burst length = 9 bytes ——

number of erroneous bytes in burst =6
¢ = correct byte, x = errone@us byte
Figure 150 — Example of burst error
| Error Rate:

mbol Error Rate (SER) averaged over N LDC Blocks is defined as the total number o
h the selected LDC Blocks divided by the total number of bytes in those LDC Blocks:

[—

Rando

The Random Symbol Error Rate is defined as the Symbol Error Rate where all erroneous bytg

burst
calcul

LEai
=1
75 392
where E, = number of all erroneous bytes in LDC Block i
N ='number of LDC Blocks.
m SymbolError Rate:

rrors-of-length > 40 bytes are counted neither in the numerator nor in the denominat
ion;

f all erroneous

s contained in
or of the SER

N

Z(Eai ~Ep)

N
N x75392 - E,

i=1
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 in a continuously written sequence, see Figure 47 in a discontinuously written sequence, see

Flgure 46, eXC lell Y d;ok dcfcuto, oha:: fu:f;” thc fU::UVVIIIU |cQu;|C|||cllto:

Random SER k 2,0 x 10~ averaged over any 10 000 consecutive LDC Blocks.

34.2 Maximum burst errors

In each Recorfling-Unit Block the number of burst errors with length > 40 bytes shall be less than 8 and the
sum of the lengths of these burst errors shall be < 600 bytes.

34.3 User-wfitten Data

User-written Dpta in a Recording-Unit Block (RUB) as read in the HF read channel shall not contain any byte
errors that canpot be corrected by the error correction system definechin 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 Laygr LO (the BCA

code id allowed to overlap the Protection-Zone 1 partially).

The BCA code shall be written on Layer LO, but some effect of writing the BCA cede on Laygr LO could be
visible pn the other layers.

The BCA code shall be written as a series of low-reflectance stripes arranged in circumfergntial direction.
Each 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 ddgcision to record the BCA code is Application dependent. The BCA code shall not be recorded in the

BCA unless otherwise specified by the Application. The format and the content of the BCA codg is defined 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 consists of k layers, the following procedure shall be applied in
determining the thickness of the individual layers:

— the valueq ds .. dk represent the thicknesses of Layers 1 ..k,
— the valueq n: .. nk represent the refractive indices of Layers 1 ..k,

— let D(n) beg the nominal thickness at refractive index n according to Figure 17 for a Tk disk and Figure 19
for a QL djsk. The curves show the thickness of equivalent spherical aberration.

D(n) can be expressed using the function g in Clause 12, as

D(n) = D(1}6) x g(n)

k-1
then the thicknless dk of Layer k should be equal to: dy = D(nk)x[l—z D((jr|1 )J
i=1 i

A.2 Refractive index n; of all layers
The refractive [ndex n; of each layer in the Cover and Spacer shall be: 1,45 <n; <1,70.

A.3 Thickngss variations of Transmission Stack for TL disk

Kk
The Relative Thickness of the Transmissiorf-Stack j is defined as: RT; = Z
i=1

d;
D(n;)

The Relative [Thickness RT of #he" Transmission Stacks, measured over the whole disk, shall fulfill the
following requifements:

a) The Relative Thiekness RTy of the Transmission Stack TS0 shall be: 94,0 <100,0 x RT <[106,0,

b) The Relative Thickness RT; of the Transmission Stack TS1 shall be: 69,0 < 75,0 x RT1 < 81,0,
and

c) The 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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The Relative Thickness RTg of the Transmission Stack TS0 shall be: 94,0 <100,0 x RTo < 106,0,

The Relative Thickness RT; of the Transmission Stack TS1 shall be: 78,5 < 84,5 x RT;
The Relative Thickness RT: of the Transmission Stack TS2 shall be: 60,5 < 65,0 x RT»

The Relative Thickness RTs of the Transmission Stack TS3 shall be: 50,5 < 53,5 x RT3

A.5 Thickness variations of Spacer Layers for TL disk

EScZ E|

Functia
when r

The ag
index i
the ac
moven]

<90,5,
<69,5, and

<56,5.

fective thickness of the Spacer Layer 1
fective thickness of the Spacer Layer 2
ffective thickness of TS2 or Cover Layer

n f(n) is defined in Clause 12 and shown in Figure 18. The effective’ thickness means i
bfractive index is assumed to be 1,60.

tual thickness (that can be measured by the method described in Annex K) under arbi
5 converted to the effective thickness under standard refractive index of 1,60. Defocus
fual and effective thickness are the same. In this~Section, defocus is defined as

ent of the light going through the transparent medidm with each thickness and each refrg

The effective thicknesses shall meet the requirement ESc— (ES: + ES,) > 1,0 um, ES;1— ES; > 1

A.6 T

hickness variations of Spacer Layers for QL disk

k
The effective thickness ES of the Spacef.Layer j is defined as: ES; = Zdi xf(n;)

ES: E
ES.: E
ESs E
ESc: E

Functiqg
when r

i=1
fective thickness of the Spacef Layer 1

fective thickness of the Spacer Layer 2
fective thickness of the Spacer Layer 3

ffective thickness of TS2 or Cover Layer

bfractive index is assumed to be 1,60.

naginary value

trary refractive
values of both
focus position
ctive index.

,0 um.

n f(n)'is defined in Clause 12 and shown by Figure 18. The effective thickness means ifnaginary value

The actual thickness (that can be measured by the method described in Annex K) under arbitrary refractive
index is converted to the effective thickness under standard refractive index of 1,60. Defocus values 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 Examp

le 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
D(1,52) =
D(1,58) =

Where

Cover Layer at index n; = 1,52 and 1,58 are calculated as follows.
D(1,6) x g(1,52) = 56,35 ym,

D(1,6) x g(1,58) = 56,81 pm.

D(1,6) =5

Then the nomi

d, =56,81

and the effectiy

ESc =55
where
f(1,52) = 1

The result sho
refractive inde
requirement of
and ESc - (ES
In case of a TL

Ns2 > Ns1 3

In case of a Qll

Ns3 > Ns1

7,0 um , g(1,52) = 0,988 6 and g(1,58) = 0,996 6 (see 12.3)

hal thickness of the gluing sheet is calculated as follows.

{1

/e thickness of Cover Layer (ES.: cover sheet + gluing sheet) iS-calculated as follows.

55
22 |=136um.
56,35j 136p

x 10757 +1,36 x10177 =60,55um

,075 7 and f(1,58) = 1,017 7 (see Clause 12)
of Cover Layer (n¢) is smaller than those of Spacer Layers (nsi, Ns2, Ns3) from the view
ESc— (ES1 + ESy) > 1,0um for a TL disk
p + ES; + ES3) > 1,0um for a QL disk and following conditions are preferable;
disk from the view point ef'the requirement of ES; — ES; > 1,0 ym
Nc
| disk from the\view point of the requirement of ES;— ES; > 1,0um and ES,—ES; > 1,0 y

> Ns2 > Ne

vs that effective thickness ESc is larger when refractive index n is smaller. Then it is better that

boint of

232

© ISO/IEC 2015 — All rights reserved


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

ISO/IEC 30191:2015(E)

Annex B
(normative)

Measurement of reflectivity

B.1 General

The ref

lectivity of a disk can be measured in several ways. The two most common methods are:

— P
— fo

The re
reflecti

dttetmrethod;
used method.

lectivity of the disk is measured by the focused method with the help of a Reference d
ity, while the reflectivity of the Reference disk is calibrated by the parallelmethod.

When neasuring the reflectivity in the focused way, only the light returned- by the Reflective Lg

(Rm) W
coming

Il fall onto the photodetector. The reflected light coming from the front surface of the dig
from the parasitic reflectance’s inside the disk will mainly fall(outside the photodetect

the parallel method only the “total” reflectance (R;) can be measured;-a calculation is needed to
“main” [reflectance from the Reflective Layer.

B.2 Calibration method

sk with known

yer of the disk
k and the light
Dr. Because in
determine the

s Cover Layer

A good Reference disk free of birefringence shall beiehosen, for instance with a 0,1 mm glag
with a|golden reflective mirror. This Reference disk shall be measured by a parallel beanmp as shown in
Figure B.1.
R} to
detector
B /
Incident
beam
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)
Is = 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:

2
r= (n_—ﬂ , Where n is the index of refraction of the Cover Layer.
n+

The main reflectance Rm = Ry — Rs —Rint Which leads to:

The Referencg disk shall be measured on a Reference drive. The total detectot current (the sum of

elements of th

Now the arran
Recording Lay
the Entrance s

B.3 Measu

Reflectivity in

A method of m

a) Meas

b)

c)

Meas|
inves
neve

Calcu

follov

ref [~

R )

|
B 1-rx 2—&
I

er and the double pass Transmission Stack transmisSion, independently from the reflec
urface.

ing method
Unrecorded virgin Recordable Area

easuring the reflectivity using the Reference drive.

ure the total detector current (I1+l2)e from a Groove Track in an area of the disk
tigation where the/Greove Track and the two adjacent Tracks on each side of the Groove
have been recorded.

late the untecorded virgin disk reflectivity Rq.v in the Groove Tracks of the Recordable 4
(I, + '2)@

BT )

ref -

all four

b photodetector = lota)) Obtained from the Reference disk, and measured by the focused beam
is equated to Rm as determined above.

gement is calibrated and the focused reflectivity is a/linear function of the reflectivity| of the

Livity of

Lire the total detector current (13+12)rer from the Reference disk with calibrated reflectivity Ryer.

under
b Track

\rea as

Reflectivity in Recorded Recordable Areas

A method of measuring the reflectivity using the Reference drive.

234

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

|
follows: Ry, = — 2 <—x R, .

(Il+|2)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

The reflectivity obtained by applying the measuring method described in B.3 is influenced by the stray lights
which are caused by the reflection from other layers (see Figure B.2). Therefore, the observed reflectivity shall
be corfipensated 10 decrease the Infuence. Herealter, e reflectvity obtained by applying the measuring
method described in B.3 shall be referred as the observed reflectivity and the reflectivity compensated using
the procedure below shall be referred as the compensated reflectivity.

f\ Layer LO

Layer L1
\\
Layer L2
Stray lights Reflection from the layer being readout
/ \ ¥ \ Disk surface
Incident beam —

focused on Layer L1 Observed reflectivity

Figure B.2 — Influence af;stray lights from other layers
The observed reflectivity of the reproduction layer can be compensated by the procedure below
Following conditions are assumed.
a) | Multiple reflection can be ignared.
b) | Observed light is the sum of reflection from reproduction layer and all stray lights from all other layers.
c) | Effects of coherentoptical interference on the detector surface is ignored.

d) | The intensity-of the stray light spot projected on the detector is uniform. Thus, the detector output of
the single stray light is proportional to the ratio of area of the stray light spot and photodgtector.

Reflection from PD

Layerl) reproduction layer
)

1?—» W Stray light

Figure B.3 — Ray trace of stray light
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Layer index of reproduction layer
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 geometrical optics view, the radius of the stray light spot projected on the reproduction Layer Liis 2 X r as

shown in Figu

The areal ratio

re B.3.

is then derived| as bellow:

PDner _ PDnorm

The observed

(2 )2 'IT(Zd iJ-tancJ{)Z

ight is the sum of reflection from the reproduction layer and all strayllights from all other

Thus, the obsdrved reflectivity of the reproduction Layer Li is then expressed with\the following formula

Si =Ri+

where,

N
D RiA; (N=2,3)
=0

j=i]

Si= obsefved reflectivity (Rmg-v , Rm,gn) Of Layer Li (iAcluding influence of stray light),

Ri = com
N = num

For Rg.v,

ensated reflectivity (Rq.v, Ren) Of Layerski,
er of Recording Layers of disk (2 fona TL disk, 3 for a QL disk).

this formulg can be rewritten as Sy.v A - Rg.y Using the vector and matrix representation where

Sg-v is the @bserved reflectivity-vector in the Unrecorded Virgin Layer, Rqy.y is the compensated ref

vector in th

Thus, the ¢
R,, =A
For RSH,

the compen

b Unrecorded Virgin‘Layer, and A is the areal ratio matrix.

bmpensated reflectivity vector Rq.v can be derived as:

1
S

of the stray light spot from Layer Lj and the detector, both projected on the reproduction layer

layers.

ectivity

sated reflectivity in the Recorded Layer (Rsn) can be expressed as the following formula.

N
RSH,i :SBH,i - ZRg—v,inj (N=2,3)
j=0

where Sgy i

236

]
[i=i]

s the observed reflectivity of the Recorded Layer Li.
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Annex C
(normative)

Measurement of scratch resistance of Cover Layer

fied load (see

C.1 General
The Entrance surface of the disk has sufficient scratch resistance, which may be improved by a Protective
Coating.
C.2 Tlaber Abrasion test
The following so-called “Taber Abrasion” test verifies whether the scratch resistance, of the Entrance surface
of the dlisk is sufficient:
Two wheels covered with abrasive material are applied to the disk undef test with a spec
Figure [C.1).
rotation axis of disk
rotation
= €)..of wheels
rotatior
o directign
T of disk
] S line through
// ~~.__centre of disk
- projection of . T
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,

© ISO/IEC 2015 — All rights reserved
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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%.

Treatment of the abrasive wheels
Treatment of the abrasive wheels should be based on ASTM D1044[,

Before performing a Taber Abrasion test, each time both abrasive wheels should be refaced by an ST-11
refacing stone:

— new wheejs shall be refaced for 100 cycles,

— wheels that have been used before shall be refaced for 25 cycles.
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Annex D
(normative)

Measurement of repulsion of grime by Cover Layer

D.1 General

This Annex describes a method for applying an Artificial Finger Print (AFP) to the disk for the purpose of
determining the disk's sensitivity to fingerprints. Figure D.1 shows the basic procedure.

49N 49N
10 seponds 10 seconds
J/ Silicone rubber \I/
stamp
- == >
Ink pad Disk under test Disk under test
adhegion of ink to stamp stamping with AFP
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 Area, when

measu
Cluster
these |

D.2 S

The sil

— dimensions: stamp'shape & 16 mm x & 12 mm x 20 mm height,

— SHh

Fed on Layer LO, shall be < 4,2 x 10=2 when recording and reading through the AFP. In
the number of burst errors with length > 40 bytes shall be less than 8 and the sum of
urst errors shall be < 800 bytes.

pecifications of stamp

cone rubber stamp shall have the following specifications (see Figure D.2):

ore hardnessyis A60.

each Physical
the lengths of
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\_/V

Figure D.2 — Stamp shape and preparation
To provide the|stamp with random scratches it shall be abraded with a sandpaper #240.

The sandpapef is moved slowly in one direction between 10 times and 20 times. The force on the sandpaper
shall be betwegn 4,9 N and 9,8 N.

Then the stamp is rotated over an arbitrary angle and the previous pracess is repeated.

Rotating and aprading shall be repeated at least 30 times.

D.3 Preparation of ink

The ink to print the AFP shall be composed of the follewing components:

— M: Methoxy Propanol (1-Methoxy-2-Propanol),

— T: Triolein|(purity of at least 60%),

— D: Standard Dust (according tosspecifications defined in JIS Z 8901, selected grade: class 11 (KANTO
loam). [For further information contact: (Association of Powder Process Industry and Engineering,
JAPAN; http://www.appie;ef.jp/english/).

The componeits M, T anpd D shall be mixed in the mass ratio 240:20:8. The mixture shall be stirred |rapidly

using a plastic|stick for(at least 15 seconds by hand. Every time mixing the solution, the stirring stick ghall be
cleaned by ethlyl alcohel.

D.4 Preparation of ink pad

To guarantee a fixed amount of ink taken up by the stamp, the ink is spin coated onto the ink pad, which pad
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

r one second,

After applying the ink on the disk, the rotational speed shall be 100 revolutions per’minute f¢
speed shall be

then the speed shall be increased linearly to 5 000 revolutions per minutes in 5 ,seconds, which
held fof 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

<« > >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 |oeation for applying ink to the stamp is around radius 30 mm.

The stamp can be cleaned with lint-free tissues, such as BEMCOT.
iped off with a

The st
dry tisque.

mp '‘ean be cleaned first with a tissue wetted with ethyl alcohol, after which it can be w
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Annex E
(normative)

Measurement of wobble amplitude

E.1 Measurement methods

The wobble sig
filtered through

nal and the Push-Pull signal shall be filtered before measurement. The wobble signal shall be
an 16 MHz Low-Pass Filter, the Push-Pull signal through a 30 kHz Low-Pass Filter.

Because of thg wobble beat and the modulation of the Grooves, it is very difficult to determine thé wobble
signals sufficigntly accurately by normal oscilloscope measurement. Therefore it is prescribed tomeaspre the

wobble signald
tracking the S

Step 1) measy

Under the trac

the following segttings:

— Centre freguency: 1 913,043 kHz,

— Span: zero span,

— Resolution bandwidth: 30 kHz,

— Video bandwidth: 100 Hz,

— Sweeptimg: set it such that several beats jn the wobble signal can be observed.

by means of a spectrum analyzer according to the following procedures (whilel.continuously
iral Groove):

rement of non-normalized wobble signal

ing requirements of 25.3.4 the Push-Pull signal shall be measured iy a spectrum analyzer with

Under these cpnditions the spectrum analyzer shows the(RMS value of the input signal as a function pf time

(see Figure E.1).

Mkrl 533 ms —39,6 dBV

Ref -32 dBV Atten 0 dB Mkr2 367 ms —46,4 dBV
Log
2dB/
Mkrl
A i @ A

M \ N

242

WA \ A N Wl
\/ \ViA Al \[Y
¥ % N v
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

© ISO/IEC 2015 — All rights reserved


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

ISO/IEC 30191:2015(E)

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
value 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 th

e open loop Push-Pull signal (I — I2)pp is measured (see 25.4):

suppose for this example the value is 30 mVpp.

Step 3) calculate the normalized wobble signal

NWShin =

Step 4
The sig

The wa

Step 5

Under
the foll

— Co
— R
— Vi
— SV

Under
MHz a

WSy _135

, =045
™ (li-1p), 30

determine the wobble beat

nal level at marker Mkrl represents the maximum wobble signal WSy in dBV.
bble beat is now:

IVShax —WShin =68dB or NWS_ =22xNWS;,

measurement of the carrier to noise ratio of the wobble signal

he tracking requirements of 25.3.4 the Push-Pull'signal shall be measured by a spectrun
bwing settings:

ntre frequency: 1 MHz,

an: zero span,

solution bandwidth: 30 kHz,

leo bandwidth: 10 Hz,

eeptime: set it'such that several beats in the wobble signal can be obsery
these conditions the spectrum analyzer shows the RMS value of the noise signal in the

5 a function of time (sée Figure E.2).

N analyzer with

ed.

band around 1
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