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Foreword
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International Organization for Standardization) and

IEC (the International

Electrotechnical

Commission) form the specialized system for worldwide standardization. National bodies that are members of
ISO or IEC nparticipate in the development of International Standards through technical committees
established by the respective organization to deal with particular fields of technical activity. ISO and IEC
technical committees collaborate in fields of mutual interest. Other international organizations, governmental
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Introduction

In March of 2002, nine companies known as the Blu-ray Disc Founders, or BDF, came together

to create

optical-disk formats with large capacity and high-speed transfer rates that would be needed for recording and

reproducing high-definition video content. This joint effort turned out to be fruitful and the first ve
Blu-ray Disc™ Rewritable Format Part1 Version 1.0 in June of 2002.

rsion of its

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

Blu-ray
Octobs
have b
use all

ISC Association € ISSued Vversion 2.1 of the Blu-ray DiscC ewritable
r 2005 and Version 3.0 in June of 2010. By the end of 2010, over a hundred million Blu=r|
ben shipped and Blu-ray™ devices such as players, recorders, game consoles and 'PC d
over the world.

The BL
Testing

A also conducts verification activities for both disks and devices and has_€stablished mo
Centers in Asia, Europe and the USA.

The BIDA gave consumer applications the highest priority in the first few years. But it was knowr
that International Standardization would be required before many govetnment entities and their
would be allowed to use Blu-ray Disc™. In February and January of'2011, the chairs of ISO/IEC
and JIIMA (Japan Image and Information Management Association) formally requested the BDA
International Standardization. The reason for this was to enable the inclusion of writable BDs alg
and CDs in an International Standard specifying the test méthods for the estimation of lifetime o
storag¢ media for long-term data storage. In October 2011, the President of the BDA responded
organization decided to pursue International Standard‘of the basic physical formats for the Reca
Rewritable Blu-ray™ Formats.

In Dec
ISO/IE
Dual L
Dual L
Quadrd
disk) B

This In
rewrita

ember of 2011, BDA sent project proposals for the International Standardization of four fg
C JTC 1/SC 23 via the Japan nationalhbody. They are 120 mm Single Layer (25,0 Gbytes
yer (50,0 Ghytes per disk) BD Récordable disks, 120 mm Single Layer (25,0 Gbytes per
yer (50,0 Ghytes per disk) BD/Rewritable disks, 120 mm Triple Layer (100,0 Gbytes per
ple Layer (128,0 Gbytes perdisk) BD Recordable disks and 120 mm Triple Layer (100,0|
D Rewritable disk.

ernational Standard\specifies the mechanical, physical and optical characteristics of a 12
ble optical disk with a capacity of 100,0 Gbytes.

Some {echnical efrors were found during the editorial work for JIS X 6233, which is the Japanes
Standgrd identical with ISO/IEC 30193:2013. In December of 2014, a Defective Report was sub
Japan hational body of ISO/IEC JTC 1/SC 23. The project editor proposed a Draft Technical Co
ISO/IE:30493:2013 and it was approved by ISO/IEC JTC 1/SC 23 in May of 2015. This Interng

brmat Part1 in
ay Disc™
[ives were in

re than 10

, of course,
contractors
JTC 1/SC 23
to consider
ng with DVDs
f optical

that his
rdable and

rmats to

per disk) and
disk) and
disk) and
Gbytes per

0 mm

e Industrial
mitted by the
rrigendum for
tional

Standar , including the Technica
additional corrections for some editorial errors.

m and

A few additional specifications are required in order to write and read video-recording applications, such as
BDAV Format which had been specified by the BDA for use on BD Rewritable 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 about 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 Com

mission (IEC)

draw attention to the fact that it is claimed that compliance with this International Standard may involve the

use of patents.
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ISO and IEC take no position concerning the evidence, validity and scope of these patent rights.

The holders of these patent rights have assured ISO and IEC that they are willing to negotiate licenses under
reasonable and non-discriminatory terms and conditions with applicants throughout the world. In this respect,
the statements of the holders of these patent rights are registered with ISO and IEC. Information may be
obtained from the following:

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

Hitachi, Ltd.

IT PlatfornrR&DMamagement Divisiomr Patent Strategy
322-2 NaKazato, Odawara-shi, Kanagawa-ken, 250-0872, Japan

Panasonig¢ Corporation
Intellectudl Property Center
OBP Pangsonic Tower 8th Floor, 2-1-61, Shiromi, Chuoh-ku, Osaka, 540-6208, Japan

Pioneer Cprporation
Intellectual Property Division, Legal & Intellectual Property Division
1-1, Shin-pgura, Saiwai-ku, Kawasaki-shi, Kanagawa, 212-0031, Japan

Sony Corgoration
IP Asset NMlanagement Department, Intellectual Property Division
1-7-1, Konan, Minato-ku, Tokyo, 108-0075, Japan

Attention is drgwn to the possibility that some of the elements of\this document may be the subject of patent
rights other thgn those identified above. ISO and IEC shall notbe held responsible for identifying any or|all
such patent rights.

ISO (http://wwyv.iso.org/patents) and IEC (http://patents.iec.ch) maintain on-line databases of patents rglevant
to their standafds. Users are encouraged to consult:thé databases for the most up to date information
concerning pafents.

NOTE Blu-rgy™, Blu-ray Disc™ and the logos are trademarks of the Blu-ray Disc Association.
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INTERNATIONAL STANDARD ISO/IEC 30193:2016(E)

Information technology — Digitally recorded media for
information interchange and storage — 120mm Triple Layer
(100,0 Gbytes per disk) BD Rewritable disk

1 Scope

This International Standard specifies the mechanical, physical and optical characteristics of a 120 mm
rewritapte-opticat-disk-with-acapacity-of 106;0-Gbytes{t-specifies-the—quality-of therecorded-and unrecorded
signald, the format of the data and the recording method, thereby allowing for informatiorDipterchange by
means|of such disks. User data can be written, read and overwritten many times using.a'revgrsible method.
This digk is identified as a BD Rewritable disk.

This International Standard specifies the following:

— th¢ one disk Type;

— thé¢ conditions for conformance;

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

— the¢ mechanical and physical characteristics of the disk,&0 as to provide mechanical interchiange
begtween data processing systems;

— the format of the information on the disk, includingthe physical disposition of the Tracks anfl Sectors;
— the error-correcting codes and the coding method used;

— th¢ characteristics of the signals recorded on the disk, enabling data processing systems td read
data from the disk.

This International Standard provides-for interchange of disks between disk drives. Together with a standard
for volyme and file structure, it.provides for full data interchange between data processing systems.

2 Conformance
2.1 Ogptical Disk

A claim of confermance with this International Standard shall specify the Type implemented. Anfoptical disk
shall b¢ i conformance with this International Standard if it meets all mandatory requirements specified for its

Type.

2.2 Generating system

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

2.3 Receiving system

A receiving system shall be in conformance with this International Standard if it is able to handle the Type of
optical disk according to 2.1.

© ISO/IEC 2016 — All rights reserved 1
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2.4 Compatibility statement

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

3 Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated references,

1t £+l £ add + 0 Ll a o) L
the latest editigr-ef-thereferenced-doetmentfineluding-any-amendments)applies:

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

ISO/IEC 646, Information technology — ISO 7-bit coded character set for information interchange
IEC 60068-2-2, Environmental testing — Part 2-2: Tests — Test B: Dry heat

IEC 60068-2-30, Environmental testing — Part 2-30: Tests — Test Db: Damp heat; cyclic (12 h + 12 h gycle)

IEC 60950-1, Information technology equipment — Safety — Part 1: Genéral requirements

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

4.1
Application
application spgcified for a BD (4.2), for instance a vidéo application, which requires area for a Content-
protection system and for its own Defect-Management system on the disk

4.2
BD
disk having a Cover Layer (4.4) around 0,1 mm thick and a Substrate (4.38) around 1,1 mm thick on which

data is read or|recorded by an ORU:using 405 nm laser diode and NA = 0,85 lens
Note 1 to entry: User Data recorded on the disk is formatted using 17PP modulation and an LDC+BIS Qode.

4.3
Channel bit

element by whjch/the’binary value ZERO or ONE is represented by Pits (4.24)/Marks (4.18) and Space
(4.37) on the disk

o

4.4

Cover Layer

transparent layer with precisely-controlled optical properties that covers the Recording Layer (4.29) closest to
the Entrance surface of the disk

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

2 © ISO/IEC 2016 — All rights reserved
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4.6
Defective Cluster
cluster in a User-Data Area (4.42) that has been registered in a Defect List as unreliable or uncorrectable one

4.7

Digital-Sum Value

DSV

arithmetic sum obtained from a bit stream by assigning the decimal value +1 to Channel bits (4.3) set to ONE
and the decimal value —1 to Channel bits set to ZERO

4.8

Disk reference plane
plane defined by the perfect flat annular surface of an ideal spindle, onto which the Clamping Zone of the disk
is clamjped, that 1S normal to the axis of rotation

4.9

Embogsed HFM Area
area on the disk where information has been stored by means of an HFM Groove (4,13) during the
manufacture of the disk

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

4.11
Erased Groove
blank Groove (4.12) on the disk that has been erased by irradiating the Track (4.39) using only erase power
level Pgo as determined by the OPC algorithm

4.12
Groove
trenchike feature of the disk, connected to a Recording Layer (4.29)

Note 1] to entry: In case of Triple-Layer disk, one Groove can be carried by the Substrate (4.38) and other
Grooves can be carried by the Spacer Layer((4.36) or the Cover Layer (4.4) (see Figure 1). Grgoves are used
to define the Track (4.39) locations.

In gengral, the Groove can be depression in the carrier or an elevation on the carrier. If the Grogve is nearer
to the Entrance surface (4.10) thanthe Land (4.16) (see Figure 53), the recording method is called “On-
Groove recording”. If the Groove-is farther from the Entrance surface (4.10) than the Land (4.16), the
recording method is called “In-Groove recording”.

In the BD Rewritable system, there are 3 types of Groove:

— Whpbbled Groove'in Rewritable Area containing address information;
— HAEM Grooyejin Embossed HFM Area containing Permanent Information and Control data;
— Stfaight. Greove without any modulation in the BCA Zone.

4.13
High-Fregoeney-Meottated-Greove

HFM Groove

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

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

414
Information Area
area on the disk in which information can be recorded

4.15
Information Zone
recorded part of the Information Area (4.14)

© ISO/IEC 2016 — All rights reserved 3
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4.16
Land

surface of the Recording Layer (4.29) between successive windings of a Groove (4.12)

4.17
Layer Ln
one Recording

Layer (4.29) of the disk identified by n

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

4.18
Marks

feature of the Recording Layer (4.29), which may take the form of amorphous domains in the crystalline

Recording Sta
Note 1 to entry

4.19
Measurement
linear velocity

Note 1 to entry
(4.31).

4.20

Modulation bi
alternative forn
be stored on a

421
NRZ/NRZI cor
method of con

4.22
Padding

It

LK, that can be sensed by the optical read-out system

. The pattern of Marks and Spaces (4.37) represents the data on the disk.

Velocity
ht which the disk is measured during reading

: nx Measurement Velocity means the Measurement Velocity of n times the Reference

N representing the data, that is more suited to be transmitted via a communication channg
storage system

version
erting Modulation-bit stream into a physicalsignal

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

data when the

4.23

Phase Chang
physical effect
change from a

4.24
Pits
features of the

host supplies less than the 32 Sectors and need to fill up the Cluster

by which an area of‘a‘Recording Layer (4.29) is irradiated by a laser beam and heated s
crystalline state, to.an amorphous state and vice versa

Recording Layer (4.29), which may take the form of depressions in or elevations on the

(4.16) surface,

elocity

el or to

all 00h

D as to

| and

that-can-be-sensed h\]/ the r\ptir\al read-out c\jletnm

Note 1 to entry: The pattern of Pits (4.24) and Spaces (4.37) represents the data on the disk.

4.25
Polarization

direction of the electric field vector of an optical beam

Note 1 to entry: The plane of Polarization is the plane containing the electric field vector and the direction of

propagation of

4.26

the beam.

Pre-recorded Area
area on the disk where information has been recorded by the manufacturer/supplier of the disk by applying
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standard recording techniques after finishing of the replication process

4.27

Protective Coating

optional additional layer on top of the Cover Layer (4.4) provided for extra protection against scratches and
other types of damage

4.28

Read-Modify-Write

process in a drive to read full content of a 64K Cluster, which is consisting of 32 Sectors, replace the Sector(s)
concerned and write back the full Cluster to the disk when one or more, but less than 32, Sector(s) in a
Cluster have to be rewritten

4.29

Recording Layer
part of the disk consisting of a stack of films of specific materials on or in which data is written ddiring
manufacture and/or use

4.30
Recordling Velocity
linear Velocity at which the disk is recorded

Note 1to entry: nx Recording Velocity means the Recording Velocity of njtimes the Reference Velocity (4.31).

4.31
Refergnce Velocity
linear Jelocity that results in the nominal Channel-bit rate of €6,000 Mbit/s

4.32
Reseryed
<valuep value(s) not used in this International Standard

Note 1]to entry: In future International Standards, the value can be released.

4.33
Reserved
<field>|field(s) not specified in use;.fo’be ignored in interchange and to be set to ZERO as value

Note 1]to entry: In future International Standards, the use of a field can be defined and value cap be assigned.

4.34
Rewritpble Area
area of the disk where information can be recorded by means of Marks (4.18) and Spaces (4.3}) using the

Phase{Changeeffect and during the manufacture and/or use of the disk

4.35
Sector
minimum-size addressable data part of a Track (4.39) in the Information Zone (4.15)

4.36
Spacer Layer
transparent Layer with precisely-controlled optical properties separating two Recording Layers (4.29)

4.37
Spaces
areas separating Pits (4.24) or Marks (4.18) in the tangential direction in the context of HF signals

Note 1 to entry: The pattern of Pits (4.24)/Marks (4.18) and Spaces (4.37) represents the data on the disk.
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4.38
Substrate

layer which may be transparent or not, provided for the mechanical support of the Recording Layer (4.29)

4.39
Track

360° turn of a continuous spiral, formed by the Grooves (4.12)

4.40
Track Pitch

distance between centrelines of a Groove (4.12), in adjacent Tracks (4.39), measured in the radial direction

4.41
Transmission
all layers toget

Note 1 to entr
layers that are

4.42
User-Data Arg
collection of al

4.43
Virgin Groovg
blank Groove

4.44
Wobbled Gro
Groove (4.12)

Note 1 to entry
information ab

4.45
Zone
annular area o

Stack
her between the Entrance surface (4.10) of the disk and the Recording Layer (4.29).6ong

y: In other words: the Transmission Stack of a specific Recording Layer (4,29) consist
passed through by the light beam, when accessing that Recording Layer (4129).

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

4.12) on the disk which has never been recorded nor erased

bve
that has a periodic sinusoidal deviation from its average centreline

: By modulating the sinusoidal deviation, the wobble provides address information and ¢
but the disk.

f the disk

erned

s of all

corded

jeneral
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5 Conventions and notations
5.1 Terminology

5.1.1 Meaning of words
In this International Standard, the following words have a special meaning:

May: indicates an action or feature that is optional.
Optional: describes a feature that may or may not be implemented.
If implemented, the feature shall be implemented as described.

Shall: indicates an action or feature that is mandatory and to be implemented to claim
compliance with this specification

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

5.1.2 |Levels of grouping

Many tlmes data is collected into groups, where these groups of data can be collectédyinto highgr level
groups} For the clarity of the grouping hierarchy, in this International Standard the~following levels of hierarchy
will be psed:

Frame the lowest level of grouping. Generally, Frames contain bytes ef-information.
Block: the second level of grouping. Generally, Blocks consist of a number of Frames.
Clustey: the highest level of grouping. Clusters consist of several-Blacks.

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

5.2 Representation of numbers
A measured value Xmeasureda May be rounded off to the least-significant digit of the corresponding| specified
value X before being compared with this specified value:
EXAMPLES

— Faation ia. - +0,01.
The specification is: X =1,26 -0,02¢

(ominal value = 1,26 with a positive’'tolerance of +0,01 and a negative tolerance of —0,02)
— A measured value in thestange 1,235 < Xmeasured < 1,275 fulfils this specification.

— The specification is: x < 0,3:

— Almeasured value Xmeasired < 0,35 fulfils this specification

(rbunding off is applied for 0,30 < Xmeasured < 0,35: Xrounded = 0,3).

— Thpe specification is: x < 0,3:

— A measured value Xmeasured = 0,299 fulfils this specification

(ro’'rounding off needs to be applied).

In case the specified value is given as “max(imum) 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 be outside of
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 fulfils this specification.

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

— A measured value of 3,00 dB fulfils this specification.
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Numbers in decimal notations are represented by the digits 0 to 9. The decimal symbol is

“

numbers, the

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

@
’

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

In a pattern of n bits, bit bn-1) shall be the most-significant bit (msb) and bit bo shall be the least-
significant bit (Isb). Bit bn-1) shall be recorded first.

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

In data fields cpmposed of bytes, the data is recorded so that the Most-Significant Byte (MSB), identifie
Byte 0, shall b¢ recorded first and the Least-Significant Byte (LSB) last.

In a field of 8n|bits, bit ben-1) shall be the most-significant bit (msb) and bit bo the least-significant bit (Ish
Bit ben-1) shall oe recorded first.
In data fields cpmposed of nibbles, the data is recorded so that the most-significant\wiibble, identified as

0, shall be rec

In a field of 4n
Bit b(sn-1) shall
A range of valy

A list of intege
k=0..7).Ifth
step = 3).

A group of par
between m an

If X is nearly eq
5.3 Integer ca

div(n,d) repres
mod(n,d) reprg

For example:

5.4 Names

The names of

rded first and the least-significant nibble last.

bits, bit bn-1) shall be the most-significant bit (msb) and bitde'the least-significant bit (Ish).

be recorded first.
es is indicated as x ~ y, where x and y are included in-thie range.

s is indicated as i .. j. The list contains all numbers‘hetween i and j, including i and j (e.qg.
b step size is different from one, this is indicated as: i, (i+step) .. j (e.g. k=1, 4 .. 16, whe

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, Addo .. Addzss).

ual to y, then it is expressed as x.= Y.
Iculus

ents the integer part of the division of n by d
sents the remaindersef'the division of n by d: mod(n,d) = n —d x div(n,d)

div(+11, +3) = +3
mod(+11;+3) = +2

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

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

Specific entities, e.g. particular tracks, fields, etc., are given with an initial capital. Other te

div(-11, -3] =
mod(-11, -3) =

1=

as

).
Nibble

e

N index

rms

having explicitl
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ac alternating current

ADIP Address In Pre-Groove
APC Automatic Power Control
AU Address Unit

AUN Address-Unit Number
BCA Burst-Cutting Area

BIS Burst-Indicating Subcode
BPF Band-Pass Filter

CAV Constant Angular Velocity
cbs channel bits

CNR Carrier-to-Noise-Ratio

dc direct current

DCz Drive-Calibration Zone
DDS Disk-Definition Structure
DFL Defect List

DI Disk Information

DL Dual Layer

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

DOW(n) the n-th Overwrite

DOW(0) the initial recording

DSV Digital-Sum Value

DWP Disk Write Protect

EB Emergency Brake

ECC Error-Correction Code

EDC Error-Detection Code

EQ Equalizer

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

FWHM  Full Width at Half Maximum

HF High Frequency

HFM High-Frequency Modulated
HMW Harmonic-Modulated Wave

HPF High-Pass Filter

HTL High-To-Low

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

LPF Low-Pass Filter

LSB Least-Significant Byte

Isb least-significant bit

LSN Logical-Sector Number

MM MSK Mark

MSB Most-Significant Byte

ms millisecond

msb most-significant bit

MSK Minimum-Shift Keying

MW Monotone Wobble

NA Numerical Aperture

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

NRz Non-Return-to-Zero

NRZI Non-Return-to-Zero Inverting

ns nanosecond

NWL Nominal Wobble Length
NWS Normalized Wobble Signal
OPU Optical Pick-up Unit
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PAA
PAC
PBA
PIC
PLL
PoA
PP
pp
PrA
ps
PSN
RH
RMTR
R-M-W
RS
RT
RUB
RxIn
RxM
SER
SHD
SHL
SL
SNR
SPS
STW
Sync
TL
TP
TS
Vref
wbs
WP

10

Physical ADIP Address
Physical-Access Control

Possibly Bad Area

Permanent Information and Control data
Phase-Lock Loop

Post-amble

Push-Pull

peak-to-peak

Pre-amble

picosecond

Physical-Sector Number

Relative Humidity

Regeated Minimum-Transition Run-length
Redd-Modify-Write

Regd-Solomon (code)

Relative Thickness

Reflectivity x In Resolution
Reflectivity x Modulation
Symbol Error Rate
Secpnd-Harmonic Distortion
Secpnd-Harmonic Level
Single Layer
Sigmal-to-Noise Ratio
Stalit-Position Shift
Saw-Tooth Wobble
Synghronization

Triple Layer

Trag¢k Pitch

Trampsmission Stack
Reference Velocity
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7 General description of disk

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

The Recording Layer consists 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 Layer, a transparent Cover Layer of about 57,0 ym is applied with
accurately defined optical characteristics (see Figure 1).

This International Standard provides for one Type of such disk. And this Type is TypeTL whose capacity is

100,0
additio

nal hard coating.

Data can be written onto the disk as amorphous marks in the crystalline Recording Layer(s) and

overwr
crystal

The da

ine states of the recording material.

ta can be read with a low power focused optical beam, using the difference in the reflecti

amorphous and the crystalline states.

Depen
Cover
transpa

For ref
Recorg

Data is
for pos

ling on which Recording Layer is to be accessed, the optical beam passes through the tr
ayer or through the transparent Cover Layer, the semi-transparent Recording Layer(s)
irent Spacer Layer(s).

brence purposes, all layers together, passed throughyby the light beam when accessing 3
ing Layer, are called the Transmission Stack of that specific Recording Layer.

recorded on the Grooves. The wobble of the-Grooves, modulated with addresses serve
tioning and speed control during recording:

Top surface

direction of rotation

-——
~

> )

’

-<---7

Transmission Stack 0 £y <€— Recording Layer
Transmission Stack.l) A < Record'mg Layer

o Substrate <€— Recording Layer
Transmission Stack 2 ¢ \

Spacer Layer 1
Spacer Layer 2

/ Cover Layer

(Protective Coating)

Entrance Surface
for optical beam

ith an

can be

tten with a high-power focused optical beam using the Phase-Change effect between amorphous and

ity of the

ansparent
nd the

certain

AS a system

10
1
| 2

Figure 1 — Outline of Triple Layer BD Rewritable Disk
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Figure 2 shows the Recording Velocity requirements.

Disk Type Mark Push-Pull Layer Recording Velocity
polarity polarity Type 1x 2X
Type TL HTL On-Groove TL — m

m Mandatory.
Groove polarity shall be On-Groove for all Layer LO, Layer L1 and Layer L2.

Not allowed in this International Standard.

8 Generalr

8.1 Environm

8.1.1 Test enpvironment

8.1.1.1 Gen

Figure 2 — Recording Velocity requirements for Disk Type

bquirements

ents

eral

During measu

be in the test gnvironment. The test environment is the environment whefe'the air immediately surround

the disk shall

temper
relative
atmosph
No condensati

sufficient time.

8.1.1.2 Tes

ements for testing the conformance of the disk with this International Standard, the disk s

ave the following properties:

ure: (23 £ 2)°C;
humidity: 45 % to 55 %;

eric pressure: 86 kPa to 106 kPa.

bn on the disk shall occur. Before testing, the disk shall be conditioned in this environmer

| conditions for sudden change in-operating environment

Some parame

following two tésts shall be performed. In-both cases, the required specifications shall be fulfilled during
time it takes fof the disk to acclimatize.tothe new environment.

a) Apply a sudden change in relative' humidity, while keeping the temperature at a constant level:

ers can be rather sensitive for'changes in the operating environment. Where specified, th

relative humidity = 90 %, temperature = 25 °C —relative humidity = 45 %, temperature = 25 °C
(see Figurg 3).

b) Apply a sudden change-in temperature, while keeping the absolute humidity at a constant level
(=10,4 g/m?):
Temperatufe = 25°C, relative humidity = 45 % —temperature = 55 °C, relative humidity = 10 %
(see Figurg 3),

8.1.2 Operating environment

A disk in confo

rmance with this International Standard shall provide data interchange over the specified

ranges of environmental parameters in the operating environment. The operating environment is the
environment where the air immediately surrounding the disk shall have the following properties:

—  tempera

relative humidity:
absolute humidity:
atmospheric pressure:

5°Cto 55 °C;
3 % to 90 %;
0,5 g/m?® to 30 g/m3;
60 kPa to 106 kPa.

ture:

hall
ing

t for

e
the

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.

12
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absolute air humidity, g/m3
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Figure 3 — Operating environment
8.1.3 [Storage environment

8.1.3.1 General

The stgrage environment'is the environment where the air immediately surrounding the optical disk shall have
the follpwing properties:

— mperatQre:

— lativeshumidity:

— bsolute humidity:
tmospheric pressure:

-10 °Cto 55 °C;
5 % to 90 %;
1 g/m3to 30 g/m?;

60 kPa to 106 kPa;
—  temperature variation max.: 15 °C/h;
— relative humidity variation max.: 10 %/h.

8.1.3.2 Climatic storage tests

To check 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.

After exposure to these environmental conditions, one should allow for some recovery time before measuring
[(24 or 48) hours].
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8.1.4 Transportation
8.1.4.1 General

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

8.1.4.2 Packaging

8.1.4.2.1 General

The form of packaging should be agreed between sender and recipient or, in absence of such an agreement,
is the responci ility of the sender 1t should take into account the fnlln\nling hazards

8.1.4.2.2 T¢gmperature and humidity

Insulation and wrapping should be designed to maintain the conditions for storage over the estiated period
of transportatign.

8.1.4.2.3 Imlpact loads and vibrations

a) Avoid meghanical loads that would distort the shape of the disk.

b) Avoid dropping the disk.

c) Disks shotild be packed in a rigid box containing adequate shock-abserbent material.

d) The final Qox should have a clean interior and a construction that{rovides sealing to prevent the ingress
of dirt and moigture.

8.2 Safety requirements

The disk shall gatisfy the requirement of IEC 60950-1, when-used in the intended manner or in any
foreseeable uges in an information system.

8.3 Flammability
The disk shall pe made from materials that cemply with the flammability class for HB materials, or bettef, as
specified in IEC 60950-1.

9 Referencg¢ drive

9.1 General

A Reference dfive shall bexused for the measurement of optical and electrical signal parameters for
conformance With the réquirements of this International Standard. The critical components of this devicg have
the characteristics specified in Clause 9.

9.2 Measurenjent’'conditions

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

9.3 Optical system

The basic set-up of the optical system of the Reference drive used for measuring specified (over)write and
read parameters is shown in Figure 4. Different components and locations of components are permitted,
provided that the performance remains the same as that of the set-up in Figure 4.

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

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

14 © ISO/IEC 2016 — All rights reserved
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HF read channel

PP read channel

l=latly
LI N AT
|y falbeld  Quadrant
- \ ' hotodetector
Tangential f ] . I—,—l P
direction |
!u
| _
|
\L -,
Ry g e S g o o
Laser Collimator Polarizing SA  1/4h Objective
dinde lens beam splitter corrector plate  lens
Figure 4 — Optical system of Reference drive

A polailizing beam splitter and a quarter-wavelength plate shall be used to separate the entranc
comingd from the laser diode, and light beam reflected by:the optical disk going towards the phot
light bgam transmitted through the splitter shall have ap;$ intensity ratio of at least 100:1.

The optical beam shall be compensated for Spherical, Aberrations (SA) such that these aberratic

2 light beam,
bdetector. The

ns are

minimized for the thickness of the Transmission Stack of the Recording Layer on which the beafn is focused

at the fadius where the measurement is to be pérformed.

During
measu
limited

measurements on one layer of a Multi-Layer disk, light reflected from the other layer can
fements on the layer under investigation. To cope with these effects, the photodetector s
dimensions. Its length and width shall be smaller than M x 5 ym, where M is the transve
magniflcation from the disk to its,conjugate plane near the quadrant photodetector. For a Type T
however, the effect cannot be neglected even if the length and width of photodetector are smallg
M x 5 iim. Therefore, observed reflectivity shall be compensated using the procedure shown in

9.4 Ogptical beam

The fogused optical beam used for writing and reading data shall have the following properties |

(405 = 5) nm

Vavetength (A) of the laser beam:

Polarization: circular

influence the
hall have

sal optical

L disk,

br than

B.4

sted below.

NA: 0,85+0,01

— in the tangential direction: (60 £5) %
— in the radial direction: (65 £ 5) %
—  Maximum wave-front aberration at the Recording Layer(s): 0,033 x A rms.

(after correction of tilt and spherical aberrations)

© ISO/IEC 2016 — All rights reserved
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—  Maximum Relative-Intensity Noise of the laser diode:

aclight densitV
10 x log Hz

dclight power

—  Normalized detector size: S/M? £ 25 ym?

(where S is the total surface of the 4-Quadrant photodetector)

—  Read pgwer for disk testing (average):
r LO and Layer L1 (1,44 £ 0,10) mW
rL2 (1,00 + 0,10) mW

er and pulse shape: see 29.4.2 and Annex F

9.5 HF read channel

The HF read channel is provided to supply a signal from which the User Data can be retrieved. The signal is
generated by gumming all the currents from all four elements of the photadetector (la+lp+lc+lg). These clrrents
are modulated|by the user-written information, due to the difference in feflectivity of the Marks and Spages
caused by the [Phase-Change effects.

In the frequengy range from dc to 44 MHz, the HF read channehncluding the photodetectors shall have|a flat
amplitude respgonse within £1,0 dB relative to its dc gain. The group delay variation shall be maximum 1,5 ns
pp. in the freqyency range from 6 MHz to 44 MHz.

For measuremient of i-MLSE, the characteristics of the-signal processing, the Viterbi decoder and the PLL,
etc., are specified in Annex H.

9.6 Radial PP|read channel

The radial PP fead channel provides a 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 cah be
retrieved.

The radial tracking error is generated as a signal [(la+1p)—(Ic+lq)] related to the difference in the amount of light
in the two halves of the exit pupil’of the objective lens.

The read amplffiers including the photodetectors in the radial PP read channel shall have a flat amplitude
response withip £1,0 dB relative to their dc gain from dc to 16 MHz.

9.7 Disk Clamping

While its paranetersare being measured; the disk shatt e crampedbetweeT two CTONCENtric TiMgS COVEring
most of the Clamping Zone (see 10.6). The top Clamping Area shall have the same inner and outer diameters
as the bottom Clamping Area (Figure 5).

Clamping shall occur between din = (23,5 £ 0,5) mm and dout = (32,5 + 0,5) mm.
The total clamping force shallbe F1 =2,0 N + 0,5 N.

In order to prevent warping of the disk under the moment of force generated by the clamping force and the
chucking force, which is exerted by the tapered cone on the rim of the centre hole of the disk, F, shall not
exceed 0,5 N (see Figure 5).

The top angle a of the tapered cone for centering of the disk shall be 40,0° + 0,5°.
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o N
7 f;ﬁ%ﬁ 9, e % 77

F2

Figure 5 — Clamping conditions for measurement
9.8 Roftation of disk and Measurement Velocity

The didection of rotation shall be counter-clockwise as viewed from:the objective lens.
All spetifications are based on a tangential speed during reading that is equal to the 2 times Reference
Velocity unless otherwise specified. This corresponds to a.€enstant Linear Velocity of 7,375 m/s.

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 T+—— K

Ao i{af 2 )

T+

3xwy
where

w| =2mxf;
wqd =2m % fg
wift = 21X fing;
i2| £~1;
K —=order of ntegrator.

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

— lead break frequency: f1 = fo/3;
— lag break frequency: fo=1fo x 3.
w:
The term (1+Wj in the formula above represents an integrator function. Such an integrator or equivalent
iw

function is used to further reduce of low-frequency components, especially those due to deviations with
frequencies equal to the rotational frequency of the disk or its harmonics.
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Also, fint is the 3 dB crossover frequency of the integrator function.

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

1 a
fo =——
2m € nax

X

max

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

which guarantees the specified bandwidth.

9.10 Measuré

9.10.1 Genera

The Measurenjent Velocity for axial residual errors shall be half of the Recording Velocity;~3,688 m/s.

9.10.2 Refere

Regarding the

as shown scheg

1l

100
97,0

80
77,0

54,6

40

20

gain (dB)

nce servo for axial tracking

matically by the shaded area in Figure 6:

ement Velocities and Reference servos for axial tracking

open-loop transfer function H(f) of the Reference servo for axialgtracking, ‘ 1+H (f) ‘ is limited

52,9

\

N

AN

18

1 10

36 100

1x108

10 x10% 100 x 108
frequency (Hz)

Figure 6 — Servo characteristic for axial tracking
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The crossover frequency fo of Hy(f) (see 9.9) used to define the limits of L1+H (f ‘ , IS spec
cceleration due to local

lowing formula, where amax = 6,0 m/s? is the maximum expected axial

ified by the

disturbances, and amax is multiplied by a factor m = 1,25 for servo margin. The tracking error emax, caused
by this m X amax, shall be 55 nm. Thus the 0 dB crossover frequency shall be:

fo

The int

’3><m><a ,
:i 3><125><60_32kHZ
21 e, 55 x 10

egrator shall be first order (K = 1) with a crossover frequency of fin; = 100 Hz.

In the frequency range 100 Hz to 10 kHz:

01

In the
O!
In the

71

The fre

O x |1+H, (f)| S[1+H(f)][ < 1,1x|1+H(f)]

requency range 36 Hz to 100 Hz:

4,78
0 x| 1+H, (f)| < [1+H ()] Sl,l><|1+HN(fim)|><[fif'“j
requency range up to 36 Hz:

0dB < ‘1+H(f)‘ <97,0dB

1 6 0
quency fx has the following value: 7 =— ~ 1,6kHz
2\ e 55x10°

9.11 Measurement Velocities and Reference servos febradial tracking

9.11.1
The M¢

9.11.2

Fg
sh

General
pasurement Velocity for radial residual errgrssshall be a half of the Recording Velocity, 3,4
Reference servo for radial tracking

r the open-loop transfer function H(f)'of the Reference servo for axial tracking, |1+H (f)

own schematically by the shaded-area in Figure 7:
gain (dB)
100 [
99,0 ,"’"""" -
80 /\
79,0

88 m/s.

is limited as

56,6 fr==r==rT==freeeres X

\

N

20

AN

1 10 36 100 1x108 10 x10% 100 x 102
frequency (Hz)

94,9 ""'""""""E’"" \
40 E

Figure 7 — Servo characteristics for radial tracking
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The crossover

following formula, where amax = 2,2 m/s? is the worst-case maximum expected radial acceleration due to local

frequency fo of Hu(f) (see 9.9), used to define the limits of |1+H ()|, is specified by the

disturbances, and amax is multiplied by a factor m = 1,25 for servo margin. The tracking error emax, caused by
this m x amax, shall be 16 nm. Thus the 0 dB crossover frequency shall be:

SXmXG
3x1, 25><2 2_3 6 kHz
0 21'r
6><10

The integrator

In the frequen

shall be first order with crossover frequency fin: = 100 Hz.

cy range 100 Hz to 10 kHz:

0,9 x |1+
In the frequen

0,9 x |1+

In the frequen

79,0dB s

The frequency|

10 Dimensio

10.1 General

i (F)| [ 1+H(F)| = 1,1% |1+ H,

()]

cy range 36 Hz to 100 Hz:

£ \AT8
()] 1440 < 1,0 144, ()| x %
cy range up to 36 Hz:
‘1+H(ﬁ‘s 99,0 dB
a
fc has the following value: £, = Imax - 1| 22 4 ,8 kHz.
2m\( e, .« om 162102

Inal characteristics

Dimensional clharacteristics are specified for those-parameters deemed mandatory for interchange and

compatible use
elements desc
summarized fg

of the disk. Where there is freedom of design, only the functional characteristics of the
fibed are indicated. The enclesed drawing, Figure 8, shows the dimensional requirement
rm. The different parts of(the disk are described from the centre hole to the outside Rim.

20
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Rim
Area

First second
: transition Area transition Area
: Clamping
Centre ! Zone _
| hole ; | Information Area

Figure 8 — Overview of disk dimensions

10.2 Disk reference planes and reference axis

(For thg Disk reference planes see also Figure 9 and Figure<10).

The Digk reference plane P is the plane determined by the surface of the Clamping Zone (see 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 is the axis through themiddle of the centre hole, perpendicular to the Disk
plane .

Substrate side

reference

The Disk reference plane R is a plane-parallel to the Disk reference plane P. The distance betwgen Disk

refererice plane R and Disk refereriee plane P shall be e4 = (100 £ 25) um towards the inside of
Figure |9 and Figure 10).

The Digk reference plane Rishall intersect with Recording Layer LO at Layer LO's average positi
radius [a = 23 mm and radius r, = 24 mm (Layer LO is the deepest Recording Layer on a TL disK

the disk (see

bn between

).
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Figure 9 — Details of disk dimensions

Recording layer LO
Substrate

Cover Layer

[Lurdtable

Figure 10 — Details of Disk reference planes P and R and Recording Layer LO

10.3 Overall dimensions

The overall outer diameter of the disk shall be di = (120,0 + 0,3) mm (see Figure 8).

The diameter of the centre hole shall be d, = 15,00

22

+0,10
0,00

mm (see Figure 8).

© ISO/IEC 2016 — All rights reserved


https://iecnorm.com/api/?name=f35a9caa5b1ab24f1b1567674a21fbbf

ISO/IEC 30193:2016(E)

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

The edge of the centre hole at the read-out side is the reference for centring the disk and shall be rounded off
or chamfered. The rounding radius shall be maximum r. = 0,1 mm. The height of the chamfer shall be
maximum 0,1 mm above the bottom surface of the First transition Area. The rounding or chamfer shall be
maximum h; = 0,25 mm from Disk reference plane P (for the details see Figure 9).

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

The maximum thickness of the disk, including Cover Layer, Protective Coating and Label printing, at any
radius shall be e; = 1,40 mm (see Figure 9).

The minimum thickness of the disk in the Information Area shall be e, = 0,90 mm.
Outside the Clamping Zone, the top surface may be inside the Disk reference plane Q by maximum
hy = 0,4 mm.
Outsid¢ the Clamping Zone the top surface may be outside the Disk reference plane Q-by maximum
hs = 0,1 mm (see Figure 9).

10.4 FHirst transition Area

In the Ihner Area inside the Clamping Zone (d < dg), the surfaces may be,inside the Disk refererjce planes P
and Q py maximum hs = 0,20 mm and maximum hs = 0,12 mm, respectively. These surfaces may be uneven
or maylhave burrs up to maximum hz = 0,05 mm and maximum he="0;05 mm, respectively, outgide the Disk
refererice planes P and Q (see Figure 8 and Figure 9).

10.5 Rrotection ring

An optional ring-shaped protrusion in the Inner Area-of'the disk can prevent full contact betweer] the surface of
the disk and a surface on which such a disk is laidddown. By applying such a ring, the chance fof damages to
the read-out side of the disk can be minimized.

When @pplied, the Protection ring shall be located between diameter d; = 17,5 mm and diametefr
ds = 21,0 mm. Between ds and diameterds = 20,5 mm, the height of the Protection ring shall be|maximum
hs = 0,12 mm above the clamping surface.
Betwegn ds and ds, the height of the_Protection ring shall sink gradually to the surrounding surface (see
Figure 9).

10.6 Clamping Zone

The inner diameter of.the’ disk Clamping Zone shall be ds < 23,0 mm.
The outer diameter, 6f*the disk Clamping Zone shall be d; = 33,0 mm (see Figure 8).

The thickness-of the disk within the Clamping Zone shall be ez =1, 20+(§)0150 mm (see Figure 9).

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

10.7 Second transition Area

The Second transition Area is the area between the Clamping Zone and the Information Area: d; < d < dg (see
Figure 8).

In the area, the surface at the read-out side of the disk may be inside the Disk reference plane P by maximum
he = 0,12 mm. This surface may be outside the Entrance surface in the information area by maximum

hip = 0,01 mm (see Figure 9).

In the area, the top surface of the disk may be outside the Disk reference plane Q by maximum hy; = 0,2 mm.

The step from the top surface in the area to the top surface in the Information Area is his. The distance
between the start and the end diameter of the step is I;. If hig > 0,2 mm, then the slope down to the top
surface of the Information Area shall be smooth and |, shall be > 1,8 mm as indicated in Figure 9. If the top

© ISO/IEC 2016 — All rights reserved 23


https://iecnorm.com/api/?name=f35a9caa5b1ab24f1b1567674a21fbbf

ISO/IEC 30193:2016(E)

surface in the Information Area is stepped down from the top surface in the Second transition Area, then the

step shall end within diameter dg = 40,0 mm.

10.8 Informat

ion Area

10.8.1 General
The Information Area shall extend from diameter dg = 42 mm to diameter dio = 117 mm (see Figure 9 and

Figure 11).

On each Recording Layer, the Data Zone shall be located between the inner diameter d

and the outer
The inner diam

Layer Ln shall pe d

0,0
= 48,0_012 mm

eter dDZI on Recordmg Layer Ln shall be dDZIn =mm and the outer dlameter dDZO on Recrdmg

Dzon S < 116,2 mm.

The area betwgen do and dpz is called the Inner Zone and the area between dpzo and dip is called the Quter

Zone (see Figl

re 11).

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

Information Area
Inner Zone Quter Zong |
[ . Information Zone
! S
|
| [ ] < TN
I
1 |
; Lead-in Data Zone Lead-out
! (Lead-out) (Outer)
i
/ ! do
y I dpzi
/ : dDZO
i
/ —
Figure T1 — Division of Information Area
10.8.2 Subdi\ision of Information Zone on TL disk

The Informatio
The Informatio

On Recording

h Area is used to record the Information Zone and is divided over the three Recording Layers.

h Zone is Subdivided into the following main parts (see Figure 12):

| ayer LO:

— the Lead-i

h'Zone (part of the Inner Zone 0);

— Data Zone 0;

— OQuter Zon

On Recording
— Outer Zon

e 0.

Layer L1:
el;

— Data Zonel;
— Inner Zone 1.

On Recording

Layer L2:

— Inner Zone 2;
— Data Zone 2;
— Lead-out Zone (Outer Zone 2).

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

24
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On Layer L1, the spiral Groove shall run from the outer side of the disk towards the inner side of the disk.
On Layer L2, the spiral Groove shall run from the inner side of the disk towards the outer side of the disk.

Substrate
Recording Layer LO Lead -in Zone | /\ Data Zone O | Outer Zone 0
Spacer Layer / \ —> spiral direction
Recording Layer L1 Inner Zone 1 | / \ Data Zone 1 | Outer Zone 1
Spacer Layer <— gpiral direction

lanar Zona 2 I I \ I lLaad out Zaona
Te—Z=ort-—== ootT=ore

Pz o
| I \ Udla £ZUTIC £ | =eTH

/ \ —> spiral direction

Re IuI;IIU tayert2

Cover Layer

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

Figure 12 — Subdivision of Informatien\Zone

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 Data Zone 0 at diameter dpzio.

Outer fone 0 shall start at the end of the Data Zone 0 at.diameter dpzoo and shall end at diameter minimum
117 m

Outer Zone 1 shall start at diameter minimum 117 mun and shall end at the beginning of Data Zgne 1 at
diametpr dDZOl.

Inner Zone 1 shall start at the end of the Data’Zone 1 dpzi1 and shall end at the beginning of Dafa Zone 1 at
diameter dpzoz.

Inner Zone 2 starts in the area extending from diameter 44,0 mm to diameter 44,4 mm and shal| end at the
beginn|ng of the Data Zone 2 at diameter dpz.

Lead-gut Zone shall start at the end of the Data Zone 2 at diameter dpzo2 and shall end at diamgter minimum
117 m

10.9 Rim Area
The Rim Area is.the-area outside the Information Area, starting at dip and extending to the outef diameter of
the disk (see Figure 8).

In the first0,5 mm of the Rim Area, the surface at the read-out side of the disk shall not be outside the
Entrangé.Sdrface in the Information Area.

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 hyz = 0,05 mm.

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 9).

In the Rim Area, the top surface of the disk shall not extend outside the top surface in the Information Area by
maximum his = 0,05 mm (see Figure 9).
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11 Mechanical characteristics

11.1 Mass

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

11.2 Moment of inertia

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

11.3 Dynamic imbalance

The dynamic imbalance of the disk shall be <2.5 g.mm.

11.4 Axial rupout

11.4.1 General

When measurgd by an optical system using the Reference servo for axial tracking, and the disk rotating at a
half of the Recprding Velocity, the distance between each Recording Layer and the Diskreference plang R

(see Figure 9 @nd Figure 10) in the direction of the reference axis A shall be maximumjhi> = 0,3 mm ovér the
entire disk.

Within one Tr
direction of th

k (one revolution), the deviation of each Recording Layer from.its’average position in th¢
reference axis A shall be maximum 0,1 mm.

A1

Due to the integrator function in the Reference servo (see 0), this component will be suppressed sufficigntly
such that the residual tracking errors as defined in 11.4.1 and 11.4.2 are mainly due to local disturbance.

11.4.2 Residyal axial tracking error

The residual akial tracking error of each Recording Layer fopfrequencies below 1,6 kHz (= fx, see 9.10.D),
measured using the Reference servo for axial tracking as.specified in 9.10.2, shall be maximum 45 nm,
(displacement jof the objective lens needed to move the-focal point of the optical beam onto the Recording
Layer) with thg disk rotating at 1x Reference Velocity{3,688 m/s, and with the read power at (0,70 % 0,2§0) mW
for any layers ¢f a TL disk. It is recommended to-measure the residual axial tracking-error signal in a shprt
period to avoid the deterioration of the read stability at 1x Reference Velocity.

Spikes in the residual axial 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_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 refgrence axis A williot exceed 6,0 m/s?.

The rms noise|value of thexresidual error signal in the frequency band from 1,6 kHz to 10 kHz, measured with
an integration fime of 20 ms and using the Reference servo for axial tracking, shall be maximum 32 nm| The

measuring filtey shallbe a Butterworth BPF from f_zqg = 1,6 kHz with slope = +60 dB/decade to f_zqg = 1P kHz
with slope = —60 dB/decade.

11.5 Radial runout

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

The radial runout of the Tracks in each Recording Layer (including eccentricity and unroundness) shall be
measured by an optical system using the Reference servo for radial tracking while the disk is rotating at a half
of the Recording Velocity.

The radial runout shall be maximum 75 ym pp.

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

The residual tracking error shall be determined by applying the radial PP read channel (I; — I,) signal for both
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measurement and radial servo control purposes as indicated in Figure 4.

11.5.2 Residual radial tracking error

The residual radial tracking error 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, and with the read power at (0,70 + 0,10) mW for any layer of a TL disk. It is
recommended to measure the residual radial tracking-error signal in a short period to avoid 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_3qg = 1,8 kHz and slope = —60 dB/decade.

This means that for frequencies <1,8 kHz, the maximum local acceleration of the tracks in the gdial direction
will notlexceed 2,2 m/s?.

The rms noise value of the residual error signal in the frequency band from 1,8 kHz to10,KHz, npeasured with
an intepration time of 20 ms and using the Reference servo for radial tracking, shall be maximuin 9,2 nm. The
measufing filter shall be a Butterworth BPF from f_zqg = 1,8 kHz with slope = +60 @B/decade to f 348 = 10 kHz
with slgpe = —60 dB/decade.

11.6 Durability of Cover Layer

11.6.1 |Impact resistance of Cover Layer

To preyent excessive disk damage in case an object lens hits the\Entrance surface at the read-¢ut side of the
disk, the surface of the disk should have a minimum impact resistance. This impact resistance dan be tested
by pro¢edures described in Annex L.

11.6.2 |Scratch resistance of Cover Layer

To preyent excessive scratching, the surface of the disk shall have a minimum hardness.
The sctatch resistance shall be tested by a procedure described in Annex C.

11.6.3 |Repulsion of fingerprints by Covertayer

To preyent excessive contamination, the\surface of the disk should repel grime as much as possible.
The repulsion of grime shall be tested:by a procedure described in Annex D.

12 Optical characteristics in Information Area

12.1 General

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

These gpecifications of the Transmission Stacks (TS) include all possible layers on top of the R¢cording Layer
concerped (suchas gluing layers in case of foils, the Spacer Layers and all the semi-transparent Recording
Stack ¢f Layer'Ln in case of TS0, the Cover Layer and possibly a Protective coating).

12.2 Refractive index of Transmission Stacks (TS)

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

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

The average thickness between radius ra and radius ry is called the Reference Thickness of the related
Transmission Stack (TS0, TS1 or TS2) on the disk (see 10.2 and Figure 10).
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The thicknesses of TS0, TS1 and TS2, measured over the whole disk, shall fulfil the following eight
requirements:

In Figure 13, for reference to requirements a) to c), the curves show the thickness ranges with equivalent
spherical aberration. The ratio of a thickness with arbitrary refractive index n to that with refractive index 1,60
is expressed by an approximate function of g(n):

g(n)=-1,1111%xn3+58143xn2-9,8808 x n + 6,476 0

Figure 14 shows a coefficient function for converting the actual thickness to an effective thickness for
requirements f). The actual thickness means physical value. The effective thickness means imaginary value
when refractive

Haal H ot =N 1 L0
IMTUTA TO dooUlTITU TU UT L, UV,

The actual thickness of arbitrary refractive index n is converted to an effective thickness of standard reffactive
index of 1,60. Defocus values of the actual and effective thickness are the same. In this Subclause, defpcus is
defined as the [focus position movement of the light going through the transparent medium with-each thickness
and each refraftive index.

The coefficient function of f (n) equals tan (&)/tan (), where & and & are the converging angles in the
Transmission $tack with refractive indexes of 1,60 and the arbitrary value of n, respectively. The functign f (n)
is expressed by approximately as the function as:

f(n)=-1,0880x n3+6,1027 xn2-12,042 x n + 9,100 7

a) The thickness of TS0 (all layers on top of Layer LO) depends on'the refractive index and shall be within
the uppermost shaded area in Figure 13 (In case of a refractive index of n, the thickness shall be

between|94,0xg(n) um and 106,0xg(n) um, and the dashed curve indicates the nominal thicknesd as a
function pf the refractive index).

ss of TS1 (all layers on top of Layer L1), as"determined by its refractive index, shall be within
the middle $haded area in Figure 13 (In case of agefractive index of n, the thickness shall be betwegn
69,0xg(n) ym and 81,0xg(n) um, and the dashed curve indicates the nominal thickness as a function of the

c) The thickngss of TS2 (all layers on top-of Layer L2), as determined by its refractive index, shall be w{thin
the undermjpst shaded area in Figure 13 (In case of a refractive index of n, the thickness shall be befween
52,0xg(n) ym and 62,0xg(n) um,.and the dashed curve indicates the nominal thickness as a function of the

ss of Spacer Layerl (S1), sandwiched by Layer LO and Layer L1, shall be between 20,0 fum
ss of Spacer Layer2 (S2), sandwiched by Layer L1 and Layer L2, shall be between 13,0 fum

f) The thickn C, S1,
S2 shall be'eeny i n)
shown in Figure 14, where th|ckness of TS2 equals the Cover- Layer thlckness (C) and nis refractlve
index).

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

h) The maximum deviation AD of the thickness of TS2 from its Reference Thickness shall meet the
requirement [AD| <2,0 um.

12.4 Example of target thickness of Spacer Layers for TL disks

In mass production, simple target values of thicknesses are useful.
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It is recommended that when the following three requirements are fulfilled, then requirements a) to f) of 12.3
are always fulfilled for a refractive index of 1,60.

a) The thickness of the Spacer Layerl (S1) should be 25,0 um + 2,0 um.

b) The thickness of the Spacer Layer2 (S2) should be 18,0 um + 2,0 um.

C) The thickness of TS2 (=C) should be 57,0 um + 2,0 um.

'=110,0

= [

vl 011 4102,3
%100,0 B S N W I8
E 0-98,6 98,7 99,2 100,0 I

0 I

.5 90,0

a

' 80,0 —

8 b = = )= —— @ — — —"%_Q\%';S-,_s_ 076,7 TSJ
g 70’0 740 (740 |744 A
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=

s 60,0 . "\\‘_}‘__"____(___058,3 TSZ
7 562 |56 [565 [57.0 |57

2 50,0

4

Q

= 40,0

1,40.1;45 1,50 1,551,60 1,65 1,70 1,75
Refractive index of the Transmission Stack

Figure 33 — Thickness of Transmission Stacks as function of reflective indek
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Figure 14

12.5 Reflecti

The reflectivity
Transmission
the other Recd
conditions of A

in Unrec

index n

ity of Recording Layers

nnex B:

orded Virgin Grooves:

of L

R
)

0,9
1,40 1,45 1,50 1,55 1,60,1,65 1,70 1,75
Refractive index of Spacer Layer

— Ratio of effective thickness with refractive index 1,60 and that with arbitral refrac

of each Recording-Layer in the Information Zone, including transmission through the
btack concerned; shall fulfil the following requirements independent of the recording staty
rding Layers.(whether Unrecorded, Recorded or partially Recorded) under the measurement

v—'l,f; 0% to /I]ﬂOn;

tive

s of

30

averlOandlaverl 1:
7 J :

and of Layer L2:

in Unrecorded Erased Grooves:
of Layer LO and Layer L1:
and of Layer L2:

at each location on the disk:

Rgv = 2,2 % to 4,0 %;

Rge = 1,4 % to 4,0 %;

Rg-e = 2,0 % to 4,0 %;

0,75 X Rgw < Rg-e < 1,25 X Ry.y;
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— in Recorded Grooves for the first 10 DOW cycles:

— of Layer LO and Layer L1: Rsn = 1,4 % to 4,0 %;
— and of Layer L2: Rsn = 2,0 % to 4,0 %;
— at each location on the disk: 0,75 X Rg.v < Rgn < 1,25 x Rg.y.

Written

Marks shall have a lower reflectivity than the Unrecorded Layer.

12.6 Birefringence

The in{
Any <1
The pe
Ang <]

12.7 4

The an
plane R
angle ¢
Space]

plane birefringence of the Transmission Stacks shall be (see Annex J):
,5 x 10
rpendicular birefringence of the Transmission Stacks shall be (see Annex J):

2 x 1078,
ngular deviation

gular deviation is the angle a between a parallel incident beam perpendicular to the Disk

includes deflections of the Entrance surface and to lack of paraltelism of the Cover Laysg
Layer (see Figure 15).

Cover Layer

Recording Layer
Substrate =

Read-out

\ Surface
Ié T— Reflected beam
| N
A Incident beam
Figure 15 — Definition of angular deviation

The requirements for the angle a are the following:
— Inthe radial direction

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

— under the “sudden change” test conditions specified in 8.1.1: |almax. = 0,70°.
— Inthe tangential direction

— under the normal test conditions specified in 8.1.1: |aljmax. = 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 16).
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User Data User-Control Data
32 Sectors
32 Frames 32 units
X 2 048 bytes X 18 bytes
Y
Data Frame
32 Frames
X ( 2 048 bytes Data
+ 4 bytes EDC)
Y
Scrambled l«—|Phys. Sector Number
Data Frame
32 Frames Addr . Unit Number
X 2 052 bytes 16 addressis x 4bytes
v Primary Addr . Fields v v
16 add byt
Data Block @ ressTf e Access Block
Addr . Fields
304 columns 16 addresses x 9bytes 24-columns
216 rows 30rows
Y Y
LDC Block BIS Block
304 columns 24 columns
216 rows data 30 rows data
32 rows parity 32 rows parity
Y Y
LDC Cluster BIS Cluster
152 columns 3 columns
496 rows 496 rows
7
Y 4 X y X v X
Lbe BIS LDC BIS LDC BIS LDC 496 rows divided in
16 Address Units
38 col. 1col.| 38col. lcol.| 38col lcol.|] 38col of 31 rows each
ECC Cluster
(155 columns )
Eram dc dc dc T 496
Sync dzasta contr ditsa contr, diga contr| | Recording
20 1 1 1 Frames

Physical Cluster

(1932 channel bits
=1 288 data bits)

Figure 16 — Schematic representation of encoding process

They are transferred successively into:

The address and Control Data added by the BD Rewritable system are transferred successively into:

© ISO/IEC 2016 — All rights reserved

Data Frames, Scrambled Data Frames, a Data Block, an LDC Block, and an LDC Cluster.

33


https://iecnorm.com/api/?name=f35a9caa5b1ab24f1b1567674a21fbbf

ISO/IEC 30193:2016(E)

— 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 Rewritable disks is recorded in 64K partitions, called Clusters, containing 32 Data Frames

with 2 048 bytes of User Data. These Clusters are protected by 2 error correction mechanisms:

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

— Secondly, the data is multiplexed with a powerful Burst Indicator Subcode (BIS), which consists of
(62,30,33) Reed-Solomon (RS) code-words. These BIS code-words carry addresses for allocation
purposes pnd Control Information belonging to the User Data. They can also be used to indicate.long
burst errofs, by means of which the LDC can efficiently perform erasure corrections.

The combinatipn of these two codes is called an “LDC+BIS Code” (see Figure 17).

All the data is arranged in an array as indicated in Figure 17. This array is read in the horizontal direction, row
after row, and fecorded on the disk after insertion of additional d.c. control bits, moddlation, and insertion of
Synchronizatign patterns.

The Error-Correction Codes are applied in the vertical direction, which gives a good basic break-up of burst
errors on the djsk. Additionally, the LDC code-words have been interleaved‘ig-a diagonal direction.

Syrjc 38 1 38 1 38 1 38
bytes byte bytes byte bytes byte bytes
T Do ........ D37 Bo D38 ...... D75 Bl D76 D113 Bz D114 D151 T
Dis2 ... Digo Bs D190 «vvvvvrrad
Address | 31
Unit O [ rgws
|
data stream
496 >
rows on disk
i
Address | 31
Unit 14 | rqws
12
T
Address | 31
N Unit 15 | rows
....... D75 391 \L

Figure 17 — Schematic representation of Physical Cluster on disk

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)
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provide for a fast addressing mechanism embedded in the written data.

Physical Sectors:

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

Logical Sectors:

Not all Physical Sectors are available for storage of User Data delivered by the application or host. The Inner
and Outer Zones are excluded. The remaining Sectors are available for storing User Data and are called
Logical Sectors.

13.2 [ata Frame

A Data|Frame consists of 2 052 bytes: 2 048 bytes of User Data and 4 bytes of Error-Detection Code (EDC).
The 2 048 User Data bytes are identified as udo to udz 047 and the 4 EDC bytes as edaqss-t0 ed2 ¢s1 (See
Figure [18).

T leo T
2048
User Data :
bytes : 2052
N uds 047 bytes
) ed2 048
4 ed2 049
EDC bytes ed2gs0
J ed? 051 1

Figure 18 — Data Frame

13.3 Hrror-Detection Code (EDC)

The 4-byte field ed: 045 to ed, 051 Shall\contain an Error-Detection Code computed over the 2 04§ bytes of User
Data. Considering the Data Frame\as a single bit field, starting with the most-significant bit of the first

User Diata byte (udo) and ending'with the least-significant bit of the last EDC byte (ed2 ¢s1), then the msb will
be bis 415 and the Isb will be by,

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

EPC(x)= i byx’ =/(x)mod G x)

32
where /(X)= Z b/.x/ and G(X)=X32+X31+X4+1
i=16 415

13.4 Scrambled Data Frame

Each Data Frame consisting of 2 052 bytes of User Data + EDC shall be scrambled with the output of the
circuit defined in Figure 19 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) = x¥ + xB + 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 so
is setto sis @ s14 @ s12 @ s3(@ stands for Exclusive-Or).

At the beginning of the scrambling procedure of each Data Frame, the shift register so to s15 shall be preset
with a value derived from the (virtual) PSN associated with the Data Frame (see Clause 17). The 16-bit preset
value shall be composed in the following way:
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— s35 shall be set to ONE,
— Si4.. Soshall be set to PSi9.. PSs of the PSN (see Figure 19).

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 Pl [rlpP P
S S S S S S S S| [s]s S
3 2 2 1 1 1 8 7| (5|2 0
1 4 3 9 6 5

W /)
. llgl,m

»i

<

»i

€

<

»i

<

parallel > .« shift glock

S|S
S|S[S|S[S|S|S
load i 7|6(5]4/3(2[1]0]<
|f\ D
€ %

Figure 19 — Scrambler circuit

[oX

After loading the preset value, s7 .. So are taken out as scrambling byte. S¢.) Then an 8-bit shift is repeate
2 051 times and the following 2 051 bytes are taken from s7 .. So as the&.scrambling bytes S;to S; gs1.
The 2 052 bytgs ud/edk of the Data Frame become scrambled bytes dk where:

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

13.5 Data Black

In the next step, 32 Scrambled Data Frames (F = 0..81) are combined into one block of data (see Figur¢ 20).

«— 32 -
Frames
0 1 : F : 31
T do,o do,l . do,F . d0,31
dio di1 : difr : di,31
4052 ) . ) . )
bytes X :
d2 050,0 d2 050,1 : d2 o50,F : d2 050,31
J d2051,0 d2051,1 : d051,F : d2 051,31

Figure 20 — 32 Scrambled Data Frames

These data are rearranged into an array of 216 rows x 304 columns by dividing each Scrambled Data Frame
into 9,5 columns as shown in Figure 21. This new array is called a Data Block. It should be noted that every
even Scrambled Data Frame ends halfway down a column, and every odd Scrambled Data Frame starts
halfway down a column.
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“— 304 columns -
0 1 : 9 10 : 18 19 303
T do,o d216,0 : O19440 | G082 : d1 836,1 do,2 d1 836,31
di0 d217,0 di9450 | G091 d1g37,1 di» d1 837,31
d2 050,0
216 d2051,0
rows do,l
di1
: d106,1
J d215,0 daz1,0 d1o7,1 daz231 d2 51,1 do15.2 0l 051,31

Figure 21 — Composition of Data Block from 32 Scrambled Data Frames
13.6 UDC Block
The bytes in each column of the Data Block are renumbered as shown in Figure 22 starting fron the top of

each cplumn as follows: eoL €1L .. €L .. t0 2151, in which L represents the'cede-word number (q the column
numbef: 0 to 303).

The LOC Block is completed by extending each of the columns with 32 Parity bytes according tg a
(248,216,33) Long-Distance RS Code. The Parity bytes are numbered: p2isL P217.L .. PjL .- 10 P2az .

«— 304 columns —
Code word | Code word Code word Code word | Cqde word
0 1 L 302 303
T ) €0,0 €ou €o,L €0,302 €0,303
216 €10 €11 erL €1,302 €1,303
rows €20 . . . .
with :
1LDC data :
code-word { €2150 €215,1 €215 €215,302 P215,303
=248 ) P216.0 P216,1 P216,L P216,302 D216,303
bytes 32 : : : : :
rows
with
parity :
J J P247,0 P247.1 P247,L P247,302 D247,303

13.7 |

DC code-words

Figure 22 — Renumbering data bytes and forming LDC Block by adding pariti

S

The Long-Distance RS Code is defined over the finite field GF(28). The non-zero elements of the finite field
GF(28) are generated by a primitive element a, where a is a 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’, ¢®, a5, .., @?, a, 1) as a basis. The root a is thus represented as:

a = 00000010

Each LDC code-word, represented by the vector lgc = (€o,L .. €iL .. €215 P216,L .- PjL .- P247,L), IS & Reed-
Solomon code over GF(28), having 32 parity bytes and 216 information bytes. Such a code word can be
represented by a polynomial lqc(x) of degree 247 (possibly having some coefficients equal to zero), where the
highest degrees correspond to the information part of the vector (eo. .. etc.) and the lowest degrees
correspond to the parity part of the vector (pzisL .. €tcC.).

© ISO/IEC 2016 — All rights reserved
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lac(X) is a multiple of the generator polynomial g(x) of the LDC code-word. The generator polynomial equals:
31

o ()= T[]
i=0
The LDC is systematic: the 216 information bytes appear unaltered in the highest-degree positions of each
code word. The parity-check matrix H pc of code lqc is such that:

Hipc X lgcT = O for all LDC code-words lqc .

The second row hpc 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 h_pc2 of the parity-check
matrix Hipc is given by:

hioc 2
13.8 LDC ClJ

13.8.1 Gener4d

After generatin
Cluster.

13.8.2 Firstin

In the first intefleaving step, the 304 columns of height 248 are rearranged int0’a new array with 152 co

and 496 rows.

Each new colu

The new colunpn is filled by taking the first byte from the even LDC Blaeck column, then the first byte fron
column, next the second byte from the even LDC.Block column, followed by the second
PC Block column, etc. as shown in Figure 23.

odd LDC BlocH
from the odd L

ster

|

terleaving step

= (0?4, a6 .. &?, a, 1).

g the LDC code-words, the LDC Block is interleaved in a 2-step process, resulting in the

LDC

umns

mn is formed by multiplexing each even column from the LDC Block, with the next odd column.

h the
byte

«— 152 columns -
0 151
) €0,0 €0,2 €0,302 T
€01 €03 €0,303
132 €1,0 €12 €1,302
ows €11 €13 €1,303
Wwith :
Hata
€215,0 €215,2 €215,302
J €2151 €2153 €215,303 496
T P216,0 P216,2 P216,302 rows
P216,1 P216,3 P216,303
64 P217,0 P217,2 P217,302
ows P217,1 P217,3 P217,303
with : : :
parity
P247.0 P247,2 P247,302
\ P247.1 P247,3 P247,303 \

13.8.3 Second interleaving step

Figure 23 — First step of interleaving

To reduce the influence of error propagation and further improve the burst error correcting capabilities, an
additional interleaving is introduced.

38
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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 24).

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 17.
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<« 152 -
bytes

<« shift €0,0 €0,2 €0,300 €0,302

0 €0,1 €03 €0301 | €0303

< shift €16 e1s 1300 || e1302 e1,0 €12 €14

3 €17 €19 €1,301 €1,303 €11 €13 €15

« shift €212 €214 €2,302 €20 €22 €24 €256 €28 €210

6 €213 €215 €2,303 €2,1 €23 €25 €27 €29 €211
<« shift €50300 | €s50302|| €s00 €50,298
150 €50301 | €s50303|| €501 €50,299

<« shift €512 €514 €51300 | €51,302 €51,0

1 €513 €515 €s51301 | €51303 | €511

<« shift
mod(kx3, 152)

« shift 130 | pass260 | P24s,262 P246.302 | P246,0 P246,258
P246,261 | P246,263 P246,303 | P246,1 246,259
<« shift 133 P247,266 | P247,268 P247,302 | P247:0 P247,2 P247,4 P247,6 P247,264
P247,267 | P247,269 P247,303 | Peara P247,3 P247,5 P247,7 P247,265

40

Figure 24 — 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 are 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 the 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 25).

Each Address Field consists of 9 bytes:
— 4 bytes for the Address-Unit Number (see Clause 17);
— 1 byte for flag bits;

— 4 Ibytes for error correction.

<« 16 Addresses —
0 1 : S : 15
T Partially AFoo AFo1 : AFos . AFo,15
modified and AF1 AF1, : : : AF115
inverted : : ¢ : . .
Address-Unit
9 Numbers AF310 AF3,1 . Angs . AF3,15
bytes Flag bits AFa0 AF41 : AF4s : AF4.15
Partially AFs AFs4 : AFss ; AFs 15
inverted : : : : : :
1 parities AFso AFg 1 : AFgs : AFe 15

Figure 25 — 16 Address Fields

13.9.2p Byte assignment\for Address Fields
Before|describing Address Fields, Primary Address Fields, which consists of Address-Unit Numper, flag bits
and payfity bytes, are defined as following.

PAF,s|= MSB.af the Address-Unit Number with modified bit order as {AU31, AU30, AU29, AU28, AU24,
AU27AU26, AU25}.

PAF s[=2%¢ SB of the Address-Unit Number.
PAF,s = 3% SB of the Address-Unit Number.
PAF3;s = LSB of the Address-Unit Number.

PAF.s = flag bits:  These bits can be used to indicate a status of individual Data Frames in a Cluster or can
be used to hold other information, such as for instance an address. The basic format for
assigning some of these flag bits is specified in 13.9.2.3. Flag bits not used shall be set to
ZERO.

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

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) =x8+x* +x3+x2+1

The symbols of GF(28) are represented by bytes (groups of 8 bits), using the polynomial-base representation,
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with (a7, a®, @, .., @2, a, 1) as a basis. The root a is thus represented as:
a = 00000010.

Each Primary Address-Field code-word, represented by the vector pafc = (PAFos ..PAF;s .. 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 (PAFgs .. etc.) and the lowest degrees
correspond to the parity part of the vector (PAFss .. etc.).

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

3 .
Q(X)—Eé[(‘( A

A

The Primary Afldress-Field code is systematic: the 5 information bytes appear unaltered in the hHighest-flegree
positions of each code word. The parity-check matrix Hparc of code pafc is such that:

Hparc X pdfc™ = O for all Primary Address-Field code-words pafc.

The second rop hearc 2 Of the parity-check matrix Hparc corresponding to the zero a ef the generator
polynomial g(x), defines the code-word positions to be used for error locations. This-second row hparcz 9f the
parity-check mitrix Hparc is given by:

hparc2 = (P8, @’ .. @2, a, 1).
Address Fieldq are defined as the following by partially inverting Primary Address Fields.
AFos = PAFos
AFi1s = PAF;:s
AF, s = all bits [inversion in PAF; s
AF3s = all bits [nversion in PAF3 s
AFss = PAFss
AFss = all bitg|inversion in PAFs s
AFs s = all bits [inversion in PAFg s
AF;s = PAF7s
AFgs = PAFgs

13.9.2.3 Address-Unit Numbers

The 16 Addregs.kields to be recorded in the BIS columns of the Physical Cluster each contain a 4-byte$
Address-Unit Nambet (AUN)

The Address-Unit Numbers shall be derived from the PSN as defined in Figure 26. The Address-Unit
Numbers increase by 2 for each successive Address Unit, for reasons of synchronization with the PSN (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 the Data Zone O 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).

The bits of the Address-Unit Numbers shall be set as follows.
— AUgs; .. AUs shall be a copy of PS3; .. PSs from the PSNs.
— AUy .. AU; shall count from 0 to 15 inside the Physical Cluster.
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/7~ MSB LSB
P P P P P P P P|P P
s s s s s s s s|s s
3 2 2 1 1 8 7 514 0
3 16 g i .
In Cluster
count ZERO
AddressUnit Number
N7 7] N V2R VAN | ek l l l [
Y Y Y Y Y A A Y Y A A Yy A A A A A A
A AlA JAJA LA A A A A A AlA A A
V] Uulu |Ju|lul|lu V] U V] U U uU|uU U Ui
3 212 12(2]2 2 1 1 8 7 5|4 14 0
1 8|7 |6]5]4 3 6 5
: I JRE 3| :
PAFos PAFys PAF,s PAFss
flag bits {>C
A
4 A
PAF4s
parity bytes Primary AddressField
p A
PAFss PARSs PAF7s PAFss

Address Field

AFos

AFis

AFs

AF3s

AFss

AFss

AFgs

AF7s

AFgs

Figure 26 — Composition of AUNs, Primary Address Field and Address Field from PSNs
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13.9.2.4 Assignments for the flag bits
Bit b7 bs bs b4 b3 b, b, bo
Byte
AFss
AFa,0 Sap Saia Sao Saip IdT~7 Rdis Rsv Rsv
AF41 Saz; Sasz; Sazp Saszp IdTs Rd4 Rsv Rsv
AF45 Sas 1 Sas,1 Saup Saso IdTs Rdis Rsv Rsv
AFs3 Sas Sar; Saso Sazp IdTa Rdi2 Rsv Rsv
-\F4,4 Sag,l Sa9,1 Sag,o Sag,o 119 e Rotr Rsv Rsv
\Fa5 Saio1 Saii1 Saioo Sai1,0 IdT2 Rdio Rsv Rsv
\F46 Saiz Saisa Saizp Saisp IdT1 Rdy Rsv Rsv
\F47 Sais1 Saisa Saisp Saisp IdTo Rds Rsv Rsv
\Fa8 Sais1 Sai7a Saie,0 Sai7p Rsv Rd~ Rsv Rsv
\Fa0 Saig 1 Saie1 Saigo Saie0 Rsv Rds Rsv Rsv
AFs10 | Saz: | Sazxi | Saxo | Sazpo Rsv Rds Rsv Rsv
AF411 Saz1 Sazsa Sazo Sazsp Rsv Rds Rsv Rsv
AF412 Sazs1 Sass Sazsp Sazso Rsv Rds Rsv Rsv
AF413 Sazs,1 Sazra Saze,0 Sazo Rsv Rd2 Rsv Rsv
AF414 | Sags: Sazg 1 Sazs,o Saze,o Rsv. Rd1 Rsv Rsv
AF4.15 Sazo1 Sasi Saso,0 Sazio Rsv Rdo Rsv Rsv
Rgv: Reserved unless otherwise specified by the*Application.

Status bits S4g
only 16 Addreg

Bit by and bit b

Bit be and bit b
for Data Frame

Bits bs and bo

RID_Tag bits
21.4) of the re
Figure 27).

Bits bs of the s

5 of the successive flag bytes AFas are defined as status bits Sazs 1 and Sazs o, respective

Data Frame 2$.

L of the successive flag bytes AF, s are defined as status bits Sass+11 and Sazs+1,0, resped

bf all flag bytes AFa s shall be Reserved unless otherwise specified by the Application.

Liccessive flag bytes AF4s to AF4,15 shall be Reserved.

Figure 27 — Flag bits from 16 Address Fields

j(0<i<31,0<=<j<1): Because eachluster contains 32 Data Frames and there are

s Units, each such Address Unit hasito hold the flag bits for 2 Data Frames (see Figure 2

2S+1.

dTi: Bits bs-ofithe successive flag bytes AFa4,0 to AF4,7 shall represent the RID_Tag value
order that\has recorded the Cluster containing this Address Unit. The msb shall be at Id

7).
ply, for

tively,

(see
7 (see

Recording Date bits Rdi: Bits b2 of the successive flag bytes AF4 s shall represent the date when the Cluster
containing this Address Unit has been recorded in the following format (see Figure 27):

Rdi5 to Rdo:

Rds to Rds:

Rd,4 to Rdo:

44

These 7 bits shall represent the actual year — 2 000 as an unsigned binary numb
Rdss as the msb.

These 4 bits shall represent the actual month as an unsigned binary number with
the msb.

er with

Rds as

These 5 bits shall represent the actual day of the month as an unsigned binary number with

Rd4 as the msbh.
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If a drive is not able to correctly set this field, all bits Rdi shall be set to ZERO.
13.9.2.5 Usage of status bits Sai,

Each pair of status bits Sai 1/Saio is used to indicate the status of an individual Data Frame in a Cluster. The
following settings are defined:

Saii/Saip = 00: the Data Frame contains general User Data;

01: the Data Frame contains specific User Data that is allowed to be discarded during

Read-Modify-Write (RMW) actions;

11: the Data Frame contains Padding Data inserted by the drive to complete Clusters

before recording them onto the disk;

In the |
mode.

Furthe
to com

Inall o
setto (

Conse
if Sai 1/
if Sai 1/

13.9.3

For ac
bytes @
Data U

Other: reserved unless otherwise specified by the Application.

Jser-Data Area, all status bits Sai1/Saio should be set to 01 in Clusters being writtenin “
more, the status bits Sai i1/Saio shall be set to 11 in Data Frames that hayvé heen inserted
blete Clusters before recording them onto the disk (Padding).

her cases, where the data for Data Frame i is supplied by the host, the status bits Sai /S
0.

juently:

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

Saio is setto 01 or 11,
the content of Data Frame i may be discarded during R-M-W ac
In case of doubt abaout'the reliability of some Sai1/Saip bits, the
the related Data Erame i shall be conserved during R-M-W actig
(Sai,1/Sai o shallbe considered as having the value 00).

User-Control Data
essing the User Data, special Cantrol Data can be added to each User-Data Frame. Thg

an carry the Application-dependent information. A User-Data Frame accompanied by its
hit is called a Sector. Each User-Control Data Unit consists of 18 bytes (see Figure 28).

streaming”

by the drive

ai o shall be

lions.
content of
ns

se additional
User-Control

13.9.4

«— 32 Units N

0 1 : S : 31
0 UCoo UCo1 : UCos : UCo 41
UCl,o UC1,1 . . . UCl,Ll
1 UCi70 UCi71 : UCi7s : UCi731

Figure 28 — 32 User-Control Data Units

Byte/Bit assignment for User-Control Data

The User-Control Data bytes are Application dependent. If this setting is not specified by an Application, these
bytes shall be set to 00h.
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« 24 columns -
0 AFoo AF10 AFzp AFo7 AF17 AF; 7 AFoe AFi6 AFs6 AFos : : AFo 1 AF11 AF3 1 0
6 rows AF(),s AF1,8 AF3lg AF0115 . . AF0114 . . AFoylg . . A\Fovg AFlvg Aqug
with AF4,1 AF5,1 AFsh AF4,0 AFs,o AF3,0 AF4,7 AF5,7 AF3,7 AF4,6 . . AF4,2 AF5,2 AF3,2
PhySiC&' AF49 . . AF,g AFsg AFzg AF4 15 . . AR4l4 . . AF4.10 AFs 10 AF3z.10
Addresses AFsg 2 AFe 2 AF7b AFsg 1 AFe 1 AF71 AFsgo AFe0 AF70 AFg 7 : : AFs 3 AFe3 AF73
\2 AFsg 10 : : AFsgg : : AFsgg AFe s AFzg AFg 15 : : AFsg 11 AFg 11 AF711
) UCoo UCs1 | UCif2 | UCoas : : : : : : C o : : UC12.30
UCi1.2 : : : : : : : : : : : UCi730 30
24 rows : : UCys : : : : . : : : : : : UCo 31 rows
with : : : :
User . UC17,1 . . . . . .
Control : UCo2 : : : : : : : : : : : UCo,30
Data . . . . . . ’ . . . . . . .
UC17,0 . . UC17,4
UCo1 . . UCos
{ UCs1 UCu12 | UCifs : : : : : : : : : ; UCi130 | UC1731 d
Figure 29 — Composition of Access Block
(from 16 Address Fields and 32 User-Control Data Units)
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13.10 Access Block

The data for the Address Fields and User Control 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 29) are grouped into 3 groups of 3 bytes.

The 3 groups of bytes of each of the addresses 0 to 7 are placed in the Access Block in a diagonal direction in
the first, third and fifth row, starting with address 0 and each successive address shifted cyclically 3 positions
to the left (see Figure 29).

The 3 d;roups of bytes of each of the addresses 8 to 15 are placed in a diagonal direction in the

and six
Within
positio
Within
positio
Mathe
formul

by

The Us
ofaco

13.11H

The by
each ¢
numbe|

The BI
(62,30,

th row, starting with address 8 and each successive address shifted cyclically 3 positions

pach group of bytes in the third and fourth rows, the bytes are shifted cyclicallyto the left
.

pach group of bytes in the fifth and sixth rows, the bytes are shifted cyclically to the left o
NS.

atically, this mapping of the address bytes into the Access Block catirbe represented by
e:

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

er-Control Data Unit is placed in the column direction; Whereby each User-Control Data
umn (4 User-Control Data Units in 3 full columns; see Figure 29).

IS Block
fes in each column of an Access Block are renumbered as shown in Figure 30 starting fr

r: 0 to 23).

S Block is completed by extendingeach of the columns with 32 Parity bytes according to
33) RS code. The Parity bytes,are numbered: pbsoc pbsic .. pbjc .. to pbeic.

second, fourth
to the left.
over one byte

er two byte

the following

Unit only fills ¥

bm the top of

plumn as follows: bo,c bic .. bic .. to bzgc;, where C represents the code-word number (= the column
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« 24 columns -
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 D11 bic b123
30 . . ; .
Information b’?vc
One BIS bytes - - -
code-word 7 . 29,0 b29,1 bogc 29,23
=62 byfes T pbzo,o pb3o,1 pbzo,c pb30,23
32 : : : :
Parity
bytes . . . .
l 1 pbe1,o pbs1,1 pbs1,c pbe1.23
Figure 30 — Renumbering data bytes and forming BIS Block’by adding parities
13.12 BIS codp-words
The BIS RS cqde is defined over the finite field GF(28). The non-z€ro-elements of the finite field GF(28)

generated by &
pO) = x° 4

The symbols g
with (a7, af, a®

a = 0000d

Each BIS code
Solomon code
represented by
highest degree
correspond to

bis(x) is a mulfj

primitive element a, where a is a root of the primitive polynomial p(x):
Xt +x3+ %2+ 1.

f GF(28) are represented by bytes (groups of 8 bits), using the polynomial-base represen
.., 0%, a, 1) as a basis. The root a is\thus represented as:

010.

over GF(28), having 32 parity bytes and 30 information bytes. Such a code word can be

s correspond to'the information part of the vector (boc .. etc.) and the lowest degrees
he parity part-of the vector (pbsoc .. etc.).

ple of the-generator polynomial g(x) of the BIS code-word. The generator polynomial eqy

-word, represented by the.vector bis = (bo,c .. bic .. b2oc pbaoc .. pbjc.. pbeic), is a Reed}

are

ation,

a polynomial bis(x)'of degree 61 (possibly having some coefficients equal to zero), whelfe the

als:

9(x)

-

1
o

—t
S——

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 = O 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 Hgis is g

heis2 = (GG

48

iven by:

La® .. a? aq, ).
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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 17. The Units are numbered
u = 0to 15, the rows in such a Unit are numbered r = 0 to 30 and the columns are numbered e =0 to 2 (see
Figure 31).

The essentials of the BIS interleaving scheme are the following (see Figure 30 and Figure 31 and the
examples in Figure 32 and Figure 33):

Each row of the BIS Block is split into 8 groups of 3 bytes. These 3-byte groups are each placed in one

aoftha RIS Clactny

A
roy-e+te-sro-cristet:

m

TH
wh

Nd
sh

Fa

Tie even rows of a BIS Block are mapped into Units 0 to 7 and the odd rows of the BIS Blo|

pped into Units 8 to 15.

e 3-byte groups from an even row of the BIS Block are placed each in the sameé-tew of U
ereby the Units are used in reverse order (according to their numbering).

row N = 0 of the BIS Block is placed on rows r = 0 of Units: 0, 7,.6,°5, .., 2, 1,
row N = 2 of the BIS block is placed on rows r = 1 of Units: 10, 7, 6, .., 3, 2,
row N = 4 of the BIS block is placed on rows r = 2 of Unit§)»2, 1,0, 7, .., 4, 3,

etc., this process is repeated cyclically until row N=60,)which is placed on rows r = 30 0
3,..,0,7.

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

ick are

nits 0 to 7,

The first 3-byte group of each successive row of the BIS Block shall be pldéed in a Unit with a number
which is one higher than the start Unit used for the previous row:

Units: 6, 5, 4,

bw r = 0 is not

fted, row r = 1 is shifted 1, row r = 2 is shifted’2, row r = 3 is not shifted, row r = 4 is shiftg¢d 1, etc.

r the odd rows of a BIS Block, the same kind of procedure is followed, but then using the

Units 8 to 15.
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Mathematically
following formy

Byte bn,c or pb

— in Unit
— on row
— in column

The byte nurmj
Figure 17), is

50

<~ 3 —
columns
T T Bo B1 B ) 0
31 : : : |
N Boo Bo1 B> |
T Bos Boa Bos |
l |
|
|
|
| Ll
T T
496 | 16
rows 31 e Ir Units
rows | «—
N
T
31
N N B1 487 {

, the mapping of the bytes from a BISBlock into a BIS Cluster can be represented by the

lae:

Figure 31 —BIS Cluster

.c (see Figure 30) is placed

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

r = div(N,2),
e = mod{[C + div(N;2)],3}.

ber m, giving theé sequence number Bm as the Physical Cluster is written to the disk (see

MSHux31+r)x 3 +e.
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Byte number N,C from BIS Block Shift right Filling in upward direction
(= mod(r,3))
column e
Unitu row r 0 1 2
0 0 0,0 0,1 0,2 0 start of Block row N = 0
1 2,5 2,3 2,4 1 T continuation of Block row N = 2
2 4,7 4,8 4,6 2
3 6,9 6,10 6,11 0
7 14,23 14,21 14,22 1
S 164 162 16-6 2 start-of-Bleek—+ew-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 0,14 0
1 2,17 2,15 2,16 1
2
5 0 0,9 0/10 0,11 0
1 2,14 2,12 2,13 1
2
6 0 0,6 0,7 0,8 0
1 2,11 2,9 2,10 1
2 4,13 4,14 4,12 2
7 0 0,3 0,4 0,5 7T continuation of Block row N[= 0
1 2,8 2,6 2,7 T continuation of Block row N|=
2 4,10 4,11 4,9
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 32 — Example of mapping (partial) of BIS bytes into first 8 Units
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Byte number N,C from BIS Block Shift right Filling in upward direction
(= mod(r,3))
column e
Unit u row r 0 1 2
8 0 1,0 11 1,2 0 start of Block row N = 1
1 35 33 34 1
2 57 5,8 5,6 2
3 7.9 7,10 7,11 0
£‘! 17‘1 17") 17‘n 2 stavf of Black raw N — 17
30 61,18 61,19 61,20
9 0 1,21 1,22 1,23 end of Block row N = 1
10 0 1,18 1,19 1,20
11 0 1,15 1,16 1,17
12 0 1,12 1,13 1,14
13 0 1,9 1,10 1,11
14 0 1,6 1,7 1,8
15 0 1,3 1,4 1,5 0 7T continuation of Block row N = 1
1 38 3,6 3,7 1
2 5,10 511 5,9 2
7 15,2 15,0 15,1 1 start of Block row N = 15
30 61,21 61,22 61,23 0 end of Block row N = 61
Figure 33 — Example-of:mapping (partial) of BIS bytes into last 8 units
Some conclusions:
— Allinformation bytes of the-BIS Block are found in the first 15 rows of each Address Unit.
— All parity Qytes of the BIS Block are found in the last 16 rows of each Address Unit.
— Each Addfess Field is)found in the first 3 rows of each Address Unit (see Figure 34).
13.14 ECC Cldster
After constructjng.the LDC Cluster and the BIS Cluster, the LDC Cluster is split into 4 groups of 38 colupnns

each. In between these 4 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 34 is reached.

52
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LDC BIS LDC BIS LDC BIS LDC
38 1 38 1 38 1 38
columns | column | columns | column | columns | column | columns
— S|l o] « S| o« Sl o« -
0 AFo AF10 AF2o
AFs0 AF40 AFs
AFg,0 AF7, AFsgp Address
UCuy : : Unit 0
AFo1 AF11 AF21
96 AFs1 AFa1 AFs1
nows AFe 1 AF71 AFsg 1 Address
UCxy : : Unit 1
|

Figure 34 — ECC Cluster after multiplexing of B1S Cluster with LDC Cluster

13.15 Recording Frames
Each rpw of an ECC Cluster is transformed into a Recording Frame by adding locations for the
bits anfl for the dc-control bits.

For thig purpose, a stream of 1 240 data bitsgvhich is formed by the 155 bytes of each row of th
is divided into 1 group of 25 data bits and 2Z groups of 45 data bits (see Figure 35), with the mo
bits of the bytes handled first.

The firgt group of 25 data bits is extended with 20 data bit positions for the insertion of the Fram
is a spgcial sequence of 30 modulation/Channel bits.

Next each group of 45 data hits is completed with 1 additional bit position to form a dc-control B

Frame Sync

p ECC Cluster
st-significant

e Sync, which

ock.
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P 155 bytes _
38 1 38 1 38 1 38
bytes byte bytes byte bytes byte] bytes
< 1240 bits >
25 45 45 T 45 45
bits bits bits [ bits bits
N ISR z
1
Framle: data dc data dc data dc
Synd | control control contrel
20|+ 25 1 45 1 e 45 1
dctcontrol Block#0 ~ dc-control Block #1  dc-control Block #2...26 _ dc-control Block #27
< 46 bits 46 bits 25 X 46 bits 46 bits >
1288 bits
Figure 35 —Composition of Recording Rrame
13.16 Physica] Cluster

The 496 rows

Cluster.
13.1717PP M
13.17.1 Gen

All the bits of R
17PP modulati
properties. PP

This propgrty makestit-easy to control the low-frequency content of the recorded signal efficiently (g

13.17.3).
Prohibit

Parity prieserve:

rom an ECC Cluster, transformed into Recording.krames, form what is called a Physical

pdulation for Recordable data

bral

ecording Frames except the Frame Sync are converted to Modulation bits according to t
on code. This is an RLL(1,7) €ade with run-lengths 22T and <8T with and some special
means: Parity preserve/Profibit RMTR:

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

if thenmber of ONEs in the data-bit stream is odd, then also the number of
in the Modulation-bit stream is odd.

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 rqg

ONEs

NEs

ee

ad-out

performance.

13.17.2 Bit conversion rules

The table in Figure 36 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 35). 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.
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Data bits Modulation bits
00 00 00 00 010 100 100 100
00 00 10 00 000 100 100 100
00 00 00 010 100 000
00 00 01 010 100 100
0000 10 000 100 000
0000 11 000 100 100
0001 000 100
00 10 010 000
0011 010 100
01 010
10 001
11 000 If preceding Modulation bits,= xx1
101 If preceding Modulationybits = xx0
Data bit pattern Substituting
to be substituted Modulation bits Condition-for'substitution
110111 001 000 000 If hext Modulation bits = 010
Terminating Terminating
data bits Modulation bits
0000 010 100
00 000

Figure 36 — 17PP.modulation code conversion table

13.17.3

Becauge a ONE in the Modulation-bit stream means a transition in the recorded signal, the polayity of this
signal ¢an be inverted if an odd number of ONEs is added to the Modulation-bit stream in a confrolled way.
Becauge of the parity-preserve property of the 17PP modulation code, this is possible just by ingerting
additiopal bits into the data-hit stream and setting these to ONE if an inversion is needed.

dc-control procedure

In this way, the accumulated" DSV of the recorded signal shall be minimized after each dc-contrgl Block by
setting|the dc-control bit at'the end of the previous dc-control Block to ZERO or ONE (see Figurg 35).
13.17.4

The Physical Clusters consist of 16 Address Units, where each Address Unit contains 31 Recorgling Frames
(see Figure(16*and Figure 35).

Frame Sync

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

The main body of the Frame Sync is formed by a 24-bit pattern violating the 17PP modulation rules (2 times
run-length 97T).

The last 6 bits define a signature that identifies 1 of 7 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 36), then the first modulation bit of the Frame Sync # = ONE, else # = ZERO (see Figure 37).

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).
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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 37 — 30-bit Frame-Sync codes

Because 7 different Frame Syncs are insufficient to identify 31 Recording Frames, each frame is identified by
the combination of its own Frame Sync and the Frame Sync of one of the preceding Recording Frames| The
mapping of thgse combinations can be made such that even with missing Frame Syncs in 1, 2)0r'3 prededing
frames, a Recording Frame can still be identified by its own Frame Sync and the last present’Frame Sync

(see Figure 38).

=

Rec.Franjen-4 | Rec.Framen-3 | Rec.Framen2 | Rec.Framenil ~ | Rec.Frameh
Recordind Frame n can be identified from the Frame Sync ID of
Recofding Frame n + Recording Frame n-1
Recofding Frame n + Recording Frame n-2
Recofding Frame n + Recording Frame n-3
Recofding Frame n + Recording Frame n-4

Figure 38 — Identification of,Recording Frames
The first Recolding Frame of each Address Unit has a urique Frame Sync: FSO.

The other Frame Syncs are mapped as specified in Eigure 39.

Frame number Frame<Sync Frame number Frame Sync

0 FS0O

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 FSE 24 St
10 FS4 25 FS6
11 FS3 26 FS2
12 FS4 27 FS6
13 FS6 28 FS4
14 FS6 29 FS4
15 FS3 30 FS2

Figure 39 — Mapping of Frame-Sync codes on Recording Frames
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13.18 Modulation and NRZI conversion

Before being recorded onto the disk, data bits are converted to Modulation bits that, in turn, are converted to

NRZI Channel bits according to the following process (see

Figure 40).
Data Modulation NRZI converted
. . Ex-OR .
bits bits NRZ Channel bits
—— | Modulator > . 4>G—\ >
conversion A/
1T

T =1 Channel clock period |  delay

Example of data bit pattern: 0 1 01 ¥ 0

Modulation-bit pattern: 0 1 00,1 €(0 0 1|0

NRZ converted signal: |_|
NRZI converted signal:

Figure 40 — Modulation and\NRZI conversion

14 PHysical Data Allocating and Linking

14.1 General

The unjit of recording is a Recording-Unit Bloeck (RUB), consisting of a Physical Cluster preceded by a

Data Run-in and followed by a Data Run-out. The Run-in and Run-out are offering sufficient buf
facilitating fully random write/overwrite.

Recording-Unit Blocks can be writteh one by one or in a continuous sequence of several RUBs
(write_ptreaming).

In the Rewritable Areas ofthe disk, a wobble cycle shall correspond to 69 Channel bits if the Ch
is locked to the wobble(frequency. This means that a modulated Recording Frame, which is 1 9]
bits (= [L 288 data hjts), covers exactly 28 wobble cycles. This locked case is considered as the
situatign.

14.2 Recaording-Unit Block (RUB)

ering for

annel-bit rate
82 Channel
nominal

14.2.1 \General

Each RUB consists of a Data Run-in of 2 760 cbs (nominally 40 wobble periods), a Physical Clu

ster of 496 x 1

932 cbhs (nominally 496 x 28 wobble periods) and a Data Run-out of 1 104 cbs (nominally 16 wobble periods)

(see Figure 41).

Run-in Physical Cluster Run-out Guard_3

<40 wbhs— | <496 x 28 wbs— | <16 wbs— | <8 whs—

Figure 41 — Layout of single written Recording-Unit Block
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Each single written RUB or each continuously written sequence of RUBs shall be terminated by a Guard_3
field, ensuring that no gaps (Unrecorded Areas) will ever occur between any 2 RUBs as shown Figure 42.
Such a Guard_3 field shall consist of 540 cbs (nominally = 8 wobble periods).

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

<40 wbhs— | «496%28 whs— [<-16 whs— |<-40 whs—|«-496x28 wbs— | : |<«-496x28 whs— |«16 wbs—| <8 wbs—

Figure 42 — Layout of continuously written sequence of Recording-Unit Blocks

With the abovg choices, an SPS (see 14.3.2) of about maximum +2 wobbles and a start position aceurgcy of
about +0,5 wobble, random writing/overwriting will lead to an overlap of between 3 and 13 wobbles-and|a
minimum length of non-overlapped Data Run-in of about 27 wobbles (minimum ~ 1 Recording Brame).

14.2.2 Data Run-in

14.2.2.1 Gernleral

The Data Run4in consists of the following parts:

— Guard_1: 1 080 Channel bits,

— PrA (Pre-amble): 1 680 Channel bits.

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

The Guard_1 fleld is meant to cope with the overlaps due to the.SPS and inaccuracies in determining the start
location of recrding sequences (see Figure 43).

Guard_1 PrA
1080 cbs 1 680 cbs
optional APC repeatedchit pattern nominal
~ 5 wobbles ~ 11 wobbles ~ 24 wobbles

Figure 43 — Layout of Data Run-in

14.2.2.2 Corftent of Guard_Z*-fields

The Guard_1 fleld has a length of 1 080 Channel bits.

The content representedin Modulation bits is: 36 times repeated 01[0*]1[04]1[0%]1[0%]1[0¢]1[09]

These patterng result)in a repeated 5T/5T/3T/3T/7T/7T sequence, which is well-suited to re-settle the
electronic circyits;

14.2.2.3 AutonmaticPower-Controt-APC)

The first 5 wobbles of the Guard_1 field at the start of a recording sequence can be used for performing an
Automatic Power-Control procedure. The Modulation-bit pattern to be used for such an APC procedure can be
chosen freely by the recorder manufacturer and is allowed to be different from the repeated pattern as defined
in 14.2.2.2.

14.2.2.4 Content of PrA fields
The PrA field has a length of 1 680 Channel bits.
The content of the PrA field shall be shown as Figure 44.
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52 times repeated

01[0*]1[0*]1[0?]1[0?]1[0®]1[0%] Sync_1 01[0]1[0*]1[0?]1[0?]1[0® Sync_2 01[0?]1[0?]1 [0%]1[0%]
11[0°] 1[09] 1[07]
<——1560chs —— «30chs—» | «——40chs—— | «<30cbhs—»> | «——20chs——

Figure 44 — Layout of PrA field

In general, Sync 1 shall be FS{mod[(N+4),7]} and Sync 2 shall be FS{mod[(N+6),7]}, if the first Frame Sync

after th
Thism
The firs
control

14.2.3
14.2.3.
The Dag
—  Pq
— G

e PrA is FS(N) (N = 0..6, see 13.17.4).
pans that Sync_1 shall be FS4 and Sync_2 shall be FS6 (the first Frame Sync after theH
bt bit of each of Sync_1, Sync_2 and the first Frame Sync after the PrA is allowedcto-be u

(# = ZERO or ONE, see Figure 37).

Data Run-out

1 General

ta Run-out consists of the following parts as shown in Figure 45:
A (Post-amble): 564 Channel bits,

lard_2: 540 Channel bits.

The PqA field is meant as a run-out for the signal processing.

rA is FSO).
sed for de-

The Guard_2 field is meant to cope with overlaps due to the SPS and inaccuracies in determining the start

locatio

14.2.3.

n of recording sequences.

PoA Guard_2
564-cbs 540 cbs
nominal nominal

~ 8 wobbles ~ 8 wobbles

Figure 45 — Layout of Data Run-out

P Content of PoA fields

The PqA field has.a-length of 564 Channel bits.

The content ef-the PoA field shall be as shown in Figure 46.

16 times repeated
Sync_3 01[08]1[08]1[08]1[08]1[08]1[07] 01[04]1[04]11[02]11[0?]1[06]1[07]

<« 30 chs —» 54 chs 480 cbs

Figure 46 — Layout of PoA field

In general, 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 m

eans that Sync_3 shall be FSO.

The first bit of the Sync_3 patterns shall be used as defined in 13.17.4.
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The 9T/9T/9T/9T/9T/9T pattern after Sync_3 can be used as a “stop of User Data” indicator.

14.2.3.3 Content of Guard_2 fields
The Guard_2 field has a length 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[07].

14.2.4 Guard_3field
14.2.4.1 General

Guard_3
540 cbs

repeated bit pattern optional APC
~ 3 wobbles ~ 5 wobbles

Figure 47 — Layout of Guard_3 field
The Guard_3 fleld has a length of 540 Channel bits (see Figure 47).
The content represented in Modulation bits is: 18 times repeated 01[0%]1[04]1[02]1[0?] 1[0®]1[0®].

14.2.4.2 Autpmatic Power Control (APC)

The last 5 wobples 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 patternjto be used for such an APC procedure fcan be
chosen freely by the recorder manufacturer and is allowed to be different from the repeated pattern as defined
in 14.2.4.

14.3 Locating data relative to wobble addresses
14.3.1 General

The nominal sfart positions for recordings (as well single RUBs as continuous sequences of several RUBS)
are the locatiofs of the middle of the wobble in NWL 25 in the Reference Unit between the Sync_3 Unit|and
the first Data_x Unit of the ADIP werds with a PAA of which bits AA1,AA0 = 00 (see 15.7).

The accuracy for determining the, start positions shall be better than £34 cbs.
14.3.2 Start-Hosition Shift(SPS)
To avoid excegsive wear-of the disk, the start of the writing of each recording sequence (one or more RUBs)

shall be shifted from its nominal start position by a random number of Channel bits, called the Start-Position
Shift (-128 cbs| <SPS < +127 cbs) (see Figure 48).
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NWL 25

nominal
start
position

<
<

34 +34
cbs cbs

dCCUuracy
range

A\

A

_—2,35 wbs +2,33 wbs

-128 cbs +127 cbs
t SPS 7

recording start position range

Run-out l Run-in

The following Figures show examples how newly written RUB’s will overlap with previously writte
Figure 49, Figure 50 and Figure 51).

At the start of the newly written RUB, the Run=in of the newly written RUB will overwrite a part o
out/Guprd_3 of the preceding RUB (if this\had been written already before).

At the ¢nd of the newly written RUB( the Run-out/Guard_3 of the newly written RUB will overwri
Run-in|of the following RUB (if this'had been written already before).

Example of SPS +Jnaccuracy = +58 cbs

overwriting | Run-in .
SPS + inaccuracy = —80 cbs

Figure 48 — Nominal start position for data recording

n RUB’s (see

the Run-

e a part of the

In all cases, sufficient Rup-in/Run-out will be left over for recapturing of the detection electronicq at random
access.
Sync_gq Unit Reference Unit 1st Data_x Unit 2nd Data_x Unit
& i — i — i -
d UNwL 25 UNwL 9 UNwL 37 UNwL 9 UNwL 37
< | 255wbs) - >
‘ ) 9,5 wbs
Clupter k-1 ‘ Run-out 1Guard 3
Rec.Frame 496 | | I I I
) Cluster k Cluster k Cluster k
Run-in Rec.Frame 1 Rec.Frame 2 Rec.Frame 3

SPS <>
2-128 chs| £ +127 cbs

nominal start position 4
for writing (£ 34 cbs)

Figure 49 — Example of nominal start position for data recording

(SPS + inaccuracy of previous recording = 0 and SPS + inaccuracy of new recording = 0)
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Sync_3 Unit P Reference Unit P lSt Data x Unit | < 2ndDa1a_x Unit .
L] LI NWL 25 NWL9 NWL 37 LI NWL9 1 NWL 37
: 255 whs,
1 9,5 whs
Cluster k-1 | Run-out | Guard_3
Rec.Frame 496 1 —
. Cluster k Cluster k Cluster k
Rur-in | Rec.Frame 1 Rec.Frame 2 | Rec.Frame 3

nominal start position
for writing

1

Figure 50 — Example of data recording with maximum overlap

(SPS +

naccuracy of previous recording = +161 and SPS + inaccuracy of new recording = -162

Sync_3 Unit - Reference Unit le lSIData_x Unit NP i]d Data x Unit o
n [m] n n n M
1 T I I I H
1 L nwi2s I nwLo I Nwi a7 T Nwi o LI nwi 37
| 255 wbs
|
1 9,5wbs|
C;I:stpe:;lgll% | Run-out Guarij_3
) Cluster k Cluster k Cluster k
Run-in Rec.Frame 1 Rec.Frame 2 Rec.Frame 3

nom{nal start position
for wifiting

(SPS +

15 Track format

15.1 General

A Track is forl

A

ed by a 360° turn of a continuous spiral.

Figure 51 — Example of data recordingywith minimum overlap

naccuracy of previous recording = =162 and'‘SPS + inaccuracy of new recording = +161

Each Recording Layer shall have the same basic Tracks at about the same locations (see Figure 52).

15.2 Track shape

The Zone betw
Clause 35). In
_ 0,0
the radius 21, )_0,1

On Layer LO, 3

mm.

een radius r; £.21,0 mm and radius rz = 22,2 mm is reserved to be used for the BCA (se4
this Zone, there shall be Tracks formed by a single spiral Groove whose inner edge shall

transition from a Straight Groove to an HFM Groove between the BCA Zone and the

1

be at

Embossed HF

At the transition, the spiral Groove shall be uninterrupted.

A_A 1 1 loek 'H laYa el | UH L . e Y
FPAITA SIall ULLUT UTIWTTTT TAUTUS 12 = 24, U T AalTfu TdutusS T3 (ST TMyuit Jo ).

The Tracks in the BCA Zone shall be Straight Groove (without any modulation) between radius r; and the
inner edge of the HFM Groove on Layer LO or the inner edge of the wobbled Groove on other layers (see

Clause 18).
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In the |
contind

Inner Zone n ‘ Data Zone n
E BCA Embossed HFM Area Rewritable Area
>« > | <
Layer LO NN
'Straight Groove HFM Groove Wobbled Groove tracking
M| direction
/>
/ L 2 >
J 2
Layer L1 . e e e W e Ue U Ue Ue e U Ul
:Stl Cltht GI UuvT \vnv'ubb:cd GI Uuve [raCK"’ g
! directipn
N — —
Layer L2 —— NN A A
‘Straight Groove Wobbled Groove trackin g
/L _ doz o directipn
Connection Connection "
Area Area

Figure 52 — Connection Areas between different Groove Types

Fmbossed HFM Area of Layer LO (see Clause 17), the Fracks are formed by a single spir
ing uninterruptedly from the end of the Straight Groove)in the BCA Zone.

The G

around the nominal centrelines, providing a high bit rate/hiigh capacity data channel for the storg
replicated information (HFM Grooves).

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

In the Rewritable Areas (see Clause 16), the“Tracks are formed by a single spiral Groove, starti
end of the Embossed HFM Area on LayenLO0 or from the end of the Straight-Groove Area on La

Layer

Areas ¢leviate mainly sinusoidally-and monotonically in the radial direction from their nominal ce
are called Wobbled Grooves. The sinusoidal deviation is modulated by replacing some of its cyd
differemt signal patterns at certain locations.

The wq
the mo
shape

NOTE
used a|
same &

ove Tracks in the Embossed HFM Areas deviate.with a rather high frequency in the rad

1, they end at the beginning ef the Straight-Groove Area. These Groove Tracks in the R

dulated parts représent addressing information called Address in Pregroove or ADIP (seg
Df each Track-is determined by the requirements specified in Clause 27.

Althgugh the term of "Pre-Groove" is not defined in this International Standard. "A
5 an acronym of "Address In Pre-groove" in optical disk standards. The meaning of " Pre
s thatof "Groove" in this International Standard.

al Groove

al direction
ge of

g from the

yer L2. On

bwritable
ntrelines and
les with

bble can be used for speed control of the disk and synchronization of the write clock of the drive and

 15.7). The

DIP" is widely
Groove" is the

At the connection between the Embossed HFM Area and the Recordable Area, the spiral Groove shall be
uninterrupted. Between the HFM Groove and the Wobbled Groove with ADIP information, it is allowed to form
a Groove-only part (without any modulation) of maximum 1 mm length in the tangential direction along the

Track.

Groove geometry
On each layer, only “On-Groove recording” is allowed.

For “On-Groove recording”, a geometry is used where the Grooves are nearer to the Entrance surface of the
disk than the Lands. The outline of the Groove geometry is presented in Figure 53.
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Land

Substrate

Transmission Stack

read-out
beam

“On-Groove recording”

Figure 53 — Outline of Groove geometry

(Radial cross-section of disk)

15.3 Track pgth

On layers with
the disk when

On layer(s) wit
the disk when

The Tracks on
the end of the
odd Layer(s) n
Zone n and be

even Layer number, the spiral shall run from the inner side of the disk’towards the outer
he disk rotates according to the specification in 9.8.

h odd Layer number, the spiral shall run from the outer sidelef the disk towards the inner
he disk rotates according to the specification in 9.8.

Duter Zone n and shall be continuous in the Information Zone. The Tracks on the Layer V
Lumber n shall start at the beginning of the Outer Zone n and terminate at the end of the |
continuous in the Information Zone (see Figure 12).

15.4 Track Pitch

15.4.1 Track

The Track Pitc
Tracks, measy

The Track Pitc

In the area bet
Embossed HF

15.4.2 Track

The Track Pitc
in adjacent Trg

Pitch in BCA Zone

h (TP) in BCA Zone is the-distance between the average centrelines of a Groove in adjag
red in radial direction.

h shall be (2,0 £ 0,1)m.

ween rp and rs, the Track Pitch has to change over from 2,0 ym to match 0,35 pym in the
M Area on LayerLO or to 0,32 um in the Wobbled Groove Area on other Layers.

Pitch in Embossed HFM Areas

h in Embossed HFM Area is the distance between the average centrelines of an HFM Gr|
cks; measured in radial direction.

side of

side of

Layers with even Layer number n shall start at the beginning of Inner Zone n and terminate at

vith
hner

ent

pove

The Track Pitc
The Track Pitc

shall be (0,350 £ 0,010) pm.
h averaged over the Embossed HFM Areas shall be (0,350 + 0,003) pm.

15.4.3 Track Pitch in Rewritable Areas

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

The Track Pitc
The Track Pitc

h shall be (0,320 + 0,010) um.
h averaged over the Rewritable Areas shall be (0,320 £+ 0,003) um.

15.4.4 Track Pitch between Embossed HFM Area and Rewritable Area

The change in Track Pitch from 0,35 ym to 0,32 um (on Layer LO) shall be realized within maximally 100
Tracks (revolutions), which Tracks shall be located completely in Protection-Zone 2 (see Figure 81).
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15.5 Track layout of HFM Grooves
15.5.1 General

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

The data in HFM Grooves 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 used to build up fully formatted partitions are very similar to those described in Clause 13.

A reduced combination of an LDC+BIS Code is used as shown schematically in Figure 54.

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

Sync
1 byte 10 bytes 1 byte 9 bytes
T Do ......... Dg Bo Dlo ....... Dlg T
Dlg ..... ng Bl ng ............
data stream : 216 Data
248 rows :
on disk :
2
T
32 Parities
! B247 oo Da711 l

Figure 54 — Schematic representation of 4K PIC Cluster on disk
15.5.2 |Data Format

155.20 Data Frame

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

15.5.2p Scrambled Data Frame

Each DQata Frame-with its EDC is scrambled according to the procedure described in 13.4. For the preset of
the scrpmbler, AUN1s .. AUN; (see 15.5.3.2 and 13.9.2.2) shall be used instead of PSyg .. PSs.

15.5.2.8 ,Data Block

Each 2 Seramhlad Data Eramac ara mannad into an arrav nf 216 rowvie v 19 caliimne ac dacerih d |n 13 5 and
>t oata=rareSare-HappeaHoar—aray-0+=o1ToWsS -GS a5 6eSEro .

indicated in Figure 21 (only columns 0..18).

15.5.2.4 LDC Block

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

15.5.2.5 Interleaving

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

Only the second interleaving step described in 13.8.3 is applied, where each successive row is shifted one
more byte position to the left [shift = mod(k,19), in which k is the row number, 0 < k < 247]. The bytes that shift
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out at the left side are re-entered in the array from the right side (see Figure 55).

“«— 19 -
bytes

<« shift 0 €0,0 €0,1 €0,18 T
« shift 1 €11 €12 €118 €1,0

<« shift 2 €22 €23 .| €218 €20 €21

<« shift 18 €18,18 €18,0 €18,17 248
+~—shift© €100 €101 €10.18 FOWS

« Bhift mod(k,19)

« shift 18 P24s18 | Passo | ... P246,17

<« shift 0 P247,0 P2471 |... P247,18 Jr

Figure 55 — Interleaving of PIC LDC Block
After this procgss, the bytes are renumbered in the horizontal direction through all the rows resulting in the
numbering Do {0 D4 711 as indicated in Figure 54.
15.5.3 Addregsing and Control Data

15.5.3.1 General

Unlike the format in Rewritable Areas of the disk, a BIS Bloek is composed of 4 BIS code-words and fillgd up
with 8 addressps of 9 bytes each in 18 rows and 2 User-Control Data Units of 24 bytes each in 12 rows|(see
Figure 56).
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4 columns
0 1 2 3
T 0 AFop AFo3 AFq» AFo1 T
1 AF014 AF017 AFo,G AFO,S
2 AF11 AFi10 AF13 AF1,
3 AF15 AF14 AF17 AF16
4 ARz, ARz AFz0 AF23
5 AFz6 AF;5 AF3 4 AF; 7
6 AFs33 AFs3, AF31 AFs30
7 AFs7 AFsg AF3s5 AF34
8 AF40 : : AFa41 18 rows
9 AFi4 : : : Addrésses
10 AF5,1 AFS,O
11 AF5,5 . .
1BIS 12 AFe 2 AFe 1 AFs0
code-word 13 AFse : : :
=62 bytes 14 AF73 : AF71 AFze
15 AF77 : : :
16 AFg,o . . AF8,1
17 AFs4 AFs 7 AFss AFss J
18 UCo, UCi20 UCo. UCi21 1
19 UCio UCi30 UC14 UCi31 12 rpws
: : : : : User-Control
28 UC10,0 UC2,0 WUCio UC22.1 Ddta
29 UC11p0 UCas3p0 UCi11 UCazs1 J
30 pbzo,0 pbzo,1 pbzo.2 pbzos 1
31 pbsio pbsig pbsi. pbais 32 rpws
: : : : : Parities
{ 61 pbe1,o pbe1,1 pbs1.2 pbs13 \
Code word €ode word Code word Code word
0 1 2 3
Figure 56 — PIC BIS Block
15.5.32 Address Fields
Compdrable to the Rewritable Areas of the disk, where each 1/16 of a 64K Cluster (=4K bytes) is identified by
one Address Unit Number (see 13.9.2 and other subclauses), each 4K PIC Cluster shall be idertified by one
Addregs-Unit Number. These Address-Unit Numbers shall increase by 2 for each successive 4K PIC Cluster.
Each HIC BIS Block contains 8 repetitions (S = 0 .. 7) of the same address, where the flag bits gre used to
identify therepetition number: The Address Fields are derived through the Primary Address Fields (see 13.9
and ottller Subclauses).
AFos = PAFgs (all the same forS=0..7)
AF1s = PAF.s (all the sameforS=0..7)
AF, s = all bits inversion in PAF,s (all the same forS=0..7)
AFzs = all bits inversion in PAFzs (all the same forS=0..7)
AF4,S = PAF4,S
flag bits:
Bits b7 to bs shall be Reserved.
Bits b, to b shall be set to the binary value of S.
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AFs s = all bits inversion in PAFs s

AFg s = all bits inversion in PAFg s

AF7s = PAF7s

AFgs= PAFsgs

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 according to the
definitions given in 13.9.2.

The 8 address

The bytes of a
0 of address 0
left (see Figure

The bytes of a
0 of address 4

Mathematically
following formy

byte AFx,y

15.5.3.3 Use

There are 2 U
placed in colun
same way, byt
Figure 56). All

155.3.4 BIS

The PIC BIS B
procedure des
result is now a

15.5.35 BIS

Finally, the ma
PIC Cluster as

Bytes Bg to Bi3
cyclically in a ¢

Bytes B124 t0 B

bs are mapped into the PIC BIS Block in a special pre-interleaved way.

jdresses 0 to 3 are placed in a diagonal direction in the even numbered rows, starting wi
in row 0, column 0 and each successive address being shifted cyclically 1 more, position
56).

jdresses 4 to 7 are placed in a diagonal direction in the odd numbered rews) starting with
in row 1, column 0 and each successive address shifted cyclically 1more ‘position to the |

, this mapping of the address bytes into the PIC BIS Cluster can befepresented by the
lae:

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

and in column ¢ = mod[(x + 8-y),4].

r-Control Data

its of User-Control Data, each consisting of 24.bytes. Bytes 0 to 11 of the first Unit shall
nn 0, rows 18 to 29 of the PIC BIS Block anddytes 12 to 23 in column 1, rows 18 to 29. |
bs 0 to 11 of the second Unit shall be placed in column 2 and bytes 12 to 23 in column 3
bytes of both User-Control Data Units shall be Reserved.

code-words

ock is completed by adding 32:rows with parity bytes (see Figure 56) according to the
Cribed in 13.11 and 13.12With the difference that there are only 4 columns (c = 0..3). Th
matrix of 62 rows x 4 columns.

Cluster

trix of BIS code-words is reconstructed into one-column of 248 bytes that can be inserted
indicated imFigure 54.

5 are filled-by successively copying bytes from the even rows by going through the BIS B
iaganal direction starting from row 0, column O (see Figure 57).

h byte
to the

byte
eft.

he
h the
see

11%

in the

ock

bav.are filled by successively copying bytes from the odd rows by going through the BIS B

lock

cyclically in a d

iagonal 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

then

and vice versa

Bi is the ith byte in the column of the BIS Cluster,

r=mod(2 xi,62) + div(i,124),

¢ = mod(i,4),

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 8 groups of 31 bytes,

where each 31

68

-byte group is composed of 9 address bytes, 6 UC data bytes, and 16 parity bytes in
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succession. The address bytes, due to the pre-interleaving, appear in the correct order for direct access.

1554
15.5.4.

In the
BIS ClI

Eachr

15.5.4,

The 16
conver

BIS Block BIS Cluster
i c=0 1 2 3 < 1 byte >
r=0 0 93 62 31 Bo 0
1 124 217 186 155 :
2 32 1 94 63
3 156 125 218 187
4 33 2 95 :
5 157 126 219 Bi
7 158 127
8 4 35
9 128 159
10 5
11 129 Biz3 248
12 6 B4 rowg
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 B247 {

1 General

P  Modutation

value 2

Figure 57 — Reading order for constructing PIC BIS Cluster

Recording Frames

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

ext processing step, the 19 columns of an interleaved LDC Block are multiplexed with th
ster and extendedwith a column of synchronization patterns as defined in Figure 54.

e one-column

8 bits-of each PIC Recording Frame, except some of the bits of the Synchronization patte
ed mto modulation bits by applymg a Biphase modulatlon method. In thls modulation me hod, a bit with
gpresented by

mn, are

a transition at thestart and in the middle of the bit ceII (see example in Flgure 58). The modulated bits are
recorded on the disk by a deviation of the Groove from its average centrelines as indicated in Figure 58. The
length of each bit cell shall be 36T, where T corresponds to the length of a Channel bit in the Rewritable

Areas.
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Example of data-bit stream

0 1 0 1 1 0
Average \ /
Groove_ ____________________________________________ P —-..
centre \ /
> | —>
36T 36T

Figure 58 — Biphase modulated HFM Groove

15.5.4.3 Frafe Sync

Each Recording Frame starts with a Synchronization pattern equivalent to 8 data bits. The first 4 bits‘arg
replaced by 4 bit cells with a special pattern that violates the normal Biphase encoding rules (seelFigurg 59:
two possible patterns depending on the initial phase).

Sync pattern

\4

Data Sync body Sync identification Data
—> > | < > | ——
- - - - Do ID1 D, Parity

Figure 59 — Biphase Synchronization pattern

Seven differenf Sync patterns are identified by the last 4 bits: IDo .. ID, and a Parity bit (see Figure 60).

Sync humber IDo ID1 ID2 Parity
FSO 0 0 0 0
St 5 B + +
FS2 0 1 0 1
FS3 0 1 1 0
FS4 1 0 0 1
FS5 1 0 1 0
FS6 1 1 0 0

Figure 60 — Sync identification

By means of the PIC BIS column, the 248 rows of a PIC Cluster can be divided into eight groups of 31
Recording Frames, where each group of Recording Frames carries an address in its first 9 rows

(see 15.5.3.5).

The 31 successive Recording Frames of each such group are identified by a special sequence of the
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Sync patterns (see also 13.17.4). The first Recording Frame of each group has the unique Sync pattern FSO.

The other Sync patterns are mapped as specified in Figure 61.

Frame number | Sync number || Frame number | Sync number

0 FSO

1 FS1 16 FS5
2 FS2 17 FS3
3 FS3 18 FS2
4 FS3 19 FS2
5 FS1 20 FS5
6 FS4 21 FS6
7 FS1 22 FS5
8 FS5 23 FS1
9 FS5 24 FS1
10 FS4 25 FS6
11 FS3 26 FS2
12 FS4 27 FS6
13 FS6 28 FS4
14 FS6 29 FS4
15 FS3 30 FSs2

Figure 61 — Mapping of Sync patterns-on PIC Recording Frames
15.6 Track layout of Wobbled Grooves

15.6.1 [General
The wabble of the Tracks is a more or less sinusoidal deviation from their average centre lines.
The Ngminal Wobble Length NWL (equivalentto 69 Channel bits) shall be

3,855 3 ym + 0,005 um for a disk with a User Data capacity of 33,4 GB per layer,
averagged over the Rewritable Areas:

This cqrresponds to a fundamentairequency fwon = 1 913,043 kHz at the 2 times Reference Ve|ocity.

15.6.2 [Modulation of wohbles
15.6.2. General

The bassic shape of;the wobbles is a cosine wave: cos(21 x fwop X t). Wobbles with this basic stjape are called
“Monotone Wobbles” (MW).

Some obbles are modulated, and 2 modulation methods shall be used simultaneously:

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

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

In the Protection-Zone 3 Area in the Outer Zone(s) (see Clause 17 and 20.10), the Groove shall be modulated
by MSK-cos only and NOT by HMW. Both modulation methods shall represent ADIP information as defined in
15.7.

15.6.2.2 MSK-cos modulation

MSK-cos modulation is applied by replacing three consecutive Monotone Wobbles by one MSK Mark (MM).
An MSK Mark consists of three Nominal Wobble Lengths NWL with the following wobble patterns as indicated
in Figure 62:

— the first NWL starts the MSK Mark with a cosine wobble with a frequency = 1,5 X fyob;

— the second NWL continues the MSK Mark with a cosine wobble with a frequency = fuop;
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Monotone Wobbles (MW): +cos(21xfuwehXt)
Figure 62 — Definition of MSK Mark (on3sGroove)

+c0os(2mxfwobX t)+axsin[21x(2xfwob)xt]

4

<

N

+ ONE *‘

<
<

YonE _

+ cos(2mxfwobXt)—axsin[21x (2% fwob)x ]

‘ZERO¢‘

ob X t) £ a xsin[21 x(2 x fyep) X t]in which a = 0,25.

“ n

‘¢ZERO _

on is applied by replacing a number of consecutiveMonotone Wobbles with the same nu
\Vobbles (STW). A Saw-Tooth Wobble is formed.by combining the basic cosine with a sin
ubled frequency:

ation of a cosine with the fundamental frequency and a certain amount of second harmo
st-order approximation of a saw:tooth wave. The “+” or “~” sign creates a left or right

inclination, where the “+” sign is used to represent a bit value ONE and the
value ZERO (g

sign is used

—>

mber
e

c

to represent a bit

v
outer side

of disk

72

SawTooth Wobbles

Monotone Wobble (MW): +cos(21xfwobxt)

=2

Figure 63 — Definition of Saw-Tooth Wobbles (on-Groove
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15.6.3 Wobble polarity

When Push-Pull polarity (see 26.1) is negative, then the Wobble Groove shall start its first wobble deviation
towards the outer side of the disk.

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

15.7 ADIP information

15.7.1 General
The data to be recorded onto the disk shall be aligned with the ADIP addresses. The ADIP address is derived

from A\ID cvmhbhale madulatad in tha vuabhla (caoa Dicaira 6O\ Tharafara E6 N\A/L o chall corrac nd to 2
Sy OISOttt ot WP Re (S EeT1ute-0 6 —THererores oY =SS corres

Recording Frames (see 13.15). Each group of such 56 NWLs is called an ADIP Unit (see Figurg 64).

2 Recording Frames
<————1 932 Channel bits 1 932-Channel bits ——
Sync Data Sync Data
«~~95—> 4 ~95—>
Wobbles wobbles
one ADIP ®@nit
56 NWLs

Figure 64 — General ADIP structure
15.7.2 |ADIP-Unit Types

By insgrting MMs into the 56 NWES of an ADIP Unit with unique distances between adjacent MMIs, different
types df ADIP Units can be Created.

The ADIP Units representing a data bit are additionally modulated with STWs.
Furthefmore, 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 65):

— Meonotone Unit: consisting of one MM followed by 53 MWs,

— Refefence Unit:  consisting of one MM followed by 15 MWs, 37 STWs and one MW,

— Sync_0 Unit: consisting of one MM followed by 13 MWSs, one MM, 7 MWs, one MM and 27 MWSs,
— Sync_1 Unit: consisting of one MM followed by 15 MWs, one MM, 7 MWs, one MM and 25 MWSs,
— Sync_2 Unit: consisting of one MM followed by 17 MWs, one MM, 7 MWs, one MM and 23 MWSs,
— Sync_3 Unit: consisting of one MM followed by 19 MWSs, one MM, 7 MWs, one MM and 21 MWSs,
Data_x Unit: with x representing 1 or 0,
— Data_1 Unit: consisting of one MM followed by 9 MWs, one MM, 3 MWs, 37 STWs and one
MW,
— Data_0 Unit: consisting of one MM followed by 11 MWSs, one MM, one MW, 37 STWSs and one
MW,

The 4 Sync Units are used for synchronization purposes, the Data_1 Unit is used to represent a bit value ONE
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and the Data_0 Unit is used to represent a bit value ZERO.

NWL 0..3.. 18 ... 55
Monotone Unit [ EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
Reference Unit I TTTTTTTTTTTTTT NRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRN[]
Sync_0 Unit [ EEEEEEEEEEEER EEEEEE SEEEEEEEEEEEEEEEEEEEEEEEEEEE
Sync_1 Unit -IIIIIIIIIIII1IIIIII-IIIIIIIIIIIIIIIIIIIIIII ]
Sync_2 Unit | HEEEEEEEEEEEEEEEEE SEEEEEE $SEEEEEEEEEEEEEEEEEEEEEEE
Sync_3 Unit [ EESESEESEESEEEEEEEE SEEEEEE $SEEEEEEEEEEEEEEEEEEEEE
Data_0 Unit I TTTTTTTTT7 7 e NRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRN[]
Data_1 Unit N (T T T T 1 (MAAANAAANAAAANANAAAANAAAAAAAANAAAAAAAAA]

- MStcMark
[0 Monotone Waobble
N Saw-Tooth Wobble representing ZERO [4 Saw-Tooth Wobble representing. ONE

15.7.3 ADIP word structure

83 ADIP Units[are grouped into one ADIP word each. This means that 3 ADIP. werds correspond to
3 x 83 x 2 = 498 Recording Frames, which is equivalent to one Recording-Unit Block (RUB) (see 14.2).
Each ADIP wofd shall be constructed as indicated in Figure 66.

Figure 65 — ADIP-Unit Types

74
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ADIP Unit number ADIP-Unit Type ADIP nibble ADIP code-word
bit number nibble number
0 Monotone
1 Sync_0
2 Monotone
3 Sync_1
4 Monotone
S) Sync_2
6 Monotone
7 Sync_3
8 Reference
9 Data_x bs
10 Data_x b, Co
11 Data_x b1
12 Data_x bo
13 Reference
14 Data_x b3
15 Data_x b, C1
16 Data_x b1
17 Data_x bo
18 Reference
8+ix5 Reference
9+ix5 Data*x bz
10+ix5 Data_ x b2 Ci
11+ix5 Data_x by
12+ix5 Data_x bo
78 Reference
79 Data_x b3
80 Data_x b, C14
81 Data_x b1
82 Data_x bo

Figure 66 — ADIP word structure

15.7.4 ADIP data structure
15.7.4.1 General

Each ADIP word contains in a total of 60 bits, which forms a code word, according to a non-systematic Reed-
Solomon Error-Correction Code. This code word is constructed from 36 information bits. Before encoding the
information, the 36 information bits are ordered into 9 4-bit nibbles no to ng as defined in the array of Figure 67.
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Nibble b3 b2 b1 bo
No AS23 AS22 AS21 AS20 )
ni AS19 AS18 : : 6 ADIP
: : : : : nibbles  symbol
Ns AS3 : : ASO 2
Ne AX11 : : : )
: : : : : 3 nibbles AUX data
Ns AX3 : : AX0 2
Figure 67 — ADIP-information structure

The nibbles no|to ng are transcoded to nibbles ¢, to c14 by the error correction system (see 15.7.5)."Because

the error corregtion system is non-systematic, there is no simple direct relationship between the'bits in the

information arrpy and the coded bits in the ADIP Unit.

15.7.4.2 ADIP information bit assignments

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

— AS23..ASP: These 24 bits shall contain the Physical ADIP Symbol (PAS):» AS23 shall be the misb and
ASO shall|be the Ish. These symbols are converted from the PhysicalLADIP Address (PAA) as follows
(see Figune 68 and Figure 69).

setto . setto
Layernumber sequentiabnumber 00,01, 10
N consecutively
~ — l
MSB LSB
AlA[A]A A A
Physical ADIP Address Alalalal || Al <Sa A A AR
212(2|2 1 1
? |2 110 [ 5 u 8 7 L 2(1(0
1}"‘ LI R U L L R U L L U L
. R 2.7 mrlll 1;11;11 A, 4
PhyS|caI ADIP Symbol ATATATA A A
s[s|sis S S A 2 Al41a
If AA22]is equal to AA21, then 2131515 & 3 8 7 2|10
L i e ‘f“f"—“-“““’r"r“r“r"r“r“—“““‘r“f“r“r“r"r" g
e g EEEEERR 1101 1 setto 11
\AAAAAAA \AAAAAAA 7 \AAAAAALA
ATATATA A A A A Alala
If AA22|is notequal to AA21, then g g % g ? ? S S SIS
k a ’ 31211[0 6 5 8 ’ 2|1[0
Figure 68 — Relation between PAA and PAS
Layer Structure L0 Ll L2
Inner Outer i Outer Inner £ Inner Outer
PAA=020 00 00h PAA=0 A0 00 00h
[AA22, AA21] in [0,0] h PAA= 05F FF FEh [0.0] _
Physical [1.1]
ADIP Address (PAA) [0.1] ﬁ [0.1]
o0
Figure 69 — Combination of AA22 and AA21
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AA24..AA0: These 25 bits shall contain the Physical ADIP Address (PAA). AA24 shall be the

msb and AAO shall be the Isb. This address shall consist of three parts:

— AA24.AA22: These 3 bits shall indicate the Layer number and shall be set to: 000, 001
and 010 on Layer LO, Layer L1 and Layer L2, respectively. All other settings
shall be Reserved.

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

— AA1AAOQ: These 2 hits shall be set to 00, 01 and 10 consecutively in each 3 successive

ADIP words corresponding to one RUB. The setting 11 shall not be used.

The fir
which i
(LAA) 4
The firs

The las

The firs

The las

15.7.4.

There
(or Lay
words
Layer |

t address In the Information Zone on Layer LU shall be such that the Tirst address In the

5 PAA 0 02 00 00h, is located at radius 24,0 g 4

mm. The last address of the Data*Zon
hall be located at a radius <58,1 mm.

5t address of the Data Zone on Layer L1 (FAA) shall be located at a radius< 58,1 mm.

t address of the Data Zone on Layer L1 (0 7D FF FEh) shall be located at a radius 24,0

bt address of the Data Zone on Layer L2 (0 82 00 00h) shalhbe located at a radius 24,0 _

t address of the Data Zone on Layer L2 (LAA + 0 80,00 00h) shall be located at a radius

AX11..AX0: These 12 bits contain auxiliary~information about the disk.

In the Data Zone(s) and Outer Zone(s) of the disk, the auxiliary bits shall be set

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

AX11..AX0 from 96 consecutive ADIP words (equivalent to 32 RUB’s) {§
ADIP Aux Frame with*144 bytes.

The first bits of each ADIP Aux Frame shall be located in an ADIP word wit|
is a multiple 6f.128 (PAA = X XXXX XXXX XXXX XXXX X000 0000).

The content'of the 144 bytes are defined in 15.7.

3 Relation between Physical ADIP Addresses on layers from Layer LO to Layer L2

Ehall be a fixed relation between the PAAs on layers from Layer LO to Layer L2. The PAA
er L2) and kayer L1 that are located at the same radius (having the same distance in nun
rom theif respective Inner Zone) shall have inverted bits AA21 to AA2. The PAAs on Lay
|2 that“are located at the same radius shall have the same bits AA21 to AA2 (see Figure

In this

Data Zone,

e on Layer LO

0,0

0,1 mm.

0,0

D1 mm.

<58,1 mm.
o ZERO.

thall form one

h a PAA which

s on Layer LO
nber of ADIP
er LO and
70).

vay? the PAAs on Layer L1 increase from the outside towards the inside of the disk, whic

his in the

tracking direction. Simultaneously, the inverted address bits AA21.AA2 of PAA: have the same relation with

the rad

ius as the equivalent non-inverted bits on Layer LO (or Layer L2).
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Layer number

Sequence number

Intra-RUB number

AA1,AAQ = 00,01,10

AA24 .. AA22 = 000 AA21 .. AA2
PAAo on Layer LO from inner to outer
_ AA1,AAO0 = 00,01,10
PAA L L1 AA24 .. AA22 =001 ’ e
1onLayer AA21 ... AA2 from outer to inner
PAA; on Layer L2 AA24 .. AA22 =010 AA21 .. AA2 AALAAQ =00,01,10

from inner to outer

Layer 4O First address Last address
0020000h ..... PAA, | L LAA

Inner Zpne I I I Outer‘Zone
Layer 41 Last address First address
07D FFFEh ... PAAL | L FAA

Inner Zpne 0 0 V| Outer Zone

{ \A 1

Layer L2 First address Last address
0820000h ... PAA; | ... LAA&,0°80 00 00h

Fipure 70 — lllustration of PAA relation among Layer LO, Layer L1 and Layer L2

Mathematically
After adding 1
PAA: on Layer
Mathematically
(The addition ¢
care of the cor

In this way, the

, this can be expressed in the following way.

L1.

s PAAL = PAA0 +1800001h .

f 1 corrects for the order of\the intra-RUB numbers, while the addition of 1 80 00 00h tak
ect Layer number.)

last address of Data-Zone 1 can be derived as follows: 0 7D FF FEh

= 0020000h+

and the first ag

The correspon

15.7.5 ADIP g

1800001h,

dress of Data"Zone 1is: FAA= LAA+1800001h.
fding addiess PAA; are obtained by adding 0 80 00 00h to PAA,.

rrof.correction

80 00 01h to PAA,, all 25 bits are inverted,vesulting directly in the full corresponding add

ress

194
(%]

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

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

p(x) = x4+ x + 1.

The symbols o
representation

a = 0010.

f GF(2%) are represented by nibbles (groups of 4 bits), using the polynomial-base
, with (a3, @2, a, 1) as a basis. The root a is thus represented as:

The code word, represented by the vector (co €1 .. C13 C14), Can be calculated from the information symbols ng
to ng with the following formula:

78
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14

. 7 .
C)= T e xx = 3 n xg(x)+ngxg ()

i=0 i=0

where gp(X) is the parent generator polynomial:

and g®

0y (x)=11 (x-a').

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

g®(x) is derived from the parent generator polynomial gp(x) by removing one of the

Zeroes

zi of gp(X) and normalizing the result such that g®(z)) = 1. The zero z to be

removed is given by:

Zi

The g€

«Q

where

Before

Remar
Becaus
from th

The inf

= al"‘U.

nerator polynomials are then calculated as follows:

i)(x):gm(x)

g (x)= — and B.=9"z]

K1
e the code is non-systematic, an additional calculationis needed to derive the informatig
e corrected code-word symbols after standard RS-decoding.

prmation symbols ng to ny can be obtained by evaluating the corrected code word C(x) in

corresponding to the information symbol, i.e. by calctlating a syndrome:

Here, 1

Remar|

14
_ _ i+6\ (i+6)x]j
N =S =Cla )= ZC14-j xa
j=0

g IS a systematic symbol andcah be obtained from C(x) directly by copying symbol co.

K 2:

Each igformation symbol nicorresponds to a zero in the parent generator polynomial gp(x). Figu

the cor

Fresponding zeroAfactor for each information symbol (note that ng does not have a corresp

recording them on the disk, all bits of the nibbles cq, c1, ¢2, €3)¢7 and c12 shall be inverted.

n symbols

the zero

re 71 gives
onding zero):
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If an informatid
corresponding
known, the Hal
will become d

In other words
Because the al

This phenome

15.8 Disk Inf

15.8.1 Genera

The informatio
bytes and carr
Several Disk I
have the same

n symbol is known and its corresponding zero extends the existing series of zeroes

to (x — a9 .. (x - @) .., the Hamming distance will increase.)For instance if no is
mming distance will become d = 8. If both no and n; are known, the Hamming distance
= 9, etc.

dresses in the ADIP increase linearly, such prior knowledge is present.

non can be used for additional checking of«the reliability of the decoding result.

pbrmation in ADIP Aux Frame

n nibbles from the auxiliafy fields of 96 consecutive ADIP words are grouped into frames

Symbol Corresponding
zero factor
(x=a%)
(x—a)
(x-a)
x-a’
(x—a’)
(x-a%
No (x—a®
ny (x—a’)
N2 (x— 08)
n3 (x —ad
N4 (x —a'9)
Ns (x—a'h)
Ns (x —a*?)
n; (x — a®®)

Figure 71 — Corresponding zero factor for each information symbol

prior knowledge of information symbols can increase the Hamming distance of the code

several disk parameters. The nibbles are re-ordered into bytes according to Figure 72.
formation (DI) Aux-Frames can be grouped into a DI Block. All Disk-Information Blocks S
content.

hall

80
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Byte |y, be bs ba bs bs b bo
number
0 AX11 AX10 AX9 AX8 AX7 AX6 AX5 AX4
wordl | wordl | word1l | word1l | word1l | word1l | word1l | word 1
1 AX3 AX2 AX1 AXO0 AX11 AX10 AX9 AX8
wordl | wordl | word1l | word1l | word2 | word2 | word2 | word 2
5 AX7 AX6 AX5 AX4 AX3 AX2 AX1 AXO0
word2 | word2 | word2 | word2 | word2 | word2 | word2 | word 2
N AX11 AX10 AX9 AX8 AX7 AX6 AX5 AX4
> word3 | word3 | word3 | word3 | word3 | word3 | word 3 | wofd 3
141 AX11 AX10 AX9 AX8 AX7 AX6 AX5 AK4
word 95 | word 95 | word 95 | word 95 | word 95 | word/95 T"word 95 | word 95
142 AX3 AX2 AX1 AXO0 AX11 AX10 AX9 AKS8
word 95 | word 95 | word 95 | word 95 | word 96 |(word 96 | word 96 | word 96
143 AX7 AX6 AX5 AX4 AX3 AX2 AX1 AKO
word 96 | word 96 | word 96 | word 96 | word~96 | word 96 | word 96 | word 96

15.8.2

The DI
such a

..P24a7,.L

Figure 72 — ADIP Aux Frame byte ordering

&

DI Block

Error protection for Disk Information Aux Frames

Aux Frames are protected by a Long-Distance RS Error-Correction Code according to 1
Long-Distance Code is built up from 248\bytes, 104 dummy bytes (not recorded on the d
to complete the Long Distance DI Aux Framegzcode-words (see Figure 73). Bytes eo,. .. €103, in ]
the dummy bytes (all set to FFh), bytes eios\ "..€215, represent the Disk-Information bytes, and b)
represent the Parity bytes.

B.7. Because
isk) are added
3.7 represent
ytes pais.L

DI Aux Frame
N-1

DI Aux Frame
0

DI Aux Frame
1

DI Aux Frame

DI Aux Frame
0

104

byvtes added to

S &

Dummy bytes :

DI Aux Frame

\

1Dl Aux Frame from disk=
96 ADIP__words x 12 bits U 144 bytes

FFh

Disk- Information Unit

(112 bytes)

Parity

216

Long-Distance Error-Correction code-word

(€= 30—

S

Figure 73 — Disk Information structure and error correction format
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15.8.3 Disk-In

formation data structure

15.8.3.1 General

A DI Block can consist of multiple 144-byte Aux DI Frames (see Figure 73). 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.

The sequence of DI Aux Frames shall be repeated throughout the Inner Zones, starting with DI Aux Frame O
from PAA 01 B8 00h on Layer LO, from PAA O 7E 00 00h on Layer L1, and from PAA 0 81 B8 00h on Layer

L2.

From the starting PAA of Protection-Zone 2 to PAA 0 01 B7 FEh of Layer LO (see Figure 81), from PAA 0 7E
48 00h to the last PAA of Protection-Zone 1 of Layer L1 (see Figure 82), and from the starting PAA of

Protection-Zon
can contain DI
specified abov!

The 112 Disk-I
shall start with

DI Units can contain different sets of parameters, such as different write strategies, Ta/distinguish DI Ur]

that have diffe

Byte 2 in the D
of DI Units with
If the number ¢
consecutive D
continuation of

An example ug
Standard, addi
strategies. Wh
that way backy
Frames prese;
Velocity (bytes

15.8.3.2 Gen
Each DI Units

e 1 to PAA 0 81 B7 FEh of Layer L2 (see Figure 83), the auxiliary bits can be set to ZER
Aux Frames (such that the sequence is contiguous with a DI Aux Frame 0 at the address

).

nformation bytes in each DI Aux Frame are called a Disk Information (DI) Unit.-Each DI U
8 bytes, forming the Unit header (see 15.8.3.2).

ent definitions for their content, a unique identification of such DI Units is needed.

I-Unit header, the DI-Format Number, shall be used for this putpose. With this byte, 256
different content can be distinguished.

f parameters of a single set do not fit in one DI Unit, such @set shall be stored in multiple
Units, in which case bit b7 of byte 6 indicates that the-néxt DI Unit in the sequence is a
the actual one.

D or
es

nit

its

ypes

age of DI Units for write a strategy is given in 15:8.3.6. In future extensions of this Intern

bnever new DI Aux Frames are added, the existing ones can still be used if appropriate,
vards compatibility with existing drives can be facilitated. Each drive should check all DI A
t on the disk and, based on the DI-Format Number (byte 2) and the indicated Recording
28 and 29), only use the ones thatyit is supporting (see also 15.8.3).

eral definitions for DI Units

nall consist of a header,.a‘body and a footer as depicted in Figure 74.

tional
tional DI Aux Frames can be needed, e.g. to define higher recording speeds and new ere
nd in

ux

82
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Byte number Content Number
of bytes
Oto1l Disk-Information identifier
2 DI-Format Number 1
3 Number of DI Aux Frames in each DI Block (5 bits) 1
Number of the layer to which this DI Unit applies (3 bits)
Header 4 Reserved
5 DI-Unit sequence number in DI Block 1
6 Continuation flag (1 bit) 1
Number of DI bytes in use in this DI Unit (7 bits)
7 Reserved 1
Body 810 99 DI-Unit content 92
100 to 105 Disk-Manufacturer ID 6
106 to 108 Media-Type ID 3
Footer -
109 to 110 Time stamp 2
111 Product Revision number 1

Figure 74 — General DI-Unit farnarat

Bytes D to 1: Disk-Information identifier
These two bytes shall be set to 44 49h, representing the characters “DI”.

Byte 2 DI-Format Number
This byte shall identify the content of the*DI Unit or DI Unit set (see descriptior] of byte 6).
For disks with BCA code the msb of this byte shall be set to ZERO.

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

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

In the future, this International Standard may be extended to allow for new features, such as higher recording
speedd or higher data densities. Toprevent backwards-compatibility problems of such newer digks with older
drives fis much as possible, a Class number and a Version number have been introduced.

The Class number will be incremented if a BD Layer according to the new specifications should [not be

accessed by legacy drives at all, neither for reading nor for writing (e.g. to prevent possible damjage to the disk
or to thie drive).
If the r¢éad compatibility can be kept by conforming to an existing Class, no new Class number i§ needed.

The Varsion number will be incremented if the new specifications imply an extension/change forl which no
Class pumber:update is needed (read compatibility is kept), but which new specifications will regult in a write-
compzz‘_t]‘cibility break. Although such a BD Layer is carrying a higher Version number, it still could contain a DI
Unit agcording to a previously defined DI Format, if this layer can be recorded according to the write strategy
as defined in such DI Unit.

As a consequence of this, drives should always check for the presence of a DI Unit with a DI-Format Number
known to the drive. In such case, the recording parameters (e.g. recording speed, recording power, timing
requirements) needed to set the related write strategy can be checked and if these are within the capabilities
of the drive, the drive should accept the disk for recording.

By using the Class number and the Version number as described above, backwards compatibility of future
disks can be maximized, while preventing possible damage to disks and drives.

Each Layer Type (defined by bytes 8 to 10) has its own independent DI-Format numbering. The DI-Format
Number is also an indication of the write strategy type, which is specified in the DI Unit.
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Number of DI Aux Frames in each DI Block/Number of the layer to which this DI Unit
applies
These two bytes shall be set to 44 49h, representing the characters “DI”.

These 5 bits specify the number of DI Aux Frames N in each DI Block (1 < N < 31).

These 3 bits specify the number of the Recording Layer to which the specifications in this
DI Unit apply.

Reserved
This byte shall be set to 00h.

DI-Unit sequence number in DI Block

10CK.
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 75) first according to‘increasing
Nominal Recording Velocity (byte 28 and 29), then, within each sequence.0PDI Units With
the same Nominal Recording Velocity, according to ascending Layer pumber (byte 3) pnd
last according to the preference of the Write Strategy (identified by the-DI-Format Number,
but need not to be in sequence of DI-Format Numbers).

quence number Recording speed Layer number Write strategy
0 0 preferred WS
1 alternative WS
: X preferred WS
k-1 v alternative WS
k _ preferred WS
: ' alternative WS
: K1 preferred WS
2k-1 alternative WS
2k 0 most preferred WS
V3 > V1
k-1 least preferred WS
V3> Vp 0 :
N-1 etc. etc.

Figure 75 — Example of DI-Block sequence

Byte 3:

Bits b7 to ba:

Bits b, to bo:
Byte 4.
Byte 5:

Se

Byte 6:

Bit b;:

Bits be to bo:
84

Continuation flag/Number of DI bytes in use in this DI Unit
These two bytes shall be set to 44 49h, representing the characters “DI”.

This bit specifies if the parameter set in this DI Unit is continued in the next DI Unit or if the
next DI Unit is the start of a new set of parameters.

It shall be set to
ZERO if the next DI Unit is the start of a new set of parameters,

ONE if the parameter set in this DI Unit is continued in the next DI Unit (see Figure 76).

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 77).
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Byte 2 = ..
Byte 3 = N/LO
Byte 5 =n-1
Byte 6, bith; =0 end of preceding parameter set
Byte 2 = x start of actual parameter set
Byte 3 = N/L1 :
Byte 5=n
Byte 6, bit b7 =1

Parameter set | Byte 2 =x

for Layer L1 | Byte 3=N/L1 i et
Spans 3 DI Un|ts Byte 5 - n+l curniunmmuauturnt ur aviual Palalllclcl SC1

Byte 6, bit b7 =1
Byte 2 = x
Byte 3 = N/L1
Byte 5 = n+2 :
Byte 6, bitb7=0 end of actual parameter set
Byte 2 =.. start of next parameter set
Byte 3 = N/L2
Byte 5 = n+3
Byte 6, bit b7= ..

Byte 7

Bytes B to 99:

Bytes [LOO to 105:

Bytes [LO6 to 108:

Bytes [L09 to 110Q:

Figure 76 — Example of DIRUnit extension

Reserved
This byte shall be set to 00h;

DI-Unit content
These 92 bytes shall store the specific content of the DI Unit, such as
Disk parameters, réad/write powers and write strategy parameters.

Disk-Manufacturer 1D
The formatand the content of these 6 bytes require agreement betwe
interchange parties, else these bytes shall be set to all 00h.

Media-Type ID
The format and the content of these 3 bytes require agreement betwe
interchange parties, else these bytes shall be set to all 00h.

Time stamp
These 2 bytes provide information about the production date of the M4

e.g. general

bn the

bn the

\ster disk from

which this disk has been replicated. All disks with the same Disk-Man
stamp, shall ha

irrelevant for recorders).

facturer ID
e the same
p shall be

Bits b7 to bo of byte 109 plus bits by to bs 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

Byte 111:

production.

If the Time stamp is not used, both bytes shall be set 00h.

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, shall have the same recording properties (only minor
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15.8.3.3 Definitions for DI format 4 (Extended N-1 write strategy)

differences are allowed: Product Revision numbers shall be irrelevant for recorders).

The content of this byte can be chosen freely by the disk manufacturer. This
International Standard does not specify the format and the content of this byte. It

shall be ignored in interchange.

The content of the body of DI Units according to format 4 shall be as depicted in Figure 77.

48 to §

Trop first-write-pulse duration

dTvre last write pulse starttime

56 to §

Tip last pulse duration

7
2
53 to 5
8
3

Byte number Content Number of bytes
Oto7 DI-Unit header 8
8to 1p BD Layer-Type identifier 3

11 Disk size/Class/Version 1
12 BD structure i
13 Channel-bit length 1
14 Push-Pull polarity flag bits 1
15 Recorded Mark polarity flag bits 1
16 BCA descriptor 1
17to 18 Reserved 2
19 to 46 Data-Zone allocation 8
27 Reserved 1
28 to 29 Recording Velocities 2
30 Maximum dc read power 1
31 Maximum HF-modulated read power 1
32 Reserved 1
33t041 Write-power settings 9
42 Twe Write multi-pulse duration 1
43 10 4 dTwop first-write-pulse start time 5
5

3

3

5

1

59 to ¢ dTe start time of'the erase level
64 Reserved
651to 72 ahd 73 | AdTuwp first-write-pulse start time offset 8,5
(msb 4hits)
73 (Isb 4pits) ATrop firstwrite-pulse duration offset 7,5
and 74 tp 80
81to 84 ahd 85 | AdTLr last pulse start time offset 4,5
(msb 4Hits)
85 (Isb 4pits) ATvp last pulse duration offset 4,5
and 86 t6-89
90 to 97 and 98 | AdTE start time offset of the erase level 8,5
(msb 4bits)
98 (Isb 4bits) Reserved 0,5
99 Reserved 1
100 to 111 DI Unit footer 12
Figure 77 — Content of Disk Information for DI format 4
Bytes 0 to 1: Disk-Information identifier

86

See 15.8.3.2.
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Unit are used
s of the DI
all be set to

Byte 2: DI-Format Number
This byte shall be set to 04h for disks with BCA code.
This byte shall be set to 84h for the disks without BCA code.

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-15-832-

Byte 6 Continuation flag/Number of DI bytes in use in this DI Unit
This byte shall be set to 63h indicating that the first 99 bytes of the DI
and that there is no continuation in the next DI Unit. All remaining byte
Unit body (excluding the bytes in the DI Unit footer) are unused and sk
00h.

Byte 7 Reserved
See 15.8.3.2.

Bytes B to 10:

BD Layer-Type identifier

These three bytes identify the type.af¢he BD Layer to which this DI Unit applies and
shall be set to 42 44 57h, representing the characters “BDW” in each Rewritable
Layer.
Byte 1[L.: Disk size/Class/Version
Bits|b7 to bs: These 2 bits specify’the disk size. They shall be set to 00, indicating a|120 mm disk.
Bits|bs to ba: These 2 bits specify the Class number. The Class number identifie§ BD Layers of
the same Layer Type but with different basic specifications.
BD Layers according to this International Standard shall have these bifs set to 01.
Drives not familiar with a particular Class of layers should not access [the Data Zone
ofisuch layers (neither for reading, nor for writing).
Bits|bs to bo: These 4 bits specify the Version number. They shall be set to 0011, indicating a
layer according to this International Standard.
Byte 1p: BD structure
Bits|b7 ta ba: These 4 bits specify the total number of BD Recording/Recorded Laygrs in the disk.
These bits shall be set to0011, indicating 3 Recording Layers.
Bits b3 to bo: These 4 bits specify the type of BD Recording/Recorded Layer to which this DI Unit
applies.
Bits bz to bo shall be set to 0100, indicating a Rewritable Recording Layer.
Byte 13: Channel-bit length
Bits b7 to ba: These 4 bits shall be set to 0000.
Bits b3 to bo: 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
0000: Reserved,
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Byte 14:

Byte 15:

Byte 16:

Bytes 17 to 1§:

Bytes 19 to 26

88

Bit bi :

0101: indicating a Channel-bit length of 55,87 nm (33,4 GB per layer),
Other settings: Reserved.

Push-Pull polarity flag bits

Each bit bi shall specify the polarity of the Push-Pull signal on Recorded Layer Li
see 26.1). They shall be set to
ZERO, indicating that the Push-Pull polarity on Layer Li is positive,

ONE, indicating that the Push-Pull polarity on Layer Li is negative.
For Recording Layers that are not present, bit b shall be set to ZERO.
For this International Standard, this byte shall be set to 00h.

Bit bi :

Bits b7 to ba
Bits bz to bg

Bytes 19 to [22:

Recorded-Mark polarity flag bits

Each bit bi shall specify the polarity of the Recorded Marks on Recording-Layer Li.

They shall be set to ZERO, indicating a Layer Type on which Recorded Marls have
a lower reflectivity than the Unrecorded Layer (HTL disks),

ONE, indicating a Layer Type on which Recorded Marks-have a higher reflectivity
than the Unrecorded Layer.

For Recording Layers that are not present, bit b shall'be set to ZERO.
For this International Standard, this byte shall be set‘to 00h.
BCA descriptor

These 4 bits shall be Reserved.

These 4 bits indicate the presence of a BCA code on this| disk:
They shall be set to

0000: indicating no“BCA code,
0001: indicating’BCA code is present,
Other settings: Reserved.

Reserved
These bytes shall\be set to all 00h.

Data-Zone dllocation

These bytes shall specify the first Physical ADIP Address of the Data Zone of the
related layer.

In"each DI Unit relating to Layer LO, these bytes shall be set to 00 02 00 00h
indicating PAA 131 072 as the first PAA of the Data Zone 0.

In each DI Unit relating to Layer L1, these bytes shall be set to a value FAA, which
shall be 00 5E EC 80h for a disk with a User Data capacity of 33,4 GB per layer,

Bytes 23 to 26:

indicating 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 the Data Zone 2.

These bytes shall specify the last Physical ADIP Address of the Data Zone of the
related layer.

In each DI Unit relating to Layer LO, these bytes shall be set to a value LAA, which
shall be 00 21 13 7Eh for a disk with a User Data capacity of 33,4 GB per layer,
indicating PAA 2 167 678 for 33,4 GB per layer as the last PAA of the Data Zone 0.

In each DI Unit relating to Layer L1, these bytes shall be set to 00 7D FF FEh
indicating PAA 8 257 534 as the last PAA of the Data Zone 1.

In each DI Unit relating to Layer L2, these bytes shall be set to the value LAA + 00
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80 00 00h, which shall be 00 A1 13 7E h for a disk with a User Data capacity of 33,4
GB per layer, indicating PAA 10 556 286 for 33,4 GB per layer as the last PAA of the

Data Zone 2.

Reserved
This byte shall be set to 00h.

Recording Velocity
These bytes shall specify the Nominal Recording Velocity, to be used
parameters as defined in this DI Unit, as a 2-byte binary number (byte

with the
28 is MSB).

It shall specify the Nominal Recording Velocity as a number n such that

n=100 x\L
T+ TOT

Byte 3p:

NOTE

Byte 3[L:

VITOTIT

n shall be equal to
02 E2h to indicate a Nominal Recording Velocity of 7,38 m/s.
Maximum dc read power at the Nominal Recording Veletity

The maximum read power is defined as the maximumeptical power o
surface of the disk, at which at least 10° successivée reads can be app
degrading the recorded signals (see 30.7). Maximum read powers in t
shall be greater than or equal to the read powers defined in 30.7. By d
powers defined in 30.7 shall be used.

This byte shall specify the dc read power,P;. at a readout velocity equd
Nominal Recording Velocity defineddn byte 28 and 29 of this DI Unit. T
expression of this byte is:

n =100 x P,, where the unit of\R;.is milliwatt.

Maximum HF-mogdulated read powers at the Nominal Recording V

The maximumead power is defined as the maximum optical power o

h the Entrance
ied without

his Clause
efault, the

| to the
"he decimal

For reading at lower speeds than the nominal velocity specified in this DI Unit, a r¢duction of the
read power might be necessary to guarantee the stability of recordings on the disk.

elocity

h the Entrance

surface of the disk, at which at least 10° successive reads can be applied without

degrading.recorded signals (see 30.7). Maximum read powers in th
be greater than or equal to the read powers defined in 30.7. By defa
defined in 30.7 shall be used.

This byte shall specify the maximum HF-modulated read power Pj.

readout velocity as the Nominal Recording Velocity defined in byte 28
DI Unit. The decimal expression of this byte is:

n =100 x P,.. , where the unit of P;. is milliwatt.

s Clause shall
Llt, the powers

at the same
and 29 of this

NOTE For reading at lower speeds than the nominal velocity specified in this DI Unit, a r¢éduction of the
read pumwmmmmnmmmmnvmmmmw;f

Byte 32:

Bytes 33 to 41:

Bytes 33 to 34:

Reserved
This byte shall be set to 00h.
Write-power settings

Pino: Pino can be used as a starting value for the determination of Pia
procedure (see Annex G).

rget |n the OPC

These bytes shall specify the indicative value Pinp Of Prarger in milliwatts as a number

n such that
n =20 x P\p.

© ISO/IEC 2016 — All rights reserved

89


https://iecnorm.com/api/?name=f35a9caa5b1ab24f1b1567674a21fbbf

ISO/IEC 30193:2016(E)

By

90

Byte 35:

Byte 36:

bit b7 of Byte 33 is msb and bit b0 of Byte 34 is Isb.

Mino: Minp Can be used as a starting value for the determination of Prarget in the OPC
procedure (see Annex G).

This byte shall specify the modulation at Pnp as determined by the media
manufacturer as a number n such that

n =200 x minp.

p: This byte shall specify the write-power multiplication factor p used in the OPC
algorithm (see Annex G) as a number n such that

n:100xp

Byte 37:

Byte 38:

Byte 39:

Byte 40:

Byte 41:
te 42:

Bytes 43 to [63:

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

n =200 x &w-

&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.

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

n =200 x &¢.

k. This byte shall specify the target value ffor k used in the OPC procedure (see
Annex G) as a number n such that
n=20 x K.

This byte shall be Reserved.

Twvp write multi-pulse duratien

This byte specifies the duration of the second and higher pulses of the mulfi-pulse
train, in the Extended.N31 write strategy, for recording Marks (see Annex F).

The first 5 bits .(bits” by to bs) of this byte shall specify the fraction of the| actual
Channel-bit clock-period, as an unsigned binary number p, such that

a
p=32x_-MP  (0<p<30).
Tw

The last 3 bits (bits by to bg) of this byte shall be Reserved.

In these bytes, Anchor position or duration time is defined for dTiwp: Ttop: dTp: Tip:
and dTe.

Anchor position means the leading edge position of each write pulse (see|Figure

Bytes 43 to 47:

F.1).
Regarding the duration time, Anchor is specified in a similar way.
dTwp first-write-pulse start time

The first 6 bits (bits b7 to by) of these bytes specify the start time of the first pulse of
the multi-pulse train, in 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 dT:wp shall specify a fraction of the actual Channel-bit clock
period, as a signed two’s-complement binary number a, such that
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dTyop

a=32x (-28 <a < 30).

Tw
The last 2 bits (bits by to bo) of these bytes shall be Reserved.
This byte shall specify the start time of the pulse for recording Marks of 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 run-length
2T with a succeeding >3T Space, relative to the trailing edge of the first Channel bit

Bytg 45:

Bytg 46:

Bytd 47:

Bytes A8 to 52:

£ i+l alat 1 L HH l 1 P H 41 l
UT UIC Udld PJuUiotT (PUSIUVE VAIUTS diT TTaulity, Ticyative vdaiuto Al

Annex F).

This byte shall specify the start time of the first pulse of the)multi
recording Marks of run-length 3T, relative to the trailing edge-of the fi
of the data pulse (positive values are leading, negative-values ar
Annex F).

This byte shall specify the start time of the first (pulse of the multi
recording Marks of run-length 4T, relative to the‘tfailing edge of the fi
of the data pulse (positive values are leading, negative values ar
Annex F).

This byte shall specify the start time pf\he first pulse of the multii
recording Marks of run-lengths >5T {relative to the trailing edge of th

e lagging; see

pulse train for
rst Channel bit
b lagging; see

pulse train for
rst Channel bit
b lagging; see

pulse train for
e first Channel

bit of the data pulse (positive vallies are leading, negative values are lagging; see

Annex F).
Tiop first-write-pulse duratien

The first 6 bits (bits b7.t6'b2) of these bytes specify the duration of th
the multi-pulse train,.in the Extended N-1 write strategy, for record
run-lengths 2T, 3T, 4T, and >5T with a preceding >5T Space (see Anr

These bytes shall specify a fraction of the actual Channel-bit clock]
unsigned binary number b, such that

T
b=32x top

0 <b < 60).
T ( )

The last 2 bits (bits by to bo) of these bytes shall be Reserved.

e first pulse of
ng Marks with
ex F).

period, as an

f run-length 2T

f run-length 2T

Bytd 48: This byte shall specify the duration of the pulse for recording Marks o
with a succeeding 2T Space (see Annex F).

Bytg 49: This byte shall specify the duration of the pulse for recording Marks o
with a succeeding >3T Space (see Annex F).

Byte 50: This byte shall specify the duration of the first pulse, of the multi-pulse train, for
recording Marks of run-length 3T (see Annex F).

Byte 51: This byte shall specify the duration of the first pulse, of the multi-pulse train, for
recording of Marks of run-length 4T (see Annex F).

Byte 52: This byte shall specify the duration of the first pulse, of the multi-pulse train, for

Bytes 53 to 55:

recording Marks of run-lengths >5T (see Annex F).

dT.p last write pulse start time

The first 6 bits (bits b7 to b,) of these bytes specify the start time of the last pulse of
the multi-pulse train, in the Extended N-1 write strategy, for recording Marks with
run-lengths 3T, 4T, and >5T with a succeeding >5T Space (positive values are
leading, negative values are lagging; see Annex F).
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Byte 53:

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

dTp
c=32x —— (-30<¢c<30).
Tw

The last 2 bits (bits by to bo) of these bytes shall be Reserved.

This byte shall specify the start time of the last pulse of the multi-pulse train for
recording Marks of run-length 3T relative to the leading edge of the last Channel bit
of the data pulse (positive values are leading, negative values are lagging; see
Annex F).

Byte 54:

Byte 55:

Bytes 56 to 5§:

Byte 56:

Byte 57:

Byte 58:

Bytes 59 to 63:

This byte shall specify the start time of the first pulse, of the multi-pulse;trpin, for
recording Marks of 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 tfain for
recording Marks of run-lengths >5T relative to the leading edge of the last Qhannel
bit of the data pulse (positive values are leading, negative yvalues are lagging; see
Annex F).

T.p last pulse duration

The first 5 bits (bits b7 to bs) of these bytes specify‘the last pulse length of th¢ multi-
pulse train, in the Extended N-1 write strategy,for recording Marks with run-lengths
3T, 4T and > 5T with a succeeding >5T Space (see Annex F).

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

Tip
d=32x —  (0<d<30)k
Tw
The last 3 bits (bits b2 tq bo) of these bytes shall be Reserved.

This byte shall specify the duration of the last pulse, of the multi-pulse train, for
recording Marks.@f-fun-length 3T (see Annex F).

This byte shall"specify the duration of the last pulse, of the multi-pulse train, for
recording:Marks of run-length 4T (see Annex F).

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

dTe starttime of the erase level

The first 7 bits (bits b7 to by) of these bytes specify the start time of the erase |evel of
the Extended N-1 write strategy for the recording Marks with run-lengths 2T, BT, 4T,
and > 5T with a succeeding >5T Space (positive values are leading, negative|values

Byte 59:

92

are lagging; see Annex F).

The start time of the erase level dTe is expressed as a fraction of the actual
Channel-bit clock period, as a signed two’s-complement binary number e, such that

e=32x (-48 < e < 30).
Tw

The last bit (bit bo) of these bytes shall be Reserved.

This byte shall specify the start time of the erase level for recording Marks of run-
length 2T with a preceding 2T Space.
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Byte 60: This byte shall specify the start time of the erase level for recording Marks of run-
length 2T with a preceding 23T Space.
Byte 61: This byte shall specify the start time of the erase level of the multi-pulse train for
recording Marks of run-length 3T.
Byte 62: This byte shall specify the start time of the erase level of the multi-pulse train for
recording Marks of run-length 4T.
Byte 63: This byte shall specify the start time of the erase level of the multi-pulse train for
recording Marks of run-lengths >5T.
Byte 64: Reserved
Thic hvita chall ha cat ta O0hK
Fris-byte-shal-be-sette-06k-
Bytgs 65 to 98: In these bytes, A is defined as the offset from the anchor positionof duration time
which is specified from bytes 43 to 63.
Offset means the time difference from the Anchor position;, [Regardirjg the duration
time, Offset is specified in a similar way (see Figure F.1).
Bytes p5 to 72 and 73 (msb 4 bits): AdTip first-write-pulse start timme offset
These bytes specify the leading edge offset of the first pulse of the mplti-pulse train,
in 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).
The first pulse start time offset AdTwp)is expressed as a fraction| of the actual
Channel bit clock period, as a signedd4wo’s-complement binary numbdr f, such that
Athop
f=32x (-28,£%< 30). for Byte 65 and 66
Tw
Athop
f=32x (-8 <f<7). for Byte 67 to 72 and 73 (MSB 4bits).
Tw
NOTE dTop
Mark 2M
Suc :eedmg Space 55 535 3M 4M >5M
Prgceding Space
3S <\ f
48 Q>
>5S. () e
This taple shows the dependence of the dT ,, value for each Mark that is going to be written,
on the|préeeding and succeeding Spaces. The area denoted by " a " accomodates the anchor valugs
and thé_area denoted hy " f " includes the offset valuies

The area with this pattern includes the offset values, which are represented by " f ".
| The area with this pattern includes the anchor values, which are represented by " a ".

The value "i=f+a" shall satisfy -28<i < 30.

Bytes 56 to 58:

© ISO/IEC 2016 — All rights reserved

(see F.2)

Tie last pulse duration

The first 5 bits (bits b7 to bs) of these bytes specify the last pulse length of the multi-
pulse train, in the Extended N-1 write strategy, for recording Marks with run-lengths
3T, 4T and > 5T with a succeeding >5T Space (see Annex F).

These bytes shall specify a fraction of the actual Channel-bit clock period as an
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Byte 56:

Byte 57:

Byte 58:

Byte 65:

Byte 66:

Byte 67:

Byte 68:

Byte 69:

Byte 70:

unsigned binary number d such that

Tip
d=32x (0 <d < 30).
Tw
The last 3 bits (bits b, to bo) of these bytes shall be Reserved.

This byte shall specify the duration of the last pulse, of the multi-pulse train, for
recording Marks of run-length 3T (see Annex F).

This byte shall specify the duration of the last pulse, of the multi-pulse train, for
recording Marks of run-length 4T (see Annex F).

Fhis by’tc shaft opcu;fy the—durattor—of—the—tast pu::\c, of-the—muit pu::\c H "in, for
recording Marks of run-lengths >5T (see Annex F).
The first 6 bits (bits b7 to b,) of this byte shall specify the start time offset-of the pulse
for recording Marks of run-length 2T with a preceding 2T Space and-a sucdeeding
2T Space. In case this byte applies, the anchor position is specified)in byte 43 (dTiop
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!

The first 6 bits (bits b7 to b) of this byte shall specify the'start time offset of the pulse
for recording Marks of run-length 2T with a preceding’ 2T Space and a sucdeeding
>3T Space. In case this byte applies, the anchor-position is specified in Qyte 44
(dTwp for a 2T Mark with a preceding >5T Spacé)and a succeeding >3T Space).

The last 2 bits (bits by to bo) of this byte shallbe Reserved.

The first 4 bits (bits b7 to ba) of this byte shall specify the start time offset of the first
pulse of the multi-pulse train for recerding Marks of run-length 3T with a prgceding
2T Space. In case these bits (bits’b7 to bs) apply, the anchor position is spedified in
byte 45 (dTiwp for a 3T Mark wittra preceding >5T Space).

The last 4 bits (bits b3 to.bg), of this byte shall specify the start time offset of the first
pulse of the multi-pulse ttain for recording Marks of run-length 4T with a prgceding
2T Space. In case these bits (bits bs to be) apply, the anchor position is spedified in
byte 46 (dTiwp for 24T Mark with a preceding >5T Space).

The first 4 bits/( bits b7 to b, ) of this byte shall specify the start time offset of the first
pulse of the multi-pulse train for recording Marks of run-lengths >5T with a prgceding
2T Space:-In case these bits ( bits b7 to bs ) apply, the anchor position is spegified in
byte 47\(dT:wp for 25T Mark with a preceding >5T Space).

Thelast 4 bits (bits bs to bg) of this byte shall specify the start time offset of the pulse
forrecording Marks of run-length 2T with a preceding 3T Space and a succegding a
2T Space. In case these bits (bits bz to bo) apply, the anchor position is spegified in
byte 43 (dTwp for a 2T Mark with a preceding >5T Space and a succeeding 2T
Space).

The TIrst 4 DIts (DIts by 10 Da) OF this Dyte shall Specity the start ume ofiset of the pulse
for recording Marks of run-length 2T with a preceding 3T Space and a succeeding
>3T Space. In case of these bits (bits b7 to bs) the anchor position is specified in
byte 44 (dTwp for 2T Mark with a preceding >5T Space and a succeeding > 3T
Space).

The last 4 bits (bits b3 to bg) of this byte shall specify the start time offset of the first
pulse of the multi-pulse train for recording Marks of run-length 3T with a preceding
3T Space. In case of these bits (bits bz to bo), the anchor position is specified in byte
45 (dTiop for 3T Mark with a preceding >5T Space).

The first 4 bits (bits b7 to ba) of this byte shall specify the start time offset of the first
pulse of the multi-pulse train for recording Marks of run-length 4T with a preceding

© ISO/IEC 2016 — All rights reserved


https://iecnorm.com/api/?name=f35a9caa5b1ab24f1b1567674a21fbbf

Byte 71:

ISO/IEC 3

0193:2016(E)

3T Space. In case these bits (bits b7 to bs) apply, the anchor position is specified in

byte 46 (dTwp for a 4T Mark with a preceding >5T Space).

The last 4 bits (bits b3 to bg) of this byte shall specify the start time offset of the first
pulse of the multi-pulse train for recording Marks of run-lengths >5T with a preceding
3T Space. In case these bits (bits bz to bo) apply, the anchor position is specified in

byte 47 (dTwp for a 25T 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

pulse for recording Marks of 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 43 (dTwp for 2T Mark with a preceding >5T

Space and a

Bytq

Bytd

Bytes

72:

73 (msb 4 bits):

73 (Isb 4 bits) and 74 to 80:

succeeding 2T Space).

The last 4 bits (bits bs to bo) of this byte shall specify the start time, offs
for recording Marks of run-length 2T with a preceding 4T Space and
>3T Space. In case these bits (bits bs to bg) apply, the anchor’ positior]

byte 44 (dTwp for a 2T Mark with a preceding >5T Space and a s
Space).

The first 4 bits (bits by to bs) of this byte shall specify the start time o
pulse of the multi-pulse train for recording Matrks of run-length 3T w

4T Space. In case these bits (bits b7 to bslapply, the anchor position

byte 45 (dTwp for a 3T Mark with a precéding >5T Space).
The last 4 bits (bits b3 to bg) of this-byte shall specify the start-time o

pulse of the multi-pulse train forreeording Marks of run-length 4T wi
4T Space. In case these bits (bits bs to bg) apply, the anchor position

byte 46 (dTiwp for a 4T Markiawth a preceding >5T Space).

The first 4 bits (bits®7 to bs) of this byte shall specify the start-time o

pulse of the multi-pulse train for recording Marks of run-lengths >5T w
4T. In case these bits (bits b7 to bs) apply, the anchor position is spec|

(dTwp for.a 25T Mark with a preceding >5T Space).

ATiop first-write-pulse duration offset

These bytes specify the duration offset of the first pulse of the multi
the Extended N-1 write strategy, for recording Marks with run-lengt
and >5T with a preceding 2T, 3T, or 4T Space (see Annex F).

These bytes shall specify a fraction of the actual Channel-bit cloc
signed two’s-complement binary number g, such that

et of the pulse
a succeeding
is specified in
icceeding >3T

fset of the first
th a preceding
is specified in

fset of the first
th a preceding
is specified in

fset of the first
th a preceding
fied in byte 47

-pulse train, in
hs 2T, 3T, 4T,

K period, as a

AT

op

g=32x (-8<g<7).

w
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NOTE Trop

Mark

2M

Succeeding Space

Preceding Space

25 535 3M aMm >5M

2S

3S

4S

g

>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 " accomodates the anchor values

and the area dgnoted by " g " includes the offset values.

g

b

Byte 73: (Ish 4 bits):

Byte 74:

Byte 75:

The area with this pattern includes the offset values, which are represented by™.g
The area with this pattern includes the anchor values, which are represented'by " "
The value "j=g+b" shall satisfy 0 < j < 60.

(see F.2)

The last 4 bits (bits bs to bo) of this byte shall specify the duration offset of the pulse
for recording Marks of run-length 2T with a preceding 2T Space and a sucdeeding
2T Space (see Annex F). In case these/bits’ (bits bz to bg) apply, the janchor
duration time is specified in byte 48 (Twpd0ra 2T Mark with a preceding >5T| Space
and a succeeding 2T Space).

The first 4 bits (bits b7 to bs) of thisihyte shall specify the duration offset of the pulse
for recording Marks of run-lengt’2T with a preceding 2T Space and a sucdeeding
>3T Space (see Annex F). Ihocase these bits (bits b7 to ba) apply, the Janchor
duration time is specified in;byte 49 (Top for a 2T Mark with a preceding >5T| Space
and a succeeding >3T 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 run-length 3T with a prgceding
2T Space (see Annex F). In case these bits (bits bz to bg) apply, the janchor
duration time is specified in byte 50 (Twp 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 first
pulse of the multi-pulse train for recording Marks of run-length 4T wfth a
preceding 2T Space (see Annex F). In case these bits (bits b7 to bs) apply, the
anchor duration time is specified in byte 51 (Tiwp for a 4T Mark with a precgding
>5T Space).

Byte 76:

96

e fast 2 bits (bits bz 10 o) of this byte shattspecify the duratiom offsetof the first
pulse of the multi-pulse train for recording Marks of run-lengths >5T with a
preceding 2T Space (see Annex F). In case these bits (bits bs to bo) apply, the
anchor duration time is specified in byte 52 (Tiwp for a 25T Mark with a preceding
>5T Space).

The first 4 bits (bits b7 to bs) of this byte shall specify the duration offset of the pulse
for recording Marks of run-length 2T with a preceding 3T Space and a succeeding
2T Space (see Annex F). In case these bits (bits b7y to bs) apply, the anchor
duration time is specified in byte 48 (Twp for 2T Mark with a preceding >5T Space
and a succeeding 2T Space).

The last 4 bits (bits bs to bo) of this byte shall specify the duration offset of the pulse
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for recording Marks of run-length 2T with a preceding 3T Space and a succeeding
>3T Space (see Annex F). In case these bits (bits bz to bo) apply, the anchor
duration time is specified in byte 49 (T for a 2T Mark with a preceding >5T Space
and a succeeding >3T Space).

Byte 77: 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 of Marks of 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 (T for 3T Mark with a preceding >5T
Space).

Theae last 4 hits (hits ha ta ha) of this hvt hall b thae d £l ' 1
Fhelast 4 bits(bits-bsto-be)-ofthis-byte shall specify the durationoifset of the first

Bytd

Bytq

Byte

78:

79:

80:

pulse of the multi-pulse train for recording Marks of run-length 4T\
3T Space (see Annex F). In case these bits (bits bs to bg) app
duration time is specified in byte 51 (Twp for a 4T Mark-with a
Space).

th a preceding
y, the anchor
preceding >5T

The first 4 bits (bits b7 to bs) of this byte shall specifythe duration offset of the first

pulse of the multi-pulse train for recording Marks of run-length
preceding 3T Space (see Annex F). In case\thése bits (bits b7 to
anchor duration time is specified in byte 52T, for a >5T Mark wi
>5T Space).

The last 4 bits (bits bz to bo) of this.hyte shall specify the duration offs
for recording Marks of run-length 2T with a preceding 4T Space ang
2T Space (see Annex F). Inncase these bits (bits bz to bg) app
duration time is specified in‘\byte 48 (Twp for a 2T Mark with a preced
and a succeeding 2T Spdce).

The first 4 bits (bits-h7 to bs) of this byte shall specify the duration offs
for recording Marks of run-length 2T with a preceding 4T Space ang
>3T Space |(§ée Annex F). In case these bits (bits b7 to bs) app
duration time is specified in byte 49 (Tp for a 2T Mark with a preced
and a'succeeding >3T Space).

s >5T with a
bs) apply, the
th a preceding

et of the pulse

a succeeding
y, the anchor
ing >5T Space

et of the pulse

a succeeding
ly, the anchor
ing >5T Space

The last 4 bits (bits bs to bo) of this byte shall specify the duration offset of the first

pulse of the multi-pulse train for recording Marks of run-length 3T wi
AT Space (see Annex F). In case these bits (bits bs to bo) app|
duration time is specified in byte 50 (Twp for a 3T Mark with a
Space).

th a preceding
y, the anchor
breceding >5T

The first 4 bits (bits b to ba) of this byte shall specify the duration offset of the first

pulse of the multi-pulse train for recording Marks of run-length 4T wi

th a preceding

4T —Space (See ANMEX F). T case these bits (0its b7 10 bz app

y, the anchor

duration time is specified in byte 51 (Twop for 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
pulse of the multi-pulse train for recording Marks of run-lengths >5T with a
preceding 4T Space.(see Annex F). In case these bits (bits bz to bo) apply, the
anchor duration time is specified in byte 52 (Tip for a 25T Mark with a preceding
>5T Space).

Bytes 81 to 84 and 85 (msb 4 bits):  AdT.p last pulse start time offset

These bytes specify the start time offset of the last pulse of the multi-pulse train, in
the Extended N-1 write strategy, for recording Marks with run-lengths 3T, 4T, and
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>5T with a succeeding 2T, 3T, or 4T Space (see Annex F).

The last pulse start time offset 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

AdT
h=32x (-8<h<7).
Tw

NOTE dT.p

Mark
Succeeding Space M 4AM >5M

2S
3S h
45
>5S5 5

This table sho

and the area d

s 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 " ¢ " accomodates the ancher values
bnoted by " h " includes the offset values.

h

C

Byte 81:

Byte 82:

Byte 83:

Byte 84:

98

The area with this pattern includes the offset values, which/are represented by " h
The area with this pattern includes the anchor valueg, \which are represented by " ¢ ".
The value "r=h+c" shall satisfy -30 <r < 30.

(see F.2)

The first 4 bits (bits b7 to bs) of thischyte shall specify the start time offset of the last
pulse of the multi-pulse train for recording Marks of run-length 3T with a sucdeeding
2T Space. In case these bits (Bits b to bs) apply, the anchor position is spegified in
byte 53 (dT.p for a 3T Mark with a succeeding >5T Space).

The last 4 bits (bits bz ta.bo) of this byte shall specify the start time offset of the last
pulse of the multi-pulse train for recording Marks of a run-length 4T |with a
succeeding 2T Space.’In case these bits (bits bs to bo) apply, the anchor position is
specified in byte:54’(dT.p 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 {he last
pulse of«the multi-pulse train for recording Marks of run-lengths >5T [with a
succeeding 2T Space. In case these bits (bits b7 to bs) apply, the anchor position is
specified in byte 55 (dT.p for a >5T Mark with a succeeding >5T Space).

The last 4 bits (bits bz to bg) of this byte shall specify the start time offset of the last
pulse of the multi-pulse train for recording Marks of run-length 3T with a sucdeeding
3T Space. In case these bits (bits bz to bo) apply, the anchor position is spegified in
byte 53 (dT.p for a 3T Mark with a succeeding >5T Space).

FhefirstAbits(hits b7 tobz)of thisbyteshattspecify thestart timeoffset ofthe last
pulse of the multi-pulse train for recording Marks of run-length 4T with a succeeding
3T Space. In case these bits (bits b to bs) apply, the anchor position is specified in
byte 54 (dT.p for 4T Mark with a succeeding >5T Space).

The last 4 bits (bits bs to bo) of this byte shall specify the start time offset of the last
pulse of the multi-pulse train for recording Marks of run-lengths >5T with a
succeeding 3T Space. In case these hits (bits bs to bg) 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 b7 to bs) of this byte shall specify the start time offset of the last
pulse of the multi-pulse train for recording Marks of run-length 3T with a succeeding
4T Space. In case these bits (bits b7 to bs) apply, the anchor position is specified in
byte 53 (dT.pr for a 3T Mark with a succeeding >5T Space).
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The last 4 bits (bits bs to bo) of this byte shall specify the start time offset of the last
pulse of the multi-pulse train for recording of Marks of run-length 4T with a
succeeding 4T Space. In case these bits (bits bz to bo) apply, the anchor position is
specified in byte 54 (dT.p for 4T Mark with a succeeding >5T Space).

The first 4 bits (bits b7 to ba) of this byte shall specify the start time offset of the last
pulse of the multi-pulse train for recording Marks of run-lengths >5T with a
succeeding 4T Space. In case these bits (bits b7 to bs) apply, the anchor position is
specified in byte 55 (dT.p for > a 5T Mark with a succeeding >5T Space).

Bytes B5 (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, in 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).

This byte shall specify a fraction of the actual Ghannel-bit clock peridd, as a signed
two’s-complement binary number v, such that

ATLP
v=32Xx—— (-8<v<7).
Tw
NOTE T
Mark
3M 4M 25M

Sucgeeding Space

2S

3S

4S

>5S8

This tapble shows the dependence ofthe T, value for each Mark that is going to be written,
on the|preceding and succeeding Spaces. The area denoted by " d " accomodates the anchor valugs
and th¢ area denoted by " vSincludes the offset values.

The value "s=v+d" shall satisfy 0 <s < 30.

.. JThe area with this pattern includes the offset values, which are representedq by " v "

(see F.2)

Byte 85 (Isb 4 bits):

Byte 86:

The last 4 bits (bits bz to bo) of this byte shall specify the duration offset of the last
pulse of the multi-pulse train for recording Marks of run-length 3T with a succeeding
2T Space (see Annex F). In case these bits (bits b3 to bg) 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 ba) of this byte shall specify the duration offset of the last
pulse of the multi-pulse train for recording Marks of run-length 4T with a succeeding
2T Space (see Annex F). In case these bits (bits b; to bs) apply, the anchor duration
time is specified in byte 57 (T.p for a 4T Mark with a succeeding >5T Space).
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The last 4 bits (bits bz 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 (T.p for 25T 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 run-length 3T with a succeeding
3T Space (see Annex F). In case these bits (bits b7 to bs) 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 bz to bg) of this byte shall specify the duration offset of the last

>5T Space).

= - with a
succeeding 3T Space (see Annex F). In case these bits (bits bz to bg) ap;LIy, the

anchor duration time is specified in byte 57 (T.p for a 4T Mark with-a sucdeeding

Byte 88: The first 4 bits (bits b7 to ba) of this byte shall specify the duratien-offset of {he last

>5T Space).

pulse of the multi-pulse train for recording Marks of rum:lengths >5T |with a
succeeding 3T Space (see Annex F). In case these bits/(bits b to bs) apply, the
anchor duration time is specified in byte 58 (T.p for a 25T Mark with a sucdeeding

The last 4 bits (bits bs to bp) of this byte shall speeify the duration offset of the last
pulse of the multi-pulse train for recording Marks.of run-length 3T with a sucdeeding
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).

Byte 89: The first 4 bits (bits b7 to ba) of this byte‘shall specify the duration offset of {he last

>5T Space).

Bytes 90 to 97 and 98 (msb 4 bhits). AdTe start time offset of the erase level

Annex F).

pulse of the multi-pulse train for recording Marks of run-length 4T with a sucdeeding
4T Space (see Annex F). In casethese bits (bits b7 to ba) apply, the anchor duration
time is specified in byte 57 (T_sfor a 4T Mark with a succeeding >5T Space).

The last 4 bits (bits bs to bg)iof 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 4T Space(see Annex F). In case these bits (bits bz to bg) apply, the
anchor duration time is specified in byte 58 (T p for a >5T Mark with a sucdeeding

These bytes specify the start time offset of the erase level, in the Extended N1 write
strategy, for recording Marks with run-lengths 2T, 3T, 4T, and >5T with a sucdeeding
2T, 3T, or >4T Space (positive values are leading, negative values are lagging; see

The start time offset of the erase level AdTe is expressed as a fraction of the gctual

AdTg
w =32 X

100

=Y [T 1 . Il H (s 2 1 s 1 |,] h
CdlTie=PoIit CIUUR PCTIUU, aS a SIYTICU twU S=CUTTTPICTIICTIU DIfary TIarmmueTr v, sSutl t at

(=24 < w < 15). for Byte 90 and 91,

(-8<w < 7) for Byte 92 to 97 and 98 (MSB 4bits).
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Mark

2M

Preceding Space

Succeeding Space

25 535 3M am >5M

2S

3S

4S

w

>5S8

e

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 " e " accomodates the anchor values
and the area denoted by " w " includes the offset values.

W
e

Bytg 90:

Byte 91:

Bytd 92:

Byte 93:

Byte 94:

The area with this pattern includes the offset values, which are representec
The area with this pattern includes the anchor values, which are represente
The value "u=w +e " shall satisfy -48 < u < 30.

(see F.2)

The first 6 bits (bits bz to bz) of this byte shall specify the start tim
erase level for recording Marks of run-length 2T with a succeeding 2
preceding 2T Space. In case this byte applies; the anchor position

by " w
ed by "e "

e offset of the
I Space and a
is specified in

byte 59 (dTe for a 2T Mark with a preceding 2T Space and a sycceeding >5T

Space).
The last 2 bits (bits bz to bo) of this byte shall be Reserved.
The first 6 bits (bits bz to bz) of this byte shall specify the start tim

erase level for recording Marks.of run-length 2T with a succeeding 2
preceding >3T Space. In case' this byte applies, the anchor position

e offset of the
I Space and a
is specified in

byte 60 (dTe for a 2T Mark with a preceding >3T Space and a slicceeding >5T

Space).
The last 2 bits (bitsbrto bo) of this byte shall be Reserved.

The first 4 bits.(bits b7 to ba) of this byte shall specify the start tim
erase level of>-the multi-pulse train for recording Marks of run-len
succeeding;2T Space. In case these bits (bits b7 to bs) apply, the ang
specifiedin byte 61 (dTe for a 3T Mark with a succeeding >5T Space)
The last 4 bits (bits bs to bo) of this byte shall specify the start tim
sticceeding erase level of the multi-pulse train for recording Marks o
with a 2T Space. In case these bits (bits bz to bo) apply, the anc
specified in byte 62 (dTe for a 4T Mark with a succeeding >5T Space)

The first 4 bits (bits b7 to ba) of this byte shall specify the start tim

e offset of the
gth 3T with a
hor position is

e offset of the
run-length 4T
hor position is

e offset of the

erase level of the multi-pulse train for recording Marks of run-lengths >5T with a

succeeding 2T Space. In case these bits (bits b7 to bs) apply, the an

hor position is

specified in byte 63 (dTe for a 25T Mark with a succeeding >5T Space|

3
level for recording Marks of run-length 2T with a succeeding 3T

et of the erase
Space and a

preceding 2T Space. In case these bits (bits bz to bo) apply, the anchor position is
specified in byte 59 (dTe for a 2T Mark with a preceding 2T Space and a succeeding
>5T Space).

The first 4 bits (bits b7 to ba) of this byte shall specify the start time offset of the
erase level for recording of Marks of 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
specified in byte 60 (dTe for 2T Mark with a succeeding >5T Space and a preceding
>3T Space).

The last 4 bits (bits bs to bo) of this byte shall specify the start time offset of the erase
level of the multi-pulse train for recording Marks of run-length 3T with a succeeding
3T Space. In case these bits (bits bs to bo) apply, the anchor position is specified in
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Byte 95:

Byte 96:

Byte 97:

Byte 98 (ms

Byte 98: (Isb 4

Byte 99:

Bytes 100 to *

102

byte 61 (dTe for a 3T Mark with a succeeding >5T Space).

The first 4 bits (bits b7 to ba) of this byte shall specify the start time offset
erase level of the multi-pulse train for recording Marks of run-length 4T

of the
with a

succeeding 3T Space. In case these bits (bits b7 to bs) apply, the anchor position is

specified in byte 62 (dTe for a 4T Mark with a succeeding >5T Space).

The last 4 bits (bits bs to bo) of this byte shall specify the start time offset of the erase
level of the multi-pulse train 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 63 (dTe for > a 5T Mark with a succeeding >5T Space).

Fhe—first4-bits—(bits—b+—te—b+)-ef-thisbyte—shall-speeify-thestarttime—offset
erase level for recording Marks of run-length 2T with a succeeding 4T Spacq
preceding 2T Space. In case these bits (bits b7 to bs) apply, the anchor, pog
specified in byte 59 (dTe for a 2T Mark with a succeeding >5T. $pace
preceding 2T Space).

The last 4 bits (bits bs to bo) of this byte shall specify the start time*offset of thg
level for recording Marks of run-length 2T with a succeeding 4D and a precedi
Space. In case these bits (bits bs to bo) apply, the anchor pasition is specified
60 (dTe for a 2T Mark with a preceding >3T Space and\a succeeding >5T Spa

The first 4 bits (bits b7 to ba) of this byte shall specify the start time offset
erase level of the multi-pulse train for recording-"Marks of run-length 3T
succeeding 4T Space. In case these bits (bits b7 to ba) apply, the anchor pos
specified in byte 61 (dTe for a 3T Mark with-alsucceeding >5T Space).

The last 4 bits (bits bz to bo) of this byte Shall specify the start time offset of the
level of the multi-pulse train for recording Marks of run-length 4T with a sucd
4T Space. In case these bits (bits bs'to bo) apply, the anchor position is sped
byte 62 (dTe for a 4T Mark with.a.sicceeding >5T Space).

The first 4 bits (bits h7)to ba) of this byte shall specify the start time offset
erase level of thesmulti-pulse train for recording Marks of run-lengths >5T
succeeding 4T _Space. In case these bits (bits b7 to bs) apply, the anchor pos
specified in byte/63 (dTe for a >5T Mark with a succeeding >5T Space).

Reserved
These bits shall be set to 0000.

Reserved
This byte shall be set to 00h.

See 15.8.3.2.
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15.8.3.4 Definitions for DI format 5 (Extended N/2 write strategy)

The content of the body of DI Units according to format 5 shall be as depicted in Figure 78.

Byte number Content Number of
bytes
Oto7 DI-Unit header 8
810 10 BD Layer-Type identifier 3
11 Disk size/Class/Version 1
12 BD structiire 1
13 Channel-bit length 1
14 Push-Pull polarity flag bits 1
15 Recorded mark polarity flag bits 1
16 BCA descriptor 1
17to 18 Reserved 2
19 to 26 Data-Zone allocation 8
27 Reserved 1
2810 29 Recording Velocity 2
30 Maximum dc read powers 1
31 Maximum HF-modulated read powers 1
32 Reserved 1
33to 41 Write-power settings 9
42 Twve write multi-pulse duration 1
43 to 47 dTwop first-write-pulse start timée 5
48 to 52 Trop first-write-pulse duration 5
53 to 54 dT.e last write pulse start time 2
55 to 56 Tip last pulse duratiop 2
57 to 61 dTe start time of the\erase level 5
62 Reserved 1
63to 70 and 71 | AdTuop first-write-pulse start time offset 8,5
msb 4 bits)
7IL (Isb 4 bits) ATrop first-write-pulse duration offset 7,5
gnd 72 to 78
7910 81 AdT.p last pulse start time offset 3
8210 84 AT.p last pulse duration offset 3
89 to 92 and@8> | AdTE start time offset of the erase level 8,5
msb 4 bits)
93 (Ishb-4.bits) | Reserved 0,5
9%4t0' 99 Reserved 6
t00to 1t Dtumitfooter 12
Figure 78 — Content of Disk Information for DI format 5
Bytes O to 1: Disk-Information identifier
See 15.8.3.2.
Byte 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.
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Byte 3:

Byte 4:

Byte 5:

Byte 6:

Number of DI Aux Frames in each DI Block/Number of the layer to which this
DI Unit applies
See 15.8.3.2.

Reserved
See 15.8.3.2.

DI-Unit sequence number in DI Block
See 15.8.3.2.

Continuation flag/Number of DI bytes in use in this DI Unit
This byte shall be set to 5Eh indicating that the first 94 bytes of the DI Unit are used

Byte 7:

Bytes 8 to 10:

Byte 11:
Bits b7 to be
Bits bs to by

Bits bz to bg

Byte 12:
Bits b7 to ba

Bits bz to by

Byte 13:

and-that there s o contmuatiom i the mext D onitAttremaimingbytesof the DI
Unit body (excluding the bytes in the DI Unit footer) are unused and shall be-set to
00h.

Reserved
See 15.8.3.2.

BD Layer-Type identifier
These three bytes identify the type of the BD Layer to which this DI Unit appli¢s and
shall be set to 42 44 57h, representing the characters™“BDW?” in each Rewritable

Layer.

Disk size/Class/Version
These 2 bits specify the disk size. They shall be set to 00, indicating a 120 mm disk.

These 2 bits specify the Class numbér, The Class number identifies BD Layers of
the same Layer Type but with different’basic specifications.

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

Drives not familiar with a.particular Class of layers should not access the Datp Zone
of such layers (neither forreading, nor for writing).

These 4 bits specify the Version number. They shall be set to 0011, indicpting a
layer according.to:this International Standard.

BD structure

These 4 bhits specify the total number of BD Recording/Recorded Layers on the disk.
These_bits shall be set to 0011, indicating 3 Recording Layers.

These 4 bits specify the type of BD Recording/Recorded Layer to which this DI Unit
applies: Bits bs to b shall be set to 0100, indicating a rewritable Recording Lalyer.

Channel-bit length

Bits b7 to ba:
Bits bs to bo:

Byte 14:
Bit bi :

104

=) Ado ik [ T PP V-_V-_V-\
I'TICSC & DUILS Slidll U STLU U UUUU.

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

0000, Reserved,

0101, indicating a Channel-bit length of 55,87 nm (33,4 GB per layer),

Others: Reserved.

Push-Pull polarity flag bits

Each bit bi shall specify the polarity of the Push-Pull signal on Recording Layer Li
(see 26.1). They shall be set to

ZERO, indicating that the Push-Pull polarity on Layer Li is positive,
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ONE, indicating that the Push-Pull polarity on Layer Li is negative.
For Recording Layers that are not present, bit b shall be set to ZERO.

For this International Standard, this byte shall be set to 00h.

Byte 15: Recorded Mark polarity flag bits
Bit b; : Each bit bi shall specify the polarity of Recorded Marks on Recording Layer Li.
They shall be set to
ZERO, indicating a Layer Type on which Recorded Marks have a lower reflectivity
than the Unrecorded Layer (HTL disks),
ONE, indicating a Layer Type on which Recorded Marks have a higher reflectivity
than the Unrecorded Layer.
For Recording Layers that are not present, bit bi shall be sette ZERO
For this International Standard, this byte shall be set to 00h:
Byte 1p: BCA descriptor
Bits [b7 to ba: These 4 bits shall be Reserved.
Bits|bs to bo: These 4 bits indicate the presence of a BCA code on this disk:

Bytes [L7 to 18:

Bytes [L9 to 26:
Bytes 19 to 22:

They shall be set to
0000: indicating no BCA code,
0001: indicating BCA code is‘present,

Others: Reserved.

Reserved
These bytes shall be set to all 00h.

Data-Zone allocation

These bytes shall specify the first Physical ADIP Address of the Data Zone of the
related layer.

In each”DI Unit relating to Layer LO, these bytes shall be set to PO 02 00 00h
indicating 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 valpe FAA, which
shall be 00 5E EC 80h for a disk with a User-Data capacity of 33,4 GB per layer,
indicating PAA 6 220 928 for 33,4 GB per layer as the first PAA of the|Data Zone 1.

In each DI Unit relating to Layer L2, these bytes shall be set to PO 82 00 00h
indicating PAA 8 519 680 as the first PAA of the Data Zone 2.

Bytes 23 to 26:

These bytes shall specify the last Physical ADIP Address of the Data Zone of the
related layer.

In each DI Unit relating to Layer LO, these bytes shall be set to a value LAA, which
shall be 00 21 13 7Eh for a disk with a User-Data capacity of 33,4 GB per layer,
indicating PAA 2 167 678 for 33,4 GB per layer as the last PAA of the Data Zone 0.

In each DI Unit relating to Layer L1, these bytes shall be set to 00 7D FF FEh
indicating PAA 8 257 534 as the last PAA of the Data Zone 1.

In each DI Unit relating to Layer L2, these bytes shall be set to the value LAA + 00
80 00 00h, which shall be 00 A1 13 7E h for a disk with a User Data capacity of 33,4
GB per layer, indicating PAA 10 556 286 for 33,4 GB per layer as the last PAA of the
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Byte 27:

Bytes 28 to 29:
Bytes 28 to 29:

Data Zone 2.

Reserved
This byte shall be set to 00h.
Recording Velocity

These bytes shall 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-—=-1-00
T Eavy

Byte 30:

‘vlnom-
Here, n shall be equal to
02 E2h to indicate a Nominal Recording Velocity of 7,38 m/s.

Maximum dc read power at the Nominal Recording Velocity

The maximum read power is defined as the maximum optical power to which(this DI
Unit applies on the Entrance surface of the disk, at which-at least 10® suc¢essive
reads can be applied without degrading the recorded ‘signals (see 30.7). Mg@ximum
read powers in this Clause shall be greater than or.equal to the read powers ¢lefined
in 30.7. By default, the powers defined in 30.7 shall be used.

This byte shall specify the dc read powelr Pr“at a readout velocity equalfto the
Nominal Recording Velocity defined in bytes 28 and 29 of this DI Unit. The decimal
expression of this byte is:

n =100 x P,. , where P, is given in milliwatts.

NOTE For|reading at lower speeds than the nominalcvelocity specified in this DI Unit, a reductior] of the

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

Byte 31:

Maximum HF-modulated read powers at the Nominal Recording Velocity

The maximum read power is defined as the maximum optical power to which this DI
Unit applies on thé_Entrance surface of the disk, at which at least 106 successjve
reads can be applied without degrading the recorded signals (see 30.7). Maximum
read powers in this Clause shall be greater than or equal to the read powers defined
in 30.7 By default, the powers defined in 30.7 shall be used.

This ‘oyte shall specify the maximum HF-modulated read power P;. at a feadout
velocity equal to the Nominal Recording Velocity defined in byte 28 and 29 of|this DI
Unit. The decimal expression of this byte is:

n =100 x P;.., where P,. is given in milliwatts.

NOTE For|reading at lower speeds than the nominal velocity specified in this DI Unit, a reductior] of the

read power mightbe Mecessary 10 guarantee the stapifity of rTecordings on the aisk:

Byte 32:

Bytes 33to 41:
Bytes 33 to 34:

106

Reserved
This byte shall be set to 00h.

Write-power settings

Pivo: Pino can be used as a starting value for the determination of Prarger in the OPC
procedure (see Annex G).

These bytes shall specify the indicative value Pinp Of Prarget in milliwatts, as a number
n such that

n =20 x P\p.

where bit b7 of Byte 33 is the MSB and bit by of Byte 34 is the LSB.
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Mino: Minp €an be used as a starting value for the determination of Prarget 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.

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.

gsw: This byte shall specify the write-bias/write-peak power ratio egw used in the

Bytg 38:

Bytg 39:

Bytd 40:

Bytg 41:
Byte 4

N

Bytes #3to 61

OPCalgorithm(see Anmex Gy asanumbermsuchthat————————

n =200 X&sw.

&c: This byte shall specify the cooling/write-peak power ratio ec used i the OPC
algorithm (see Annex G) as a number n such that
n =200 x &c.

&e: This byte shall specify the erase/write-peak power ratio g used in the OPC
algorithm (see Annex G) as a number n such that
n =200 x &¢.

k. This byte shall specify the target value for k used in the OPC procgdure (see
Annex G) as a number n such that
n =20 x K.

This byte shall be Reserved.
Twmp write multi-pulse duration

This byte specifies the duration of the second and subsequent pulses pf the multi-
pulse train, in the Extended N/2 write strategy, for recording Marks (sge Annex F).

The first 6 bits (bits b7 to by) of this byte shall specify the fraction of the actual
Channel-bit clock period, as an unsigned binary number p, such that

p =32 x TT_MP (0<p<62).

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

In these bytes, Anchor position or duration time is defined for dTop, Tiop. dTLp.
Tip.and dTe

Anchor position means the leading edge position of each write pulse (see
Figure F.3). Regarding the duration time, Anchor is specified in a similar way.

Bytes 43 to 47:

dTiop 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, in the Extended N/2 write strategy, for recording of Marks with
run-lengths 2T, 3T, [4T,6T,8T], and [5T,7T,9T] with a preceding >5T Space (positive
values are leading, negative values are lagging; see Annex F).

The first-pulse start time dTip is expressed as a fraction of the actual Channel-bit
clock period, as a signed two’s-complement binary number a, such that

dTtop

a=32x (-32 < a < 30).

w
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Byte 43:

Byte 44:

The last 2 bits (bits by to bo) of these bytes shall be Reserved.

This byte shall specify the start time of the pulse for recording Marks of 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 run-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).

Byte 45:

Byte 46:

Byte 47:

Bytes 48 to 52:

Byte 48:

Byte 49:

This byte shaftspecify the start time of the firstpufse, of the mufti-putse traim, for

recording Marks of 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; se¢
Annex F).

This byte shall specify the start time of the first pulse, of the multi-pulse train, for
recording Marks of run-lengths [4T, 6T, 8T], relative to the trailing edge of the ffirst
Channel bit of the data pulse (positive values are leading; negative values ar¢
lagging; see Annex F).

This byte shall specify the start time of the first pulse.of the multi-pulse train fgr
recording Marks of run-lengths [5T, 7T, 9T], relative to the trailing edge of the ffirst
Channel bit of the data pulse (positive valueS/are leading, negative values ar¢
lagging; see Annex F).

Tiop first-write-pulse duration

The first 7 bits (bits b7 to b;) of these bytes specify the duration of the first pulge of
the multi-pulse train, in the Extended N/2 write strategy, for recording Marks with

run-lengths 2T, 3T, [4T, 6T8T], and [5T, 7T, 9T] with a preceding > T Space [see
Annex F).

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

.
b = 32 % 2P

0<b<92).
T ( )

Thé last bit (bit bo) of these bytes shall be Reserved.

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

This byte shall specify the duration of the pulse for recording Marks of run-length 2T

Byte 50:

Byte 51:

Byte 52:

Bytes 53 to 54:

108

WILN a succeeding =51 sSpdce (See AlNnex k).

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

This byte shall specify the duration of the first pulse, of the multi-pulse train, for
recording Marks of run-lengths [4T, 6T, 8T] (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, 7T, 9T] (see Annex F).

dT.p last write pulse start time

The first 6 bits (bits by to b,) of these bytes specify the start time of the last pulse of
the multi-pulse train, in the Extended N/2 write strategy, for recording Marks with
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run-lengths [4T, 6T, 8T] and [5T, 7T, 9T] 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

dTLp
c=32x

(30 < ¢ < 30).
TW

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

Byte 53: This byte shall specify the start time of the last pulse of the multi-pulse train for
recording Marks of run-lengths 4T, 6T, 8T] relative to the Teading edgg of the last
Channel bit of the data pulse (positive values are leading, negativewalues are
lagging; see Annex F).

Bytg 54: This byte shall specify the start time of the last pulse of the.multi-pulsq train for

Bytes p5to 56: T.p last pulse duration

Bytg 55:

Byte 56:

Bytes p7 to 61:

recording Marks of run-lengths [5T, 7T, 9T] 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).

The first 6 bits (bits by to b,) of these bytées specify the last-pulse length, of the
multi-pulse train, in the Extended N/2 write strategy, for recording Marks with run-
lengths [4T,6T,8T] and [5T,7T,9T]with a succeeding > 5T Space (see|Annex F).

These bytes shall specify a fragtion of the actual Channel-bit clock pefiiod, as an
unsigned binary number d, such that

Tip
d=32x P (02d<62).
Tw

The last 2 bits (hits by to bo) of these bytes shall be Reserved.

This byte shall specify the duration of the last pulse, of the multi-pulse|train, for
recording-Marks of run-lengths [4T, 6T, 8T] (see Annex F).

This byte shall specify the duration of the last pulse, of the multi-pulse|train, for
recording Marks of run-lengths [5T, 7T, 9T] (see Annex F).

dTe start time of the erase level

The first 7 bits (bits b7 to b1) of these bytes specify the start time of thg erase level,

in the Extended N/2 write strategy, for recording Marks with run-lengths 2T, 3T, [4T,
6T, 8T], and [5T, 7T, 9T] with a succeeding >5T Space (positive valuep are leading,
negative values are lagging; see Annex F).

Byte 57:

The start time of the erase level dTeis expressed as a fraction of the actual
Channel-bit clock period, as a signed two’s-complement binary number e, such that

e=232x (-62 < e <30).
Tw

The last bit (bit bo) of these bytes shall be Reserved.

This byte shall specify the start time of the erase level for recording Marks of run-
length 2T with a preceding 2T Space, relative to the trailing edge of the last Channel
bit of the data pulse (positive values are leading, negative values are lagging; see
Annex F).
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Byte 58:

Byte 59:

Byte 60:

This byte shall specify the start time of the erase level for recording Marks of run-
length 2T with a preceding 23T Space, relative to the trailing 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 erase level, of the multi-pulse train, for
recording Marks of run-length 3T, relative to the trailing 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 erase level, of the multi-pulse train, for
recording Marks of run-lengths [4T, 6T, 8T]. relative to the trailing edge of the last

Byte 61

Byte 62:

Bytes 63 to

Bytes 63 to 7(

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 erase level, of the multi-puise train] for
recording Marks of run-lengths [5T, 7T, 9T], relative to the trailing-edge of the [last
Channel bit of the data pulse (positive values are leading, negative values are|
lagging; see Annex F).

Reserved
This byte shall be set to 00h.

93 In these bytes, A is defined as the offset from the' anchor position or duration tjime
which is specified from bytes 43 to 61.

Offset means the time difference from-the' Anchor position. Regarding the duration
time, Offset is specified in a similar way (see Figure F.3).

and 71 (msb 4 bits): AdTip first-writespulse start time offset

These bytes specify the leading edge offset of the first pulse of the multi-pulsq train,
in the Extended N/2 write strategy, for recording Marks with run-lengths 2T, 3T, [4T,
6T, 8T], and [5T, 7T,'9F] with a preceding 2T, 3T, or 4T Space (see Annex F)

The first pulse start’time 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=d2x — % (32 <f<30). for Byte 63 and 64,
TW
AdT,
f=32x (-8 <f<7). for Byte 65 to 70 and 71 (msb 4bits).
T
W
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Mark

2M

Succeeding Space

Preceding Space

3M 4,6,8M 5,7,9M

2S 23S

2S

3S

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 " accomodates the anchor values

T

and ﬂ-\ A araa donatad b, " £ v oo aldac tha offont valiinc
gt oCTotcooy— TeTrotCote-oTTrot

f

a

Bytg 63:

Byte 64:

Bytg 65:

Byte 66;

Ty arcT ST

The area with this pattern includes the offset values, which are repreSenteq

by " f "

The area with this pattern includes the anchor values, which are represented by " a "

The value "i=f+a" shall satisfy -28 <i < 30.
(see F.3)

The first 6 bits (bits b7 to by) of this byte shall specify the start time offg
for recording Marks of run-length 2T with a preceding 2T Space and a|
2T Space. In case this byte applies, the anchor position is specified in

for a 2T Mark 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 offs
for recording Marks of run-length 2T with a preceding 2T Space and a

et of the pulse
succeeding

et of the pulse
succeeding

>3T Space. In case this'byte applies, the anchor position is specified ih byte 44
(dTrwop for a 2T Mark with a preceding >5T Space and a succeeding >3[T Space).

The last 2 bits (bitsb1 to bo) of this byte shall be Reserved.

The first 4 bits'(bits b7 to b4) of this byte shall specify the start time offg
pulse ofthe’ multi-pulse train for recording Marks of run-length 3T with

et of the first
a preceding

2T Space. In case these bits (bits b7 to b.) apply, the anchor position is specified in

byte.45 (dTp for a 3T Mark with a preceding >5T Space).

The last 4 bits (bits bz to bo) of this byte shall specify the start time offg
pulse, of the multi-pulse train, for recording Marks of run-lengths [4T, ¢
preceding 2T Space. In case these bits (bits bs to bg) apply, the ancho
specified in byte 46 (dTp for a [4T, 6T, 8T] Mark with a preceding >5T

The first 4 bits (bits b7 to ba) of this byte shall specify the start-time offg
pulse of the multi-pulse train for recording Marks of run-lengths [5T, 77

Byte 67:

preceding 2T Space. In case these bits (bits b7 to bs) apply, the ancho

et of the first
bT, 8T] with a
I position is

[ Space).

et of the first

', 9T] with a
r position is

specified in byte 47 (dTwp for a [5T, 7T, 9T] mark with a preceding >5T Space).

The last 4 bits (bits bz to bo) of this byte shall specify the start-time offset of the pulse

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

succeeding a

2T Space. In case these bits (bits bz to bo) apply, the anchor position is specified in
byte 43 (dTiwp for a 2T Mark with a preceding >5T Space and a succeeding 2T

Space).

The first 4 bits (bits b7 to ba) of this byte shall specify the start-time offset of the pulse

for recording Marks of run-length 2T with a preceding 3T Space and a
>3T Space. In case these bits (bits b7 to b.) apply, the anchor position

© ISO/IEC 2016 — All rights reserved
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Byte 68:

Byte 69:

Byte 70:

Byte 71 (mS

b 4 bits):

byte 44 (dTp for a 2T Mark with a preceding >5T Space and a succeeding >3T
Space).

The last 4 bits (bits bs to bo) of this byte shall specify the start-time offset of the first
pulse, of the multi-pulse train, for recording Marks of 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 (dT:wp for a 3T Mark with a preceding >5T Space).

The first 4 bits (bits b7 to bys) of this byte shall specify the start-time offset of the first
pulse, of the multi-pulse train, for recording Marks of run-lengths [4T, 6T, 8T] with a
preceding 3T Space. In case these bits (bits b7 to ba) apply, the anchor position is

. )
The last 4 bits (bits bs to bg) of this byte shall specify the start-time offset\of jhe first

pulse, of the multi-pulse train, for recording Marks of run-length [5T,7T; 9T] with a
preceding 3T Space. In case these bits (bits bs to bg) apply, the anchor pogition is
specified in byte 47 (dTp for a [ST, 7T, 9T] Mark with a preceding=>5T Space).

The first 4 bits (bits b7 to ba) of this byte shall specify the start-time offset of the
pulse for recording Marks of run-length 2T with a preceding4T Space and a
succeeding 2T Space. In case these bits (bits b7 to ba)\apply, the anchor position is
specified in byte 43 (dTp for a 2T Mark with a preeeding >5T Space and a
succeeding 2T Space).

The last 4 bits (bits bz to bo) of this byte shallspecify the start-time offset of th¢ pulse
for recording Marks of run-length 2T with_a preceding 4T Space and a succeefding

>3T Space. In case these bits (bits bzte bo) apply, the anchor position is specified in
byte 44 (dT.p for a 2T Mark with a,preceding >5T Space and a succeeding >3T
Space).

The first 4 bits (bits b7 to.ba),of this byte shall specify the start-time offset of the first
pulse, of the multi-pulse-train, for recording Marks of run-length 3T with a preceding
4T Space. In case these bits (bits bz to bs) apply, the anchor position is specified in
byte 45 (dTwp for@,3T Mark with a preceding >5T Space).

The last 4 bits'(bits bs to bo) of this byte shall specify the start-time offset of the first
pulse, of the.multi-pulse train, for recording Marks of run-lengths [4T, 6T, 8T] yith a
preceding 4T Space. In case of these bits (bits bs to bg), the anchor position ig
specified in byte 46 (dT, for a [4T, 6T, 8T] Mark with a preceding >5T Space).

The first 4 bits (bits b7 to bs) of this byte shall specify the start time offset of th¢ first

pulse, of the multi-pulse train, for recording Marks of run-lengths [5T, 7T, 9T] ith a
Inrnr‘nding 4T an,'-\m: In case these hits (hirQ bz to hA) alnlnIy, the anchaor anitirn is

specified in byte 47 (dTwp for a [T, 7T, 9T] Mark with a preceding >5T Space).

Bytes 71 (Isb 4 bits) and 72 to 78: ATy first-write-pulse duration offset

112

These bytes specify the duration offset of the first pulse, of the multi-pulse train, in
the Extended N/2 write strategy, for recording Marks with run-lengths 2T, 3T, [4T,
6T, 8T], and [5T, 7T, 9T] 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
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AT, op

g=32 x

Mark

2M

Succeeding Space

Preceding Space

3M 4,6,8M 5,7,9M

2S 23S

2S

3S

4S

g

>5S8

b

This ta
on the
and th

ble shows the dependence of the T, value for each Mark that is going to be written,
preceding and succeeding Spaces. The area denoted by " b " accomodates the ari¢hor valug
b area denoted by " g " includes the offset values.

g

b

Bytd

Bytq

Byte

71 (Isb 4 bits):

72:

73.

The area with this pattern includes the offset values, which,‘are representec

The area with this pattern includes the anchor values, which are representgd by " b

The value "j=g +b" shall satisfy 0 <j < 92.

(see F.3)

The last 4 bits (bits bz to bo) of this byte shall specify the duration offsq
for recording Marks of run-length 2T with a preceding 2T Space and a

S

by"g "

t of the pulse
succeeding

2T Space (see Annex F). ln case these bits (bits bs to bg) apply, the amchor duration

time is specified in byte48 (Typ for a 2T Mark with a preceding >5T S
succeeding 2T Space):

The first 4 bits (bits b7 to ba) of this byte shall specify the duration offsg
for recording Marks of run-length 2T with a preceding 2T Space and a
>3T Space (see Annex F). In case these bits (bits b7 to bs) apply, the 4
duratian time is specified in byte 49 (Tiop for a 2T Mark with a precedir]
and. a succeeding >3T Space).

The last 4 bits (bits bz to bo) of this byte shall specify the duration offsq
pulse, of the multi-pulse train, for recording Marks of run-length 3T wit

bace and a

t of the pulse
succeeding
anchor

g >5T Space

t of the first
h a preceding

2T Space (see Annex F). In case these bits (bits bs to bg) apply, the afpchor duration

time is specified in byte 50 (Tiwp for a 3T Mark with a preceding >5T S
The first 4 bits (bits b7 to bs) of this byte shall specify the duration offsg

hace).

ot of the first

pulse, of the multi-pulse train, for recording Marks of run-lengths [4T, ¢

5T, 8T] with

Byte 74

© ISO/IEC 2016 — All rights reserved

a preceding 2T Space (see Annex F). In case these bits (bits b7 to ba)
anchor duration time is specified in byte 51 (Tiop for a [4T, 6T, 8T] Mar
preceding >5T Space).

apply, the
k with a

The last 4 bits (bits bz to bo) of this byte shall specify the duration offset of the first
pulse, of the multi-pulse train, for recording of Marks of run-lengths [5T, 7T, 9T] with

a preceding 2T Space (see Annex F). In case these bits (bits bs to bg)

apply, the

anchor duration time is specified in byte 52 (Tiop for [5T, 7T, 9T] Mark with a

preceding >5T Space).

The first 4 bits (bits by to ba) of this byte shall specify the duration offset of the pulse
for recording Marks of run-length 2T with a preceding 3T Space and a succeeding
2T Space (see Annex F). In case these bits (bits b; to ba) apply, the anchor duration
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Byte 75:

Byte 76:

Byte 77:

Byte 78:

114

time is specified in byte 48 (Typ 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 duration offset of the pulse
for recording Marks of run-length 2T with a preceding 3T Space and a succeeding
>3T Space (see Annex F). In case these bits (bits bs to bo) apply, the anchor
duration time is specified in byte 49 (Tiop for a 2T Mark with a preceding >5T Space
and a succeeding >3T Space).

The first 4 bits (bits b7 to bs) of this byte shall specify the duration offset of the first
pulse, of the multi-pulse train, for recording Marks of run-length 3T with a preceding

3T Space{see-AnnexFE)llncasethesebits(bits-b-to-b)apphthe anchordyration
d e T VAL ot RSP O o7 t oA TS PPy T e orrortoor
time is specified in byte 50 (Tip for a 3T Mark with a preceding >5T Space):

The last 4 bits (bits bs to bg) of this byte shall specify the duration offset|of thefirst
pulse of the multi-pulse train for recording Marks of run-lengths [4F;6T, 8T] w|th a
preceding 3T Space (see Annex F). In case these bits (bits bs te.bo) apply, the
anchor duration time is specified in byte 51 (Tip for a [4T, 6T; 8T] Mark with a
preceding >5T Space).

The first 4 bits (bits b7 to bs) of this byte shall specify the duration offset of the|first
pulse, of the multi-pulse train, for recording Marks.of run-lengths [5T, 7T, 9T] With a
preceding 3T Space (see Annex F). In case of these bits (bits b7 to ba), the anchor
duration time is specified in byte 52 (Tiop for{5T, 7T, 9T] Mark with a preceding >5T
Space).

The last 4 bits (bits bz to bo) of this bytéshall specify the duration offset of the |pulse
for recording Marks of run-length 2T with a preceding 4T Space and a succeefling
2T Space (see Annex F). In casg these bits (bits bs to bg) apply, the anchor dyration
time is specified in byte 48 (Tip for a 2T Mark with a preceding >5T Space and a
succeeding 2T Space).

The first 4 bits (bits b7to bs) of this byte shall specify the duration offset of the|pulse
for recording Marks,of run-length 2T with a preceding 4T Space and a succeefling

>3T Space (s€e Annex F). In case these bits (bits b to ba) apply, the anchor
duration time is specified in byte 49 (Tip for a 2T Mark with a preceding >5T $pace
and a stcceeding >3T Space).

The last 4 bits (bits bz to bo) of this byte shall specify the duration offset of the|first

pulse, of the multi-pulse train, for recording Marks of run-length 3T with a pregeding
AT Space (see Annex F). In case these bits (bits bz to bo) apply, the anchor dyiration
time is specified in byte 50 (Tiwp for a 3T Mark with a preceding >5T Space).

The first 4 bits (bits b7 to ba) of this byte shall specify the duration offset of thelfirst

pulse, of the multi-pulse train, for recording Marks of run-lengths [4T, 6T, 8T] with a
preceding 4T Space (see Annex F). In case these bits (bits b7 to bs) apply, the
anchor duration time is specified in byte 51 (T for a [4T, 6T, 8T] Mark with a
preceding >5T Space).

The last 4 bits (bits bz to bo) of this byte shall specify the duration offset of the first
pulse of the multi-pulse train for recording Marks of run-lengths [5T, 7T, 9T] with a
preceding 4T Space (see Annex F). In case these bits (bits bs to bo) apply, the
anchor duration time is specified in byte 52 (T for a [ST, 7T, 9T] Mark with a
preceding >5T Space).
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AdT.p last pulse start time offset

These bytes specify the start-time offset of the last pulse of the multi-pulse train, in
the N/2 write strategy, for recording Marks with run-lengths [4T, 6T, 8T] and [5T, 7T,
9T] with a succeeding 2T, 3T, or 4T Space (see Annex F).

The last pulse start time offset 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

AdT
h =32 x LP

Tw

(-8<h<7).

NOTE dTie

Mark

Sucgeeding Space

4,6,8M 5,7,9M

2S

3S h

4S

>5S e

This taple shows the dependence of the dT , value for each Mark thatus-going to be written,
on the [preceding and succeeding Spaces. The area denoted by " ¢ {~accomodates the anchor valugs
and th¢ area denoted by " h " includes the offset values.

h

.. |\ e

Bytd 79:

Byte 80:

The area with this pattern includes the offset values, which are represented by "h ".
The area with this pattern includes'the anchor values, which are represented by " ¢
The value "r=h+c" shall satisfy -30 <r < 30.

(see F.3)

The first 4 bits (bits b7 to bs) of this byte specify the start-time offset of
of the multi-pulse train, for recording Marks of run-lengths [4T, §
succeeding,2T Space. In case these bits (bits b7 to bs) apply, the and
specified in byte 53 (dT.p for a [4T, 6T, 8T] Mark with a succeeding >§

the last pulse,
T, 8T] with a
hor position is
T Space).

The_ last 4 bits (bits bs to bo) of this byte shall specify the start-time offset of the last

pulse, of the multi-pulse train, for recording Marks of run-lengths [5T,
sticceeding 2T Space. In case these bits (bits bs to bg) apply, the an
specified in byte 54 (dT.e for a [ST, 7T, 9T] Mark with a succeeding >§

The first 4 bits (bits b7 to bs) of this byte shall specify the start-time o
pulse, of the multi-pulse train, for recording Marks of run-lengths [4T,
succeeding 3T Space. In case these bits (bits b7 to bs) apply, the an
specified in byte 53 (dT.p for a [4T, 6T, 8T] Mark with a succeeding >§

7T, 9T] with a
hor position is
T Space).

fset of the last
6T, 8T] with a
hor position is
T Space).

Byte 81:

T'he last 4 bits (bits b3 10 bo) of this byte shall specity the start-time o

fset of the last

pulse, of the multi-pulse train, for recording Marks of run-lengths [5T, 7T, 9T] with a
succeeding 3T Space. In case these bits (bits bs to bg) apply, the anchor position is
specified in byte 54 (dT.p for a [5T, 7T, 9T] Mark with a succeeding >5T Space).

The first 4 bits (bits b7 to ba) of this byte shall specify the start-time offset of the last
pulse of the multi-pulse train for recording Marks of run-lengths [4T, 6T, 8T] with a
succeeding 4T Space. In case these hits (bits b7 to bs) apply, the anchor position is
specified in byte 53 (dT.p for a [4T, 6T, 8T] 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, 7T, 9T] with a
succeeding 4T Space. In case these bits (bits bs to bg) apply, the anchor position is
specified in byte 54 (dT.p for a [ST, 7T, 9T] Mark with a succeeding >5T Space).
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Bytes 82 to 84:

NOTE Tep

AT.p last pulse duration offset

These bytes specify the duration offset for the last pulse length of the multi-pulse
train, in the Extended N/2 write strategy, for recording Marks with run-lengths [4T,
6T, 8T] and [5T, 7T, 9T] with a succeeding 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 v, such that

AT
v=32x—LP

Tw

(-8<v<7).

Mark]

Succeeding

Space

4,6,8M 5,7,9M

2S

3S

4S

>5S

This table shoy

and the area d

Vs the depéhdkékhkcké?(i)f‘ theT LP {/élue for each Mark that is going te be-written,
on the preceding and succeeding Spaces. The area denoted by " d " accomadates the anchor values
bnoted by " v " includes the offset values.

_ | The area with this pattern includes the anchor values, which are represented by " d

Byte 82:

Byte 83:

Byte 84:

116

The area with this pattern includes the offsetvalues, which are represented by " v ["
The value "s=v +d" shall satisfy 0 <s <62.

(see F:3)

The first 4 bits (bits b7 ta\ba) of this byte shall specify the duration offset of {he last
pulse, of the multi-pulSe train, for recording Marks of run-lengths [4T,6T,8T]lwith a
succeeding 2T Space (see Annex F). In case these bits (bits by to bs) apply, the
anchor duration.time is specified in byte 55 (T.p for a [4T, 6T, 8T] Mark|with a
succeeding >5T/Space).
The last 4'hits (bits bs to bg) of this byte shall specify the duration offset of {he last
pulse, of'the multi-pulse train, for recording Marks of run-lengths [5T, 7T, 9T] with a
succeeding 2T Space (see Annex F). In case these bits (bits bz to bg) apply, the
anchor duration time is specified in byte 56 (T.p for a [5T, 7T, 9T] Mark|with a
succeeding >5T Space).

The first 4 bits (bits b7 to ba) of this byte shall specify the duration offset of

succeeding >5T Space).

The last 4 bits (bits bs to bg) of this byte shall specify the duration offset of the last
pulse of the multi-pulse train for recording Marks of run-lengths [5T, 7T, 9T] with a
succeeding 3T Space (see Annex F). In case these bits (bits bz to bg) apply, the
anchor duration time is specified in byte 56 (T.p for a [5T, 7T, 9T] Mark with a
succeeding >5T Space).

The first 4 bits (bits b7 to ba) of this byte shall specify the duration offset of the last
pulse, of the multi-pulse train, for recording Marks of run-lengths [4T, 6T, 8T] with a
succeeding 4T Space (see Annex F). In case these bits (bits bz to bs) apply, the
anchor duration time is specified in byte 55 (T.p for a [4T, 6T, 8T] Mark with a
succeeding >5T Space).

The last 4 bits (bits bs to bg) of this byte shall specify the duration offset of the last

© ISO/IEC 2016 — All rights reserved


https://iecnorm.com/api/?name=f35a9caa5b1ab24f1b1567674a21fbbf

ISO/IEC 30193:2016(E)

pulse, of the multi-pulse train, for recording Marks of run-lengths [5T, 7T, 9T] with a
succeeding 4T Space (see Annex F). In case these bits (bits bz to bo) apply, the
anchor duration time is specified in byte 56 (T.p for a [5T, 7T, 9T] Mark with a

succeeding >5T Space).
Bytes 85 to 92 and 93 (msb, 4 bits): AdTEe start time offset of the erase level

These bytes specify the start-time offset of the erase level, in the Extended N/2 write
strategy for recording Marks with run-lengths 2T, 3T, 4T, and >5T with a succeeding
2T, 3T, or 4T Space (positive values are leading, negative values are lagging; see
Annex F).

The start time offset of the erase level AdT¢ is expressed as a fraction of the actual
Channel-bit clock period, as a signed two’s-complement binary numbgr w, such that

AdT,
w =32 x (=24 < w < 15) for Byte 85 and.86,
TW
AdT, _
w =32 x (-8<w < 7) for Byte 87 to 92 and 93 (msb 4 bits).
TW
NOTE| dTe
Mark 2M
Pre cedl_ng Space 25 53s 3M 446,8M 5,7,9M
Sucgeeding Space
2S
3S
4S
>55 s

This taple shows the dependence of the dT g value for each Mark that is going to be written,
on the [preceding and succeeding Spaces. The area denoted by " e " accomodates the anchor valugs
and th¢ area denoted by "w " includes the)offset values.

“““““ w _| The area.with this pattern includes the offset values, which are represented by " w

| e = [|The areawith this pattern includes the anchor values, which are represent¢d by " e
Thetwalue "u=w +e " shall satisfy -62 < u < 30.

(see F.3)
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Byte 85:

Byte 86:

Byte 87:

Byte 88:

Byte 89:

Byte 90:

118

The first 6 bits (bits by to by) of this byte shall specify the start-time offset of the
erase level for recording Marks of run-length 2T with a succeeding 2T Space and a
preceding 2T Space. In case this byte applies, the anchor position is specified in
byte 57 (dTe for a 2T 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 the
erase level for recording Marks of 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 (dTe for a 2T Mark with a preceding >3T Space and a succeeding >5T
Space).

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

The first 4 bits (bits b7 to bs) of this byte shall specify the start-time, offsef of the
erase level of the multi-pulse train for recording of Marks of rundength 3T|with a
succeeding 2T Space. In case of these bits (bits b; to b.), the anchor position is
specified in byte 59 (dTe for 3T Mark with a succeeding >5T Space).

The last 4 bits (bits bs to bo) of this byte shall specify/the’ start-time offsef of the
erase level of the multi-pulse train for recording Marks\of run-lengths [4T, 6T, 8T]
with a succeeding 2T Space. In case these bits(bits bz to bg) apply, the fanchor
position is specified in byte 60 (dTe for a [4T, 6T,8T] Mark with a succeedipng >5T
space).

The first 4 bits (bits b7 to bs) of this bytewshall specify the start-time offsef of the
erase level of the multi-pulse train forxecording Marks of run-length [5T, 7T, 9T] with
a succeeding 2T Space. In case these bits (bits b7 to ba) apply, the anchor gosition
is specified in byte 61 (dTe for af57F, 7T, 9T] Mark with a succeeding >5T Spage).

The last 4 bits (bits bs to bg)* of this byte shall specify the start-time offsef of the
erase level for recording Marks of run-length 2T with a succeeding 3T Spacg and a
preceding 2T Space. N case these bits (bits bs to bg) apply, the anchor posgition is
specified in byte 57(dTe for a 2T Mark with a preceding 2T Space and a sucdeeding
> 5T Space).

The first 4.bits (bits b7 to bs) of this byte shall specify the start-time offsef of the
erase level for recording Marks of run-length 2T with a succeeding 3T Spacg and a
preceding > 3T Space. In case these bits (bits b7 to bs) apply, the anchor position is
specified in byte 58 (dTe for a 2T Mark with a succeeding > 5T Space|and a
preceding > 3T Space).

The last 4 bits (bits bs to bg) of this byte shall specify the start-time offsef of the
erase level, of the multi-pulse train, for recording Marks of run-length 3T|with a

SUCCEEdNg 3T Space. 1 tase these bits (bits b3 10 o) appty; the anchor position is
specified in byte 59 (dTe for a 3T Mark with a succeeding >5T Space).

The first 4 bits (bits by to bs) of this byte shall specify the start-time offset of the
erase level, of the multi-pulse train, for recording Marks of run-lengths [4T, 6T, 8T]
with a succeeding 3T Space. In case these bits (bits b7 to bs) apply, the anchor
position is specified in byte 60 (dTe for a [4T, 6T, 8T] 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
erase level, of the multi-pulse train, for recording Marks of run-lengths [5T, 7T, 9T]
with a succeeding 3T Space. In case of these bits (bits bs to bg) the anchor position

© ISO/IEC 2016 — All rights reserved
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is specified in byte 61 (dTe for a [ST, 7T, 9T] 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

erase level for recording Marks of run-length 2T with a succeeding 4T Space and a

preceding 2T Space. In case these bits (bits b; to ba) apply, the anchor pos
specified in byte 57 (dTe for a 2T Mark with a succeeding >5T Space
preceding 2T Space).

The last 4 bits (bits bz to bg) of this byte shall specify the start-time offset
erase level for recording of Marks of run-length 2T with a succeeding 4T

ition is
and a

of the
and a

preceding >3T Space. In case these bits (bits bz to bg) apply, the anchor position is

Byte 92:

Byte 93 (ms

Byte 93 (Ish, 4

Bytes 94 to 99:

Bytes 100 to 1

b, 4 bits):

bits):

11:

Reserved

P U P S PP " " or o
specired—TToyte— 58— (uTe for—a 2T Mark—with—aprecedmy—=31T Space

succeeding >5T Space).

The first 4 bits (bits bz to bs) of this byte shall specify the start-timevoffset
erase level of the multi-pulse train for recording Marks of run-length 3T
succeeding 4T Space. In case these bits (bits b7 to bs) apply, the*anchor pos
specified in byte 59 (dTe 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

and a

of the
with a
ition is

of the

erase level of the multi-pulse train for recording Marks\of run-lengths [4T, 6T, 8T]

with a succeeding 4T Space. In case these bits (bits bs to bo) apply, the

anchor

position is specified in byte 60 (dTe for a [4T, 6T} 8T] Mark with a succeedihg >5T

Space).

The first 4 bits (bits b; to bs) of this\byte shall specify the start-time offset
erase 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 bs) apply, the
position is specified in byte;:61 (dTe for a [5T, 7T, 9T] Mark with a succeedi
Space).

These bits shalbe set to 0000.

Reserved
These bytes shall be set to 00h.

DRUnit footer
See 15.8.3.2.

of the
/T, 9T]
anchor
ng >5T
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15.8.3.5 Writ

e-strategy requirements

Disks according to this International Standard shall contain at least one DI Unit for each Recording Layer as
depicted in Figure 79. Additional DI Units, containing alternative write-strategy parameter sets, may be added
in order of preference, see Figure 79.

15.8.3.6 Usa

By using the ¢
facilitates the (
while keeping

Generally, eac
which write str

Additionally, edch Recording Layer might need a different.set of values for the write strategy parameter

Byte 3 shall be
Byte 5 shall bg

In all DI Units,
indicate a Nom

An example of]

DI Unit according to DI Unit according to
15.8.3.3 15.8.3.4
(DI Format 4, (DIl Format 5,
Extended N-1 write Extended N/2 write
Strategy) Strategy)
for 2x Recording Optional? Optional?
Velocity

a At least one of these two shall be present.

Figure 79 — Write-strategy type requirements

ge of DI Units

bncept of multiple DI Units, identified by their DI-format Number (byte 2), the BD system
future) use of disks for different Recording Velocities and with three or more Recording L
packwards compatibility in the best possible way.

h different Recording Velocity might need a different write strategy (different set of param
htegy furthermore can depend on the appliedtechnology.

set according to the specifications in~15.8.3.2.
used according to the descriptionin 15.8.3.2.

for defining parameters for 2x Recording Velocity, bytes 28 and 29 shall be set to 02 E2h
inal Recording Velocity-of 7,38 m/s.

those assignments is'shown in Figure 80.

hyers,

eters),
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2x disk (TL) with 2x EX N-1& N/2 write strategy

byte 2: DI-Format Number 4
byte 3: # of DI's/L# 6/0
byte 4: --- 00h
byte 5: sequence # 0
msb of byte 6: 0
byte 28 to 29: Velocity 2X
byte 42 to 98:WS EX_N-1
byte 2: DI-Format Number 5
byte 5: # of DI's/L# 6/0
byte 4: --- 00h
byte 5: sequence # 1
msb of byte 6: 0
byte 28 to 29: Velocity 2x
byte 42 to 93:WS EX_N/2
byte 2: DI-Format Number 4
byte 3: # of DI's/L# 671
byte 4: --- 00h
byte 5: sequence # 2
msb of byte 6: 0
byte 28 to 29: Velocity 2X
byte 42 to 98:WS EX_N-1
byte 2: DI-Format Number 5
byte 3: # of DI's/L# 6/1
byte 4: --- 00h
byte 5: sequence # 3
msb of byte 6: 0
byte 28 to 29: Velocity 2X
byte 42 t0-93:WS EX_N/2
byte'2: DI-Format Number 4
byte'3: # of DI's/L# 6/2
byte 4: --- 00h
byte 5: sequence # 4
msb of byte 6: 0
byte 28 to 29: Velocity 2X
byte 42 to 98:WS EX_N-1
byte 2: DI-Format Number 5
byte 3: # of DI's/L# 6/2
byte 4: --- 00h
byte 5: sequence # 5
msb of byte 6: 0
byte 28 to 29: Velocity 2X
byte 42 to 93:WS EX_N/2
Repeat

Figure 80 — Example of DI sequence
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16 General description of Information Zone

16.1 General

The Information Zone, which contains all information on the disk that is relevant for data interchange, is
located in the Information Area extending from dg to dio (see 10.8.1 and Figure 11).

The inner part of Inner Zone 0 (Protection-Zone 1 + PIC) shall contain HFM Grooves which can hold
replicated information about the disk. The outer part of the Inner Zone 0, the other Inner Zones, Data Zones

and Outer Zon
Grooves using

16.2 Format

The Informatio
Zone 0 on Lay
2 and a Lead-(

Data Zone 0, [
replicated and
Zone 0, Inner 2

17 Layout of

The Rewritabld
the Outer Zone
values of the ¢

The Physical A
the number of

ps constitute the Rewritable Areas in which the information is recorded on the Wobbled

Df Information Zone

h Zone is divided into nine parts: a Lead-in Zone (part of Inner Zone 0), Data Zone 0 and
br LO, Outer Zone 1, Data Zone 1 and Inner Zone 1 on Layer L1, and (nner Zone 2, Data

rone 1, Inner Zone 2, Outer Zone 0, Outer Zone 1 and Quter Zone 2 allow for a smooth r,
in/run-out for their respective layers and also contain Control Information.

entre of the first/last Groove Track of'that Zone.

the Phase-Change effect.

ut Zone on Layer L2 (see Figure 81, Figure 82 and Figure 83).

ata Zone 1 and Data Zone 2 are intended for recording User.Data. The Lead-in Zone co
Rewritable Control Information and an area for disk and drive testing. The Inner part of In

Rewritable Area of Information Zone

Area of the Information Zone is constituted.from part of the Inner Zones, the Data Zonej
s. The start radii for the Zones indicated:in Figure 81, Figure 82 and Figure 83 are the nq

DIP Addresses (PAA) listed are the first/last address in the Groove Tracks of each Zone
Physical Clusters (RUBSs) that.can be recorded per Zone are indicated.

Outer
Zone

ntains
ner
Ln-

5 and
minal

Also,
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Nominal First PAA
Layer LO Description | starting radius of Zone Number of
(mm) . Phys.
' Clusters
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
e ————————————————————————————————————————————————————
startin “wide pitch”
radiusg Groolzles BCA
21,0 mm
Protection- 22,2
Zone 1 -
St (First AUN = 00
HFM 0C 04 80h 2
(HEM i 22,510 : (x4KB)
Groove) Last AUN =00
0C 19 BEh)
Protection - 001 83 38h
Lead-in Zorie’2 23,068 : 300
Zone 001 87 E6h
(part of 00187 E8h
Inner Buffer 23,107 : 3078
Zone 0) 001 B7 FEh
0 01 B8 00h
INFO 2 23,468 : 256
| 001 BB FEh
A 001 BC 00h
Information OPCO 23,498 : 2048
Zone 0 01 DB FEh
Irfformation l 0 01 DC 00h
Area tracking Reserved 23,736 : 2048
direction 001 FB FEh
0 01 FC 00h
Rewritable INFO 1 23,971 : 256
001 FF FEh
(Wobbled 24,000 0 02 00 00h
Groove) Data : 509 152
Zone 0 :
LAA
INEQ 3/4 LAA+2h
58,000 :
LAA + 4 98h 294
Outer LAA + 4 9Ah
Zone 0 DCZz0 58,014 : 760
LAA + 10 78h
Pr;(t;cetlgn— 58,050 LAA + -10 7Ah .
ending radius
58,5 mm
Rim Area starting radius 58,5m| | |

Figure 81 — Layout of Information Zone on Layer LO
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Nominal Last PAA
Descrip- ending of Zone Number of
Layer L1 tion radius : Phys.
(mm) First PAA Clusters
of Zone
ending radius ~ “wide pitch”
21,0 mm Groove
Wobbled Protection 22,2
Groove -Zone 1
0 7E C5 B8h
Buffer 0 7E C5 B6h
22,510 : 4104
0 7E 85 98h
0 7E 8596h
OPC1 23,004 i 2 04B
0.7E 65 98h
0 7E 65 96h
Reserved 23246 : 1 89k
0 7E 48 00h
Inner Zone 0 7E 47 FEh
tracking 1 INFO 2 23,468 : 256
direction 0 7E 44 00h
0 7TE 43 FEh
T Reéserved 23,498 : 4 09p
Information 0 7E 04 00h
Informatiof Zone 0 7E 03 FEh
Area Rewritable INFO 1 23,971 : 256
T 0 7E 00 00h
(Wobbled 24,000 0 7D FF FEh
Groove) Data 509 152
Zone 1 :
FAA2
FAA — 2h
INFO 3/4 58,000 : 294
FAA — 4 98h
Outer FAA — 4 9Ah
Zone 1 DCZz1 58,014 : 760
FAA — 10 78h
Protection FAA — 10 7Ah
-Zone 3 58,050 . -

starting radius
58,5 mm

a FAA =LAA +180 00 O1lh (see 15.7.4.3).
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Figure 82 — Layout of Information Zone on Layer L1
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Nominal First PAA
Descrip- starting of Zone Number of
Layer L2 tion radius : Phys.
(mm) Last PAA Clusters
of Zone
starting radius  “wide pitch”
21,0 mm Groove
Protection 22,2 . .
Wobbled -Zone 1
Groove
081 3A48h
Buffer
22,510 : 200
0.8138D 66h
0.81 3D 68h
Inner Zone | OPC2 22,535 : 2048
2 081 5D 66h
081 5D 68h
Reserved | (22,782 : 1600
081 76 66h
08176 68h
INFO2' | 22,973 ; 256
081 7A 66h
| 081 7A68h
‘L Reserved 23,004 : 2048
Information 081 9A 66h
Information Zone 081 9A 68h
Area Buffer 23,246 : 6 246
tracking 081 FB FEh
direction 081 FC 00h
Rewritable INFO1 23,971 : 256
0 81 FF FEh
(Wobbled 24,000 0 82 00 00h
Groove
) Data 509 152
Zone 2 :
LAA22
58,000 LAA2 + 2h
INFO 3/4 :
Lead-out LAA2 + 4 98h 294
Zone LAA2 + 4 9Ah
(Quter DC72 58014 : 760
Zone 2) LAA2 + 10 78h
Protection LAA2 + 10 7Ah
Zone3 | 8050 :
ending radius
58,5 mm
Rim Area starting radius 58,5 mm
a LAA2 =LAA +0800000h (see 15.7.4.3).
Figure 83 — Layout of Information Zone on Layer L2
125
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Physical-Sector numbering

Each Cluster contains 32 Physical Sectors, and 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-Secto

r Number (PSN).

The PSN 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 PS3; to PS
Bits PS27 to PS
The first PSN i
The last PSN i

0108
The first PSN i

02 F7
The last PSN i
The first PSN i
The last PSN i

0508

28 Of the PSN shall be Reserved.

25 of the PSN shall be set to the Layer number.
h the Data Zone 0 is 00 10 00 00h.

N the Data Zone 0 is 8 x LAA + 15, which is

DB FFh.

N the Data Zone 1 is 8 x FAA, which is

54 00h.

n the Data Zone 1 is 03 EF FF FFh.

h the Data Zone 2 is 04 10 00 00h.

h the Data Zone 2 is 8 x LAA2 + 15, which is

DB FFh,
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setto
PSN
. Iirnmber Py
- “\.
MSB l LSB
= FT [F[F P P F P 7 EF‘ P
5 5| [s|s 5 5 5 5 5 5 5
3 2| [2(2 1 1 B Il |5 0
1 7l |54 5
In Cluster
count  “ZERO"
/_’M\
Address Unit Number | ]
AR ¥ YYYY IARARKK TYYVY
ﬂ ! A A h A AlA
y B R u {8
1 7| [5]4 3 ] % g 4 e
setfo
00,01, A0
consecltively
: Yy r rvr¥vYyyy ii
fa ) AlA ﬁ A A ﬁl.‘ﬁ.ﬂ
2 § 1]1 1 g 7 (1|0
7l6 5

Physical ADIP Address

Figure 84 — Physical ADIP Addresses derived from PSNs

These PSNs are converted to Address-Unit Numbers, which shall be recorded in the BIS columps of the ECC
Clustels (see 13.9.2.3).

Finally] a Physical ADIP Address is derived from the PSN/AUN as defined in Figure 84. This PAA identifies
the locqtion on the disk where the data shall be recorded.

18 Inner Zone

18.1 General

On Layer LO, the innermost Zone of the Information Zone is called the Lead-in Zone (part of Inngr Zone 0). On
Layer L1 and kayer L2, they are called Inner Zone 1 and Inner Zone 2.

Figure 85, Figure 86 and Figure 87).

In the Embossed HFM Area on Layer LO, all Grooves shall be encoded according to the format as defined in
15.5 and with its other subclauses.

0,0
On Layer LO, this encoding shall start at a radius 22, 2_0 1 mm, such that the first AUN of the first Cluster

shall be 00 OB F8 E2h.
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The addresses shall be continuously increasing as described in 15.5.3.2 and shall end with AUN = 00 0C 19
BEh in the last 4K Cluster at the outermost radius of the PIC Zone.

In Protection-Zone 1 of Inner Zone 0, the content of the Data Frames can be set to all 00h or they can be
equal to the content in the PIC Zone.

Protection-Zone 1 is intended to be a Protection Area against overwriting of the PIC Zone by the BCA code.

In the Permanent Information and Control data (PIC) Zone, general information about the disk and various
other information can be stored in the Embossed HFM Groove.

In the Rewritahle Area and the Wobbled Grooved Area (Protection-Zone 1 onlayerl1 and |l ayer|2) all

Grooves shall pe wobbled as defined in 15.6.
The Rewritablg Areas of each Inner Zone are used to execute OPC (Optimum Power Control) procedurgs and
to store specific information about the disk, such as Disk Management Information and Contrel-Information.
Also, a Zone hps been reserved where drives can store their own specific information.
Lead-i Description First PAA Number of Purpose
Zone of Zone Phys.Cluste
rs
Protection-
Zone 1
Embossgd PIC . . Permanent Information &
HFM Control data Zone
Protection- 0 01 8338h 300
Zone 2
Buffer 001 87 E8h 3078
Reserved 8 0 01 B8 00h 32 future extension
Reserved 7 0 01 B8 80h 32 future extension
Reserved)6 0 01 B9 00h 32 future extension
INFO2 Resenved 5 0 01 B9 80h 32 future extension
PAC 2 001 BA0Oh 32 Physical-Access Contro
A2 DMA 2 0 01 BA 80h 32 Disk Management
Rewritaljle Control Data 2 001 BB 00h 32 data information
l Buffer 2 0 01 BB 80h 32
tracking Test Zone 001 BC 00h 2048 OPC testing
directiop PPCO
Reserved -—- 0 01 DC 00h 2048 future extension
Buffert 00+ FCo6h 32 ===
Drive Area 001 FC 80h 32 Drive-specific Information
Reserved 3 0 01 FD 00h 32 future extension
Reserved 2 0 01 FD 80h 32 future extension
INFO1 Reserved 1 0 01 FE 00h 32 future extension
DMA 1 0 01 FE 80h 32 Disk Management
Control Data 1 0 01 FF 00h 32 data information
PAC1 0 01 FF 80h 32 Physical-Access Control
(Data Zone 0) 0 02 00 00h
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Figure 85 — Lead-in Zone
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Inner Description First PAA Number of Purpose
Zone 1 of Zone Phys.
Clusters
(Data Zone 1)
PAC 1 0 7E 00 00h 32 Physical-Access Control
Control Data 1 0 7E 00 80h 32 data information
DMA 1 0 7E 01 00h 32 Disk Management
Reserved 1 0 7E 01 80h 32 future extension
INFO1 Reserved 2 0 7E 02 00h 32 future extension
Reserved 3 0 7E 02 80h 32 future extefsion
Drive Area 0 7E 03 00h 32 Drive-specific Infformation
Buffer 1 0 7E 03 80h 32
J Reserved 0 7E 04 00h 4 096 future extemsion
Buffer 2 0 7E 44 00h 32
Rewritable Control Data 2 0 7E 44 80h 32 data informgtion
J DMA 2 0 7E 45 00h 32 Disk Management
PAC 2 0 7E 45 80h 32 Physical-Access Control
INFO2 Reserved 5 0 7E 46 00h 32 future exterllsion
Reserved 6 0 7E 46 80h 32 future extev|1$ion
Reserved 7 0 7E 47 00h 32 future exte||15ion
tracking Reserved 8 0 7E 4%80h 32 future extefision
direction
Reserved -—- 0 7E 48 00h 1894 future extemsion
OPC1 Test Zone 0 7E 65 98h 2048 OPC testjng
Buffer 0 7E 85 98h 4104
e
Figure 86 — Inner Zone 1

© ISO/IEC 2016 — All rights reserved
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Inner Description First PAA Number of Purpose
Zone 2 of Zone Phys.
Clusters
Wobbled Protection-
Zone 1
Grooves
Buffer 0 81 3A 48h 200
OPC2 Test Zone 081 3D 68h 2048 OPC testing
RCQCI VCd C 81 5D Csh 1 GCC futulc A>3 tCIIQ;UII
Reserved 8 081 76 68h 32 future extension
Reserved 7 081 76 E8h 32 future extension
Reserved 6 08177 68h 32 future.extension
Reserved 5 081 77 E8h 32 future extension
INFO2
Reserved 081 78 68h 32 future extension
N DMA 2 08178 E8h 32 Disk Management
Rewritaljle Control Data 2 081 79 68h 32 data information
N Buffer 2 081 79 E8h 32
tracking Reserved - 081 7A 68h 2048 future extension
direction
Buffer 0 81 9A68h 6 246
Buffer 1 0 81 FC 00h 32
Drive Area 081 FC 80h 32 Drive-specific Informatio
Reserved 3 0 81 FD 00h 32 future extension
Resgerved 2 0 81 FD 80h 32 future extension
INFO1
Reserved 1 0 81 FE 00h 32 future extension
DMA 1 0 81 FE 80h 32 Disk Management
Control Data 1 0 81 FF 00h 32 data information
Reserved 0 81 FF 80h 32 future extension
(Data Zone 2) 082 00 00h

Figure 87 — Inner Zone 2

18.2 Permanent Information and Control data (PIC) Zone

18.2.1 General

The Permanent Information and Control data (PIC) Zone is an Embossed HFM Area with data for various
purposes, such as Disk Information. If no specific PIC data is supplied, all User-Data bytes (before

scrambling) shall be set to 00h.
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The PIC Zone shall consist of 5 repetitions of a PIC-Info Fragment, where each PIC-Info Fragment consists of
544 PIC Clusters (for a total of 2 720, see Figure 88). The PIC Clusters shall be formatted as described in

15.5.

The PIC-Info Fragments shall start on Layer LO at AUNs: 00 0C 04 80h, 00 0C 08 COh, 00 OC 0D 00h, 00 0C

11 40h and 00 OC 15 80h.

PIC-Info Fragment PIC-Cluster AUN
number number on Layer LO
0 00 0C 04 80h
1 00 OC 04 82h
IFO 2 00 OC 04 84h
543 00 0C.08 BEh
0 00.0€ 68 COh
IF1 : :
543 00 OC OC FEh
0 00 OC 0D 00h
IF2 : :
543 00 0C 11 3Eh
0 00 0C 11 40h
IF3 : :
543 00 0C 15 7Eh
0 00 0C 15 80h
IF4 : :
543 00 0C 19 BEh
Figure 88 — PIC Zone
The firgt PIC Cluster of eachinfo Fragment shall contain a copy of the Disk-Information Block a$ contained in
the ADJP Aux Frames (see\15.8.3 and Figure 89). Only the first 112 bytes of each Disk Informatjon Aux Frame
shall be included (excluding the 32 parity bytes). If less than 32 DI Units are present then the remaining bytes
up to byte 3 584 shall\be set to 00h.
The lagt 512 bytes of the first PIC Cluster of each Info Fragment shall contain the Emergency-Bfake data set,
see 18}2.3 and Figure 89.
Byte-position Content
in PIC Cluster Number of bytes
Oto 111 DI Unit 0 112
112 to 223 DI Unit 1 112
: : 112x28
3360to 3471 DI Unit 30 112
3472t0 3583 Reserved 112
3584 to 4 095 EB Data Set 512

Figure 89 — First PIC Cluster of each Info Fragment
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All other PIC Clusters shall be Reserved, unless otherwise specified by the Application.

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.

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 90.

Byte number Function Definition Number Of\bytes
3584 t0 3585 Identifier 2
3 586 Version 1
3587 EB Reserved 1
Header
3588 List length 1
3589 to 3591 Reserved 3
359210 3593 Drive-Manufacturer 1D 2
3594 to 3595 EB Drive-Model 2
3596 to 3 597 Data field 1 Firmware Version 2
3598 to 3599 Drive Actions 2
(3584 +ix8)to (3584 +ix8)+1 Drive-Manufacturer ID 2
(3584 +x8)+2t0(3584+ix8)+3 EB . Drive Model 2
- - Pata field i - -
(3584 +(x8)+4t0(3584+ix8)+5 1<i<N) Firmware Version 2
(3584 +(x8)+61t0(3584+ix%x8)+T Drive Actions 2
(3584 +HN x 8) to (3584 +N)x 8) +1 Drive-Manufacturer 1D 2
(3584 + N x8)+2to (3584 + N x 8) + Drive Model 2
3 EB
(3584 + N\l x 8) +4.t0 (3584 + N x 8) + | Data Field N Firmware Version 2
5 (N <62)
(3584 + N'x'8) + 6t0 (3584 + N x 8) + Drive Actions 2
7
[3584 + (N+1) x 8] EB Footer Terminator 8
to [3584 + (N+1) x 8] + 7
[3584 + (N+2) x 8] to 4 095 Reserved 512 — (N+2) x 8

Figure 90 — Definition of Emergency-Brake data
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Bytes 3 584 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.
Byte 3 587: Reserved

This byte shall be set to 00h.

Byte 3[588—FEBfisttergtiriv

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 B 589 to 3 591: Reserved

These bytes shall be set to 00 00 00h.

Bytes [3584 +ix8)to (3584 +ix8)+1(1<i<N): Drive-ManufactureriD

The format and the content of these 2 bytes require agreement-between the interchange parties, else
these bytes shall be set to all 00h.

Bytes (3584 +ix8)+2to (3584 +ix8)+3(1<i=<N): Drivé-Model number

These two bytes represent the Drive-Model number and shall be defined by the drive| manufacturer.
This International Standard does not specify. the format and the content of these byles. It shall be
ignored in interchange.

Bytes [3584 +ix8)+4to (3584 +ix8)+5(1l=i<N): Drive-Firmware Version

These two bytes represent the Drive:Firmware Version and shall be defined by the drivel manufacturer.
This International Standard doesynot specify the format and the content of these byles. It shall be
ignored in interchange.

Bytes (3584 +i x 8) + 6to (3584+i x 8) + 7 (1 <i<N): Drive-Manufacturer Actions

These two bytes represent the actions to be performed by the drive model to handle this disk. These
bytes shall be défined by the drive manufacturer. This International Standard does mot specify the
format and the content of these bytes. It shall be ignored in interchange.

Bytes |3 584 + (N#1) x 8] to [3 584 + (N+1) x 8] + 7 (0 <N < 62): EB Terminator
These:bytes shall be set to FF FF FF FF FF FF FF FFh to indicate the end of the EB dat

D

Bytes [3684 + (N+2) x 8] to 4 095 (0 < N < 62): Reserved

These bytes are Reserved.
18.3 Rewritable Area of Inner Zone(s)
18.3.1 Protection-Zone 2

This Zone of 300 Physical Clusters starts at PAA 0 01 83 38h on Layer LO and is intended to be a buffer Zone
for the transition from the Embossed HFM Area to the Rewritable Area (see 15.4.4).
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18.3.2 Buffer

This Zone has 3 078 Physical Clusters starting at PAA 0 01 87 E8h on Layer LO, 4 104 Physical Cluster
starting at PAA 0 7E 85 98h on Layer L1, and 200 Physical Clusters starting at PAA 0 81 3A 48h plus 6 246
Physical Clusters starting at PAA 0 81 9A 68h on Layer L2 and shall be left unrecorded.

18.3.3 INFO 2/Reserved 8

This Zone of 32 Physical Clusters starting at PAA 0 01 B8 00h on Layer LO, at PAA O 7E 47 80h on Layer L1
and at PAA 0 81 76 68h on Layer L2 is Application dependent.

For the disks w
unrecorded.

For the disks W
18.3.4 INFO 2

This Zone has
on Layer L1 ar

18.3.5 INFO 2
This Zone has
on Layer L1 ar
18.3.6 INFO 2
This Zone has

on Layer L1 arn
For the disks W

For the disks W
18.3.7 INFO2
This Zone of 3

L1 and is inten
in this Zone sh

18.3.8 INFO2
This Zone has
18.3.9 INFO2

This Zone of 3

: N—— L i eationrt I ettt

ithout BCA code, this Zone shall be recorded all 00h before shipping.
Reserved 7

the size of 32 Physical Clusters starting at PAA 0 01 B8 80h on LayerA0,-at PAAQO 7E 4
d at PAA 0 81 76 E8h on Layer L2 and shall be left unrecorded.

Reserved 6

the size of 32 Physical Clusters starting at PAA 0 01 B9,00h 'on Layer LO, at PAAQO 7E 4
d at PAA 0 81 77 68h on Layer L2 and shall be left unrecorded.

Reserved 5

the size of 32 Physical Clusters starting at PAA'0 01 B9 80h on Layer LO, at PAAQ 7E 4

d at PAA 0 81 77 E8h on Layer L2 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 reeorded all 00h before shipping.
PAC 2
P Physical Clusters starts,at:PAA 0 01 BA 00h on Layer LO and at PAA O 7E 45 80h on L

ded to be used for storing-Physical-Access Control (PAC) Clusters (see 21.2). Unused C
all contain all 00h or left unrecorded.

Reserved
the size of 32:Physical Clusters starting at PAA 0 81 78 68h on Layer L2 unrecorded.

DMA 2

f 00h

b 80h

b 00h

ation.

ayer
usters

L1

D-Physical Clusters starts at PAA 0 01 BA 80h on Layer LO, at PAA 0 7E 45 00h on Laye

and at PAAO

1 /78 Esh on Layer L2 and Is intended for use by the Disk Management system (see 22.

Unused Clusters in this Zone shall contain all 00h or left unrecorded.

18.3.10 INFO2

/Control Data 2

This Zone of 32 Physical Clusters starts at PAA 0 01 BB 00h on Layer LO, at PAA 0 7E 44 80h on Layer L1
and at PAA 0 81 79 68h on Layer L2 and is intended to store Control Information. Unused Clusters in this

Zone shall con

18.3.11 INFO2

tain all 00Oh.

/Buffer 2

This Zone with the size of 32 Physical Clusters starts at PAA 0 01 BB 80h on Layer LO, at PAA 0 7E 44 00h
on Layer L1 and at PAA 0 81 79 E8h on Layer L2 and shall be left unrecorded.
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18.3.12 OPC/Test Zone

The Test Zone of 2 048 Physical Clusters starts at PAA 0 01 BC 00h on Layer LO, at PAA 0 7E 65 98h on
Layer L1 and at PAA 0 81 3D 68h on Layer L2 and is Reserved for testing and/or OPC procedures.

After using any part of this area, the used tracks shall either be erased by irradiating these tracks using only
the optimum erase powers or be overwritten with Clusters containing arbitrary user data using the optimum
write powers.

18.3.13 Reserved

This Zone has 2 048 Physical Clusters starting at PAA 0 01 DC 00h on Layer LO, 4 096 Physical Clusters
starting at PAA 0 7E 04 00h plus 1 894 Physical Clusters starting at PAA 0 7E 48 00h on Layer L1 and 1 600
Physical Clusters starting at PAA 0 81 5D 68h plus 2 048 Physical Clusters starting at PAA 081 7A 68h on
Layer U2 shall be left unrecorded.

18.3.14 INFO1/Buffer 1

This Zgne of 32 Physical Clusters, which starts at PAA 0 01 FC 00h on Layer LBOyat PAA 0 7E 03 80h on
Layer L1 and at PAA 0 81 FC 00h on Layer L2 shall be left unrecorded.

18.3.1% INFO1/Drive Area (optional)
18.3.1%.1 General

The usk of this Zone of 32 Physical Clusters starting at PAA/0\01 FC 80h on Layer LO, at PAA J 7E 03 00h on
Layer 11 and at PAA 0 81 FC 80h on Layer L2 is optional{Fhis Zone can be used by drives to store drive-
specifi¢ information, 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 ighored in
interchpnge.

18.3.1%.2 Format of Drive-specific Information

Drive-gpecific Information shall be contaified in one 2K Data Frame. The first 128 bytes of such p Data Frame
shall contain a signature of the drive_that has created the related Data Frame, according to the fpllowing
format

— 48 bytes for the Manufacturer’'s name, represented by characters from the ISO/IEC 646 character set;
— 48 bytes of additional-identification, represented by characters from the ISO/IEC 646 charagter set;
— 32 bytes for a unigue serial number of the drive.

The folmat of the yemaining 1 920 bytes of the Data Frame is not defined and can be chosen fraely by each
drive dpsigner;,

Physical
Cluster. Each time a new drive is going to write its Drive-specific Information, the oldest Drive-specific
Information located in Data Frame 31 of the Physical Cluster is removed from the Physical Cluster, the
content of Data Frames 0 to 30 are moved into Data Frames 1 to 31 and the new information is written in Data
Frame 0O (see Figure 91).

For robustness reasons, the Physical Cluster containing the Drive-specific Information frames is written on the
disk twice.
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Initially, the two Physical Clusters starting at PAA 0 01 FC 80h and 0 01 FC 84h shall be used to store Drive-
specific Information. When both Physical Clusters become unreliable, the next two Physical Clusters of the
Drive Area can be used to store the Drive-specific Information. For a fast and efficient access to the Drive
Area, the DDS in the DMA Zones contain an address pointer to the first valid Physical Cluster in the Drive

Area.
Drive Area Phys. Cluster l“shift in” Data Frame
damaged drive i Manufacturers name
One x 2K
Address damaged drive i-1 Additional ID
pointer J R Sector
X .
—»{| Valid Drive Info Sectors Unique Ser. Num,
(in . l
DDS) Copy Drive Info shift at Drive-specifi¢
information
spares each update in freexformat
drive i-31
l “shift out”
Figure 91 — Format of Drive Aréa (example)
18.3.16 INFOl/Reserved 3

This zone of 3
and at PAA O §

18.3.17 INFO1

This zone of 3
and at PAA O §

18.3.18 INFO1

This Zone has
on Layer L1 ar

18.3.19 INFO1

Reserved 2

Reserved 1

DMA<t

This Zone of 3

P Physical Clusters starting at PAA 0 01 FB:00h on Layer LO, at PAA 0 7E 02 80h on Lay
1 FD 00h on Layer L2 shall be left unrecorded.

P Physical Clusters starting.at PAA 0 01 FD 80h on Layer LO, at PAA O 7E 02 00h on Lay
1 FD 80h on Layer L2 shall be left unrecorded.

the size of 32Physical Clusters starting at PAA 0 01 FE 00h on Layer LO, at PAAO 7E O
d at PAA @°81 FE 00h on Layer L2 shall be left unrecorded.

P Rhysical Clusters, which starts at PAA 0 01 FE 80h on Layer LO, at PAA 0 7E 01 00h o

er L1

er L1

1 80h

H

Layer L1 and at PAA 0 81 FE 80h on Layer L2, is intended for use by the Disk Management system (see
chapter 22.2). Unused Clusters in this Zone shall contain all 00h or can be left unrecorded.

18.3.20 INFO1

/Control Data 1

This Zone of 32 Physical Clusters, which starts at PAA 0 01 FF 00h on Layer LO, at PAA 0 7E 00 80h on
Layer L1 and at PAA 0 81 FF 00h on Layer L2, is intended to store Control Information.

Unused Clusters in this Zone shall contain all 00h.
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18.3.21 INFO1/PAC 1

This Zone of 32 Physical Clusters, which starts at PAA 0 01 FF 80h on Layer LO and PAA 0 7E 00 00h on

Layer L1, is intended to be used for storing Physical-Access Control (PAC) Clusters (see 21.2). Unused

Clusters in this Zone shall contain all 00h or can be left unrecorded.

18.3.22 INFO1/Reserved

This Zone of 32 Physical Clusters, starting at PAA 0 81 FF 80h on Layer L2, shall be left unrecorded.

19 Data Zone

The Data Zone can contain a total of 1 527 456 Clusters of User Data.

20 Ouiter Zone(s)

20.1 General

ISO/IEC 30193:2016(E)

Outer Zone 0 and Outer Zone 1 function together as a Transition Area between the Data Zones|on Layer LO
and Lalyer L1. Outer Zone 2 functions as a Lead-out Zone (see Figure 92\and Figure 93).
Outer Description First PAA Number of Purpose
Zone 0/2 of Zaone Phys. Clusters
Buffer 3 L'AAN + 2h 32
INFO 3 DMA 3 LAAN + 82h 32 Disk Management
\ Control Data 3 LAANn + 1 02h 32 data infdrmation
Rewritabled Angular baffer | LAANn + 1 82h 102
tracking DMA 4 LAAN + 3 1Ah 32 Disk Management
direction INFO 4 Control Data4 | LAAn + 3 9Ah 32 data infdrmation
Buffer 4 LAAN + 4 1Ah 32
DCZz0/2 Test Zone LAAN + 4 9Ah 760 Drive calibration
Protection-Zone 3 |LAAN +10 7Ah
LAAnN is LAA in Outer Zone 0 and LAA2 in Outer Zone 2.
Figure 92 — Outer Zone 0/2 (Lead-out Zone)
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Outer Description First PAA Number of Purpose
Zone 1 of Zone Phys. Clusters
Protection-Zone 3
DCZz1 Test Zone FAA — 10 78h 760 Drive calibration
! Buffer 4 FAA — 4 98h 32
Rewritable INFO 4 Control Data 4 FAA — 4 18h 32 data information
! DMA 4 FAA —398h 32 Disk Management
Angular buifer FAA=318h T0Z
tr.acki.ng Control Data 3 FAA —1 80h 32 data information
direction | |NFo 3 DMA 3 FAA — 1 00h 32 Disk Managemerjt
Buffer 3 FAA - 80h 32

20.2

INFO3/Huffer 3

Figure 93 — Outer Zone 1

This Zone of 3R Physical Clusters shall be left unrecorded.

20.3

INFO3/OMA 3

This Zone of 3R Physical Clusters is intended for use by the Disk-Management system (see 22.2). Unuged

Clusters in thid Zone shall contain all 00h or can be left unrecorded.

20.4 INFO3/dontrol Data 3

This Zone of 3R Physical Clusters is intended to store Control Information.

Unused Clustdrs in this Zone shall contain all‘00h.

20.5 Angular|buffer

This Zone of 1P2 Physical Clusters)shall be left unrecorded.

20.6

INFO4/OMA 4

This Zone of 3P PhysicalClusters is intended for use by the Disk Management system (see 22.2). Unuged

Clusters in thid Zone shall contain all 00h or can be left unrecorded.

20.7

INFO4/Control Data 4

This Zone of 32 Physical Clusters is intended to store Control Information.

Unused Clusters in this Zone shall contain all 00h.

20.8

INFO4/Buffer 4

This Zone of 32 Physical Clusters shall be left unrecorded.

20.9 DCZO0/Test Zone, DCZ1/Test Zone and DCZ2/Test Zone

These Test Zones of 760 Physical Clusters are Reserved for drive calibrations.

138

© ISO/IEC 2016 — All rights reserved



https://iecnorm.com/api/?name=f35a9caa5b1ab24f1b1567674a21fbbf

ISO/IEC 30193:2016(E)

20.10 Protection-Zone 3

This Zone contains an unrecorded Groove.

All ADIP units in the Grooves in this Zone shall be modulated by MSK-cos only and not by HMW (see 15.6.2).

21 Physical-Access Control Clusters

21.1 General

Physical-Access Control (PAC) Clusters provide a structure on the Disk for the exchange of additional

informatiom DetweeTT Mterchange parties. PAC Ciusters shaftbe recorded mthe iINFOI/PACT Zone and

backuq
the firs

In the f

Drives
therefo
defined

copies shall be recorded in the INFO2/PAC2 Zone. All PAC Clusters shall have the sam
384 data bytes, which constitute the PAC Header.

uture, new PACs can be defined for specific applications/functions.

designed before the introduction date of a new PAC will in general not-be-able to interpre

in the header of the PACs, compatibility problems and unwanted.destruction of data of s

applicgtions can be avoided as much as possible.

Drives

designed after the introduction date of a new PAC can be @assumed to be familiar with thg

applicgtion/function connected to the new PAC. Such drives.can therefore ignore the “Unknown

and ap
are no

NOTE

fra

ply the rules defined in the “PAC-specific information” fields of the PAC. For such “Knowr
physical access restrictions unless specified otherwise in the “PAC-specific information”

To preserve compatibility

m the point of view of Zone layout, PAC1 and PAC2 are allocated only on Layer LO and

th¢ corresponding Zone on Layer L2 is‘Reserved, and

frd
an

21.2 |

The IN
PAC al

m the point of view of PAC content, there are no additional Unknown-PAC Rules for this
d this reserved Zone is out of‘RAC control.

ayout of PAC Zones

FO1/PAC1 Zones(n Layer LO and Layer L1 form one area of 64 Clusters available for th
nd the INFO2/PAC?2 Zones on Layer LO and Layer L1 form another area of 64 Clusters a

storage of PAC.

Each H
copies
be cop

AC Cluster shall be recorded in both Zones INFO1/PAC1 and INFO2/PAC2, so there wil
of each-PAC Cluster recorded. A PAC shall always be updated first in the INFO1/PAC1 2
eddo the INFO2/PAC2 Zone, which eases the handling of possible power-down failures.

e format for

t it and

re shall treat such a PAC as a so-called “Unknown PAC”. By obeying standard “Unknown- PAC Rules”,

pecific

e specific

PAC Rules”
PACs”, there

ields.

Layer L1, and

reserved Zone

e storage of
ailable for the

always be 2
fone and then
The PAC-

UpdateCountof the PAC Ciuster Tecorded i the iINFO2/PAC2 Zone shatt e the same as the P
Count of the PAC Cluster recorded in the INFO1/PAC1 Zone.

AC-Update

If a PAC Cluster is found to be defective during recording, the defective Cluster shall be skipped and indicated
as invalid in the DDS (see Figure 94). A replacement PAC should be recorded in the next available Cluster.

The status of all locations in both the INFO1/PAC1 and INFO2/PAC2 Zones shall be indicated in the DDS
(see 22.2.2) by a 2-bit pattern as follows:
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b(n+1),bn

Content in PAC location

00

unrecorded

(also to be used if layer not present)

01

available for re-use?

10

contains an invalid PAC2

11

contains a valid PAC

a PAC Clusters with status 01 or 10 as indicated in the

DDS shall not be transferred outside the drive, although
n\/pr\/\/ri'ring is_allowed (indplnpnripnf anthe prfing of bit

bo and b; of the Unknown-PAC Rules).
Figure 94 — Status of PAC locations
21.3 General|structure of PAC Clusters
The User Data| of the PAC Clusters shall be formatted according to Figure 95. The first'384 bytes constitute
the PAC Headgr.
Byte position
Data Frame | in Data Frame Content Number of bytes
@ 0to2 PAC_ID 3
@ 3 PAC format 1
@ 4t07 PAC-Update-Count 4
@ 8to 11 Unknown-PAC Rules 4
@ 12 Unknown-PAC-Entire_Disk_Flags 1
d 13to 14 Reserved 2
@ 15 number of Segments 1
@ 16 to 23 Segment_0 8
@ 24t0 31 Segment_1 8
Q 320 263 : 29 x 8
@ 264 to 274 Segment_31 8
@ 272 10383 Reserved 112
@ 384 Known-PAC Entire_Disk_Flags 1
d 385 to 387 Reserved 3
@ 388 to 2 047 PAC-specific information 1660
] Oto 2047 PAC-specific information 2048
30 Oto 2047 PAC-specific information 2048
31 0to 2047 Reserved 2048

Figure 95 — General layout of PAC Clusters
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The PAC_ID shall identify the specific type of PAC Cluster.

— if

set to 00 00 00h, the PAC Cluster is unused.

The PAC_ID of all subsequent PAC Clusters in the INFO1/PAC1 Zone or INFO2/PAC2 Zone shall be

S

et to 00 00 00h or those subsequent Cluster locations shall be left unrecorded.

—  if setto 50 52 4Dh, the PAC Cluster is the Primary PAC as defined in 21.4.

— if set to 44 57 50h, the PAC Cluster is the DWP PAC as defined in 21.5.

— if set to 49 53 31h, the PAC Cluster is the IS1 PAC as defined in 21.6.

if setto 49 53 32h the PAC Cluster is the 1IS2 PAC as defined in 21.6

Other

if set to FF FF FFh, the PAC Cluster is unused.

he PAC was previously used and is now available for re-use.

alues for the PAC_ID can be assigned in future releases of this International Standard.

Each new PAC added to the INFO1/PAC1 Zone or INFO2/PAC2 Zone shall be recorded at the {irst available

Cluster

The P4

The P4

shall b¢ set to 00 00 00 00h during the first format operation.onily, and shall be incremented by ¢
the curfent PAC is re-written.

The Ur

unknown (i.e. the PAC_ID is not set to a known valu€). These bytes form a field consisting of 32

(bit bs1

taken (when the PAC is unknown) for any Cluster contained within the related area (see Figure

actions

in these Zones (indicated by status 00 or 01 in the DDS, see Figure/94).
C-format field shall indicate the version number of the specific-PAC.

C-Update Count shall specify the total number of update(operations of the current PAC

known-PAC Rules shall specify the required actions when the content and use of the P
shall be the msb of byte 8 and bit bo shall be the Isb of byte 11). The actions described b,

described for the User-Data Area shall be taken only within the specified Segments if Sq

This field
ne each time

AC are
individual bits
elow shall be
06). The
gments have

been defined; else these actions shall be.taken for any Cluster contained within the full User-Dafta Area.

If a dri

rules (in other words, if one of the PACs excludes an action, the same rule of the other PACs is

e encounters multiple unknewh PACs on one disk, it shall use the OR-function of the Un

known-PAC
irrelevant).
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142

Control Mandatory
Area Bits type setting
b31 to baa Reserved 0000 0000
b write -
Reserved 8 2
b2 read -
b write ONE
Reserved 7 b21 oad
INFO 2 2 :
b1 write ONE
Reserved 6
bis read -
reserved o b17 write -
bie read -
) bis write ZERO
INFO 1 Drive Area
b14 read ZERO
b write ONE
Reserved 3 =
b1z read -
b write ONE
INFO 1 Reserved 2 =
bio read -
by write ONE
Reserved 1
bs read -
DMA Zones (not including the .
INFO 1,2,3,4 DDS: see 22.2) b7 write -
Reserved
unless
bs otherwise -
specified by
the Application
bs write -
INFO 1,2,3,4 | Control Data Zones
bs read -
b3 write -
Data Zones User-Data Area/Segments
b2 read -
b1 write -
INFO 1&2 PAC Cluster
bo read -
“” megns: no mandatoty setting specified, as well ZERO as ONE can be allowed depending
on specific PAC.
Figure 96 — General bit assignments for Unknown-PAC Rules
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For all Zones/areas, except the PAC Cluster, the bits have the following meaning:

—  Control type = write

—  if setto ZERO: indicating that writing in the related Zone/area is allowed,

—  if setto ONE: indicating that writing in the related Zone/area shall not be allowed.
—  Control type =read

—  if setto ZERO: indicating that reading in the related Zone/area is allowed,

—  if setto ONE: indicating that reading in the related Zone/area shall not be allowed.

(Thgmeaning of ‘Teading shall not be allowed  In this context is: the data content of the Clusfers in the
related area(s) are not allowed to be transferred outside the drive or presented to the user.)

For thg PAC Cluster, the bits have the following meaning:

—  Control type = write

in the DDS is allowed,

in the DDS shall not be allowed, except during Re-Formatting.

— Control type =read

outside the drive is allowed,

passing the\content of the Cluster.

The Unknown-PAC Entire_Disk_Flags:byte specifies Unknown-PAC Rules that cover the entire disk.

— Iits b7 to ba: These bits'shall be Reserved.

+ if setto ZERO: indicating that overwriting the current PAC, Clyster or changing its status bits

if set to ONE: indicating that overwriting the current’PAC Cluster and changing its status bits

—  if setto ZERO: indicating that reading and transferring the content of the qurrent Cluster

if set to ONE: indicating that the content of the current PAC Cluster, except fpr the first 384
bytes of the first Data Frame, shall not be transferred outside the drive, to be
enforced by setting all bytes not belonging to the PAC Headel to 00h before

— it bo: Re-initialization
+ if setto ZERQ: indicating that Re-initialization is allowed, if not blocked by gny other write
protect mechanism for the entire disk,
+  if settoONE: indicating that Re-initialization shall not be allowed if the PAC fis Unknown to
the drive.

The nymber-of Segments shall specify the total number N (0 < N < 32) of Segments specified |n the current

PAC. Mereover—the-total-numberof Qngmnnfc definad for all PACs on-a disk cshall naot excead 3D
. I\ el—Hetotat-RHRbelod HeHs—aeHheatoaht—+—+~ Ha-EHSK—SRaHaHex & .

z number of Segments in PAC; <32
over allPACs
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The Segment_i field shall specify the starting and ending 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 00

h.

to the Segment, and

These Segme
Clusters are ¢
overlap areas.

The Known-P
interpret the P

Bit bo:

The PAC-speq
21.4 Primary

The Primary P
was initially req
layout of the P

Bits b7 t@ bs:

the last four bytes shall contain the last PSN of the last Cluster belonging to the Segment.

the first four bytes of the Segment _i field, if used, shall contain the first PSN of the first Cluster belonging

nts shall only be applied to the Unknown-PAC Rules. If overlapping Segments in differe
ncountered, the drive shall apply the OR-function to the related Unknown-PAC rules

A\C Entire_Disk_Flags byte specifies rules for the entire disk in case the drive’is able to
\C.

These bits shall be Reserved.

Re-initialization

bet to ZERO: indicating that Re-initialization is allowed;f not blocked by any othe

protect mechanism for the entire disk,
bet to ONE: indicating that Re-initialization shallnot be allowed.

ific information fields contain information that<is’specific to the current PAC.
PAC Cluster (mandatory)

AC Cluster shall be included on each disk to provide information about the date when the
orded and to identify each recorder that has recorded individual Clusters on the disk. Th
imary PAC Cluster shall be formatted as depicted in Figure 97.

ht PAC
in the

write-

disk

1%
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Byte position Content
Data Frame | in Data Frame Number of bytes
0 Oto2 PAC_ID 3
0 3 PAC format 1
0 4t07 PAC-Update Count 4
0 8to11 Unknown-PAC Rules 4
0 12 Unknown-PAC Entire_Disk_Flags 1
Q 13t014 Reserved 2
0 15 number of Segments 1
0 16 to 23 Segment_0 8
0 24to 31 Segment_1 8
0 32t0 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
0 388 to 389 number of Recorder’ID entries 2
0 390 to 393 Year/Month/Date of initial recording 4
0 394 Re-initialization RID_Tag # 1
0 39510 511 Reserved 117
0 512 to 639 Recorder ID for RID_Tag 01h 128
0 640 to 767 Recorder ID for RID_Tag 02h 128
0 768 to 896 Recorder ID for RID_Tag 03h 128
1920 to 2047 : 128
0 to 127 Recorder ID for RID_Tag xxh 128
15 1920 to 2 047 Recorder ID for RID_Tag FCh 128
16 0to 2 047 Reserved 2048
31 0to 2 047 Reserved 2048

Figure 97 — Layout of Primary PAC Cluster

The PAC_ID shall be set to 50 52 4Dh, representing the characters “PRM”.

The PAC-format field shall be set to 00h, indicating this is a Primary PAC Version 0.

The PAC-Update Count shall specify the total number of update operations of the current PAC. This field
shall be set to 00 00 00 00h during the first format operation only, and shall be incremented by one each time
the current PAC is re-written.
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The Unknown-PAC Rules shall be set as shown in Figure 98

Control Mandatory
Area Bits type setting
bs1 to bos Reserved 0000 0000
bo3 write ZERO
Reserved 8
b2> read ZERO
b rite ONE
Reserved 7 2 L
b2o read ZERO
INFO 2 -
b1g write ONE
Reserved 6
Dis read ZERO
b17 write ZERQ
Reserved 5
bis read ZERO
) b1s write ZERO
INFO 1 Drive Area
D14 read ZERO
b1z write ONE
Reserved 3
b2 read ZERO
b11 write ONE
INFO 1 Reserved 2
b1o read ZERO
bg write ONE
Reserved 1
bg read ZERO
DMA Zones (not including the .
INFO 1,2,3,4 DDS: see chapter 22.2) b7 write ZERO
b Reserved unless otherwise
e specified by the Application
bs write ZERO
INFO 1,2,3,4 | Control Data Zones
b4 read ZERO
b3 write ZERO
Data Zones User-Data Area/Segments
b read ZERO
b1 write ZERO
INFO 1&2 PAC Cluster
bo read ZERO
Figure 98 +< Bit assignments for Unknown-PAC Rules for Primary PAC
The Unknown}PAC Entire_Disk_Flags byte shall be set to 00h indicating Re-initialization of the disk i§
allowed if this PAC is Unknown to the drive and there are no other mechanisms blocking Re-initializatiop.

The number of Segments shall be set to 00h.
The Segment_i fields shall all be set to all 00h.

The Known-PAC Entire_Disk_Flags byte shall be set to 00h indicating Re-initialization of the disk is allowed
in case the drive is able to interpret this PAC and there are no other mechanisms blocking Re-initialization.

The number of Recorder ID entries field shall specify the number (<252) of 128-byte Recorder IDs
contained in bytes 512 to 2 047 of Data Frame 0 and bytes 0 to 2 047 of Data Frames 1 to 15. The maximum
number of available locations is 252 (see also description at Recorder ID for RID_Tag xxh).
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The Year/Month/Date of initial recording fields shall indicate the year (4 digits BCD), the month (2 digits
BCD) and the date (2 digits BCD) when the very first recording on this disk was made.

If a drive is not able to correctly set this field, these bytes shall be set to 00h.

The Re-initialization RID_Tag # shall specify the Recorder-ID Tag number of the recorder that last (Re-
)Formatted the disk.

The Recorder ID for RID_Tag xxh fields shall contain the 128-byte drive signatures of all recorders (up to a
maximum of 252) that have made any recordings on this disk. Such drive signatures shall be according to the
following format (see 18.3.15.2):

— 48

— 48

— 32

The fir

duplicdte entries and new entries shall only be appended to the end of the\list. This list shall not

change
97) asg
Record

The RI
13.9.2.

215 1

The Di
write a
a valid
by the
shall b

bytes for the Manufacturer's name, represented by characters from the ISO/IEC 646 ¢hs

bytes for a unique serial number of the drive.

d in any other way, since the relative location of each entry determines the RID_Tag vall

er ID cannot be registered in the PAC anymore shall use the'RID_Tag value FFh.

3 to indicate that the Cluster has been recorded by.that recorder.
Disk Write-Protect PAC Cluster (optional)

5k Write-Protect (DWP) PAC Cluster is-:@ptional and can be used to protect a disk agains

b formatted as depicted in-Figure 99.
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racter set;

bytes of additional identification, represented by characters from the ISO/IEC 646 \chara¢ter set;

t time a recorder writes data to a disk, it shall add its Recorder ID to,this list. There shall pe no

be sorted or
e (see Figure

igned to each specific recorder. After all available Recorder [D-fields have been used, reforders whose

D Tag value assigned to a specific recorder shall beyrecorded in the Address Units as ddfined in

unintended

ctions or write actions by unauthorized persons. For the latter purpose, a password can be included. If
DWP PAC Cluster exists on the,disk, products that understand the PAC shall follow the rfules indicated
WP control byte, else they shallfollow the Unknown-PAC Rules. The layout of the DWP PAC Cluster
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Byte position Content
Data Frame | in Data Frame Number of bytes

0 Oto2 PAC_ID 3

0 3 PAC format 1

0 4t07 PAC-Update Count 4

0 8to11 Unknown-PAC Rules 4

0 12 Unknown-PAC Entire_Disk_Flags 1

Q 13014 Reserved 2

@ 15 number of Segments 1

@ 16 t023 Segment_0 8

@ 24to 31 Segment_1 8

d 32 to 263 : 29 %8

@ 264 to 271 Segment_31 8

@ 272 to0 383 Reserved 112

@ 384 Known-PAC Entire_Disk_Flags 1

d 385 to 387 Reserved 3

@ 388 WP control byte

d 389 to 395 Reserved

@ 396 to 427 WP password 32

d 428 to 2 047 Resérved 1620

] 0to 2047 Reserved 2048

3L 0to 2047 Reserved 2048

Figure 99'==_Layout of the DWP PAC Cluster

The PAC_ID shall be set to 44 57.50h, representing the characters “DWP”.
The PAC-fornat field shall*be set to 00h, indicating this is a DWP PAC Version 0.
The PAC-Updpate Caunt’shall specify the total number of update operations of the current PAC. This figld
shall be set to P0,00_00 00h during the first format operation only, and shall be incremented by one eaclp time
the current PALCSfe-written.
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The Unknown-PAC Rules shall be set as Figure 100:

Control Mandatory
Area Bits type setting
b31 to baa Reserved 0000 0000
b3 write ZERO
Reserved 8
b2 read ZERO
b2y write ONE
Reserved 7
Dog read ZERO
INFO 2 -
big write ONE
Reserved 6
bis read ZERO
Reserved 5 b17 write ZERO
bie read ZERO
. bis write ZERO
INFO 1 Drive Area
D14 read ZERO
b rite ONE
Reserved 3 B i
b1, read ZERO
b1f write ONE
INFO 1 Reserved 2
b1s read ZERO
bg write ONE
Reserved 1
bs read ZERO
DMA Zones (not including the .
INFO 1,2,3,4 DDS; see chapter 22.2) b7 write ZEROJONE
Reserved unless
otherwise
be specified by the ZERO/ONE
Application
bs write ZEROJONE
INFO 1,2,3,4 | Control bata Zones
by read ZERO
bs write ZEROJONE
Data Zones User=Data Area/Segments
b, read ZERO
by write ONE
INFO 1&2 PAC Cluster
bo read ONE

Figure 100 — Bit assignments for Unknown-PAC Rules for DWP PAC

Bits bz, be, bs and bz shall be set to ZERO if bit b of the WP control byte is set to ZERO (WP off) and bits b,
be, bs and bz shall be set to ONE if bit by of the WP control byte is set to ONE (WP on).

The Unknown-PAC Entire_Disk_Flags byte shall be set to 01h indicating Re-initialization of the disk is not
allowed if this PAC is Unknown to the drive.

The number of Segments shall be set to 00h.
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The Segment_i fields shall all be set to all 00h.

The Known-PAC Entire_Disk_Flags byte shall be set to 00h indicating Re-initialization of the disk is allowed
in case the drive is able to interpret this PAC and there are no other mechanisms blocking Re-initialization.

The WP control byte shall specify the allowed and required actions (see Figure 101).

— Bits b7 to ba: These 5 bits shall be Reserved.

— Bit by:
— Ifi

This bit indicates WP with/without password (PWD).

tis set to ZERO, no checking of the password is needed.

— If
ini
cg

— Bit bl:

—
=3

— Bit bo:

ag

ag
or

— If

The WP contrq
Figure 101.

The WP passy
used shall be s

t is set to ONE, in case bit by is set to ONE, the write protection is switched on, onl
tiated write actions shall be allowed if the password supplied by the host matches the\pa
ntained on the disk.

This bit indicates the method of write protection.

et to ZERO, this bit indicates Virtual WP. After executing the required‘actions as speg
b table of Figure 101, host-initiated write actions shall be executed, without changing th
btection settings on the disk.

et to ONE, this bit indicates the Physical WP. After executingthie required actions as sf
the table of Figure 101, host-initiated write actions shall only be executed after setting K
FRO, indicating that the write protection is switched off.

This bit indicates Write Protect on/off,

bet to ZERO, it indicates that write protection is switched off (WP off) and the host-initiatg
tions is allowed without any restrictions.

set to ONE, it indicates that write protection is switched on (WP on), meaning that g
tions initiated by the host shall be blocked by the drive and the host-initiated write actic
ly allowed after executing the required actions as specified in the table of Figure 101.

he write protection is switched or; re-initializing the disk shall not be allowed.

| byte shall only be changed after executing the required actions as specified in the table

vord can consist.of up to 32 characters from the ISO/IEC 646 character set. Trailing byte
et to 00h. The\WP password shall never be transferred outside the drive.

If all bytes of th

WP control byte shallbe set to ZERO.
If the WP pa@u&hﬂw

e WP password field are set to 00h, then the WP password feature is inactive and bit b,

y host-
ssword

ified in
e write
ecified

it bg to

d write

Il write
ns are

of

S not

of the

hitiated

write actions on the disk shall not be allowed. Bits b, b1 and bg of the WP control byte shall be set to 111.
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WP control Status Actions
- for changing WP control
b | by | bo for writing data bits or the password
0(0]|0 no PWD/virtual/WP off allowed allowed
. allowed after confirmation | allowed after confirmation
0(0]1 no PWD/virtual/WP on by the host by the host
010 no PWD/physical/WP off allowed allowed
allowed after confirmation allowed after confirmation
011 no PWD/physical/WP on by the host and changing
to WP off by the host
allowed after.corjfirmation
11/ 0| O with PWD/virtual/WP off allowed of the password supplied
by the host
allowed after confirmation | allowed after corjfirmation
110 | 1 with PWDJ/virtual/WP on of the password supplied | ofthe password supplied
by the host by the host
allowed after confirmation
111 11]0 with PWD/physical/WP off | allowed of the password pupplied
by the host
allowed after confirmation ) .
. allowed after cornfirmation
11 1] 1 with PWD/physical/WP on of the pasQyord suppll.ed of the password supplied
by the hast and changing by the host
to WP, off

216 |

The IS
Unrecg
shippin

The lay

Figure 101 — Status and allowed actions defined by Write-control bits
51 and I1S2 PAC Clusters

L PAC and IS2 PAC may be recorded on an Unrecorded disk. When BCA code is not reg
rded disk, 1S1/IS2 PAC structures shall be recorded in INFO 1/PAC 1 and INFO 2/PAC 2 before
g. When BCA code is recorded on an Unrecorded disk, 1S1/1S2 PAC structures shall not|recorded.

out of the IS1 PACand IS2 PAC Cluster shall be formatted as depicted in Figure 102.
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Byte position
Data Frame | in Data Frame Content Number of bytes

0 Oto2 PAC_ID 3

0 3 PAC format 1

0 4t07 PAC-Update Count 4

0 8to11 Unknown-PAC Rules 4

0 12 Unknown-PAC Entire_Disk_Flags 1

0 13to 14 Reserved 2

0 15 number of Segments 1

@ 16 to 23 Segment_0 8

@ 24 to 31 Segment_1 8

Q 320 263 : 29,%°8
@ 264 to 271 Segment_31 3

d 272 to 383 Reserved 112
@ 384 Known-PAC Entire_Disk_Flags 1

d 385to0 2 047 Reserved 1663
] 0to 2047 Reserved 2048
3L 0to 2 047 Reserved 2048

The PAC_ID shall be set to 49 53 31h, representing the characters “IS1” for IS1 PAC. The PAC_ID shg

Figure 102 — General layout of IS1 and<lS2 PAC Clusters

set to 49 53 323h, representing the characters “IS2” for1S2 PAC.

The PAC-format field shall be set to 00h for botthPACS, indicating this is Version 0.

The PAC-Updpte Count shall be set to 00.00 00 00h for both PACs.

The UnknownlPAC Rules shall be set<00 AA 2A 00h for an IS1 PAC and shall be set 00 AA 2A CBh fd

IS2 PAC.

The Unknown[-PAC Entire_DRisk_Flags byte shall be set to 01h for IS1 PAC and shall be set to 00h fo

PAC.

The number of Segments shall be set to 00h for both PACs.

The Segment |i*fields shall be set to all 00h for both PACs.

Il be

ran

r1S2

The Known-PAC Entire_Disk_Flags byte shall be set to 01h for both PACs.

22 Disk Management

22.1 General

Disk Management defines and controls methods of recording data on the disk including Defect Management.
Defect Management is used to solve problems related to areas on the disk that may have become defective or
unreliable through damages or contamination.
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Depending on the Application and/or the applied File System, Defect Management can be handled by the
drive or by the File System.

The data originally intended to be recorded at a defective location is recorded at an alternative location that is,
determined by the File System.

In the Defect List, according to this International Standard, 2 types of defects can be distinguished (see
22.2.3.3):

— defects that are indicated as NRD: Non-Re-allocatable Defect; and

— unreliable areas on the disk, called PBA: Possibly Bad Area. Before using such a PBA for the allocation
of data,the rnlinhility of the area should be checked

22.2 Disk-Management Structure (DMS)
22.2.1|General

A DiskiManagement Structure is made up of a Disk-Definition Structure (DDS) and a Defect List (DFL). The
Disk-DEfinition Structure consists of one Cluster which shall be repeated 4 times, for robustnesq reasons, and
the Defect List consists of 8 consecutive Clusters.

Whengver a disk leaves a recorder, all DMS shall correctly reflect theCTurrent status of the disk.

All 4 ogcurrences of the DMS, recorded in the DMA Zones in the Inner and Outer Zone(s), shall|contain the
same ipformation, except for the First PSN of the Defect List\(see 22.2.2, byte 24 of Data Framg 0). The DMA
Zones ghall be updated in the order DMA 1, DMA 2, DMA 3, DMA 4 for ease of handling possible power-down
failureg. After such an update, all DDS Update Counts(See 22.2.2, byte 4 of Data Frame 0) shall be the same
and all|DFL-Update Counts (see 22.2.3.1, byte 4 of Data Frame O/Cluster 0 and 22.2.3.2, Defeqt-List
Terminator) shall be the same.

DMS

The DMA Zones consist of 96 consecutive Clusters divided over the 3 Recording Layers as indi¢cated in
Figure [103.

Tracking direction

Layer LO Cluster Cluster Cluster Cluster Cluster
1 2 3 31 32
Tracking direction
Layer\L1 Cluster Cluster Cluster Cluster Cluster
64 63 35 34 33
Tracking direction
Layer L2 Cluster Cluster Cluster Cluster Cluster
65 66 67 95 96

Figure 103 — Clusters of DMA Zones
The DDS shall always be recorded in the first 4 Clusters of each DMA Zone. The next 4 Clusters are
Reserved.

The DFL is recorded initially in Clusters 9 to 16 of each DMA Zone. Whenever any of the 8 Clusters of the
DFL in a DMA Zone starts to become unreliable, the complete DFL is moved into the next 8 Clusters of the
DMA Zone concerned (see Figure 104). The position of the valid DFL is indicated in the DDS.
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Cluster 1to 4

DDS (4 repetitions)

Cluster5to 8

Reserved

Cluster 9 tol6

1st position of DFL

damaged DFL

Cluster 17 to 24 2nd position of DFL valid DFL
Cluster 25 to 32 31 position of DFL empty
Cluster 89 to 96 11t position of DFL empty

22.2.2 Disk-D

The DDS spec
DDS is defined

in Figure 105.

154

Figure 104 — Example of DMA Zone
efinition Structure (DDS)

fies the format and status of the disk with relation to the Disk Management. The format df the
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Byte position Content
Data Frame | in Data Frame Number of bytes
0 Oto1l DDS identifier 2
0 2 DDS format 1
0 3 Reserved 1
0 4t07 DDS Update Count 4
0 8to 15 Reserved 8
0 16 to 19 First PSN of Drive Area 4
0 20 to 23 Reserved 4
0 24 to 27 First PSN of Defect List 4
0 2810 31 Reserved
0 32t0 35 Location of LSN 0 of User-Data Area 4
0 36to0 39 Last LSN of User-Data Area 4
0 40to0 43 Reserved unless otherwise specified by the 4
Application
0 44 to 47 Reserved unless otherwise specified by the 4
Application
0 48 to 51 Reserved unless otherwise specified by the 4
Application
0 52 Flag A 1
0 53 Reserved 1
0 54 Reserved unless otherwise specified by the 1
Application
0 55 Reserved
0 56 to 59 Reserved upless otherwise specified by the 4
Application
0 60 to 63 Reserved
0 64to 71 Status bits of INFO1/PAC1 locations on Layer
LO
0 7210 79 Status bits of INFO2/PAC2 locations on Layer 8
LO
0 80 to 87 Status bits of INFO1/PACL1 locations on Layer 8
L1
0 88'to 95 Status bits of INFO2/PAC?2 locations on Layer 8
L1
0 96 to 2 047 Reserved 1962
1 0to 2047 Reserved 2048
31 0to 2 047 Reserved 2048

Figure 105 — Format of DDS

The DDS Identifier shall be set to 44 53h, representing the characters “DS”.
The DDS format field shall be set to 00h, identifying a DDS.

The DDS Update Count shall specify the total number of update operations of the DDS. This field shall be set
to 00 00 00 00h during the first format operation only, and shall be incremented by one each time the DDS is
re-written.
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The First PSN of Drive Area field shall specify the first PSN of the first Cluster of the pair of Clusters that
contains the Drive-specific Information Frames.

If the Drive Area is unrecorded, this field shall be set to 00 00 00 00h.

The First PSN of Defect List field shall specify the first PSN of the Defect List in the DMA Zone containing

this particular DDS.

The Location of LSN 0 of User-Data Area field shall specify the PSN of the first User-Data Frame in the first
Cluster and shall be set to 00 10 00 00h unless otherwise specified by the Application.

The Last LSN of User-Data Area field shall specify the | aogical-Sector Number (I SN: see Clause 23) of the

last sector avajlable for the storage of User Data and shall be set to 02 E9 D3 FFh unless otherwise spgcified

by the Application.

The 8-bit Flag |A field specifies the status of the TL disk. Bits b7 and bs shall be Reserved. Bjts’hs, ba, bg, by,
b1, and b shal| be set to ONE unless otherwise specified by the Application.

The Status bifs of INFO1/PACL1 locations on Layer LO field shall specify the recording status of all 32

Clusters in the|INFO1/PAC1 Zone on Layer LO (see Figure 106). The bit pairs shall/be set as defined in[21.2.

Byte position Bits INFO1/PACDlocation PAA
64 b7 be 001 FF 80h
64 bs bs 0/01 FF 84h
64 bs b 0 01 FF 88h
64 b1 bo 0 01 FF 8Ch
65 b7 be 0 01 FF 90h
70 b1 bo 001 FF ECh
71 b7 be 0 01 FF FOh
71 bs(b4 0 01 FF F4h
71 ba b 0 01 FF F8h
71 b1 bo 001 FF FCh

Figure 106 — Status-bits and related INFO1/PAC1 address locations on Layer LO
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The Status bits of INFO2/PAC2 locations on Layer LO field shall specify the recording status of all 32
Clusters in the INFO2/PAC2 Zone on Layer L0 (see Figure 107). The bit pairs shall be set as defined in 21.2.

The St
Clustel

Byte position Bits INFO2/PAC?2 location PAA
72 b7 be 0 01 BA 00h
72 bs bs 0 01 BA 04h
72 bs b2 0 01 BA 08h
72 b1 bo 0 01 BAOCh
73 b7 be 0 01 BA 10h
78 b1 bo 0 01 BA6Ch
79 b7 be 0 01 BA 70h
79 bs bs 0 01 BA 74h
79 bs by 0 01 BA 78h
79 b1 bo 001 BA7Ch

Figure 107 — Status bits and related INFO2/PAC2 address\locations on Layer

Atus bits of INFO1/PAC1 locations on Layer L1 field shall specify the recording status
s in the INFO1/PAC1 Zone on Layer L1 (see Figure 108). The bit pairs shall be set as dg

Byte position Bits INFO1/PAC1 location PAA
80 b7 be 0 7E 00 00h
80 bs b 0 7E 00 04h
80 bs b2 0 7E 00 08h
80 b1 bo 0 7E 00 OCh
81 b7 be 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 by 0 7E 00 78h
87 b1 bo 0 7E 00 7Ch

Eigure 108 — Status bits and related INFO1/PAC1 address locations on Layer

of all 32
fined in 21.2.
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The Status bits of INFO2/PAC2 locations on Layer L1 field shall specify the recording status of all 32
Clusters in the INFO2/PAC2 Zone on Layer L1 (see Figure 109). The bit pairs shall be set as defined in 21.2.

Ei

22.2.3 Defect

The first Data

Defects. The L

Byte position Bits INFO2/PAC?2 location PAA
88 b7 be 0 7E 45 80h
88 bs bs 0 7E 45 84h
88 bs b2 0 7E 45 88h
88 b1 bo 0 7E 45 8Ch
89 b7 be 0 7E 45 90h
94 b1 bo 0 7E 45 ECh
95 b7 be 0 7E 45 FOh
95 bs bs 0 7E 45 F4h
95 bs by 0 7E 45 F8h
95 b1 bo 0 7E 45 FCh

gure 109 — Status bits and related INFO2/PAC2 address locations on Layer L1
List (DFL)

Frame of the 8 Clusters constituting the DFL contains a Defect-List Header followed by a|List of
st of Defects shall be terminated by a Defect-List Terminator.

The DFL shall pe composed as shown in Figure 110.
Cluster Start byte position Content
number/ in Data Frame Number of bytes
Data Frame
0/0 0 Defect-List Header 128
0/0 128
: : List of Defects 65 408
0/31
1/0 0
: % List of Defects 65 536
1/31
K/0 0
: List of Defects nx8
nx8 Defect-List Terminator 8
: (n+1) x8 set 00h
K/31
K=7.
Figure 110 — Format of DFL
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The Defect-List Header (DLH) identifies the Defect List and contains information about the composition of the
List of Defects (see 22.2.3.1).

The List of Defects contains a list of Clusters determined to be defective during use of the disk (see
22.2.3.2).

The Defect-List Terminator closes the List of Defects and shall be written immediately following the actual
last entry in the List of Defects. The Defect-List Terminator can be located in any of the 8 Clusters constituting

the DFL, depending on the number of entries in the List of Defects. All remaining bytes following the Defect-
List Terminator shall be set to 00h.

22231 Daf tlact llaosdaor (N LI
LT DCTCC T TSt TIcautci—(OETT)

The fofmat of the DLH is defined in Figure 111.
The DRL Identifier shall be set to 44 4Ch, representing the characters “DL”.
The DKL format field shall be set to 00h, identifying a DFL.

The DFL-Update Count shall specify the total number of update operations.of the Defect List. Tfhis field shall

be set fo 00 00 00 00h during the first format operation only, and shall. be)incremented by one each time the
DFL is|re-written.

The nymber of DFL entries shall indicate the total number oféentries in the DFL and shall be
N_DFL = No. of NRD + No. of PBA unless otherwise specified by the Application

N_DFL| < 65 519
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Cluster Byte position Content
number/ in Data Frame Number of bytes
Data Frame
0/0 Oto1l DFL identifier 2
0/0 2 DFL format 1
0/0 3 Reserved 1
0/0 4t07 DFL-Update Count 4
0/0 8to 11 Reserved 4
0/0 12 to15 number of DFL entries (N_DFL) 4
0/0 16to 19 Reserved unless otherwise specified 4
by theApptication
0/0 20to 23 number of NRD entries 4
0/0 24 to 27 Reserved unless otherwise specified 4
by the Application
0/0 28to 31 number of PBA entries 4
0/0 32t0 35 Reserved unless otherwise specified 4
by the Application
0/0 36 to 63 Reserved 28
0/0 64 to 67 Reserved unless otherwise specified 4
by the Application
0/0 68to 71 Reserved unless otherwise spécified 4
by the Application
0/0 72t0 75 Reserved unless otherwise specified 4
by the Application
0/0 76t0 79 Reserved unless ptherwise specified 4
by the‘Application
0/0 80 to 83 Reserved unless otherwise specified 4
by’'the Application
0/0 84 to 87 Reserved unless otherwise specified 4
by the Application
0/0 88 to 127 Reserved 40
Figure 111 — Format of DLH
The number of NRD entries shall specify the total number of NRD entries in the DFL.
The number off NRD entries:is*a variable number that can change during the use of the disk.
The number of PBA entries shall specify the total number of PBA entries in the DFL.
The number off PBAentries is a variable number that can change during the use of the disk.

22.2.3.2 List of Defects

The format of the List of Defects is shown in Figure 112.
The DFL shall be updated after formatting and each time an entry is added, removed or changed (change in
Status or address).

The DFL entries shall be formatted as specified in 22.2.3.3. DFL entries consist of 8 bytes and these entries
shall be recorded contiguously, even across the borders of Data Frames and Clusters.

The Defect-List Terminator shall be composed of two 4-byte parts:
— the first 4 bytes shall be set FF FF FF FFh;
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— the second 4 bytes shall be equal to the DFL-Update Count in the header of the DFL (can be used to
check the validity of the Defect List at power-down failures).

© ISO/IEC 2016 — All rights reserved 161


https://iecnorm.com/api/?name=f35a9caa5b1ab24f1b1567674a21fbbf

ISO/IEC 30193:2016(E)

Cluster Start byte position Content Number of
number/ in Data Frame bytes
Data Frame

0/0 128 DFL entry O 8
0/0 136 DFL entry 1 8
0/0 ix8+128 DFL entry i 8
0/ 2 032 DEI nnfr\]/ 238 8
0/q 2040 DFL entry 239 8
0/1 0 DFL entry 240 8
0/1 8 DFL entry 241 8
0/1 2040 DFL entry 495 8
0/n 0 DFL entry n x 256 -\16 8
0/3L 2040 DFL entry-8 175 8
m/Q 0 DFLentry m x 8 192 - 16 8
m/Q jx8 DFL entrym x 8192 - 16 + | 8
m/( 2040 DFL entry m x 8 192 - 16 + 255 8
m/1 0 DFL entry m x 8 192 - 16 + 256 8
m/1 2 040 DFL entrym x 8 192 - 16 + 511 8
m/m 0 DFL entry m x 8 192 + n x 256 - 16 8
m/31 2 040 DFL entrym x 8192 + 8 191 - 16 8
Kh [IN_DFE="1)>6+"128 DFL entry (N_DFL — 1) 8

(K>=m) —nx 2048 — K x 65 536]
K/n (N_DFL x 8 +128 DFL terminator 8

—n x 2048 — K x 65 536)
K/n [(N_DFL +1) x 8 + 128
—nx 2048 — K x 65 536] set to 00h
K/(n+1)
0 K/31 0 set to 00h 2048
K=7

Figure 112 — Format of List of Defects
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22.2.3.3 DFL Entries

Each DFL entry shall be formatted as shown in Figure 113. The bytes of the DFL entry are converted into a
64-bit sequence with the msb’s first.

The List of Defects shall be sorted in ascending order as if each entry were a single 64-bit unsigned integer of
which the msb is ignored (always supposed to be 0), which means: first sorted by Status 1, and within Status
1 by Defective Cluster first PSN, and within Defective Cluster first PSN by Status 2 and within Status 2 by
number of successive Clusters.

Byte 0/bit 7..4 Byte 0/bit 3..0 & byte 1 to 3 Byte 4/bit 7..4 Byte 4/bit 3..0 &bjte 5to 7
of DFL entry i of DFL entry i of DFL entry i of DEL 'entry i
b63 e bGO b59 e b32 b31 o b28 b27 o bO
Status 1 Defective Cluster first PSN Status 2 Numberof successiye Clusters

Figure 113 — DFL entry format

The Dgfective Cluster first PSN shall identify the PSN of the first*Physical Sector of the Clustef to be
indicatgd. Only the 28 least-significant bits of the PSN shall besstored in bits bsg .. b3z (the 4 mosgt-significant
bits arg discarded). Each Defective Cluster shall appear onlyonce in the List of Defects.

The nymber of successive Clusters field shall indicate.the number of successive Clusters covered by the
possibly bad area (the value 0 00 00 00h indicates that.the number of unreliable Clusters is unkpown) when
Status|1 field is set to 0100 (see Figure 114). When.Status 1 field is not set to 0100, this field is |Reserved

unless|otherwise specified by the Application.

The Stptus 1 field shall indicate the status-of the entry as shown in Figure 114.

[da)

tatus 1 | Status 2 Type Definition

0001 0000 NRD The entry identifies a defective location.

The entry identifies an area on the disk that might be
defective and has to be checked. The Defective Clusster first
0100 NS PBA ESN shall identify the PSN of the first Physical Sectpr of the
first Cluster related to an error event.

0000

0100 _ .
PBAs shall not include any NRD locations.

Other Reserved | ---
unless
otherwise
specified by
the
Application

Figure 114 — DFL-Entry Status 1 definition
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The Status 2 field shall indicate the status of the entry as shown in Figure 115.

Status 2 | Definition

0000 This (default) setting shall be used if none of the following settings is valid.

0100 (Only allowed in combination with Status 1 = 0100 unless otherwise specified by
the Application.)

Then the Clusters do not contain any relevant User Data. During Read-Modify-
Write actions the content of such Clusters can be discarded (related status bits
Sai1/Saip at new location can be setto 11).

If the Clusters covered by a PBA might contain valid User Data, the Status 2 of
such a PBA shall be set to 0000.

Other Reserved unless otherwise specified by the Application.

Figure 115 — DFL-Entry Status 2 definition

23 Assignment of Logical-Sector Numbers (LSNs)

Logical-Sector|[Numbers shall be assigned contiguously over all Clusters ‘available for storage of User Data,
so starting from LSN 0 and increasing by one for each successive USer-Data Frame ( see Figure 116 ).[LSN O
is assigned to the first User-Data Frame in the first Cluster after Lead-in Zone
(at PSN =00 10 00 00h).

The last LSN dn Layer LO is equal to 8 x LAA + 15 — 00 1000 00h and is assigned to the last User-Data
Frame in the Igst Cluster before the Outer Zone 0
(at PSN = 8xLAA + 15 = X).

The first LSN gn Layer L1 shall be one higher than the last LSN on Layer LO and is assigned to the first|User-
Data Frame injthe first Cluster after the OutérZone 1

(at PSN = 8xFAA = X +FC 00 00 00hY.

The last LSN gn Layer L1 is equal to 16 x LAA + 31 — 00 20 00 00h and is assigned to the last User-Data
Frame in the Igst Cluster before.the Inner Zone 1
(at PSN = 03 HF FF FFh),

The first LSN gn Layenl-2 shall be one higher than the last LSN on Layer L1 and is assigned to the first{User-
Data Frame in|the first Cluster after the Inner Zone 2

(at PSN = 04 100000 hy.

The last LSN on Layer L2 = 24xLAA + 47 — 00 30 00 00h and is assigned to the last User-Data Frame in the
last Cluster before the Lead-out Zone

(at PSN =04 00 00 00h + 8xLAA + 15 = X + 04 00 00 00h).
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Inner Outer Outer Inner Inner Outer
radius Layer LO radius radius Layer L1 radius radius Layer L2 radius
A— A A —
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n
iT User-
Data
Area
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Data
Area User-
Data
.............. I Area
<
§ L ead-in / QOuter Quter Inner Inner Lead-out
g Zone Zone O |y| Zonel Zonel [y| Zone?2 Zone
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o _ R e
© 00 10 00 00h X X + FC 00 00 00h O3 EF FF FFh 04 10 00 00h PEN

Figure 116 — Assignment of Logical-Sector Numbers

24 Characteristics of Grooved Areas
In this |nternational Standard, two types of signals are distinguished:
— signals generated by the Groove structures on the disk, and

— signals generated by User-written Marks.

In Clayses 25 to 27, the signals generated by the Groove structures are defined and specified (fhe format of
the Grgoves has been defined in Clause 15).

All reqiiirements in Clauses 25 to 27 shall be fulfilled'in all layers independent of the recording sfatus of other
Recording Layers (whether unrecorded, recorded or partially recorded) from the inner radius of the Embossed
HFM Afea(s) (start/end of the PIC Zone) at nominal radius 22,4 mm up to the inner radius of thg Outer
Zone(s) + 20 um (dpzo/2 + 20 pum). It is recommended that the requirements are also fulfilled in the remainder
of the Quter Zone(s).

25 Mgethod of testing for Groaved Area

25.1 General
The tesgts shall be performed in the Rewritable Areas. The write and read operations necessary for the tests
shall b¢ made on thie-same Reference drive.

When measuring the signals, the influence of local defects, such as dust and scratches, are exduded. Local
defectg mighticause tracking errors, erroneous ADIP information or uncorrectable Data (see Clguse 33).

25.2 HEnvironment

All signals shall be within their specified ranges if the disk is in its range of allowed environmental conditions
as defined in 8.1.1.

25.3 Reference drive

25.3.1 General

All signals shall be measured in the appropriate channels of a Reference drive as specified in Clause 9 and in
Annex H.
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25.3.2 Read power

The read power is the optical power, incident on the Entrance surface of the disk. The read power shall be
(1,44 £ 0,10) mW for Layer LO and Layer L1 and (1,00 + 0,10) mW for Layer L2 except when measuring Push-
Pull signals. For measurement of Push-Pull signals, the read power shall be (0,70 + 0,10) mW.

25.3.3 Read c

hannels

The drive shall have 2 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 read channels shall be filtered by a first order LPF with f_zqg =

30 kHz.

For measuremient of the wobble signals, the read channels shall be filtered by a first order LPF with fCsy

MHz.

25.3.4 Trackimg requirements

During measu
Recording Lay
and the centre

Local defects t

25.3.5 Scanning velocities

The actual rota
Mbit/s or an av
measurement
average Chan

25.4 Definitid

The amplitude
related to the ¢

Some signals @re normalized relative to the totaldetector current in an Unrecorded, Grooved Area.

This total dete
Ig = (I + I

Push-Pull sig

The Push-Pull
(see Figure 4),
used by the dr

In general, the
+ 15). The peak

ement of the signals, the axial tracking error between the focus of the opticakbeam and t
br shall be maximum 55 nm, and the radial tracking error between the focus’of the optical
of the track shall be maximum 16 nm.

hat cause large axial tracking errors shall be taken into account as\described in Annex I.

tion speed of the disk shall be such that it results in an_ average Channel-bit rate of 132,
erage wobble frequency of 1 913,043 kHz except when,measuring Push-Pull signals. Fo
bf Push-Pull signals, the actual rotation speed of thedisk shall be such that it results in a
hel-bit rate of 66,000 Mbit/s or an average wobblé\frequency of 956,522 kHz.

n of sighals

5 of all signals are linearly related to currents through a photodetector, and therefore, line
ptical power falling on the detector.

tor current is referred to as

)groove-
nal:

signal is the Low-Pass Filtered sinusoidal difference signal (l1 - I2) in the radial PP read c

ve for radial tracking (see Figure 117).

difference signal (l1 - I2) is normalized relative to the Low-Pass Filtered total detector curf
-to-peakivalue of this real-time normalized Push-Pull signal is defined as:

when the focus(ofthe optical beam converges on the Tracks. The Push-Pull signal can be

3:16

he
beam

00
r the

arly

hannel

ent (I
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detector
current

(MA)

N

(I1+12)
sum signal

7..{1— I2)max
N <5

/N

J/ O\

(l—12) L 2 : rad|al positidn
. . 1
difference signal 1 (time)
I
(|1 - IZ)min '
on Track on Track

Figure 117 — Definition of Push-Pullsignals
The regl-time normalized Push-Pull signal (PPnom) shall be converted for the photodetector size|of 25 um?
(see .9).
Wobbl signal:

The wabble signal lwyp is the peak-to-peak value of the band-pass filtered sinusoidal difference signal (I - 12)
in the rpdial PP read channel (see Figure 4), when the focus of the optical beam follows the Tragks according
to 25.3]4. See also Annex E and Annex M for a measurement method.

The signal shall be normalized by the peak-to=peak value of the Push-Pull signal (1 - 12) pp:

lwpp

('l"Z)pp '

26 Signals from HFM Grooves

NWS =

26.1 Rush-Pull polarity

The palarity of thePush-Pull signal is said to be positive if the signal has the same polarity as the Push-Pull
signal gletected.from the following Pit/Groove geometry:

— “On-Groove recording” (see 15.2),

— thesglepass pnase deptit of e Grooves 1S 1855 thamn 90°.
If the polarity is opposite to the polarity of the specified case, it is said to be negative.

The polarity of the Push-Pull signal on each Recorded Layer of the disk shall be indicated in the
Disk Information (see 15.8.3).

26.2 Push-Pull signal

The peak-to-peak value of the real-time normalized Push-Pull signal (PPnorm,1rm)conv Shall meet the following
requirements:

— in the Embossed HFM Areas 0,26 < (PPnorm,HFM)conv < 0,52.
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26.3 Wobble

signal

The Normalized HFM-Wobble Signal (NHWS) is a measure of the deviation of the Groove Track from its
average centrelines. Due to interference with the wobbles of adjacent tracks, the amplitude of the HFM
wobble signal shows a variation (called “wobble beat”).

At locations where the HFM wobble signal shows minimum amplitudes due to the wobble beat,

the NHWS shall be:

0,30 = NHWSnn = 0,60.

At locations where the HFM wobble signal shows maximum amplitudes due to the wobble beat, the

NHWS shall sz:

NOTE Bec

significantly from the wobble signal in the Rewritable Areas, the measurement procedure)as descr

Annex E is not|

26.4 Jitter of

The binarized
Zone. The jitte
measured sep

Both the leadin
The jitter shall
— ac couplin
no equaliz

normalize

27 Signals f

27.1 Phase depth

The single-pag
27.2 Push-Py

The peak-to-p¢
requirements i

NHWShax £ 3 x NHWSpyin.

ause the shape of the HFM wobble signal detected in the Embossed HFM .Areas

suitable for measuring these HFM wobble signals.

HFM signal

wobble signal from the HFM Grooves represents the Embossed HFM information in the R
[ of the leading edges and the jitter of the trailing edges of this\binarized signal shall be
hrately relative to a PLL clock.

g-edge jitter and the trailing-edge jitter shall be <4,5 %
be measured under the following conditions:

g (High-Pass Filter): first order, f_sqs = 20 kHz,

ation,

] by 18T clock period (see 15.5.4.2).

om Wobbled Grooves

s phase depth of the Groove shall not exceed 90°.

Il signal

bak value-afithe real-time normalized Push-Pull signal (PPnorm)conv Shall meet the followin
N each layer:

— in Unreco1ded Areas (all neighbouring Tracks unrecorded):

maximum

maximum

168

U,Z1L = (FFnorm,unrec Jconv. = U,40.

variation of Push-Pull signal within 150 Tracks in Unrecorded Areas:

(Ppnorm,unrec )max '(Ppnorm,unrec )

min_ < 0,18
(PP

Pnorm,unrec )

norm,unrec )max ( min

variation of Push-Pull signal within one layer in Unrecorded Areas:

(PPnorm,unrec )max B (Ppnorm,unrec )

min_ < g, 25,

PP ) +(PP )
( norm,unrec max norm,unrec min
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— in Recorded Areas (all neighbouring Tracks recorded):
0121 < (Ppnorm,rec )conv.s 0,45

— ratio of average Push-Pull signals in Recorded and Unrecorded Areas within one layer:

PPnorm,rec

0,75 < <1,25..

Ppnorm,unrec

27.3 Wobble signal

27.3.1 General

The NS is a measure of the deviation of the Groove Track from its average centrelines. The'd|stance that
the actpal centre of the Wobbled Groove Track deviates from the average Track centre line'can|be calculated
accord|ng to Annex M.

27.3.2 |Measurement of NWS

Due tolinterference with the wobbles of adjacent Tracks, the amplitude of the wobble signal shops a variation
(called|“wobble beat”). The wobble signals shall be measured in an Unrecorded Area while contjnuously
tracking the Spiral Groove. A measurement procedure is described in AnnexE.

At locations where the wobble signal shows minimum amplitudes (excluding the effects of MSK [Marks), the
NWS ghall be: 0,20 £ NWSpin £0,55.

At locafions where the wobble signal shows maximum amplitudes-due to the wobble beat, the
NWS ghall be: NWSmax < 3 x NWSpn.
27.3.3|Measurement of the wobble CNR

The narrow band SNR (or CNR) of the wobble signabafter recording at Nominal Recording Velogity of the disk
as defiped in 15.8.3, shall be greater than 29 dB ‘at.the locations where the wobble signal showg minimum
amplitydes.

The cafrier 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 harmonicisStortion of wobble

To gugrantee a minimum quality.of the HMW modulation, the Second-Harmonic Distortion of the wobble
signal $hall be sufficiently low compared with the Second-Harmonic Level originating from the HMW
modulation.

The Sgcond-Harmonic'Level (SHL) and the Second-Harmonic Distortion (SHD) shall be determ|ned by
measufing the fundamental wobble frequency level and the second harmonic frequency level at{two locations
of the dlisk. Both.levels shall be measured in the Data Zone and in Protection-Zone 3.

The rafio of theSHD and SHL, normalized to the local fundamental wobble frequency level, shajl meet one of
the follpwing.requirements:

— S ;
— SHD/SHL < -6 dB within £ 0,70° of radial tilt.

The measurements shall be made using a spectrum analyzer (see Annex E).
28 Characteristics of Recording Layer
In this International Standard, two types of signals are distinguished:

— signals generated by Groove structures on the disk;
— signals generated by User-written Marks.

Clauses 28 to 31 specify a series of tests to assess the phase change recording properties of the Recording
Layer, as used for writing data.
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All requirements in Clauses 28 to 31 shall be fulfilled in all layers independent of the recording status of other
Recording Layers (whether unrecorded, recorded or partially recorded) from the inner radius of the Rewritable
Area (start/end of the INFO/OPC Zone) at nominal radius 23,2 mm up to the inner radius of the Outer Zone(s)

+ 20 um (dpzo/2 + 20 ym). It is recommended that the requirements are also fulfilled in the remainder of the

Outer Zone(s).

29 Method o
29.1 General

f testing for Recording Layer

The tests shall be performed in the Rewritable Areas. The write and read operations necessary for the tests

shall be made

a-tha-com. Raoforan P2 P
T OIS SATIC T\CTCTCTICC UTTVEY

When measuri
defects might ¢

29.2 Environ
All signals sha
as defined in 8
29.3 Referen

29.3.1 Gener4d

All signals sha
Annex H.

29.3.2 Read p

The read powgq
the informatior]
Layer L2.

29.3.3 Read d

The drive shall
not be equalizg

29.3.4 Trackinmg requirements

ng the signals, the influence of local defects, such as dust and scratches, are excluded:L
ause tracking errors, or uncorrectable Data (see Clause 33).

ment
| be within their specified ranges with the disk in the range of allowed environmental cong
L1.1.

Ce drive

|

| be measured in the appropriate channels of a Reference ‘drive as specified in Clause 9

ower

r is the optical power, incident on the Entrance ‘surface of the disk and only used for reag
. The read power shall be (1,44 £ 0,10) mW-fer Layer LO and Layer L1 and (1,00 + 0,1) 1

hannels

have 2 read channels as defined(n 9.5 and 9.6. The HF signal from the HF read channe
d, except when measuring i-MLSE (see Annex H).

During the writ]
and the Recor
optical beam

Local defects that cause largeaxial tracking errors shall be taken into account as described in Annex |.
29.3.5 Scanning velocities

All write tests ghallbe carried out at the speeds defined in each of the DI Units that are present on the d

(see 15.8.3).

ng and reading of theysignals, the axial tracking error between the focus of the optical be
ing Layer shall be-myaximum 55 nm and the radial tracking error between the focus of th
d the centre ofthe-Track shall be maximum 16 nm.

ocal

litions

and in

ing
hW for

| shall

\172

isk

During reading, 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.

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 and erase pulses.

The write/erase power has four levels:

the bias w

170

the write peak power Py;

rite power Pgw;
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— the cooling power Pg;
— the erase power Pg;

which are the optical powers incident on the Entrance surface of the disk.

Marks are created by the write peak power Py, Spaces are created by the erase power Pe.
The values of Pw, Pew, Pc and Pe shall be optimized according to Annex G.

The actual powers Pw, Psw, Pc, and Pg for testing shall be within £5% of their optimum values, where Pgw, Pc
and Pe shall be proportional to Pw according to the ratios € as specified in the Disk Information (see 15.8.3.3
and 15.8.3.4).

29.4.2 (Write powers

The optimized write powers Pwo, Pewo, Pco, and Peo shall meet the conditions as shown in Figure 118.

2
;f Disk Type TL
>
Power (mW) Min. Max:
Pwo (mW) 8,0 28,0

2X | Pawo (mW) 0,10 16,8

Peo (MW) 0,60 16,8

Pco (MW) 0,10 16,8

Figure 118 — Write powerrequirements for Triple Layer disk
In addition to the conditions shown in Figure 118, the write powers shall be such that:

Pwo > Peo = Pco and Pwo 2 Pewo.

29.4.3|Average power
Average write power (Pave) shall be equal or less than 14,0 mW.

29.4.4 |Write conditions foeri*MLSE measurement

The test for i-MLSE (Integrated-Maximum Likelihood Sequence Error Estimation) shall be carried out on any
group of five adjacentTracks, designated (m-2), (m-1), m, (m+1), (m+2) in the Rewritable Areas of the disk.

The five Tracksrare recorded consecutively with random data with a write power Pw = Pwo as sgecified in
29.4.1|To measure the i-MLSE after n overwrites (i-MLSE @ DOW(n)), all five Tracks are overwritten n times
with rapdor data with a write power Pw = Pwo.

29.4.5 [Write conditions for cross-erase measurements

The test for cross-erase shall be carried out on any group of five adjacent Tracks, designated (m-2), (m-1), m,
(m+1), (m+2), in the Rewritable Areas of the disk.

To initialize the measurement, the five Tracks are recorded 10 times repeatedly with random data with a write
power Pw = Pwo as specified in 29.4.1. After that, the initial values of the needed parameters are measured.
This initial condition is defined as the DOW/(0)xe condition.

To measure the cross-erase after n overwrites (cross-erase @ DOW(n)xe), the Tracks (m-1) and (m+1), are
overwritten n times with Pw = 1,1 x Py (all power levels shall be proportional to Pw, see 29.4.1.
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29.5 Definition of signals

The amplitudes of all signals are linearly related to currents through a photodetector, and therefore, linearly
related to the optical power falling on the detector.

i-MLSE:

i-MLSE 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).

30 Signals from Recorded Areas

30.1 HF signgl

S

The HF signal |s obtained by summing the currents of the four elements of the photodetector. TheSe cufrents
get modulated|by the different reflectivity of the Marks and Spaces representing the information‘on the
Recording Laygr (see Figure 119).

30.2 Modulatled amplitude
The modulated amplitude lgyp, is the peak-to-peak value of the HF signal generated by the largest Mark and
Space lengths| The peak value lgy is the peak value of the HF signal before ac.coupling.

The modulated amplitude lspp is the peak-to-peak value of the HF signal\generated by the second smallest
Mark and Spage lengths. The 0 level is the signal level obtained from,the measuring device when no|disk is
inserted.

NOTE In tme Sync patterns, run-lengths of 9T do occur. However, the recurrence of these 9Ts is very low
and therefore their influence on the HF peak-to-peak signal is negligible.
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Figure 119 — Schematic representation of HF signal from Marks and Spaces

Because the I3pp is a relatively small signal, its amplitude cannot be determined reliably from a random HF
signal. Therefore, it is recommended, for observation of Ispp / lgpp, 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.

The modulation signal lgpp / Isn shall be converted by the photodetector size of 25 pm? (see 1.6).

The modulation signals shall meet the following requirements:
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— lgpp /lgn = 0,40,

— |3pp / |8pp 2 0,040,

The variations of the modulation signals shall be:

—  (IgHmax — lsHmin)/lshmax <0,33 within one layer at DOW/(0)(continuously recorded),
—  (Isrmax — lsnmin)/lshmax <0,15 within one revolution at DOW/(0)(continuously recorded).

The ratio between the actual modulation signals (Isna) on each layer shall be:

40,25 < (IgHa,Lj — lsHaLk) / (IsHaLj + lsHak) < + 0,25 at DOW(0) (continuously recorded),
where

Isa,Lj @and lsnak are measured at the same position, both in radial and in tangential directign.

j91,2 k=0,1j>k

The rafio between the reflectivity on each layer shall be

140,33 < (Rgh,Lj— Rsn,ik) / (RenLj + Ren,ik) < + 0,33 at DOW(0) (Centinuously recorded),
vhere

Rsn,Lj and Rgh Lk are measured at the same positiondboth in radial and in tangential directjon.

lsHa= Ren x Read power
i1=1,2 k=0,1 j>k
30.3 Reflectivity-Modulation product

The reflectivity of the disk multiplied by-the ls modulation (= normalized lsy, modulated amplitude) shall be
(see Apnex B):

|
RxM = R8H X 8ep. , With 0,006 4 <R x M < 0,019 for Layer LO and Layer L1

I
8H Jconv

0,009 1 <R x M <£0,027 for Layer L2
The reflectivity, of the disk multiplied by the Is modulation (= normalized I3, modulated amplitudeg) shall be:

I
Ry = R8H X (£1 with R x 13> 0,000 48 for Layer LO and Layer L1

Inll

N\ Tt /conv

RxI3 > 0,000 68 for Layer L2
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:

-0,10 < Asymmetry < +0,15
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30.5 i-MLSE@DOW(n)

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 2 times Reference
Velocity.

After n overwrites (0 < n < 10) Track m, the i-MLSE in Track m shall fulfill the following requirements:
On Layer LO:

<11,0 % when measured using the circuit specified in Annex H.

On Layer L1
<11,5 % when measured using the circuit specified in Annex H.
On Layer L2
<12,0 % when measured using the circuit specified in Annex H.

30.6 Cross-efase @ DOW(n)xe

The Tracks on|which the cross-erase is to be measured shall be recorded.as.specified in 29.4.5. After r|
overwrites (0 4 n < 100) Tracks (m-1) and (m+1), the modulation and i-MLSE in Track m shall fulfill the
following requifements:

(I8pp /|8H )atDOW(n)XE >0.90

(|8pp /|8H )atDOW(O)XE

After n overwrites, the i-MLSE shall fulfil the following requirements:
On Layer LO
<11,5 %| when measured using the/circuit specified in Annex H.

On Layer L1

<12,0 % when measured using the circuit specified in Annex H.
On Layer L2

<12,5 % when'measured using the circuit specified in Annex H.

30.7 Read stability

Up to 108 successive reads from a single Track with a dc read power and an HF-modulated read power,

1,44 mW for Layer LO and Layer L1 at 2 times Reference Velocity reading and

1,00 mW for Layer L2 at 2 times Reference Velocity reading.
The disk shall remain within all specifications in the operating environment.
Higher dc read powers and higher HF-modulated read powers shall be applied when specified in DI byes 30
to 31 (see 15.8.3.3 and 15.8.3.4).

The modulation should fulfil the following requirements (see Figure 120):
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— modulation frequency (= 1/Tur-1aser) (400 £ 40) MHz;
— ratio of peak power and average power 2,0+£0,2.
> . e >
8 THF-Iaser
g
£
<
2
-

Additio
[Equive
In orde

HF-mo
Refere

31 Ld

Defect

J

Figure 120 — Schematic representation of light pulsessfrom Laser Diode

hally, the SER (see 34.2) shall be <4,2 x 102 in any LDC Blo¢k.
llent to <317 counts (= 4,2 x 102 x 75 392 bytes)].

time

r to prevent the recorded signals from degrading, it is-strongly recommended that dc re
dulated read powers of drives should not exceed the“powers provided in DI bytes 30 tg
nce Velocity.

cal defects

5 on the Recording Layer or in the Trafismission Stack, such as “air bubbles” or “black do

dust enclosures in the Transmission Stack-er pin holes in the Reflective Layer), shall not cause
unintenjded track jumping or uncorrectable errors (see also 33.4 and Clause 34).

The size of such defects shall be:

— qir bubbles: diameter <100 pm,

— ilack dots with birefringence: diameter <150 um,

— lack dots without birefringence: diameter <150 pm.

32 Characteristies*of User Data

Clauses 321034 describe a series of measurements to test conformance of User Data on the d
documpentsThey check the legibility of User-written Data. The data is assumed to be arbitrary.

hd powers and
31 at 2 times

ts” (such as
any

sk with this

User-written Data may have been written by any drive at any speed Iin any operating environment.

33 Method of testing for User Data
33.1 General

The read tests described in Clauses 32 to 34 shall be performed on the Reference drive.

Whereas, Clauses 24 to 30 disregard local defects, Clauses 32 to 34 include 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

s 32 to 34 define a minimum quality of the data, necessary for data interchange.
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33.2 Environ

ment

All signals shall be within their specified ranges with the disk in the range of allowed environmental conditions

as defined in 8

1.1

33.3 Reference drive

33.3.1 General

All signals shall be measured in the appropriate channels of a Reference drive as specified in Clause 9.

33.3.2 Read power

The read poweri

(1,44 £ 0,10)
33.3.3 Read
The drive shall

The HF signal
measurement
specified in A

33.3.4 Errorg

Correction of
on the definitio

33.3.5 Tracki

During measu
Recording Lay
and the centre

Irface o i
rL1 and (1,00 + 0,10) mW for Layer L2.
hannels
have 2 read channels as defined in 9.5 and 9.6.

rom the HF read channel shall not be equalized and filtered before processing. For
bf the disk quality, the characteristics of the HF signal pre-processing shalhbe the same 3
ex H for the i-MLSE measurement.

orrection

rrors in the data bytes shall be carried out by an error detection’and correction system bg
s in Clause 13.

g requirements

ements of the signals, the axial tracking error between'the focus of the optical beam and
er shall be maximum 55 nm and the radial tracking error between the focus of the optical
of the track shall be maximum 16 nm.

33.3.6 Scanning velocities

The actual rota
132,000 Mbit/s

33.4 Definitiq

Byte error:
A byte error og
detection and/

Burst error:

A Burst error is
any two errone
they were recd

The length of g
separated by g

tion speed of the disk shall be such thatit results in an average Channel-bit rate of
or an average wobble frequency 0f.1'913,043 kHz.

n of signals

curs when one or more ‘hits in a byte have a wrong value, as detected by the related errg
Dr correction circuits

defined to be‘a sequence of bytes where there are not more than two correct bytes betw

rded on the disk (see 13.1 and 13.8).

burst error is defined as the total number of bytes counting from the first erroneous byte

1S

sed

the
beam

=

een

ous bytes<Fer determining burst errors, the bytes shall be ordered in the same sequencg as

that is

tleast three correct bytes from the last preceding erroneous byte, until the last erroneoug

byte

that is separat

a Dy atleast trree correct dytes 1rorn tne first Succeeuing eroneous oyte.

The number of erroneous bytes in a burst is defined as the actual number of bytes in that burst that are not
correct (see example in Figure 121).
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<«——— burstlength = 9 bytes ———

number of erroneous bytes in burst = 6

C = correct byte; x = erroneous byte

Figure 121 — Example of burst error

Symbol Error Rate:
The Syjmbol Error Rate (SER) averaged over N LDC Blocks is defined as the total number ofalllerroneous
bytes in the selected LDC Blocks divided by the total number of bytes in those LDC Blocks:

N
zEai
i=1

Nx75392

where
= is the number of all erroneous bytes in LDC Block i;
a.
|
N is the number of LDC Blocks.

Randojm Symbol Error Rate:
The Random Symbol Error Rate is defined as the Symbol Error Rate where all erroneous bytes [contained in
burst efrors of length 240 bytes are counted neither(n the numerator nor in the denominator of the SER

calculaftion:

Nx75392- > E,
|
i=1

where
= is the number of all erroneous bytes in LDC Block i;
a.
|
= is'the number of all erroneous bytes in burst errors 240 bytes in LDC Block i;
[
N is the number of LDC Blocks.

34 Minimum quality of recorded information
34.1 General

When checking the quality of the disk, the area selected for determining SER and burst errors shall be
overwritten 10 times with arbitrary User Data.

34.2 Random Symbol Error Rate

Random SER after 10 times overwrites shall fulfil the following requirements:
Random SER < 2,0 x 10~*averaged over any 10 000 consecutive LDC Blocks.
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34.3 Maximum burst errors

In each Recording-Unit Block, the number of burst errors with length 240 bytes shall be less than 8 and the
sum of the lengths of these burst errors shall be <600 bytes.

34.4 User-wri

tten Data

User-written Data in a Recording-Unit Block (RUB) as read in the HF read channel shall not contain any byte
errors that cannot be corrected by the error correction system defined in Clause 13.

35 BCA
The Zone bet

eent+and Is isreserved foruse as a Rllref-(‘llﬂing Areg (R(‘A) (cnn 152 and I:iglll’ﬂ l—'\’))

The BCA shall
The BCA code

All information
content, which

The BCA code
(The BCA|

The BCA codeg
visible on the d

The BCA codeg
Each of the str|

The informatio
22,0 mm on L3

The decision t¢ record BCA code is Application dependent. BCA code shall not be recorded in the BCA

otherwise speg
between the in

be used to add information to the disk after completion of the manufacturing process:
can be written by a high-power laser system or by the initialize in the case of Rewrjtable

in the BCA code, shall be written in CAV mode, where every revolution has egxactly the s
content shall be radial aligned (see Figure 122).

0,0 +
shall be located between radius 21,3 ; ; mmand radius 22,0 44

code is allowed to overlap the Protection-Zone 1 partially.)
shall be written on the Layer LO, but some effect of writing the*'BCA code on Layer LO cg
ther Layers.

shall be written as a series of low-reflectance stripestarranged in circumferential directio
pes shall extend fully across the BCA in the radial direction.

n in the BCA code can be read by a drive at any.radius between radius 21,3 mm and rad
yer LO.

ified by the Application. The format.and content of the BCA code is defined by agreemer
terchange parties.

Burst Cutting Area

mm on Layer L{.

disks.

ame

uld be

—

us

unless
t
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BCA code

Figure 122 — Schematic representation of BCA
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Annex A
(normative)

Thickness of Transmission Stacks in case of multiple layers

A.1 General

In case the total Transmission Stack consist of k layers, the following procedure shall be applied in
determining the thickness of the individual layers:

— the¢ values d; .. dk represent the thicknesses of layers 1 ..k;
— the¢ values n; .. nk represent the refractive indices of layers 1 ..k;
— lefD(n) be the nominal thickness at refractive index n according to Figure 13,
— folf a TL disk, 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@(n);
k-1 d
: i
— then the thickness dk of layer k should be equal to: d, =D (nk )x 1- z ﬁ
) Di(n.
=1 i

A.2 Refractive Index njof all layers in Cover and Spacer Layers

The refractive index ni of each layer in the Cover and Spagenrshall be: 1,45 < ni <1,70.

A.3 Thjckness variation of Transmission Stack
k
The Relative Thickness of the Transmission Stack jis defined as: RTJ. =Z !

The Relative Thickness RT of the Transmission Stacks, measured over the whole disk, shall fulfil the following
requirgments:

a) The Relative Thickness RTp.of the Transmission Stack TSO shall be: 94,0 £100,0 x RTo < 106,0,
b) and the Relative Thickness RT; of the Transmission Stack TS1 shall be: 69,0 < 75,0 x RT; < 81,0,
c) and the Relative Thickness RT» of the Transmission Stack TS2 shall be: 52,0 57,0 x RJ2 £ 62,0.

NOTE The thickness of Recording Layer is very thin and negligible in the calculation of the thickness.

A.4 Thjckness-variations of Spacer Layers

k

The efflective thickness of the Spacer Layer j is defined as: ES. = Zd. xf(n,)
i=1

ES:: Effective thickness of the Spacer Layer 1

ES,: Effective thickness of the Spacer Layer 2
ES.: Effective thickness of TS2 or Cover Layer

Function f(n) is defined in Clause 12 and shown in Figure 14. The effective thickness means imaginary value
when refractive index is assumed to be 1,60.

The actual thickness (that can be measured by the method described in Annex K) under arbitral 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 Annex, defocus is defined as focus position movement
of the light going through the transparent medium with each thickness and each refractive index.
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The effective thicknesses shall meet the requirement ES;- (ES1+ ESy) > 1,0 um, ES:1—ES>> 1,0 um.

A.5 Example of thickness calculation

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
thickness of Cover Layer at index n; = 1,52 and 1,58 are calculated as follows.

D(1,52) = D(1,6) x g(1,52) = 56,35 um,
D(1,58) = D(1,6) x g(1,58) = 56,81 um.
where
D(1,6) = 57,0 um, g(1,52) = 0,988 6 and g(1,58) = 0,996 6 (see 12.3).

Then the nomi

d, =56,81x [

sheet) is calcu

ESc =55k 1,0757 + 1,36 x 1,017 7 = 60,55 ym
where
f(1,52) = 4,075 7 and f(1,58) = 1,017 7 (see Clause 12).

The result sho
refractive inde
point of the reg
point of the reg

Ns2, > Ns1 > N

hal thickness of the gluing sheet is calculated as follows.

55

-~

53 j=1,36 pm and the effective thickness of Cover Layer (ES¢:,cover sheet + gluin
56,35

ated as follows.

s that effective thickness ES. is larger when refractive index n is smaller. Then it is bett
of Cover Layer (nc) is smaller than those of Spacer Layers (nsi, nsz, nNs3) from the the vi
uirement of ES; -(ES1+ ES») >1,0 um, and the following conditions are preferable from th
uirement of ES1— ES; > 1,0 um;

er that
BW
e view
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Annex B
(normative)

Measurement of reflectivity

B.1 General

The reflectivity of a disk can be measured in several ways. The two most common methods are the following:

— parallel method,
— focused method.

The re
reflecti

lectivity of the disk is measured by the focused method with the help of a Reference disk|with known
ity, while the reflectivity disk is calibrated by the parallel method.

When measuring the reflectivity in the focused way, only the light returned by the Reflective Laygr of the disk

(Rm) w
coming

Il fall onto the photodetector. The reflected light coming from the front surface ef-the disk|and the light
from the parasitic reflectance’s inside the disk will mainly fall outside the photodetector. Because in

the parnallel method only the “total” reflectance (R;) can be measured, a calculation’is needed to|determine the

“main”

B.2 Ca

A good
with a
Figure

B.1.

reflectance from the Reflective Layer.

ibration method

Reference disk free of birefringence shall be chosen, for instance with a 0,1 mm glass Jover Layer
jolden reflective mirror. This Reference disk shall be measured by a parallel beam as shown in

Figure B.1 — Reflectivity calibration

In Figure B.1, the following applies:
R =

r =

Riet =

Is =

Rs =

reflectivity of the Recording Layer (including the double pass Transmission Stack transmission);
reflectivity of the Entrance surface;

reflectivity as measured by the focussed beam (is by definition = Ry, / Ig);

incident beam;

reflectance caused by the reflectivity of the Entrance surface;
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Rm = main reflectance caused by the reflectivity of the Recording Layer;

Rint =  reflectance caused by the internal reflectance’s between the Entrance surface and the Recording
Layer;

Ry = measured value (Rs + Rm + Rin).

The reflectivity

n-1

r

of the Entrance surface is defined by:

2

, Where n is the index of refraction of the Cover Layer.

n+1

The main refle

R

ref

R
Ig

The Referencs
quadrants = I

Rm as determifed above.

Now, the arran
Recording Lay|
the Entrance s

B.3 Measuring
Reflectivity in
A method of m

MeasU
MeasU
investi
never

Calcul

a)
b)

follows:

ctance Rm = Ry — Rs —Rint which leads to:

disk shall be measured on a Reference drive. The total deteeter current (the sum of all 4
a) obtained from the Reference disk and measured by theAfocused beam is equated to

gement is calibrated and the focused reflectivity is @ linear function of the reflectivity of th
er and the double pass Transmission Stack transmission, independently from the reflecti
urface.

method
Unrecorded, virgin Rewritable Aréeas
easuring the reflectivity using the(Reference drive.

re the total detector current (I3,+ 12)rer from the Reference disk with calibrated reflectivity |
re the total detector current (l; + I2)c from a Groove Track in an area of the disk under
pation where the Groove Track and the two adjacent Tracks on each side of the Groove
nave been recorded«nor erased.

hte the unrecorded virgin disk reflectivity Rq.y in the Groove Tracks of the Rewritable Area

+|)
2)G

*R
+1 )
2 ref

ref

ity of

zref-
Track

L as

rdad Freacad Daaze: talal D
L%} AVTC MTTAOS

Reflectivity in

A method of m

AR
CO, CTTaSTO M\ CvvT

easuring the reflectivity using the Reference drive.

a) Measure the total detector current (11 + I2)rer from the Reference disk with calibrated reflectivity Ryer.

b) Measure the total detector current (l1 + I2)c from a Groove Track in an area of the disk under
investigation where the Groove Track and the two adjacent Tracks on each side of the Groove Track
to be measured have been erased. Erasure of these tracks shall be done by irradiating the tracks
using only the Pe power as determined from the OPC algorithm (see Annex G).

c)

follows:

182
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R =— 2 xR

g-e ( ref
I+ )
172 ref

Reflectivity in Recorded Rewritable Areas

A method of measuring the reflectivity using the Reference drive.

0193:2016(E)

a) Measure the total detector current (11 + I2)rer from the Reference disk with calibrated reflectivity Ryer.
b) Measure g4 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

<)

Remar|
all othsg

AlNEX'3).
Calculate the recorded disk reflectivity Rsn in the Groove Tracks of the Rewritable Area

I
= LxR

BH (I 4l ) ref *
172 ref

K: When measuring the reflectivity on a Recording Layer, make sure‘that the correspondi
r layers are unrecorded.

B.4 Prpcedure for compensating stray light effect from observed reflectivity

The re

which d@re caused by the reflection from other Layers (see Figure B.2). Therefore, the observed

shall b
methoq
the pro

b compensated to decrease the influence. Hereafter, the reflectivity obtained by applying

cedure below shall be referred as the compehsated reflectivity.

f\ Layer LO
Layer L1
\\
Layer L2

Stray lights Reflection from the layer being readout

l \ ¥ \ Disk surface

Incident beam —

Focused on Observed reflectivity
Layer L1

as follows:

ng portions of

lectivity obtained by applying the measuring method described in B.3 is influenced by thg stray lights

reflectivity
the measuring

described in B.3 shall be referred as the obgerved reflectivity and the reflectivity compemfsated using

Figure B.2 — Influence of 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 ignored.

b) Observed light is the sum of reflection from Reproduction Layer and all stray lights from all other Layers.

c) Effects of coherent optical interference on the detector surface is ignored.
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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 photodetector.

Layer Li

Reflection from PD

reproduction layer

Disk
r‘_"“"_"'\.

Layer Lj
L

Stray light

dij:

PDnorm:
M:

In geometrical
shown in Figur

The areal ratio

Figure B.3 — Ray trace of stray light

Layer index of Reproduction Layer,

Layer index of other Layers,

refractive index of the Transmission Stack,

angle of incidence beam at interior of the disk, sina = NA/n,

physical distance between Layer Li and Layer Lj

spot radius on the other Layer: r = dij tana¥

size of detector projected on the Reproduction Layer (see 9.4),
transversal optical magnification af.the optical system.

optics view, the radius of the stray_light spot projected on the Reproduction Layer Liis 2
e B.3.

of the stray light spot from-Layer Li and the detector, both projected on the Reproduction

Layer, is then @lerived as below:

PD

horm norm

—_

The observed

Zr)z 1T(2dijtan0()2

K I as

ight is the sum of reflection from the Reproduction Layer and all stray lights from all othe

Layers. Thus, 1
formula.

it ot ;

N
S, =R+ X RA; (N=23)

where

Si
Ri

184

i=0
[ii]

is the compensated reflectivity (Rg.v, Rg-e, Ren) Of Layer Li;

is the observed reflectivity (R m,g-v: R m,g-e, R msn) Of Layer Li (including influence of stray light);
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N is the number of Recording Layers of disk (2 for a TL disk).

For Rg.v, this formula can be rewritten as Sq.v =A * Ry.v using the vector and matrix representation where

S g is the observed reflectivity vector in the Unrecorded Virgin Layer, Rq.v is the compensated reflectivity
vector in the Unrecorded Virgin Layer, and A is the areal ratio matrix.

Thus, the compensated reflectivity vector Ry., can be derived as:

where

Sj-e is the observed reflectivity of the Unrecorded Erased Layeér Li.

For Rgt, the compensated reflectivity in the Recorded Layer (Rgn) Can be expressed as the following formula.

2

Rehi = Sep,i - Z Rgv,i A (N=2,3)
j=0
[j=i]
where

Sku  is the observed reflectivity.of the Recorded Layer Li.
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Annex C
(normative)

Measurement of scratch resistance of Cover Layer

C.1 General

The Entrance surface of the disk has sufficient scratch resistance, which may be improved by a protective
coating.

C.2 Taber Abrasian test

The following go-called “Taber Abrasion” test verifies whether the scratch resistance of the Entrance.sufface
of the disk is spifficient.
Two wheels cqvered with abrasive material are applied to the disk under test with a specified load’(see [Figure

C.1).

rotation axis of disk

rotation axis
Q\of wheels

~.
~

rotation
direction
of disk

line through
T _Centre of disk

~.
~.

~

projection of e
! 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,
— number of revolutions: 5.

The abrasion test shall be applied before the necessary recordings are made.
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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.[1
Before performing a Taber Abrasion test, each time both abrasive wheels should be refaced by an ST-11
refacing stone:

— new wheels shall be refaced for 100 cycles,
— wheels that have been used before shall be refaced for 25 cycles.

© ISO/IEC 2016 — All rights reserved 187


https://iecnorm.com/api/?name=f35a9caa5b1ab24f1b1567674a21fbbf

ISO/IEC 30193:2016(E)

Annex D
(normative)

Measurement of repulsion of grime by Cover Layer

D.1 General

This Annex describes a method of 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.

4 9N 4 9N
10 secorjds 10 seconds

y J

stamp

-
- > & - D

Ink pad Disk under test Disk under test
adhesioh 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
measured on Layer L0, shall be <4.2 x 10=2 when recording and-teading through the AFP. In each Physical
Cluster, the number of burst errors with length 240 bytes shall'be less than 8 and the sum of the lengthg of
these burst errprs shall be <800 bytes.

D.2 Specifications of stamp
The silicone rupber stamp shall have the following specifications (see Figure D.2):

— dimensiorys: stamp shape ®16 mm x®12 mm x 20 mm height,
— Shore harfiness is A60.

\_/V

Figure D.2 — Stamp shape and preparation

To provide the stamp with random scratches, it shall be abraded with sandpaper #240.

The sandpaper is moved slowly in one direction between 10 times and 20 times. The force on the sandpaper
shall be between 4,9 N and 9,8 N.

Then the stamp is rotated over an arbitrary angle and the previous process is repeated.

Rotating and abrading shall be repeated at least 30 times.
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D.3 Preparation of ink

The ink to print the AFP shall be composed of the following components:
— M Methoxy Propanol (1-Methoxy-2-Propanol),

— T Triolein (purity of at least 60%),

— D Standard Dust (according to specifications defined in JIS Z 8 901, selected grade: class 11
KANTO loam). For further information, contact the Association of Powder Process Industry and
Engineering, JAPAN (http://www.appie.or.jp/english/).

The components M, T and 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 shall be

~ =N tlaa gl 1 hal
cleaneg-by-ety-ateehol

D.4 Pr¢paration of ink pad

To guarantee a fixed amount of ink taken up by the stamp, the ink is spin coated onte the ink pgd, which pad
shall b¢ an injection-molded polycarbonate Substrate without any Pit or Groove pattern. Just before applying
the inkJon the disk, it shall be stirred very well, e.g. by ultrasonic vibration for at deast 30 second

o

While rotating the Substrate on a spinner at 60 revolutions per minute, within\10 seconds, at leagt 2 ml of the
ink soldition is applied on it at a radius of about 12 mm (see Figure D.3).

spreading
the solution
by spinnig

solution
put on
Substrate

Figure D.3 — Spin coating ink pad

After applying the ink on-the disk, the rotational speed shall be 100 revolutions per minute for orje second,
then the speed shall besincreased linearly to 5 000 revolutions per minute in 5 seconds, which speed shall be
held fof 1 second (see Figure D.4). The spin-down time is not critical.

5000
pouring the THTTITT
ink solution

<100 100
r/min  r/min
60 r/min
<« D> > P>
01s~1s 1s 5s 1s

Figure D.4 — Speed profile for spin coating ink pad
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D.5 Using ink pad and stamp
The recommended location for applying ink to the stamp is around radius 30 mm.
The stamp can be cleaned with lint-free tissues, such as BEMCOT.

The stamp can be cleaned first with a tissue wetted with ethyl alcohol, after which it can be wiped off with a
dry tissue.
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Annex E
(normative)

Measurement of wobble amplitude

E.1 Measurement methods

The wobble signal and the Push-Pull signal shall be filtered before measurement. The wobble signal shall be

filtered through a 16 MHz Low-Pass Filter, the Push-Pull signal through a 30 kHz Low-Pass Filter.

Because of the wobble beat and the modulation of the Grooves, it is very difficult to determine the wobble
signalsrsufficientiy-acetrately-by-rormat-osciloscopetmeastrement—hereforeitspreseribedtp measure the
wobblg signals by means of a spectrum analyzer according to the following procedures (whilecontinuously
tracking the Spiral Groove):

Step 1) Measurement of non-NWS

Under the tracking requirements of 25.3.4, the Push-Pull signal shall be measured by a spectruim analyzer
with the following settings:

— Centre frequency: 1 913,043 kHz;

— $pan: zero span;

— R

Resolution bandwidth: 30 kHz;

— ideo bandwidth: 100 Hz;

—  $weep time: set it such that several beats in the wobble signal can be observed.

Under these conditions, the spectrum analyzer shows the\RMS value of the input signal as a furction of 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

AN VR
Y A NEERYY

W
A\l
.
Mkr2
Centre 1 913,043 kHz Span 0 Hz
Res BW 30 kHz VBW 100 Hz

Figure E.1 — Example of spectrum analyzer showing wobble signal
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The signal level at marker Mkr2 represents the minimum wobble signal WSnin in dBV. Because the spectrum

analyzer measures RMS values, a multiplication factor of 2 x \/E shall be added to translate the measured
value into volts peak-to-peak (-46,4 dBV in the example corresponds to 13,5 mVpp).

Step 2) Measurement of the non-normalized Push-Pull signal

Next the 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 NWS

MALC

NWS_ . 4 —omin__ 1390

min (I '|2) 30
12 )pp

Step 4) Deterhine the wobble beat

The signal level at marker Mkrl represents the maximum wobble signal WSnax in dBV.
The wobble bdat is now:

WSmax - \IVSmin = 6,8 dB or NWSmax = 2,2 X NWSmin,
Step 5) Measyrement of the CNR of the wobble signal

Under the tracking requirements of 25.3.4, the Push-Pull signal shall be measured by a spectrum analyger
with the following settings:

— Centre ffequency: 1 MHz;

— Span: zero span;

—  Resolutipn bandwidth: 30 kHz;

—  Video bandwidth: 10 Hz;

— Sweep tlme: set it such that sevéral beats in the wobble signal can be observed.

Under these conditions, the spectrum analyzer,shows the RMS value of the noise signal in the band arqund 1
MHz as a function of time (see Figure E.2).
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Mkrl 1,27 seconds —75,4 dBV

Ref —60 dBV Atten 0 dB
Log
2 dB/

Mkrl

—_— | o L —
Centre 1,0 MHz Span 0 Hz
Res BW 30 kHz VBW 10 Hz Sweep-1,767 seconds

Figure E.2 — Example of spectrum analyzer showing noise signal

The signal level at marker Mkr1 represents the level of thevnoise signal in dBV.
The wq@bble CNR can now easily be calculated to be:

WBmin — NoiseLevel = — 46,4 + 75,4 = 29 dB (according to the example values).

Step 6) Measurement of the SHD/SHL

This mpasurement shall be performed as indicated in 27.3.4.
Under the tracking requirements of 25.3/4) the Push-Pull signal shall be measured by a spectrufn analyzer
with the following settings:

For fundamental frequency levelmeasurements:

—  Centre frequency: 1 913,043kHz;
— $pan: zero span;

—  [Resolution bandwidth: 10 kHz;

— ideo bapdwidth: 1 Hz;

—  $weepitime: about 5 seconds.

For Sepond<Harmonic Level measurements:

— Centre frequency: 3 826,0 kHz;

—  Span: zero span;

— Resolution bandwidth: 10 kHz;

—  Video bandwidth: 1 Hz;

—  Sweep time: about 5 seconds.

Under these conditions, the spectrum analyzer shows the RMS value of the fundamental frequency levels in
the Data Zone and Protection-Zone 3 as functions of time, see Figure E.3.
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A-view B-view

Ref —10 dBm Atten 10 dB
Log Frz3
10 dB/ *
Fpz
Centre 1 913,043 kHz Span 0 Hz
Res BW 10 kHz VBW 1 Hz Sweep 5 seconds

Figure E.3 — Example of fundamental wobble frequency level measurement

In Figure E.3,

he lower trace represents the fundamental-frequency.level measurement in any Rewrital

Area of the Daja Zone, indicated as Fpz.

In Figure E.3,
indicated as F4

Fpz and Fpz3 V4

Likewise, the S
Protection-Zon

e

he upper trace represents the fundamental-frequency level measurement in Protection Zpne 3,

Z3.

llues are determined at the average levels of the Fpz and Fpzs traces.

pectrum analyzer shows the RMS valie of the Second-Harmonic Levels in the Data Zong and
e 3 as functions of time, see Figure E.4.
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A-view B-view
Ref -10 dBm Atten'10 dB

Log
10 dB.

SDZ

1 -10,9dB

L - - e - -

Ql‘ o
Centre 3826kHz Span0Hz
Res BW 10 kHz VBW 1 Hz Sweep 5 seconds

Figure E.4 — Example of Second-Harmonic Level measurement
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In Figure E.4, the upper trace represents the Second-Harmonic Level measurement in any Rewritable Area of
the Data Zone, indicated as Spz.

In Figure E.4, the lower trace represents the Second-Harmonic Level measurement in Protection Zone 3,
indicated as Spzs.

Spz and Spzs values are determined at the average levels of the Spz and Spz; traces.
SHD/SHL is calculated as follows:

%z (szs ~Spz )_(szs - FDZ)'
In the gample
SHD

E.2 C4d

The shippe of the resolution bandwidth filter for noise measurement is ideallyrectangular. Becay

filter ca

determiine the real RMS value of the noise, a correction factor should-be applied. Such a correc

usuallyf

I = (-10,9)- (3) = -13,9 dB.
SHL

ibration of filters

se such a

nnot be realized, the actual filter of the spectrum analyzer will influence the measured values. To

given by the manufacturer of the equipment and depends,an the actual filter shape and
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Annex F
(normative)

Write-pulse waveform for testing

F.1 General write-pulse waveform
This International Standard specifies two different write strategies.

a) An Extended N-1 write strategy, see Figure F.1.
b) An Extended N/2 write strategy, see Figure 3.

In the description of these write strategies, the N represents the run-length of the NRZI data pulses exp
in Channel clogk cycles (T).

F.2 Extended N-1 write strategy

An example of|the write-pulse waveform obtained from the NRZ| data and the Channel clock is shown ip

Figure F.1. It cpnsists of write pulse trains, which write the Marks storing the NRZI&ignal high level. The

essed

write pulse traips are connected by a fixed erase level (Pg), which writes (or in fact'erases) the Space storing
the NRZI signgl low level. At the high to low transition of the NRZI signal, the-pulse train and the erase Ipvel

are concatenated by a so-called “cooling level” (Pc).
The write pulge train
The first-write-pulse has a width Tiop, the last write pulse (in case of N > 3) has a width T.p and the writqg

pulses in betwgen (in case of N > 4) have a width Typ. The firstawrite-pulse for a Mark length N starts at|
time dTtwp relative to 1T after the start of the NRZI pulse, and each successive write pulse starts at 2T, 3

a start
T.

(n=1)T after the start of the NRZI pulse except for the lastwwrite pulse. The last write pulse for a Mark lempgth N

starts at a starf time dT.r relative to 1T before the end of the NRZI pulse.

Depending on the preceding and/or succeeding Space length, the width (Tip) and the start position (dT|

op) Of

the first-write-gulse can be adapted for optimum‘thermal balancing. Also, depending on the succeeding [Space
length, the width (T.p) and the start position {(d¥.p) of the last write pulse can be adapted for optimum thermal

balancing.

The write pulsg¢s shall have a powertevel Pw, while in between these pulses the bias power shall be Pg
power level pre¢ceding the first-write*pulse shall be Pe. The power level between the last write pulse and
erase level shall be Pc.

The erase level
The erase levdl Pe stariS at a start time dTe relative to the end of the NRZI pulse and continues until the

first-write-puls¢. Depending on the succeeding and/or preceding Space length, the start time (dTe) of th
erase level can he.adapted for optimum thermal balancing.
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Figure F.1 — General write-pulse waveform for Extended N-1 write strategy
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