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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electro
Commission) form the specialized system for worldwide standardization. National bo
are members of ISO or IEC participate in the development of International Standards

technical
dies that
through

technical committees established by the respective organization to deal with particular fields of
technical activity. ISO and IEC technical committees collaborate in fields of mutual interest. Other

international organizations, governmental and non-governmental, in liaison with ISO and
take part in the work.

IEC, also

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

dgscribed in the ISO/IEC Directives, Part 1. In particular, the different approval critéria’n
the different types of document should be noted. This document was drafted in accordance
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Afttention is drawn to the possibility that some of the elements of this document may be t}
of| patent rights. ISO and IEC shall not be held responsible for identifying any or all su
rights. Details of any patent rights identified during the development of\the document will
Infroduction and/or on the ISO list of patent declarations received (seewww.iso.org/patents)
ligt of patent declarations received (see patents.iec.ch).

Any trade name used in this document is information given for thle convenience of users and
cojnstitute an endorsement.

Fgr an explanation of the voluntary nature of standards, the meaning of ISO specific t
expressions related to conformity assessment, as wellYas information about ISO's adheren
Wprld Trade Organization (WTO) principles in the Téchnical Barriers to Trade (TBT), see wwy
is¢p/foreword.html.

This document was prepared by Joint Technital Committee ISO/IEC JTC 1, Information T
Subcommittee SC 23, Digitally recorded media for information interchange and storage.

This third edition cancels and replaces the second edition (ISO/IEC 30192:2016), which
tefhnically revised. It also incorpafates the Amendment [SO/IEC 30192:2016/Amd.1:20109.

The main changes compared to'the previous edition is the addition of requirements for physic
control and reserved area of BD application.

peded for
with the

e subject
Ch patent
be in the
br the [EC

does not

brms and
ce to the

v.iso.org/

chnology,

has been

hl accesss

Any feedback or questions on this document should be directed to the user’s national standards body. A

complete listing of theSe bodies can be found at www.iso.org/members.html.
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Introduction

In March 2002, the Blu-ray Disc Founders, or BDF, came together to create optical disk formats with the
large capacity and high-speed transfer rates that would be needed for recording and reproducing of
high-definition video content. The first edition of Blu-ray DiscT™ Rewritable Format Part 1 Version 1.0
was issued in June 2002 (capacity 23 GB with catridge).

The BDA issued Version 2.1 of the Blu-ray Disc™ Rewritable Format Part1 in October 2005 and Version
3.0 in June of 2010 (capacity 25 GB and 50 GB without cartridge).

To keep the compatibility of the removable medium in the market, just to make a standard is not endugh,
and it is rlecessary to check that the disks and devices can satisfy the specifications. The BDA condugts
verificatipn activities for both disks and devices and has established more than 10 testing Centres|in
Asia, Eurppe and the USA.

Blu-ray™ disks, players, recorders and PC drives/software based on BDA standards;became popular
all over the world. The BDA gave consumer applications the highest priority in the firstfew years. Buf it
was known, of course, that international standardization would be required before many governmgnt
entities aind their contractors would be allowed to use Blu-ray Disc™. In January and February 2011,
the BDA yvas formally requested to consider international standardizationCFhe reason for this was|to
enable the inclusion of writable BDs, along with DVDs and CDs, in an Inteknational Standard specifying
test methods for the estimation of lifetime of optical storage medja for long-term data storage.[In
October 2011, the BDA responded that it had decided to pursue international standardization of the
basic phypical formats for the Recordable and Rewritable Blu-ray Disc™.

In Decemfber 2011, the BDA sent prOJect proposals for interhational standardization of four form S.

such as the BDMV and BDAV formats, which(have been specified by the BDA for use on BD recordalle
disks. These specifications, which are related to the BD application, the file system and the content-
protectiop system, are required for the disk, the generating system and the receiving system?).

The Intdrnational Organizatiop-\for Standardization (ISO) and International Electrotechnigal
Commissfon (IEC) draw attention-to the fact that it is claimed that compliance with this document mpay
involve the use of a patent.

ISO and IEC take no position concerning the evidence, validity and scope of this patent right.

The holdgr of this pdtent right has assured ISO and IEC that he/she is willing to negotiate licences under
reasonable and ndn/discriminatory terms and conditions with applicants throughout the world. In this
respect, the statement of the holder of this patent right is registered with ISO and IEC. Information miay
be obtainedfrom the patent database available at www.iso.org/patents.

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

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

1) For more information of the BD application, the content-protection system and the additional requirements for
the Blu-ray™ Format specifications, see http://www.blu-raydisc.info.

X © ISO/IEC 2021 - All rights reserved
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Information technology — Digitally recorded media for
information interchange and storage — 120 mm Single
Layer (25,0 Gbytes per disk) and Dual Layer (50,0 Gbytes
per disk) BD Rewritable disk

1| Scope

This document specifies the mechanical, physical and optical characteristics of a ¥20.mm rewritable
oftical disk with a capacity of 25,0 Gbytes or 50,0 Gbytes. It specifies the quality ef the recqrded and
urjrecorded signals, the format of the data and the recording method, thereby allowing for information
inferchange by means of such disks. User data can be written, read and overwritten many timgs using a
repersible method. This disk is identified as a BD rewritable disk.

This document specifies the following:

—|{ two related but different types of this disk;

—{ conditions for conformance;

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

—{ mechanical and physical characteristics of the disk, which allow mechanical interchangd between
data processing systems;

— format of the information on the disk, including the physical disposition of the tracks and|sectors;
— error-correcting codes and coding method used;

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

This document provides for/interchange of disks between drives. Together with a standard f¢r volume
ar|d file structure, it providesfor full data interchange between data processing systems.

2| Normative references

The following‘decuments are referred to in the text in such a way that some or all of thejr content
copnstitutes-requirements of this document. For dated references, only the edition cited applies. For
urfdated «eferences, the latest edition of the referenced document (including any amendmentg) applies.

ISDHAEC'646, Information technology — 1SO 7-bit coded character set for information interchan

IS0 9352, Plastics — Determination of resistance to wear by abrasive wheels

IS0 30193, Information technology — Digitally recorded media for information interchange and storage —
120 mm Triple Layer (100,0 Gbytes per disk) BD Rewritable disk

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

[EC 60950-1, Information technology equipment — Safety — Part 1: General requirements

© ISO/IEC 2021 - All rights reserved 1
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO/IEC 30193 apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at http://www.electropedia.org/

4 Sympol and abbreviated terms

ac alternating current Isb least significant bit

ADIP address in pre-groove Lsup second harmonic distortionlevel
APC automatic power control Ly second harmonic leyel

AU address unit LSN logical sector number

AUN address unit number MM MSK mark

BCA burst-cutting area MSB most significant byte

BIS burst-indicating subcode msb most significant bit

BPF band-pass filter MSK minimum shift keying

CAV constant angular velocity MW, monotone wobble

cbs channel bits NRD non-re-allocatable defect

CNR carrier-to-noise ratio NRZ non-return-to-zero

dc direct current NRZI non-return-to-zero inverting
DDS disk definition structure NWL nominal wobble length

DFL defect list OPU optical pick-up unit

DI disk information PAA physical ADIP address

DL dual layer PAC physical access control

DMA disk management area PBA possibly bad area

DMS disk'management structure PIC permanent information and control d3
DOW directoverwrite PLE phase-tocktoop

DOW(n) the n-th overwrite PoA post-amble

DOW(0) the initial recording PP push-pull

DSV digital-sum value pp peak-to-peak

DWP disk write protect PrA pre-amble

EB emergency brake PSN physical sector number

ECC error correction code Ry relative humidity

2 © ISO/IEC 2021 - All rights reserved
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EDC error detection code RMTR repeated minimum transition run
length
FAA first ADIP address (of data zone) R-M-W read-modify-write
ES frame sync RS Reed-Solomon (code)
FWHM  full width at half maximum Ry relative thickness
HF high frequency RUB recording unit block
HFM high frequency modulated SER symbol error rate
HMW harmonic-modulated wave SL single layer
HPF high-pass filter S/N signal-to-noise ratie
HTL high-to-low SPS start positiofi shift
Intiws normalized HFM-wobble signal STW saw-topth wobble
amplitude
Inlvs normalized wobble signal amplitude Sync synchronization
LAA last ADIP address (of data zone) TP track pitch
LIC long-distance code TS transmission stack
LHF low-pass filter whbs wobbles
LB least significant byte WP write protect
5| Conformance
5.1 Optical disk
A flaim of conformance with this document shall specify the type implemented. An optical digk shall be
in[conformance with this document if it meets all mandatory requirements specified for its type.
5.2 GeneratingsyStem
A penerating system shall be in conformance with this document if the optical disk it genefates is in
acpordance-with 5.1.
5.8 ~Réceiving system

A

optical disks according to 5.1.

5.4 Compatibility statement

ecelving system snadll be In conrormance with tnis document IT 1T IS able to handle both Types of

A claim of conformance by a generating or receiving system with this document 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.

© ISO/IEC 2021 - All rights reserved
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6 Conventions and notations

6.1 Levels of grouping

Many times, data is collected into that data can be collected into higher level groups. For the clarity of
the grouping hierarchy, in this document, the following levels of hierarchy is used.

Frame: the lowest level of grouping. Generally, frames contain bytes of information.

Block: the second level of grouping. Generally blocks consist of a number of frames

Cluster: the highest level of grouping. Clusters consist of several blocks.

Fragmen{: alevel of grouping that can be applied by the application. A certain amount of data is al
cated to a (fixed) number of consecutive clusters.

6.2 Representation of numbers

A measured value X .,c,eq May be rounded off to the least significant digif\ of the correspondi

specified[value x before being compared with this specified value.

EXAMPLES:

—  Thespecification is: x=1,26t8:8% :

(nominal value = 1,26 with a positive tolerance of +0,01 and a negative tolerance of -0,02)

— The

— The

a measured value in the range 1,235 <x 1< 1,275 fulfills this specification.

measure

specification is: x < 0,3:

a measured value X ,.,cureq < 0,35 fulfills this specification

(rounding off is applied for 0,30'<X 0 acureq < 0,35: X =0,3);

rounded
specification is: x < 0,3:

a measured value x = 0,299 fulfills this specification

measured

(no rounding off needs to be applied);

a measured yalue x = 0,3 exactly does not fulfil this specification.

measured

In case t

violate t

O_

e specifiedwvalue is given as “maximum x units” or “minimum x units”, the measured value
shall not pe rounded off before comparing to the specified value. Parameters given in this way shall rjot

speeified limits set by the exact value of x.

EXAMPLES:

— The specification is maximum 0,3 mm:

— ameasured value of 0,300 mm fulfills this specification;

— ameasured value of 0,301 mm does not fulfil this specification;

—  The specification is minimum 3 dB:

— ameasured value of 3,00 dB fulfills this specification;

— ameasured value of 2,99 dB does not fulfil this specification.
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«n

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

Numbers in hexadecimal notation are represented by the hexadecimal digits 0 to 9 and A to F in
parentheses or followed by lowercase “h”. The character x in hexadecimal numbers represents any digit
Oto9orAtoF.

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

)

In[a pattern of n bits, bit b,,_;, shall be the most significant bit (msb) and bit b, shall |be|the least
significant bit (Isb). Bit b(,_y shall be recorded first.

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

In|data fields composed of bytes, the data is recorded so that the most significant byte (MSB), [dentified
as|byte 0, shall be recorded first and the least significant byte (LSB) laét,

Infa field of 8n bits, bit b(g,_) shall be the most significant bit (msb)*and bit b, the least sign|ficant bit
(Igb). Bit b(g,,_¢) shall be recorded first.

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

Infa field of 4n bits, bit b,_;) shall be the most significant bit (msb) and bit b, the least sign|ficant bit
(Igb). Bit b(4,,_1y shall be recorded first.

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

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

A group of parameters is indicdted as paramm..nor P,, .. P,. The group contains all parameteys with an
inflex between m and n as well'as m and n (e.g. byte 16 .. 31, bit 7 .. 4, Add0 .. Add255).

I

)

k is nearly equal to y,then it is expressed as x = y.

6.3 Integer calculus

di

—

7 (n,d) représents the integer part of the division of n by d.

mpd(n,d)represents the remainder of the division of n by d: mod(n,d) = n - d x div(n,d).

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

7 General descriptions of disk

The 120 mm optical disk that is the subject of this document consists of a substrate of about 1,1 mm
nominal thickness. clamping is performed in the clamping zone.

The recording layer of the disk uses high-to-low (HTL) technology. Recorded HTL marks have lower
reflection than the unrecorded layer(s).
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The recording layer of the disk may use phase-change recording technology. Recorded amorphous
marks have lower reflection than the crystalline spaces of unrecorded layer(s).

This document provides for two types of disks

Type SL disk: the substrate is covered with a recording layer, consisting of several films. On top
of this recording layer, a transparent cover layer of 0,1 mm is applied with precisely defined optical
characteristics (see Figure 1). The capacity is 25,0 Gbytes.

Type DL disk: the substrate is covered with two recording layers, each consisting of several films. The

two recor;
layer see
a transp
have preg

from the read-out side of the disk shall be semi-transparent. On top of this recording lay
rent cover layer of about 0,075 mm is applied. Both the spacer layer and the cover layerish
isely defined optical characteristics (see Figure 2). The capacity is 50,0 Gbytes.

To improye scratch resistance of the disk, the cover layer optionally can be protected with.an additio

hard coat

ing.

Data can |be written and overwritten onto the disk with a high-power focused optical beam. The d3

can be re

ad with a low-power focused optical beam, using the difference jin\the reflectivity of t

amorphofis marks and the crystalline spaces.

The recofding layer(s) contain wobbled groove(s) with addresses thatyenable a speed control a
navigatiopn system for data to be read from or written to the recordinglayer concerned.

Recording and reading of the data is accomplished through the cover layer or through the total stack
cover layer, first recording layer and spacer layer, depending en‘which recording layer is involved.

For refer¢nce purposes, a layer that the light beam passescthrough when accessing a certain recordi

layer is cg

lled a transmission stack of that specific recording layer (see Figure 1 and Figure 2).

Direction‘of
rotation

=

. . A
Transmission \

stack v Substrate Recording

layer
/ Cover layer

Entrance surface

Protective coating) for optical beam

ta
he

hd

of

Figure 1 — Outline of type SL disk
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Direction of
rotation

>

Recording
layer LO
Transmission —¢
stack 0 Substrat
Transmission I ubstrate Recording
stack 1 T layer L1

Spacer layer

Entrance surface
for optical beam

/ Cover layer T

Protective coating)

Figure 2 — Outline of type DL disk

This document specifies two kinds of recording velocity: 1x and 2x.

Figure 3 shows the recording velocity requirements for each diskotype. At least one of fhe write
strategies is reqired for each recording velocity.

Disk type parameters . .
Disk type Mark Layer Recording velocity
polarity type 1x 2x
Type SL HTL SL M M
Type DL HTL DL M M
M Mandatory

Figure 3 — Recording velocity requirements for disk type

8| General requirements
8.1 Environments

8.1.1 Test environment

8.1.1.1 General

Dyring meéasurements for testing conformance of a disk with this document, the disk shall|be in the
teft eivironment. The test environment is the environment where the air immediately surrounding the
diskshall have following properties: u|n

— temperature, T (23 +£2)°C;
— relative humidity, Ry: 45 %to 55 %j;
— atmospheric pressure: 86 kPa to 106 kPa.

No condensation on the disk shall occur. Before testing, the disk shall be conditioned in this environment
for a sufficient time.
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8.1.1.2 Test conditions for sudden changes in operating environment

Some parameters can be rather sensitive to changes in the operating environment. Where specified,
the following two tests shall be performed. In both cases, the required specifications shall be fulfilled
during the time it takes for the disk to acclimatize to the new environment.

a)

b)

8.1.2 (perating environment

Apply a sudden change in relative humidity, while keeping the temperature at a constant level:
Ry=90%, T=25°C—> Ry=45%, T=25°C (see Figure 4).

Apply a sudden change in temperature, while keeping the absolute humidity at a constant level
(;':;10 a/m3)-T=25°C R 450, > T_E5°C P — 100/ (see Ficure 4)
4 o/ J 4 H 4 H AN —a—J

A disk in|conformance with this document shall provide data interchange over the specified ranges
of envirqnmental parameters in the operating environment. The operating environment is the

environmnjent where the air immediately surrounding the disk shall have the following properties:

temperature, T: 5°Cto 55 °C;
relafive humidity, Ry: 3 %to 90 %;
absdlute humidity: 0,5 g/m3 to 30 g/m3;
atmg@spheric pressure: 60 kPa to 106 kPa.

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

those spelcified above, it shall be acclimatized in an operatitig/environment for at least 2 h before use
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Absolute air humidity, g/m3
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Figure 4 — Operating environment
8.1.3 Storage envirenment
8.1.3.1 General
The storagé‘environment is an environment where the air immediately surrounding the optical disk
shill haye'the following properties:
— —temperature; T: =10-2Cto55°C;

— relative humidity, Ry;: 5 %to 90 %;

— absolute humidity: 1 g/m3to 30 g/m3;

atmospheric pressure: 60 kPa to 106 kPa;

maximum temperature variation: 15°C/h;

maximum relative humidity variation: 10 %/h.
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Climatic storage tests

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

—  dry heat test according to IEC 60068-2-2 Ba:

T=

55°C, Ry; = 50%, 96 h;

—  damp heat cycle test according to IEC 60068-2-30 Db:

Th'h—49°C 'rl =2C oC nH_ntn/ y,.l PRI _(1').1'))L c,.:y

1; y I ow e J U, It ZJ /70, CyCIC UIIIIC Lo T 1o II, U CYUCICO

After exgosure to these environmental conditions, one should allow for some recovery time-befdre
measuring (24 h or 48 h).

8.1.4 Transportation

8.1.4.1 (General

As transportation occurs under a wide range of temperature and humidijty variations, for differipng
periods, py many methods of transport and in all parts of the world, it 4s not possible to specify
mandatofy conditions for transportation or for packaging.

8.1.4.2 |(Packaging

8.1.4.2.1 General

The forn] of packaging should be agreed between sendeér and recipient or, in absence of such pn
agreemeit, is the responsibility of the sender. It should;take into account the following hazards.
8.1.4.2.2| Temperature and humidity

Insulation and wrapping should be designéd-to maintain the conditions for storage over the estimated
period offtransportation.

8.1.4.2.3| Impactloads and vibrations

a) Avoid mechanical loads tHat'would distort the shape of the disk.

b) Avoid dropping the disk.

c) Diskqshould bepdcked in a rigid box containing adequate shock-absorbent material.

d) The flinal bex:should have a clean interior and a construction that provides sealing to prevent the

ingrg

ss of dirt and moisture.

8.2 Sa

ety requirements

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

8.3 Fla

mmability

The disk shall be made from materials that comply with the flammability class for HB materials, or

better, as

10

specified in IEC 60950-1.
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9 Reference drive

9.1 General
A reference drive shall be used for the measurement of optical and electrical signal parameters in order

to confirm that a disk is in conformance with the requirements of this document. The characteristics of
the critical components of this device are specified in Clause 9.

9.2 Environmental conditions

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

9.8 Optical system

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

The optical system shall be aligned such that the focused optical beam is perpendicular to the trecording
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 df the disk
is minimized so as not to affect the accuracy of the measurements.

L=T,+ 1y HF read channel

Radial PP read channel

I I
: /\ b LaIp|Ic)lq
| 1
> Quadrant
Tangential \J | : | photodetector
track Iq Ie !
direction !
I A
1 e pre— e
I
i
____I_____E_______' _____"__7 Dlsk
Laser Collimator ~ Polarizing SA A/4 Objective
diode lens beamsplitter corrector plate lens

Figure 5 — Optical system of reference drive

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

The optical beam shall be compensated for spherical aberrations (SA) such that these aberrations are
minimized for the thickness of the transmission stack of the recording layer on which the beam is
focused at the radius where the measurement is to be performed.
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During measurements on one layer of a dual-layer disk, light reflected from the other layer can influence
the measurements on the layer under investigation. To cope with these effects, the photodetector shall
have limited dimensions. Its length and width shall be smaller than M x 5 pm, where M is the transversal
optical magnification from the disk to its conjugate plane near the quadrant photodetector.

9.4 Optical beam

The focused optical beam used for writing and reading data shall have the following properties:

— v mvplpngfh ()) of the laser beam: (4-()'—'{ + ';) nm:
— polarization: circular;
— NA: 0,85 +0,01;

— light intensity at the rim of the pupil of the objective lens relative to the maximium intensity:

+ inthe tangential direction: (60.£5) %;
+ intheradial direction: (65'£5) %;
— rhaximum wave-front aberration at the recording layer(s): 0,033 x A rms;

(bfter correction of tilt and spherical aberrations)

— rmaximum relative-intensity noise of the laser diode: -125 dB/Hz;

P
10xlg| - }
Pdc
Where
P, is the ac light density, in Hz;
P, is the dc light power.

— jormalized detector size: S/M? < 25 pm?

where Sis the total surfdce
of the quadrant photode-

tector;
— read power for-disk testing (average):
+  SLdisk: (0,35 £ 0,1) mW;
+“DL disk: (0,70 £ 0,1) mW;
— write power and pulse shape: For write power, see 29.4.2

for detailed specifications.

The pulse shape shall follow
Annex F.

9.5 HF read channel

The HF read channel is provided to supply a signal from which user data can be retrieved. This signal is
generated by summing the currents from all four elements of the photodetector (I, + I + I. + I;). These
currents are modulated by the user-written information due to the difference in reflectivity of the
marks and spaces caused by the phase-change effects.

12 © ISO/IEC 2021 - All rights reserved
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In the frequency range from dc to 22 MHz the HF read channel, including the photodetectors, shall have
a flat amplitude response within +1,0 dB relative to its dc gain.

The group delay variation shall be maximum 2 ns pp in the frequency range from 3 MHz to 22 MHz.

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

9.6 Radial PP read channel

TheTadtal PP Tead chanmel provides the tracking error Signal to COntrol the Servo for radia
the optical beam. It also provides a wobble signal from which the information modulated on't
cajn be retrieved.

acking of
e grooves

The radial tracking error is generated as a signal [(I, + I})) - (I, + 1)] related to_the/differepce in the
amount of light in the two halves of the exit pupil of the objective lens.

The read amplifiers including the photodetectors in the radial PP read( channel shall have a flat
amplitude response within #1,0 dB relative to their dc gain from dc to 8 MHz.

9.7 Disk clamping

While its parameters are being measured, the disk shall be<clamped between two concengric rings
covering most of the clamping zone (see 10.6). The top clamping area shall have the same |nner and
oyter diameters as the bottom clamping area (see Figure.6)<

Clamping shall occur between d;,, = (23,5 £ 0,5) mm andd,, = (32,5 £ 0,5) mm.
The total clamping force shall be F; =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 F,, which is exerted bythe tapered cone on the rim of the centre hole of tHe disk, F,
shpll not exceed 0,5 N (see Figure 6).

THe top angle 0, of the tapered cone for centring of the disk shall be 40,0° + 0,5°.

F T ~

v

% o
—
% N
N
N

a

e

1 + |

F,

Figure 6 — Clamping conditions for measurement

9.8 Rotation of the disk and measurement velocity

The direction of rotation shall be counter-clockwise as viewed from the objective lens.
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All specifications are based on a tangential speed during reading that is equal to the reference velocity.

This corresponds to a constant linear velocity of 4,917 m/s.

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

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

9.9 Normalized servo transfer function

In order to specify the servo systems for axial and radial tracking, a function Hy(iw) is used. It specifies

the nominal values of the open-loop transfer function H of the reference servo(s) as Formula (1):

3xiw
2 1+—w o K
W Y
Hy (ia)):lx [—Oj x— 0 x (1+ nt j
3 iw 10 io
1+
Xwo
where

w F2nxf;
wy q 21 fo;

Wine A 270 % fine
i2 4-1;
K g order of integrator.

Here, f, i the 0 dB crossover frequency of the open-loopitransfer function. The crossover frequencies
the lead-lpg network of the servo are given by the following:

— lead break frequency: f; = f, / 3;
— lag byeak frequency: f, = f;, x 3.

The term| (1+w;,,;/iw) in the Formula (1).above represents an integrator function. Such an integraf
or equivallent function is used to further reduce of low-frequency components, especially those due
deviationfs with frequencies equat-te-the rotational frequency of the disk or its harmonics.

Also, f; is the 3 dB crossover frequency of the integrator function.

Another frequency of impértance is the frequency fy at which a sinusoidal displacement with
amplitudg equal to th@maximum allowed residual tracking error e .., corresponds to the maximy
expected|acceleratiom,, .. This frequency can be calculated with Formula (2):

fX — amax

1y

of

or

2)

T emax

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 Measurement velocity and reference servo for axial tracking

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

is
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Gain (dB)

100
97,0

80
77,0

TH
by
di

caused by thism x «

Th
In

In
fo

i

e crossover frequency, f;, of HNU‘),(%%Q), in kHz, used to define the limits of |1 + H(f)], is
m/s? is the maximum expected axial acceleration dufe to local
sturbances, and a,,,, is multiplied by a factor m = 1,25 for servo margin. The tracking e
shall@sSS nm. Thus, the 0 dB crossover frequency shall be as follows:

the Formula (3), where a ., 5

=% emax 5~ 2n\ 55x109
e integrator crossover frequency shall be: f; . = 100 Hz.
the freq@ky range 100 Hz to 10 kHz, |1 + H(f)I shall be within -10 % to +10 % of |1 + Hy(/
the @ency range 36 Hz to 100 Hz, |11 + H(f)| shall be within the limits defined by the
ints

54,6
529

40

20

A\
1 10 36 100 @s\\)l x 103 10 x 103 100 x 103
\"Q Frequency (Hz)

Figure 7 — Servo Q&racteristic for axial tracking
xO

max’

1 [3xmxa g 3><1,25><6,0_32

specified

"TOT €00

52,9 dB at 100 Hz (|1 + Hy(f)l at 100 Hz - 10 %);

54,6 dB at 100 Hz (|1 + Hy(f)l at 100 Hz + 10 %);

77,0 dB at 36 Hz (|1 + Hy(f)| at 36 Hz - 10 %);

97,0 dB at 36 Hz (|1 + Hy(f)| at 36 Hz - 10 % + 20 dB).

In the frequency range up to 36 Hz, |1 + H(f)| shall be between 77,0 dB and 97,0 dB.
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The frequency fy, in kHz, has the value as per Formula (4):

1 |« 1 6,0
fomoo [ = |20 216 @
2n 21\ 55%x10

emax

9.11 Measurement velocity and reference servo for radial tracking

Regarding the open-loop transfer function H(f) of the reference servo for radial tracking, |1 + H(f)I is
shown schematically by the shaded area in Figure 8.

Gain (dB)

100
99,0

80
79,0

56,6 F----------F-----

e

T R e
40 :
20 :
0 :
1 10 36 ~100 1x103 10 x 103 100 x 103
Frequency (Hz)

Figure 8=~Servo characteristic for radial tracking

The crosgover frequency, f5.6f Hy(f) (see 9.9), in kHz, which is used to define the limits of |1 + H(f)I,
is specifipd by the Formld (5), where a,,,, = 2,2 m/s? is the worst-case maximum expected radjal
acceleratjon due to lo¢aldisturbances, and «,,, is multiplied by a factor m = 1,25 for servo margin. The

a
tracking error e, .., ¢aused by this m x a msi(lall be 16 nm. Thus, the 0-dB crossover frequency shpll
be as per [Formula{5):

| [ 3xmxor 1 [3x1,25%2,2
fym o g  [SLENR2

" Come 2TV Tox107

max’

3,6 5)

The integrator 3 dB crossover frequency shall be f; . = 100 Hz.
In the frequency range 100 Hz to 10 kHz, |1 + H(f)| shall be within -10 % to +10 % of |1 + Hy(f)I.

In the frequency range 36 Hz to 100 Hz, |1 + H| shall be within the limits defined by the following
four points:

— 549dBat100 Hz (11 + Hy(f)l at 100 Hz - 10 %);
— 56,6 dBat 100 Hz (|1 + Hy(f)l at 100 Hz + 10 %);
— 790dBat36Hz (I1+Hy(f)l at 36 Hz - 10 %);
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— 99,0dBat36Hz (|1 + Hy(f)lat36 Hz-10 % + 20 dB).
In the frequency range up to 36 Hz, |1 + H(f)| shall be between 79,0 dB and 99,0 dB.
The frequency fy, in kHz, has the value as per Formula (6):

2,2
= 6
fx= 2n e, 27t \/ 16x10" 9~ )

10.1 General

Dimensional characteristics are specified for those parameters deemed mandatony for interchhange and
compatible use of the disk. Where there is freedom of design, only the functionalcharacteristics of the

el¢ments described are indicated. Figure 9 shows the dimensional requirements in summarigzed form.
The different parts of the disk are described from the centre hole to the qutside rim.
First transition area Second transition area

Clamping Rim
Centre b Information area ared
1 hole 1 Zone o

P, :4—>4—>4—>4—>:—:'l—
| ! o L
1 - 1 1 1 1 1 1
i i | | A —
1 1 1 1 ¥ 1 1
| b d L
NGRS |
4 SO B
1 N B
| T ' Lo
/ . 1
[ 1 dl !
! | \
I 1

Figure 9 — Overview of disk dimensions

disk reference planes, see also Figure 10 and Figure 11.

IJ.Z Disk reference planes and reference axis
I

The disk reference plane P is the plane determined by the surface of the clamping zone (see 10.6) at the
read-out side of the disk.

The disk reference plane Q is the plane determined by the surface of the clamping zone at the substrate
side of the disk.

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

The disk reference plane R is a plane parallel to the disk reference plane P. The distance between disk
reference plane R and disk reference plane P shall be e, = (100 * 25) um towards the inside of the disk
(see Figure 10 and Figure 11).
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The disk reference plane R shall intersect with recording layer LO at layer LO's average position between
radius r, = 23 mm and r, = 24 mm (layer LO is the only recording layer on an SL disk or the deepest
recording layer on a DL disk).

Detail of smooth transition
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Figure 10 -~ Details of disk dimensions
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Figure 11 — 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 d; = (120,0 = 0,3) mm (see Figure 9).
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The diameter of the centre hole shall be d, :15,003%'(1)0 mm (see Figure 9).

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 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 (see detail in Figure 10).

The maximum thickness of the disk is defined as the distance in the direction of the reference axis
A [petween the highest structure protruding from the entrance suriace of the disk and the highest
stfucture protruding from the top surface of the disk.

Maximum thickness of the disk, including cover layer, protective coating and label printing, at any
rafius shall be e; = 1,40 mm (see Figure 10).

Mnimum 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 reférence plane Q by maximum
h,|= 0,4 mm.

Oytside the clamping zone, the top surface may be outside the disk’reference plane Q by maximum
hs|= 0,1 mm (see Figure 10).

1(.4 First transition area

In[the inner area inside the clamping zone (d < d;), the’surfaces may be inside the disk refererjce planes
P ind Q by maximum hg = 0,20 mm and maximum-A, = 0,12 mm, respectively. These surfac¢s may be
urjeven or may have burrs up to maximum h, = 0,65 mm and hg = 0,05 mm outside the disk reference
planes P and Q, respectively (see Figure 9 and Figure 10).

1:[.5 Protection ring

An optional ring-shaped protrusion‘inthe inner area of the disk that can prevent full contact between
the surface of the disk and a surface on which such a disk is laid down. By applying such 4 ring, the
chlance for damage to the read-out side of the disk can be minimized.

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

Bqtween d, and.d;) the height of the protection ring shall sink gradually to the surrounding sufface (see
Figure 10).

10.6 Clamping zone

Theinner diameter of the disk clamping zone shall be d, < 23,0 mm.

The outer diameter of the disk clamping zone shall be d- > 33,0 mm (see Figure 9).

The thickness of the disk within the clamping zone shall be e, =1,20f8'(1)(5) mm (see Figure 10).

Within the clamping zone, (dg < d < d;), both sides of the disk shall be flat within maximum 0,1 mm.

Within the clamping zone, (d¢ < d < d5), both sides of the disk shall be parallel within maximum 0,1 mm.

10.7 Second transition area

The second transition area is an area between the clamping zone and the information area: d; < d < dq
(see Figure 9).
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In the second transition area, the surface at the read-out side of the disk may be inside the reference
plane P by maximum hg = 0,12 mm. This surface may be outside the entrance surface in the information
area by maximum h;, = 0,01 mm (see Figure 10).

In the second transition 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 h;4. The distance
between the start and the end diameters of the step is /;. If hy; > 0,2 mm, then the slope down to the
top surface of the information area shall be smooth and /; > 1,8 mm, as indicated in Figure 10. If the top

surface i
the step g

10.8 Inf]

10.8.1 G

The infor
and Figur

On eachr

The inner
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LIICT TITIUT IIIativilr drca 1o DLCIJIJCU UUWII IT UIIT UIIT LUlJ SUIl IdLUT 11T LIIT STLUILIIU L1 AIISItIvIl d1ttd, L
hall end within diameter dg = 40,0 mm.
prmation area
eneral
mation area shall extend from diameter dq = 42 mm to diameter d;, =417 mm (see Figurg

e12).

ecording layer, the data zone shall be located between inner diameter dp;; and outer diamet
data zones on all recording layers shall have the same storage Capacity.

diameter dpz; on recording layer Ln shall be dp,, :48,09'(?2 mm while and the outer diamet

n

o

er

er

he

dpzo on recording layer Ln shall be dp;, < 116,2 mm.
The arealbetween dq and dpy; is called the inner zone and-the area between dy;, and d, is called t
outer zong (see Figure 12).
The totalfthickness of the disk in the information area-is as specified in 10.3.
Information area
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Figure 12 — Division of information area

10.8.2 Subdivisions of information zone on SL disk

The information area is used to record the information zone.

20
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The information zone is subdivided into the following main parts (see Figure 13):

— lead-in zone (part of the inner zone);

data zone;

— lead-out zone (outer zone).

2021(E)

TH
be

Substrate
Recording Lead-in zone Data zone Lead-out zone
IESERS! —
Spiral direction
Cover layer

Inner side ‘Optical‘ Outer side
of disk beam of disk

Figure 13 — Subdivision of information zone on SL disk

e lead-in zone starts in the area extending from 44,0 mm to 44,4 mm in diameter and shall
ginning of the data zone at diameter dpyy;.

THe lead-out zone shall start at the end of the data zone ‘at diameter d},;, and shall end at
117 mm in diameter.

10.8.3 Subdivisions of information zone on DL:disks

The information area is used to record the infébmation zone, divided over the two recording 1
The information zone is subdivided into the following main parts (see Figure 14):

On recording layer LO:

— lead-in zone (part of the inner: zone 0),

— datazone 0,and

— outer zone 0.

On recording layer-L1:

outer zonedl,
dataszorne 1, and

lead-out zone (part of the inner zone 1).

bnd at the

minimum

pyers.

On layer LO, the spiral groove shall run from the inner side of the disk towards the outer side of the disk.

On layer L1, the spiral groove shall run from the outer side of the disk towards the inner side of the disk.
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Figure 14 — Subdivision of information zone on DL disk
The lead-|n zone starts in the area extending from 44,0 mm to 44,4 mm in diameter and shall end at t

beginnin

The outet
117 mm i

The oute
zone 1 at

The lead-

extending

10.9 Rix

The rim
diameter

In the fir
entrance

p of the data zone 0 at diameter dpyyy,.

zone 0 shall start at the end of the data zone 0 at diameter d};q4-and shall end at minimu
h diameter.

" zone 1 shall start at minimum 117 mm in diameter and-shall end at the beginning of dd
diameter dpyo;.

out zone shall start at the end of the data zone 1 at:diameter d;;; and shall end in the an
b from diameter 44,0 mm to diameter 44,4 mm.

[l area

prea is the area outside the information area, starting at d;;, and extending to the ouf
of the disk (see Figure 9).

bt 0,5 mm of the rim area, the surface at the read-out side of the disk shall not be outside t
surface 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 t

entrance

In the rin
informati

surface in the information area by maximum h;; = 0,05 mm (see Figure 10).

L area, the surfaceat the read-out side of the disk may be inside the entrance surface in t
on area by maximum h, = 0,12 mm (see Figure 10).

In the ri

area, the top surface of the disk shall not be outside the top surface in the information ar

by maximum h;:=.0,05 mm (see Figure 10).

11 Mechanical characteristics

m

er

11.1 Mass

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

11.2 Moment of inertia

The mom

ent of inertia of the disk shall be 0,032 g.m?2.

11.3 Dynamic imbalance

The dyna

22

mic imbalance of the disk shall be <2,5 g.mm.
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11.4 Axial runout

11.4.1 General

When measured by an optical system using the reference servo for axial tracking and with the disk
rotating at a scanning velocity of 4,917 m/s (for all capacities), the distance between each recording
layer and the disk reference plane R (see Figure 10 and Figure 11) in the direction of the reference axis
A shall be maximum h;, = 0,3 mm over the entire disk.

Within one track (one revolution), the deviation of each recording layer from its average position in the
difection of the reference axis A shall be maximum 0,1 mm.

At the inner side of the disk, rotating at a velocity of 4,917 m/s, this corresponds-to a fnaximum
acfeleration of about 4,6 m/s2, based on a sinusoidal deviation at the rotational frequency of the disk.

Dye to the integrator function in the reference servo (see 9.10), this component issuppressed syfficiently
such that the residual tracking errors as defined in 11.4.2 are mainly due to local disturbances.

11.4.2 Residual axial tracking error

THe residual axial tracking error of each recording layer for frequeneies below 1,6 kHz (equjls fy, see
9.10), measured using the reference servo for axial tracking ascspecified in 9.10, shall be naximum
44 nm (displacement of the objective lens needed to move the focal point of the optical bean} onto the
recording layer).

Spikes in the residual axial tracking error signal due to‘ocal defects, such as dust and scratdhes, shall
bd excluded.

The measuring filter shall be a Butterworth LPF, with f 5,5 = 1,6 kHz and slope = -60 dB/decagle.

This means that, for frequencies <1,6 kHz, thesmaximum local acceleration of the recording layer in the
difection of the reference axis A does not.éxceed 6,0 m/s2.

ThHe rms noise value of the residual erfor signal in the frequency band from 1,6 kHz to 10 kHz, J:easured
with an integration time of 20 ms and using the reference servo for axial tracking, shall be at fnaximum
34 nm. The measuring filter shall be a Butterworth BPF, from f ;45 = 1,6 kHz with slope § +60 dB/
ddcade, to f 345 = 10 kHz withslope = -60 dB/decade.

11.5 Radial runout

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

The radialrunout of the tracks in each recording layer (including eccentricity and unroundnesf) shall be
meastred by an optical system using the reference servo for radial tracking, while the disk if rotating
atfa'séanning velocity of 4,917 m/s (for all capacities).

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

At the inner side of the disk, rotating at a velocity of 4,917 m/s, this corresponds to a maximum
acceleration of about 1,7 m/s2, based on a sinusoidal deviation at the rotational frequency of the disk.

Due to the integrator function in the reference servo (see 9.11), this component is suppressed
sufficiently such that the residual tracking errors as defined in 11.5.2 and 11.5.3 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 measurement and radial servo control purposes as indicated in Figure 5.
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11.5.2 Residual radial tracking error on SL disks

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

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

be exclud

ed.

The measuring filter shall be a Butterworth LPF, with f;3,5 = 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 rad

direction

The rms
with an i
6,4 nm.

decade, t

11.5.3 jesidual radial tracking error on DL disks

The resi
9.11), me
of 13 nm.

Spikes in
be exclud

The meas

This mea
does not

The rms Eoise value of the residual error signal in‘the frequency band from 1,8 kHz to 10 kHz, measur

with ani
of 9,2 nm
decade, t

11.6 Du

11.6.1 Impactresistance ef-cover layer

To preve
certain m

The mini

11.6.2 S

does not exceed 1,5 m/s?.

oise value of the residual error signal in the frequency band from 1,8 kHz to 10 kHz, measur;
tegration time of 20 ms and using the reference servo for radial tracking, shall bé)maximu
he measuring filter shall be a Butterworth BPF, from f 3,5 = 1,8 kHz with slepe = +60 d
f-345 = 10 kHz with slope = -60 dB/decade.

ual radial tracking error in each recording layer at frequencies belgw 1,8 kHz (equals fy, s
hsured using the reference servo for radial tracking as specified in9.11, shall be a maximy

the residual radial tracking error signal due to local defegts; such as dust and scratches, sh
ed.

uring filter shall be a Butterworth LPF, with f 3,5 71,8 kHz and slope = -60 dB/decade.
ns that for frequencies <1,8 kHz, the maximum.acceleration of the tracks in the radial directi

pxceed 2,2 m/s2.

tegration time of 20 ms and using thé-reference servo for radial tracking, shall be a maximu
. The measuring filter shall be a-Butterworth BPF, from f 5,5 = 1,8 kHz with slope = +60 d
f-3qp = 10 kHz with slope = -60'dB/decade.

rability of cover layer

1t excessive damage by accidential impact, the entrance surface of the disk should havg
inimum impdct resistance.

mum impact resistance can be tested by procedures described in Annex L.

cratch resistance of cover layer

To prevent excessive scratching, the surface of the disk shall have at least a certain minimum hardness.

The scratch resistance shall be tested by a procedure described in Annex C.

11.6.3 Repulsion of fingerprints by cover layer

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

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

24
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12 Optical characteristics in information area

12.1 General

The following requirements shall be fulfilled within the information area of the disk.

These specifications of the transmission stacks (TS) include all possible layers on top of the recording
layer concerned (such as gluing layers in case of foils, the spacer layer and the semi-transparent
recording layer of layer L1 in case of TS0, the cover layer and possibly a protective coating).

1

If
A

T}

T}
tr

T}

2.3 Thickness of transmission stack(s)

insmission stack (TS) on the disk (see 10.2 and Figure-11).

insmission stack{TS0 or TS1) on the disk.

.2 Refractive index of transmission stacks (TS)

he layers making up the total TS have different refractive indexes, then the procedure degcribed in
nex A shall be followed.

e refractive index n of the cover layer and spacer layer of the disk shall be asper Formula (7):
1,45<n<1,70 (7)

.3.1 Thickness of transmission stack of SL disks

e average thickness between radius r, and radiusyr, is called the reference thickness of the

e thickness of the TS, measured over the whole'disk, shall fulfil the following two requiremjents.

The thickness of the TS, as determined b¥ its refractive index, shall be within the uppé¢r shaded
area in Figure 15 (in case of a refractive index of 1,6 the thickness shall be between 95 pm and
105 um and the dashed line indicates'the nominal thickness as a function of the refractivg index).

The maximum deviation AD ofthe thickness of the TS from the reference thickness shalll meet the
requirement |AD| < 2,0 pm.

.3.2 Thickness of transmission stack of DL disks

e average thickness'between radius r, and radius ry is called the reference thickness of the related

e thickness 6£TS0 and TS1, measured over the whole disk, shall fulfil the following four requjirements.

The thickness of TSO (all layers on top of layer L0), as determined by its refractive indey, shall be
within the upper shaded area in Figure 15 (in case of a refractive index of 1,6, the thicknegs shall be
between 95 pm and 105 um and the dashed line indicates the nominal thickness as a function of the
réfractive index).

b)

d)

The thickness of TS1 (all layers on top of layer L1), as determined by its refractive index, shall be
within the lower shaded area in Figure 15 (in case of a refractive index of 1,6, the thickness shall be
between 70 um and 80 um and the dashed line indicates the nominal thickness as a function of the
refractive index).

The thickness of the spacer layer shall be between 20 pm and 30 pum.

The maximum deviation AD of the thicknesses of TSO and TS1 from their respective reference
thicknesses shall meet the requirement [AD] < 2,0 um.
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Figure 15 — Thickness,of transmission stacks as function of refractive index
12.4 Reflectivity
12.4.1 Reflectivity'of recording layer of SL disks
The reflectivityof the recording layer in the information zone, including transmission through the
cover layer,-Shall fulfil the requirements of Formulae (8) to (12) under the measurement conditions|of
Annex B:

— inunrecorded virgin groove:

R,y =12 %to 24 %

— inunrecorded erased groove:

Ry o=11%t0 24 %

— ateach location on the disk;

0,75 x Ry_y <Ry, < 1,25 xRy,

26

(8)

(9)

(10)
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— inrecorded grooves for the first ten DOW cycles:

= to 0
Rgy=11t0 24 % 11

— ateach location on the disk;

0,75 x Ry, < Rgy < 1,25 x Ry, (12)

Written marks shall have a lower reflectivity than the unrecorded layer.

13.4.2 Reflectivity of recording layer of DL disks

The reflectivity of each recording layer in the information zone, including transmission through the
transmission stack concerned, shall fulfil requirements of Formulae (13) to (17){-independént of the
recording status of the other recording layer (whether unrecorded, recorded (or ‘partially rlecorded),
urlder the measurement conditions of Annex B:

—| inunrecorded virgin grooves:

Ry =4 %108 % (13)

—| inunrecorded erased grooves:

Ry =3,5%1t0 8 % (14)

— ateach location on the disk;

0,75 x Ry y <Ry o <1,25xR,_, (15)

—| inrecorded grooves for the first ten BOW cycles:

Rgy=35%to8% (16)

— ateach location on thedisk;

0,75 x Ry, < Rgyy <125 x R,_,, (17)
Written marks shalhave a lower reflectivity than the unrecorded layer.

12.5 Birefringence

The in-plane birefringence of the transmission stacks shall be as per Formula (18) (see Afnex ] for
dgtailed information):

An;, <1,5x10% (18)

The perpendicular birefringence of the transmission stacks shall be as per Formula (19) (see Annex ]
for detailed information):

An, 1,2 x 1073 (19)

12.6 Angular deviation

The angular deviation is the angle 6, between a parallel incident beam perpendicular to the disk
reference plane P and the reflected beam. The incident beam shall have a diameter in the range 0,3 mm
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to 1,0 mm. The angle 6, includes deflections of the entrance surface and to lack of parallelism of the
cover layer and/or spacer layer (see Figure 16).

Cover layer

Substrate Recording layer

Read-out
surface

.

% Réflected beam
Incident beam

Figure 16 — Definition of angularideviation

The requjrements for the angle 8, shall be as follows:

— inthe radial direction:
— | under the normal test conditions speeified in 8.1.1: 10, max. = 0,60°;
— | under the “sudden change” test ¢onditions specified in 8.1.1: 10, max. = 0,70
— in the tangential direction:

— | under the normal test conditions specified in 8.1.1: 10, ] max. = 0,30°.

13 Dat3 format

13.1 General

The data|received from the source (application or host), called user data frames, are formatted i} a
number (1f steps before being recorded on the disk (see Figure 17).
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User data User control data
32 sectors
32 frames 32 units
X 2 048 bytes X 18 bytes
v
Data frame
32 frames
X (2 048 bytes data)
+ 4 bytes EDC)
y
Scrambled data framel¢/- Phys. sector number
32 frames Addr. unit number
X 2052 bytes 16 addresses x 9 bytes
\ 4 Y A 4
Data block Access block
304 columns 24 columns
216 rows 30 rows
v v
LDC block BIS block
304 columns 24 columns
216 rows data 30 rows data
\\
32 rows parity 32 rows parity
v v
LDC cluster BIS cluster
152 columns 3 columns
496 rows 496 rows
7 7
v v N ¥ X ¥ X
LDC BI.S< LDC BIS LDC BIS LDC 496 rows divided in
. 16 address units
38 col. &col. 38col. |[1col| 38col. [1col| 38col of 31 rows each
ECC cluster
(155 columns )
o 1.1 T.1 496_ o
Frame dc dc dc .
sync Dz%ta contr D :;a contr Djéa contr| | recording
20 1 1 1 frames
Physicalcluster ———>
(1 932 channel bits
=1 288 data bits)

Figure17—"Schematicrepresentationofencoding process——
They are transferred successively into data frames, scrambled data frames, a data block, an LDC block,

and an LDC cluster.

The address and control data added by the BD rewritable system are transferred successively into an
access block, a BIS block and a BIS cluster.

The LDC cluster and the BIS cluster are multiplexed and modulated into the following:
— an ECC cluster, subdivided into 16 address units;

— aphysical cluster, consisting of 496 recording frames.

© ISO/IEC 2021 - All rights reserved 29


https://standardsiso.com/api/?name=47607c27ac6d67a8d2f3b06fc179dcaf

ISO/IEC 30192:2021(E)

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 the following two error correction
mechanisms as follows.

— First, the datais protected by along distance (LDC) error correction code, 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;

— Then, the data is multiplexed with a powerful burst-indicating subcode (BIS), which consists of
(62,30,33) Reed-Solomon (RS) code words. These BIS code words carry addresses for allocation
pur‘p S—arraC€on -'i"Qi'i‘i'i'ii TetuSser—<aata: Trey-catrars € S€t treteatete
bursf errors, by means of which the LDC can efficiently perform erasure corrections.

The comNination of these two codes is called an “LDC+BIS code” (see Figure 18).

All the data is arranged in an array as indicated in Figure 18. This array is read in_the’ horizontal
direction| row after row, and recorded on the disk after insertion of additionah.dc-control bilts,
modulatipn, and insertion of synchronization patterns.

The errof correction codes are applied in the vertical direction, which gives,a'good basic break-up|of
burst err¢rs on the disk. Additionally, the LDC code words have been interleaved in a diagonal directign.

38 1 38 1 38 1 38
Sync bytes byte bytes byte bytes byte bytes
— > | > | < > > | < > | <—— >
T DO ------- D37 BO D38 ------ D75 Bl D76 wamn D113 B2 D114 arn D151 T
D152 s D189 B3 Dlgo |||||||||||
31
N Address
é\ unit 0 rol/vs
————————————————————————————— \-\@ —f - -k - e e e - e e - -
496 . \ . Data stream . :
rowsy | O] ___|_ondisk | | | i
T
< Address rgvl\/s
C)Q unit 14 1
""""""" 5 I e e
Address| 31
! unit 15 | rows
....... Dycao, | ¥

Figure 18 — Schematic representation of physical cluster on disk

Address ynits, physical sectors and logical sectors are defined as follows.

Address units:

For the purpose of allocating the optical pick-up to a certain position on the disk, the physical
cluster is subdivided into 16 address units, each consisting of 31 consecutive rows. The address unit
numbers (AUN) provide a fast addressing mechanism embedded in the written data.

Physical sectors:

A data frame accompanied by its control data is called a sector. All sectors in all physical clusters all
over the disk (including the inner and outer zones) are called physical sectors. All physical sectors have
a virtual number assigned, called the physical sector number (PSN). These PSNs are not recorded onto
the disk; however, they are synchronized with the AUNs.
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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 Data frames

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 ud, to ud, ,,; and the 4 EDC bytes as ed, 45 to ed, 451 (See
Figure 19).

T ud, T
2048
user data
: 2052
V2 ud, 47 bytes
T ed, o4g
4 ed, 49
EDC ed, g0
v ed, 51 1

Figure 19 — Data frame

13.3 Error detection code (EDC)

The 4-byte field ed, (45 to ed, (51 shall contain an error detection code computed over the 2 (48 bytes
offuser data.

Cdnsidering the data frame as a single-bit field, starting with the most significant bit of the|first user
ddta byte (udy) and ending withthe least significant bit of the last EDC byte (ed, 51), then the msb is
bik 415 and the Isb is by,

Edch bit b, of the EDC is shewn as Formula (20) for i = 0 to 31:

0

EDC(x)=") bixb=1(x)mod G (x) (20)
=34
wihere
32
I(x)= y b,x'; and
i=16 415

G(x)=x32+x31 +x%+1.

13.4 Scrambled data frame
Each data frame consisting of 2 052 bytes of user data + EDC shall be scrambled with the output of

the circuit defined in Figure 20, in which bits s, (msb) to s, (Isb) represent a scrambling byte at each
8-bit shift.
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The heart of the circuit is a linear-feedback shift register (LFSR) based on the polynomial as per

Formula (21):

D) =x10+x15+x13 4 x4+ 1 (21)
Here, s, to s;5 form a 16-bit shift register. At each shift clock the content of s, shiftstos,,; (n =0 .. 14),
while s is set to sy @D s14 D s, D s3 (D stands for exclusive-or).

At the beginning of the scrambling procedure of each data frame, the shift register s, to s;5 shall be
preset with a value derived from the (virtual) PSN associated with the data frame (see Clause 17). The
16-bit prégset value shall be composed in the following way:

— ;5 shall be set to ONE;
— Sy4- $o shall be set to PSq .. PS¢ of the PSN (see Figure 20).

The samd preset value shall be used for all 32 data frames within the same cluster.

Physical sector number (PSN)

MSB o
P P P P P p P P| |P|P P
S S S S S S S S| SIS S
3 2 2 1 1 1 3 1 (23 3
ONE \\
Paralle1\¢ YYYVYVYYVYYVYY .
load isl i slslslslslsls S<—Sh1ftclock
|f\ N N
VANV, D

Figure 20 — Scrambler circuit

After loading the preset value, s, .. sy are taken out as scrambling byte S,. Then, an 8-bit shift is repeated
2 051 timjes and the following 2 051 bytes are taken from s, .. s as the scrambling bytes S; to S, (5.

The 2 052 bytes ud/&d, of the data frame become scrambled bytes d, where d; = ud/ed;, @ S, for k3 0
to 2 051; [ standsfor exclusive-or).

13.5 Data-block

In the next step, 32 scrambled data frames (F =0 .. 31) are combined into one block of data as shown in
Figure 21.
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- 32 frames N
0 1 F 31
T do, do do dg 39
dy o d dy dy 3
2052 : :
bytes
475500 475501 d7 550 4755031
! d; p51,0 dy 0514 dy os1,r dj 0543,
Figure 21 — 32 scrambled data frames

These data are rearranged into an array of 216 rows x 304 columns by dividing each scrau{)led data

frame into 9,5 columns as shown in. Figure 22. This new array is called adata block. It should be noted

thpt every even scrambled data frame ends halfway down a column-and every odd scram

frgme starts halfway down a column.

led data

<~ 304 columns -
0 1 9 10, 18 19 304
T do o dyi60 d; 9440 \Q%\()Bl d; g361 do, d; g3¢f31
dy o dyi70 dy o450} digos d;g374 d;, d; g37l31
50500
216 d; 051,
rows do
dyy
dig64
{ dy 145 dys10 dig74 d334 dyos11 | daiso d; 05131

Eigure 22 — Composition of data block from 32 scrambled data frames

13.6 LDE block

Thebytes in each column of the data block are renumbered as shown in Figure 23 starting from

the top

of each column as follows: e ; e, | .. ;.. to €545, in which L represents the code-word number (= the
column number: 0 to 303).

The LDC block is completed by extending each of the columns with 32 parity bytes according to a

(248,216,33) long-distance RS code. The parity bytes are numbered: py16 ; P217,, - Pj 1 - 10 P24z, -
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<« 304 columns —
Code word |Code word| : |Codeword| : |Code word|Code word
0 1 L 302 303
T T €0,0 €o,1 : €o,L : €0,302 €0,303
216 €10 €11 : €L : €1,302 €1,303
rows €20 : : : : : :
with :
1|LDC data
codg word d €215,0 €215,1 : €215,L : €215,302 €215,303
=(248 T P216,0 P216,1 : P216,.L : P216,302 P216/503
biytes 32 - 2 0 s s - :
rows
with
parity
J d P247,0 P2471 : P247.1 : 2247302 P247,303

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

13.7 LDC code words

The long{distance RS code is defined over the finite field(GF(28). The non-zero elements of the fin|te
field GF(28) are generated by a primitive element @, whete « is a root of the primitive polynomial p(x)[as

per Formpla (22):
px)x8+xt+x3+x2+1 (22)

The sympols of GF(28) are represented by bytes (groups of 8 bits), using the polynomial-bgse
represenfation, with (a7, a®, a3, .., a%, &, 1) as a basis. The root « is thus represented as a = 00000010.

Each LD( code word, represented by the vector Iy, = (g - €; - €215 P216,1 = Pj1 - P247.), is @ Reqd-
Solomon [code over GF(28) hawying’32 parity bytes and 216 information bytes. S’uch a code word cpn
be repregented by a polynomial'l; (x) of degree 247 (possibly having some coefficients equal to zerp),
where the highest degrees.Correspond to the information part of the vector (e ; .., etc.) and the lowgst
degrees dorrespond to the parity part of the vector (p,4 1 -, etc.).

[

l4.(x) is ajmultiple efithe generator polynomial g(x) of the LDC code word. The generator polynomial is

as per Formula (23Y:

31
g(x) :H(x—(xi) (23)
i=0

The LDC is systematic: the 216 information bytes appear unaltered in the highest-degree positions
of each code word. For all LDC code words I, the parity-check matrix H;p. of code [;. is as per

Formula (24):
Hype Iy =0 (24)

The second row hyp, of the parity-check matrix H| . 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 hy ¢,
of the parity-check matrix H . is given by Formula (25):

hipco = (@47, a?46 . a?, a, 1) (25)

34 © ISO/IEC 2021 - All rights reserved


https://standardsiso.com/api/?name=47607c27ac6d67a8d2f3b06fc179dcaf

ISO/IEC 30192:2021(E)

13.8 LDC cluster

13.8.1 General

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

13.8.2 Firstinterleave step

In the fi interleaving with 152

columns and 496 rows.
E4ch new column is formed by multiplexing each even column from the LDC block with’the| next odd
column. The new column is filled by taking the first byte from the even LDC block column, theh the first
byjte from the odd LDC block column, next the second byte from the even LDC block ¢élumn, followed by
the second byte from the odd LDC block column, etc. as shown in Figure 24.
<« 152 columns -
0 1 151
T €00 €02 : : €0.302 T
€o1 €03 €0:303
432 €10 W) €1.302
rows €11 €13 €1.303
with :
data
€2150 €152 €215302
v €2151 €2153 €215303 496
T P216,0 P12 P216.302 rows
D216 P2163 P216.303
64 P217,0 P2172 P217.302
rows 2174 P2173 P217.303
with ! : :
parity
P247,0 P2472 P247.302
¢ P247.1 P2473 P247.303 v
Figure 24 — First step of interleaving
1378.3Second interieaving step

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

All rows of an LDC block resulting from the first interleaving step, shall be shifted over mod(k x 3, 152)
bytes to the left where k = div(row_number, 2), 0 < row_number < 495. The bytes that shift out at the left
side are re-entered in the array from the right side (see Figure 25).

After this process, the bytes are renumbered in the horizontal direction through all the rows resulting
in the numbering D, to D;5 394 as indicated in Figure 18.

© ISO/IEC 2021 - All rights reserved 35


https://standardsiso.com/api/?name=47607c27ac6d67a8d2f3b06fc179dcaf

2021(E)

ISO/IEC 30192

S9¢ thQ O 7 thQ S thQ m.mvNQ a.nvNQ €0€ RNNQ 697 RNNQ L9T RNNQ ceT
¥9C thQ Ov\ @thQ .vthQ thNQ onvNQ 20€ RNNQ 897 B.VNQ 992 RNNQ um:\—m —
(54 @vNQ \Q\\, ﬁovNQ €0€ o.vNQ €97 o.VNQ 19¢ @*NQ OMH
8ST97Cq - 09%2q | coeoreq 2979%Cd | 0929%C(| YIys >
L
7N (zST ‘exy)pour
& _ yuys >
a.ﬁmm €0¢€ Hmo 10€ Hmw mam@ mam@ 1
Oﬁmmv 20¢ me 00€ Hmw vam@ NHmm um:\—mlv
66205 v T0S €0€°0S T0E°0S,
9 N 9 9 9 0ST
Z Z0E0S 00€0S s —
867055 ;"4 00S5 3 3 Py
X2 575 T, E (2 2 TZ5 E0E, ST, e, 9
0T, 87 E 2y 7t T, 075 208, VT, T, yiys -
STo ETg TTo E0F To TOE T, 6T, T, ¢
ﬁa@ Nam oa@ NDHHQ 00€ Ho mHQ ©H® u..:ﬂmlv
€0€ oo T0€ ow momu Homv 0
Z0E0, 00€0, 70, 005 yiys —
sa14
«— 9 -
¢St

© ISO/IEC 2021 - All rights reserved

Figure 25 — LDC cluster

36


https://standardsiso.com/api/?name=47607c27ac6d67a8d2f3b06fc179dcaf

ISO/IEC 30192:2021(E)

13.9 Addressing and control data

13.9.1 General

For the purpose of accessing the data on the disk, addressing and control data is included.
13.9.2 Address units

13.9.2.1 General

F(Jr 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 a:L address,
which is placed in such a way into the BIS code words (see 13.11) that it can be accessed qujickly (see
Figure 26).

Edch address field consists of nine bytes as follows:
—{ 4 bytes for the address unit number (see Clause 17);
— 1 byte for flag bits;

—|{ 4 bytes for error correction.

“— 16.addresses —
0 1 : S : 15
T AF,, AF,, : AF ¢ : AFg s
Address- AF AF,, : : : AFy 5
unit
numbers
9 AF., AF. : AF. ¢ : AF. .
bytes Flag bits AF, AF,, : AF, ¢ : AF, i«
AF g AF; : AFg ¢ : AF; (5
Parities ) : : : : :
J AFg, AFg, : AF : AFg

Figure 26 — 16 address fields

13.9.2.2 Bytes assignments for address fields

Ay ¢ MSB of the address unit number;

AR, g 2nd SB of the address unit number;

Al gz 3rd SB of the address unit number;

AF;3 ¢ LSB of the address unit number;

AF,¢ 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 an address.
The basic format for assigning some of these flag bits is specified in
13.9.2.4. Flag bits not used shall be set to ZERO.

AF5g.. AFg ¢ parity bytes for forming an (9,5,5) RS code over the primary address field.
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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 « is a root of the primitive polynomial p(x) as per

Formula (26):
xXB+xt+x3+x2+1 (26)

p) =

The symbols of GF(28) are represented by bytes (groups of 8 bits), using the polynomial-base
representation, with (a7, a®, a3, .., @%, a, 1) as a basis. The root « is thus represented as a = 00000010.

Each address-field code word, represented by the vector afc = (AF, .. AF; c.. AF4 o), is a Reed-Solomon

code ove
represent
the highs
degrees @

afc(x) is

polynomi

g(x)

The addr
positions
afcisasp

HAFC

The seco
polynomi
the parity

hAFCZ

13.9.2.3

The 16 ad
address u

The addn
Figure 27

synchronfization with.the PSNs (see Clause 17).

The addr
The first

- GF(28), having four parity bytes and five information bytes. Such a code word can
ed by a polynomial afc(x) of degree 8 (possibly having some coefficients equal to zero),:whe
st degrees correspond to the information part of the vector (AF g .., etc) and the Tows
orrespond to the parity part of the vector (AFs g .., etc.).

be
re

st

7)

h multiple of the generator polynomial g(x) of the address-field code word. The generator
al is as per Formula (27):
3
T &
i=0

bss-field code is systematic: the five information bytes appear unaltered in the highest-degn

of each code word. For all address-field code words afc, theyparity-check matrix Hygc of co
er Formula (28):
afcT=0 (2

al g(x), defines the code word positions to heaised for error locations. This second row h g,
-check matrix H, ¢ is given by Formula {29):

= (a8 a’..a?, a, 1) (2

Address unit numbers

dress fields, to be recoktded in the BIS columns of the physical cluster each contain a 4-byft
nit number (AUN).

ess unit numbe¥s)shall be derived from the physical sector numbers (PSN) as defined

. The address, unit numbers increase by two for each successive address unit, for reasons

bss unitnumber of the first address unit of each physical cluster is a multiple of 32.

hddress unit number in data zone 0 is 00 10 00 00h (1 048 576 decimal).

1d row hppc, of the parity-check matrix Hygpgicorresponding to the zero o of the generator

ee
de

8)

of

9)

in
of

The last address unit number in data zone 1 is 01 EF FF FEh (32 505 854 decimal).

The bits of the address unit numbers shall be set as follows:

— AUy

.. AU; shall be a copy of PS5 .. PSs from the PSNs;

AU; shall count from 0 to 15 inside the physical cluster;

— AU, shall be reserved.

38
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Physical sector number (PSN))

MSB LSB
P P P P P P| [P P
S S S S S g S Sg S
3 Z2 1 8 5|4 0
In cluster
count Z]/ERO
YYYYVYYVYYY YYVYYVYYYVYY YYVYYVYYYY VVVlillf
A AlA| |A A A A A Al |A|A AlA
0lge il I
1 7161 14 3 6 5 8 T4 10

Address-unit number (AUN)

Figure 27 — Composition of AUNs from PSNs

13.9.2.4 Assignments for flag bit

Bit b; by b b, b, b, b, b,
Byte
AF,q

AF,, Sagy Sa; e Sa; 1dT, Rd;: Rsv Rsv
AF, Sa, Sas San Sas, IdT, Rd,, Rsv Rsv
AF,, Sa,y Sag Sd, Sag, IdT, Rd;; Rsv Rsv
AF, , Sag 4 Sa, 4 Saz, Sa,, IdT, Rd,, Rsv Rsv
AF,, Sag, Sagy Sag, Saq IdT, Rd,; Rsv Rsv
AF,. | Sajp; |&Say1; | Sayge | Sayye | 1dT, Rd,, Rsv Rsv
AF,. | Sa;px\} Saj;zq | Sapng | Sajsg 1dT, Rd, Rsv Rsv
AF,; | Sawi"| Sajs; | Sajue | Sajsg IdT, Rdg Rsv Rsv

AF,q [CSd761 | Sajzq | Saeg | Sajsg Rsv Rd, Rsv Rsv
AF, o Sa;g1 | Sajeq | Sajge | Sajgg Rsv Rd, Rsv Rsv
AF o | Sasgq | Saziq | Saze | Sasg Rsv Rd. Rsv Rsv
AF, 1, | Sa,,; | Says; | Sayg | Sassg Rsv Rd, Rsv Rsv
AF, 1, | Sasuq | Saysy | Sazsy | Sase, Rsv Rd, Rsv Rsv
AF, 5 | Saseq | Say;y | Saye | Sasys, Rsv Rd, Rsv Rsv
AF, ., | Sayg; | Sayg; | Saygy | Sasgg Rsv Rd, Rsv Rsv
AF, 1< | Sagoq | Sasyq | Sagee | Sasqg Rsv Rd, Rsv Rsv

Rsv Reserved unless otherwise specified by the BDAP.

Figure 28 — Flag bits from 16 address fields

Status bits Sa; ; (0 <i <31, 0 <j < 1): Because each cluster contains 32 data frames and there are only 16
address units, each such unit shall hold the flag bits for two data frames (see Figure 28).

Bit b; and bit bs of successive flag bytes AF, ¢are defined as status bits Sa, ¢, and Sa,, respectively, for
data frame 25.
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Bit bg and bit b, of successive flag bytes AF, ¢are defined as status bits Sa,g,; ; and Sa,g,;  respectively,
for data frame 25 + 1.

RID_tag bits IdT;: Bits b; of successive flag bytes AF, , to AF, ; shall represent the RID_tag value (see
21.4) of the recorder that has recorded the cluster containing this address unit. The msb shall be at IdT,

(see Figure 28).
Bits b; of successive flag bytes AF, g to AF, ;5 shall be reserved.

Recording date bits Rd;: Bits b, of successive flag bytes AF, ¢ shall represent the date when the cluster

containing this addressunithasbeen recorded in the Fn]]m/\ring format (QPP Figure 79)-

Rd;s to Rlg: These 7 bits shall represent the actual year — 2 000 as an unsigned binary numbervith
Rd;s as the msb;

Rdg to Rd: These 4 bits shall represent the actual month as an unsigned binary number with Rdg
as the msb;

Rd, to Rd}): These 5 bits shall represent the actual day of the month as an unsigned binary number

with Rd, as the msb.

If a drive fis not able to correctly set this field, all bits Rd, shall be set to ZERO:

13.9.2.5 (Usage of status bits Sa,;

Each pain of status bits Sa, ;/Sa; is used to indicate the status of.an individual data frame in a clustgr.
The folloying settings are defined:

Sa;1/Sa; | 00: data frame contains general user data;

01: data frame contains specific*user data that is allowed to be discarded durihg
read-modify-write (RMW) actions;

10: this value is reserved.unless otherwise specified by the BDAP;

11: data frame contains padding data inserted by the drive to complete clusters befdgre
recording them onto‘the disk.

In the uger data area, all status’bits Sa;;/Sa;, should be set to 01 in clusters being written [in
“streaming” mode.

Furthermore, the statughits Sa;/Sa;; shall be set to 11 in data frames that have been inserted by the
drive, to ¢omplete clusters, before recording them onto the disk (padding).

In all other cases\whiere the data for data frame i is supplied by the host, the status bits Sa;;/Sa; ; shpll
be set to (0.

Consequdntly:

— if Sa;1/Sa; is set to 00, the content of data frame i shall be conserved during R-M-W actions;
— ifSa;1/Sa; is set to 01 or 11, the content of data frame i may be discarded during R-M-W actions.

In case of doubt about the reliability of some Sa, ;/Sa; , bits, the content of the related data frame i shall
be conserved during R-M-W actions (Sa; ;/Sa; shall be considered as having the value 00).

13.9.3 User control data
For accessing user data, special control data can be added to each user data frame. These additional

bytes can carry BDAP-dependent information. A user data frame accompanied by its user control data
unit is called a sector. Each user control data unit consists of 18 bytes (see Figure 29).
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<~ 32 units -
0 1 : S : 31
T UCo, UCy, : UCys : UCy 3,
UCy UCy 4 : : : UCy 34
18 bytes
) UC.zq UC,., : UC. s : UC,..,

Figure 29 — 32 user control data units

13.9.4 Byte/bit assignments for user control data

The user control data bytes are BDAP-dependent. If this setting is not specified by the BDAP, tHese bytes
shall be set to 00h.

13.10 Access block

The data for the address fields and user control data<units is mapped into an |array of
30 rows x 24 columns, that is called an access block.

Bdcause of the need for a fast access of the address fields; the data for these address fields arg mapped
infa special pre-interleaved way.

The 9 bytes of each of the 16 addresses (see Figutie 26) are grouped into three groups of 3 bytgs.

The three groups of bytes of each of the addresses 0 to 7 are placed in the access block in 4 diagonal
difection in the first, third and fifth row;'starting with address 0 and each successive addreps shifted
cyclically three positions to the left (seeFigure 30).

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

Within each group of bytesin the third and fourth rows, the bytes are shifted cyclically to the left over
1 byte position.

Wijthin each groap of bytes in the fifth and sixth rows, the bytes are shifted cyclically to theg left over
two byte positions.

Mathematically, this mapping of the address bytes into the access block can be repredented by
Fdrmula{30). Byte AF, , shall be allocated in:

rew r=2 xdiv(x, 3) + div(y, 8); and

column ¢ = 3 x mod{[div(x, 3) + 16 -], 8} + mod{[x - div(x, 3)], 3} (30)

The user control data unit is placed in the column direction, whereby each user control data unit only
fills 34 of a column (4 user control data units in 3 full columns, see Figure 30).
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0 Yy | Mav | [Mav Sy | Yty | Tav | %av | ‘v | av | Cav Y%y | PTay | Pav U
“«— suwn[od vz =

Figure 30 — Composition of access block (from 16 address fields and 32 of user control data units)
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13.11 BIS block

The bytes in each column of an access block are renumbered as shown in Figure 31 starting from the
top of each column as follows: by - by .. b; .. to byg ¢, where C represents the code-word number (= the
column number: 0 to 23).

The BIS block is completed by extending each of the columns with 32 parity bytes according to a
(62,30,33) RS code. The parity bytes are numbered: pbs( ¢ pbzy ¢ .. pbj .. to pbgy ¢

<« 24 columns -
C\Jdb VVUrd CUdb VVUrd Cud\, VVUrd Cudb VVUrd CUde Word
0 1 : C : 22 23
T T b b, : boc 0,23
by by, : by ¢ 1,23
30 : : : : :
information : : : by¢
1 BIS bytes : : :
code word \ bs9,0 D391 by B923
= 62 bytes 1 Pbso0 Pbsg ' pbsoc ' ' PP3o0,23
32 : : : : : : :
parity bytes _ _ _
! - AR B 5 I R
\ Pbe1 Pbe1 1 : Pbe1c : : PPé1,23
Figure 31 — Renumbering data bytes and forming BIS block by adding parities
13.12 BIS code words
THe BIS RS code is defined over the finitefield GF(28). The non-zero elements of the finite figld GF(28)
arg generated by a primitive elemedt @, where a is a root of the primitive polynomial p(x) as per
Fdrmula (31):
pX)=x8+x*+x3+x2+% (31)
THe symbols of GF(28))are represented by bytes (groups of 8 bits), using the polynomial-base
representation, with@’, a®, a5, .., a2, a, 1) as a basis. The root « is thus represented as a = 00000010.
Eqch BIS code word, represented by the vector bis = (by .. b; ¢ .. byg ¢ Pb 30 ¢ Pb j ¢ - Pb 61 ¢), |s @ Reed-
Sdlomon code, over GF(28) having 32 parity bytes and 30 information bytes. guch a code word can
bq represented by a polynomial bis(x) of degree 61 (possibly having some coefficients equal to zero),
where tliechighest degrees correspond to the information part of the vector (b . .., etc.) and the lowest
dggreesicorrespond to the parity part of the vector (pb 3 ..., etc.).
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bis(x) is a multiple of the generator polynomial g(x) of the BIS code word. The generator polynomial is as

per Formula (32):

31

g(x):H(x—ai) (32)

i=0

The BIS code is systematic: the 30 information bytes appear unaltered in the highest-degree positions
of each code word. For all BIS code words bis, the parity-check matrix Hg;s of code bis is as per

Formula (33):

Hp;s X

The seco
polynomi
the parity

hBISZ

13.13 B

After gen
496 rows

The BIS
numbere
e=0to?2

The esse
examples

— each
row

— the e
mapf

— the3
wher
of ea
than

— T
— 1

— T

bisT=0 (3

nd row hgg , of the parity-check matrix Hpg corresponding to the zero a of the, geherat
al g(x), defines the code word positions to be used for error locations. This secondy6w hg,
-check matrix Hpg is given by Formula (34):

E (a1, a0 .. a?, a, 1) (3

[S cluster

erating the BIS code words, the BIS block is mapped in an/nterleaved way into an array
x 3 columns. This newly formed array is called a BIS clustér;

fluster is subdivided according to the address unitsias shown in Figure 18. The units 3
l u = 0 to 15; the rows in such a unit are numbered r="0 to 30 and the columns are number

(see Figure 32).

htials of the BIS interleaving scheme are the*following (see Figure 23, Figure 32 and t
in Figure 33 and Figure 34):

f the BIS cluster;

ven rows of a BIS block are mapped into units 0 to 7 and the odd rows of the BIS block 3
ed into units 8 to 15;

Lbyte groups from an even row of the BIS block are placed each in the same row of units 0 td
eby the units are useéd in reverse order (according to their numbering). The first 3-byte gro
th successive row'of-the BIS block shall be placed in a unit with a number which is one high
the start unit used for the previous row:

ow N = 0 ofithe BIS block is placed on rows r = 0 of units: 0, 7,6, 5, .., 2, 1;
ow N_=2"f the BIS block is placed on rows r =1 of units: 1,0, 7, 6, .., 3, 2;
ow-N' = 4 of the BIS block is placed on rows r = 2 of units: 2,1, 0, 7, .., 4, 3.

3)

or
of

4)

of

re
ed

row of a BIS block is split into 8 groups of 3 bytes. These 3-byte groups are each placed in ope

— this process is repeated cyclically until row N = 60, which is placed on rows r = 30 of units: 6, 5,
4,3,..,0,7

— now, within each unit, each row ris shifted cyclically to the right by mod(r, 3) positions: so row r=0
is not shifted, row r = 1 is shifted 1, row r = 2 is shifted 2, row r = 3 is not shifted, row r = 4 is shifted
1, etc.;

— for 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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3
< columns -
31 :
___‘l'__-___ao. ______ Bor _____Ba __ -
T 93 By, Bygs
31 :
SR 20 R S S S
S R M yu__
T T
496 | 16
rows 31 e Ir units
rows | «—— | By |
R 25 RN N ¢
R LR DL bk EEEE R
31
‘L ‘L B 487 ‘L

Figure 32 =< 'BIS cluster

Mathematically, the mapping of the bytes from a BIS block into a BIS cluster can be represented by

Fdrmulae (35) to (37):

— inunit

Byte by, c or pb - (see Figure 31) is placed as follows:

u = mod{[div(N, 2) + 8=div(C, 3)], 8} + 8 x mod(N, 2) (35)
— onrow

r=divi, %) (36)
— ificolumn

e = mod{[C + div(N, 2)], 3}. (37)

The byte number m, giving the sequence number B,, as the physical cluster is written to the disk (see

Figure 18), is as per Formula (38):

m=@ux31+r)x3

©ISO/IEC 2021 - All rights
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Byte numlﬁl(‘)é\{,(C from BIS (:S}rlrll%&%gg) Filling in upward direction
Column e
Unitu Rowr 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 %423 =2+ %422 T
8 16,1 16,2 16,0 2 Start of blockrow 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 y\‘{)'
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 K )y
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 g‘@
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 blockrow N=6
4 0 0,12 0,13 0,14, 0
1 2,17 2,15 2,16 1
2
5 0 0,9 0,1%\ © 0,11 0
1 2,14 2,12 2,13 1
2
6 0 0,§~A\J 0,7 0,8 0
1 2N 2,9 2,10 1
2 4-13 4,14 4,12 2
7 0 0,3 0,4 0,5 0 T Continuation of block row N =0
1 2,8 2,6 2,7 1 T Continuation of block row N = 2
2 4,10 4,11 4,9 2
7 14,2 14,0 14,1 1 Start of block row N = 14
30 60,21 60,22 60,23 0 End of blockrow N = 60

Figure 33 — Example of mapping (partial) of BIS bytes into first 8 units
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Byte number N,C from BIS Shift right Gy . .
block (= mod(r-3)) Filling in upward direction
Column e
Unitu  Rowr 0 1 2
8 0 1,0 1,1 1,2 0 Start of blockrow N =1
1 3,5 3,3 3,4 1
2 5,7 5,8 5,6 2
3 7,9 7,10 7,11 0
8 17,1 17,2 17,0 2 Start of block row 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 ,0
11 0 1,15 1,16 1,17 N
12 0 1,12 1,13 1,14 P
13 0 1,9 1,10 1,11 R
14 0 1,6 1,7 1,8 <
15 0 1,3 1,4 18" 0 1 Continuation of block roy N =1
1 3,8 3,6 3,7 1
2 5,10 511 59 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.34 — Example of mapping (partial) of BIS bytes into last 8 units

Same conclusions are as follows:
—|{ all infermation bytes of a BIS block are found in the first 15 rows of each address unit;

—| call\parity bytes of a BIS block are found in the last 16 rows of each address unit;

— each address field is found in the first three rows of each address unit (see Figure 35).

13.14 ECC cluster

After constructing the LDC cluster and the BIS cluster, the LDC cluster is split into 4 groups of 38
columns each. In between these 4 groups, the three columns from the BIS cluster are inserted one by
one. After multiplexing the BIS cluster with the LDC cluster, the ECC cluster of Figure 35 is reached.
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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
— Do« ol ol « ol o)« >
T AF,, AF, AF,
AFg, AF, AFg Address
uc,, : : unit 0
""""" AF,, | T[TAF,, | T [ AR, | T AN
496 AF;, AF, AF
rows AF¢ AF;, AFg, Address
uc,, : : unit 1
J
Figure 35 — ECC cluster after multiplexing of BIS cluster with LDC cluster
13.15 Rpcording frames
Each row] of an ECC cluster is transformed into a recording frame by adding locations for frame sy
bits and fpr the dc-control bits.

For this p
cluster is
most sign

The first
which is 4

Next, eac

urpose, a stream of 1 240 data bits, which is formed by the 155 bytes of each row of the E
divided into one group of 25 data bits.and 27 groups of 45 data bits (see Figure 36), with t
ificant bits of the bytes handled first!

broup of 25 data bits is extended with 20 data-bit positions for the insertion of the frame sy}
special sequence of 30 medulation/channel bits.

1 group of 45 data bits.is-ecompleted with one additional bit position to form a dc-control blo

nc

CC
he

k.
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155 bytes

A
\

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

U

< 1 240 bits >
25 45 I 45 45
bits bits bits bits bits
Frame Data dc Data dc Data lc
sync ! control control cojntrol
20 @ 25 1 45 1 45 1

P dc-control block #0 P dc-control block #{ ‘dc-control block #2@6‘ dc-control block #27

46 bits T 46 bits © " 25x46bis) 46 bits -
1 288 bits

»
>

A

Figure 36 — Composition of recording frame

13.16 Physical cluster

The 496 rows from an ECC cluster, transformed into recording frames, are called a physical cluster.
13.17 17PP modulation for recordable data

13.17.1General

Alll the bits of recording frames, except the frame sync, are converted to modulation bits acdording to
the 17PP modulation code. This'is an RLL (1,7) code with run lengths of 22T and <8T and with some
special properties. PP means+parity preserve/prohibit RMTR as follows:

— Parity preservel~if the number of ONEs in the data-bit stream is even, then also
the number of ONEs in the modulation-bit stream is even;
if the number of ONEs in the data-bit stream is odd, then also the numbér of ONEs
in the modulation-bit stream is odd.

This property makes it easy to control the low-frequency content of thegrecorded
signal efficiently (see 13.7.3).

—1 Prohibit RMTR: the number of consecutive minimum run ]pnathc (7’[‘\ is limiked to 6.
Because of the low signal levels on minimum run lengths ‘this improves the
read-out performance.

13.17.2Bit conversion rules

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

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

00000000 010100 100 100

00001000 000100 100 100

000000 010100 000

000001 010100 100

000010 000100 000

000011 000100 100

0001 000100

6616 816666

0011 010100

01 010

10 001

11 000 If preced@ng modulat%on b?ts =xx1

101 If preceding modulation bits'=xx0
Dbyt | pobsiuting | conditonorsubsg@ion

110111 001 000 000 If next modulatienbits = 010
Terminating Terminating

data bits modulation bits

0000 010100

00 000

Figure 37 — 17PP modulation code conversion table

13.17.3dc-control procedure

Because 3
signal car

be inverted if an odd numberof ONEs is added to the modulation-bit stream in a controlled w

Because;ﬁf the parity-preserve property of the 17PP modulation code, this is possible just by inserti

addition

In this wz
by setting

13.17.4F

The phys
(see Figul

bits into the data-bit-stream and setting these to ONE if an inversion is needed.

ly, the accumulated DSV of the recorded signal shall be minimized after each dc-control blg

rame Syn¢

cal clusters consist of 16 address units, where each address unit contains 31 recording fram
re-18'and Figure 36).

F the dc-controlbbit'at the end of the previous dc-control block to ZERO or ONE (see Figure 36).

ONE in the modulation-bit stream means a transition in the recorded signal, the polarity of this

Y.
ng

ck

A modulated recording frame starts with a frame sync consisting of 30 channel bits.

The main body of the frame sync is formed by a 24-bit pattern violating the 17PP modulation rules (two
times run length of 9T).

The last six bits define a signature that identifies one of seven different frame sync patterns. The 6-bit
signatures for the frame sync IDs are selected such that their distance with relation to transition
shifts is 22.

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

50
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The frame sync patterns are defined in terms of modulation bits. A “1” in the table represents a
transition in the recorded signal. Before recording onto the disk, the frame sync codes are converted to
an NRZI channel-bit stream (see 13.18).

Be
id
fr

prj

T}
T}

Sync number 24-bit sync body 6-bit sync ID
FSO #01 010 000 000 010 000 000 010 000 001
FS1 #01 010 000 000 010 000 000 010 010010
FS2 #01 010 000 000 010 000 000 010 101 000
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 38 — 30-bit frame sync codes

cause seven different frame syncs are insufficient to identify 3L-y€cording frames, each
bntified by the combination of its own frame sync and the frame sync of one of the preceding
imes. The mapping of these combinations can be made such that, even with missing fram¢
2 or 3 preceding frames, a recording frame can still be identified by its own frame sync anld the last
esent frame sync (see Figure 39).

frame is
recording
P SYNCS in

Rec. frame n-4 | Rec.framen-3 | Rec.framen=-2 | Rec.framen-1 |

Rec. frame n

Recording frame n can be identified from the frame sync IDs of the following:
Recording frame n + reeording frame n-1;
Recording frame n + récording frame n-2;
Recording frame i+ recording frame n-3;
Recording franie'n + recording frame n-4.

e other frame sy1nes are mapped as specified in Figure 40.

Figure 39 — Identification of recording frames

e first recording frame of each address unit has a unique frame sync: FSO.

© ISO/IEC 2021 - All rights reserved
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13.18 M
Before b

converted to NRZI channel bits according to the process shown in Figure 41.

D3
bif

odulation and NRZI conversion

Frame number | Frame sync nT;rggr Frame sync

0 FSO

1 FS1 16 FS5
2 FS2 17 FS3
3 FS3 18 FS2
4 FS3 19 FS2
8 ES1 20 ESS
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 ES4
14 FS6 29 FS4
15 FS3 30 FS2

Figure 40 — Mapping of frame sync codes'on recording frames

ing recorded onto the disk, data bitscare converted to modulation bits that, in turn, gre

ta
S

»

Modulation NRZI converted

>

Modulator

bits NRZ E:E)R channel bits

\ '

A .
y o

el .
conversion

1T
T =1 channel clock period delay

Example of data bit pattern: 0 1 01 10 01

Modulation bit pattern: 0 1 0{0 1 0/0 0 1|0 1 0|0

52

NRZ converted signal: J'—| m rl_i—
NRZI converted signal:

Figure 41 — Modulation and NRZI conversion
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14.1 General

2021(E)

The unit of recording is a recording unit block (RUB), consisting of a physical cluster preceded by a
data run-in and followed by a data run-out. The run-in and run-out are offering sufficient buffering for
facilitating fully random write/overwrite.

Recording unit blocks can be written one by one or in a continuous sequence of several RUBs (write_

streaming).
In|the rewritable areas of the disk, a wobble cycle shall correspond to 69 channel bits if the ciannel-bit
rate is locked to the wobble frequency. This means that a modulated recording frame; which is 1 932
chlannel bits (= 1 288 data bits), covers exactly 28 wobble cycles. This locked case i35 considgred to be
the nominal situation.
14.2 Recording unit block (RUB)
14.2.1 General
Edch RUB consists of a data run-in of 2 760 cbs (nominally 40 waobble periods), a physical luster of
496 x 1 932 cbs (nominally 496 x 28 wobble periods) and a data run-out of 1 104 cbs (nonpinally 16
wobble periods) as shown in Figure 42.
Run-in | Physical cluster [<*Run-out Guard_3
<40 wbs— [ «—496 x 28 wbs— | <16 wbs— | «<-8 wbs—
Figure 42 — Layout©f single written recording unit block
Eqch single written RUB or each(continuously written sequence of RUBs shall be termingated by a
Gyard_3 field, ensuring that no gaps (unrecorded areas) ever occurs between any 2 RUBs as|shown in
Figure 43.
Such a Guard_3 field shall'consist of 540 cbs (nominally # 8 wobble periods).
Run-in | Physicalcliuster | Run-out Run-in | Physical cluster | : | Physical cluster | Run-out | Guard_3
<40 wbs— | <*496 x 28 wbs— | <-16 wbs— | <40 wbs— | <496 x 28wbs— | : | <496 x 28 wbs— | <16 wbs— | «{8 wbs—

Figure 43 — Layout of continuously written sequence of recording unit blocks

1th the above choices, an SPS (see 14.3.2) of about +2 wobbles maximum and a start position accuracy

of about 0,5 wobble, random writing /overwriting leads 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 frame).

14.2.2 Data run-in

14.2.2.1 General

The data run-in consists of the following parts as shown in Figure 44:

© ISO/IEC 2021 - All rights reserved
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— Guard_1: 1 100 channel bits;
— PrA (pre-amble): 1 660 channel bits.
The PrA field is meant as a runin for signal processing (for locking and synchronization).

The Guard_1 field is meant to cope with the overlaps due to the SPS and inaccuracies in determining the
start location of recording sequences.

Guard_1 PrA
TT00Tbs TH60°Cbs
Optional APC | Repeated bit pattern Nominal
=~ 5 wobbles ~ 11 wobbles ~ 24 wobbles

Figure 44 — Layout of data run-in

14.2.2.2 |Content of Guard_1 field
The Guarf_1 field has a length of 1 100 channel bits.
The contgnt represented in modulation bits is: 55 times repeated 0440%]1[02]10101[0%]1[03].

These patterns result in a repeated 3T/3T/2T/2T/5T/5T sequence, which is well-suited to re-settle the
electronig circuits.

14.2.2.3 |Automatic power control (APC)

The first| five wobbles of the Guard_1 field at the start of a recording sequence can be used for
performipg an automatic power-control procedtire. The modulation-bit pattern to be used for such pn
APC procedure can be chosen freely by the.recorder manufacturer and is allowed to be different frgm
the repeated pattern as defined in 14.2.2.2.

14.2.2.4 |Content of PrA field
The PrA fjeld has a length of 1 660-channel bits.

The contgnt of the PrA field'shall be as shown in Figure 45.

77 fimes repeated 2 times repeated
01[02]1[02]10101[0%pr{0%] | Sync_1 01[02]1[02]10101[0#]1[03] Sync_2 01[02]1[02]10101[0#]1[03]

—

«—+1540.chs— <30 cbs > «———40 cbs—— <30 cbs —> 20 cbs

rigure 4o — Ldyout OI FrAa 11eld

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

This means that Sync_1 shall be FS4 and Sync_2 shall be FS6 (the first frame sync after the PrA is FS0).

The first bit of each of Sync_1, Sync_2 and the first frame sync after the PrA are allowed to be used for
dc control (# = ZERO or ONE, see Figure 38).
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.2.3 Data run-out

.2.3.1 General
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The data run-out consists of the following parts, as shown in Figure 46:

PoA (post-amble):
Guard_2:

564 channel bits;

540 channel bits.

T}
T}

e PoA f1eld 1s meant as a runout for signal processing.

e Guard_2 field is meant to cope with overlaps due to the SPS and inaccuracies in detern

start location of recording sequences.

14
T}
TH

In
bd

TH
T}
T}

PoA Guard_2
564 cbs 540 cbs
Nominally Nominally
~ 8 wobbles ~ 8 wobbles

.2.3.2 Content of PoA field

Figure 46 — Layout of data run-out

e PoA field has a length of 564 channel bits as shown in Figure 47.

e content of the PoA field shall be as shown intFigure 47.

Sync_3

01[08]1[08]1[0F] 1{08] 1[08]1[07]

24 times repeated
01[02]1[02]10101[0%]1[03]

<30 cbs —»

54 cbs

480 cbs—M >

general, Sync_3 shall.be chosen such that it corresponds to a frame number n + 1 if the

Figure 47 — Layout of PoA field

fore the PoA ends'with frame number n (see 13.17.4).

is means that Sync_3 shall be FSO.

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

e 9T/9T/9T/9T/9T/9T pattern after Sync_3 can be used as a “stop of user data” indicator.

lining the

user data

14.2.3.3 Content of Guard_2 field

The Guard_2 field has a length of 540 channel bits.

The content represented in modulation bits is: 27 times repeated 01[02]1[02]10101[04]1[03].
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14.2.4 Guard_3 field

14.2.4.1 General

Guard_3

540 cbs
Repeated bit pattern Optional APC
=~ 3 wobbles ~ 5 wobbles

Figure 48 — Layout of Guard_3 field

The Guarfl_3 field has a length of 540 channel bits as shown in Figure 48.

The contgnt represented in modulation bits is: 27 times repeated 01[02]1[02]10101[04]2{03].

14.2.4.2 |Automatic power control (APC)

The last fjve wobbles of the Guard_3 field at the end of a recording sequence.can be used for performipg
an autonpatic power-control procedure. The modulation-bit pattern ¢o' be used for such an APC
procedurg can be chosen freely by the recorder manufacturer and is@allowed to be different from the
repeated [pattern as defined in 14.2.4.1.

14.3 Lo¢ating data relative to wobble addresses

14.3.1 General

The nominal start positions for recordings (and single RUB as continuous sequences of several RUB]s),
are the Idcations of the middle of the wobble in®NWL 25 in the reference unit between the Sync_3 unit
and the first data_x unit of the ADIP words with a PAA of which bits AA1, AAO = 00 (see 15.7, Figure b0
and Figuie 52).

The accufacy for determining the startpositions shall be better than +34 cbs.

14.3.2 Sgart position shift (SPS)

To avoid pxcessive wear of\the disk, the start of the writing of each recording sequence (one or mdre
RUBs) shall be shifted from its nominal start position by a random number of channel bits, called the
start position shift (-128\bs < Tspg < +127 cbs) (see Figure 49), where Tqpg is the shift value of SPS in cbs.
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NWL 25

Nominal
start
position

-

-34

+34

ISO/IEC 30192:2021(E)

h -128 cbs
4

cbs cbs
Accuracy

range

+127 cbs
.

-2,35wbs

TSPS

+2,33wbs

Recording start position range

Run-out

| Run-in

Tepe + inaccuracy =~ +58 cbs

Example of
overwriting |

Run-in

, O

Figure 49 — Nominal startposition for data recording

Tqps + inaccuracy ~ -80 cbs

Figures 50 to 52 show examples of how newlyWwritten RUBs overlap with previously written RUBs.

Afjthe start of the newly written RUB, th&run-in of the newly written RUB overwrites a part df the run-
oyt/Guard_3 of the preceding RUB (if this had been written already before).

Afjthe end of the newly written RUB, the run-out/Guard_3 of the newly written RUB overwrites a part
of|the run-in of the following RUB (if this had been written already before).

In|all cases, sufficient run-in/run-out is left over for recapturing of the detection electronics during

rajphdom access.

Sync_3 unit, |

(_~“Reference unit
e i

1st Data_x unit

2nd Data_x unit

U NWL 25 YNWL9 NWL 37 NWL9 NWL 37
| 25,5wbs
S I = 9"?5 bF'
, 5 whs
ﬁlellcsﬁ,e;n{(é%}96 Run-out |Guard_3
\ ]
. Cluster k Cluster k Cluster k
Run-in Rec.frame 1 Rec.frame 2 Rec.frame 3

Tsps =

3
> -128cbs [<+127 cbs

Nominal start position ___#
for writing ( & 34 cbs)

NOTE

Tgps + inaccuracy of previous encoding = 0 and Tgpg = inaccuracy of new recording = 0.

Figure 50 — Example of nominal start position for data recording
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Sync_3 Unit | Reference unit N 15t Data_x unit N 2nd Data_x unit N
NWL 25 NWL9 NWL 37 LINWL 9 INWL 37
25,5 wh! .
a = ! . 9,5 wbs
ster k-
Reofeama 496 Run-out| | Guar:i_3
. 1 k Cluster k Cluster k
Run-in %eucs.'fc;z;me 1 Rec.frame 2 Rec.frame 3

Nominal start position |

for writing
NOTE Tsps + inaccuracy of previous recording = +161 and Tgpg + inaccuracy of new recording = -162.
Figure 51 — Example of data recording with maximum overlap
Sync_3 unit | Reference unit =l 1t Data_x_unit - 2" Data-x unit "
7255 whs T NWL25 T NWL9 TNWL 37 TNWL9 7 NWL 37
aq e I —_ 9,5 wbs
uster
Rec.framd 496 | Run-out |Guar|d_3
. Cluster k Cluster k Cluster k
Run-in Rec.frame 1 Rec.frame 2 Rec.frame 3

Nomfinal start position t
for wWriting

NOTE Tqpg + inaccuracy of previous recording = =162 and Tgyg/+ inaccuracy of new recording = +161.

Figure 52 — Example of data recérding with minimum overlap

15 Tracgk format

15.1 General

A track is|formed by a 360° turn efa continuous spiral.

Each recdrding layer shall hiave the same basic tracks at about the same locations (see Figure 53). Hor
consistenlcy reasons, the sgle recording layer on an SL disk is also called layer LO.

15.2 Trqck shape

The zonebetween radius r; = 21,0 mm and radius r3 = 22,2 mm is reserved to be used for the BCA (see
Clause 3) Inthis zone, there shall be tracks formed by a single spiral groove, starting from (on layer

L0) or endifsatfortayertt radins21 n00
“‘5 av LU]] lu.y A>3 § I_AL) Iauiuo hl' U_O‘l ITIIIL.

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

The groove tracks in the BCA zone shall be straight groove(s) (without any modulation) between radius
ri1 = 21 mm and the point where the encoding of the HFM groove in the embossed HFM area starts (on
layer LO) or ends (on layer L1) (see Clause 18).
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Figure 53 — Connection areas between different groove-types

the embossed HFM areas (see Clause 16), the tracks are formed by a single spiral groove, c
interruptedly from the end of the groove in the BCA zone (on layer L0))or continuing uninte
the beginning of the groove in the BCA zone (on layer L1).

e groove tracks in the embossed HFM areas move with asrather high-frequency deviati
dial direction around their nominal centrelines, providingahigh bit rate/high-capacity dat]
" the storage of replicated information (HFM groove).

e shape of each track is determined by the requirements in Clause 26.

the rewritable areas (see Clause 16), the tracks are formed by a single spiral groove, starting
d of the embossed HFM area (on layer L0) or-ending at the beginning of the groove in the ¢
‘M area (on layer L1).

e groove in the rewritable areas move with a mainly monotone sinusoidal deviation in f

replacing some cycles at certain lecations by different patterns.

e wobble can be used for speed control of the disk and synchronization of the write cld
ive while the modulated\parts represent addressing information called address in pre-
DIP (see 15.7).

TE Although_the/term of "pre-groove" is not defined in this document, "ADIP" is widely
ronym of "addressin pre-groove" in optical disk standards. The meaning of "pre-groove" is the sam
foove" in this doedment.

e shape©fieach track is determined by the requirements in Clause 27.

therconnection between the embossed HFM area and the rewritable area, the spiral groov

urj

interrupted. Between the replicated information in the HFM groove and the ADIP informatj

bntinuing
Fruptedly

on in the
A channel
F from the

bmbossed

he radial

rection around their nominal centrélines [wobbled groove(s)]. The sinusoidal deviation is mpodulated

ck of the
Froove or

sed as an
b as that of

e shall be
ion in the

A%

111 1 - 1 1 L L | 1 1 - el -
poICU gTO0UVCE, IUIIIdy T1dVE d g1 OUVE=UIlly pPdlI't (WILIIOULU dlly IT10UUldtiUll) 10T d TIId XITITUIIl U

the tangential direction along the track.

Groove geometry

The grooves shall be nearer to the entrance surface of the disk than the land.

[ 1 mm in

The grooves shall be at the inner side of their average centreline at the start of the monotone wobbles
(see Figure 54). Recordings shall be made on the grooves.
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Land

Substrate

Transmission stack

Read-out

15.3 Tr4

On layer
the disk 1

On layer
the disk 1

On an SL
zone and

On a DL d
of the ou
the begin
informati

15.4 Trg

15.4.1 T

The track
tracks, m

The track

In the are

beam

“On-groove recording”

Figure 54 — Outline of groove geometry (radial cross-section of.the disk)

Ick path

.0, the spiral shall run from the inner side of the disk towards the outer side of the disk wh
otates according to the specification in 9.8.

.1, the spiral shall run from the outer side of the disk-towards the inner side of the disk wh
otates according to the specification in 9.8.

Hisk, the tracks shall start at the beginning of the inner zone, terminate at the end of the out
shall be continuous in the information zong(see Figure 12 and Figure 13).

isk, the tracks on layer L0 shall startat'the beginning of the inner zone, terminate at the e
fer zone 0 and be continuous in the’information zone. On layer L1, the tracks shall start
ning of the outer zone 1, termihate at the end of the inner zone 1 and be continuous in
on zone (see Figure 12 and Figure 14).

Ick pitch

rack pitch in BCA'zone

pitch (TP) inB€A zone is the distance between the average centrelines of a groove in adjacg
pasured jn the radial direction.

pitch-shall be (2,0 £ 0,1) pm.

er

hd
at
he

nt

a‘between r, and r; mm, the track pitch shall change over from 2,0 pm to the track pitch of t

embosse

HFM area (on layer LO) or vice versa (on layer L1).

15.4.2 Track pitch in embossed HFM areas

The track pitch (TP) in embossed HFM areas is the distance between the average centrelines of an HFM

groove in

adjacent tracks, measured in the radial direction.

The track pitch shall be (0,350 + 0,010) um.

The track pitch, averaged over the embossed HFM areas, shall be (0,350 + 0,003) um.
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The track pitch (TP) in rewritable areas is the distance between the average centrelines of a wobbled

gr

oove in adjacent tracks, measured in the radial direction.

The track pitch shall be (0,320 £ 0,010) pm.

The track pitch, averaged over the rewritable areas, shall be (0,320 = 0,003) pm.

15.4.4 Track pitch between embossed HFM area and rewritable area

T}
re

pr
1]

1]

In
de

Th
™
dq
in

A

Fdr detailed descriptions of the related processing steps and applied codes, reference is m3

de

e change in track pitch from 0,35 pm to 0,32 um (on layer LO) or vice versa (on layer. I+l
hlized within maximum 100 tracks (revolutions), which tracks shall be located(comj]
otection zone 2 (see Figure 81).

).5 Track layout of HFM groove

.5.1 General

this subclause, only the encoding format of the data is described. Fhedocations and their cq
fined in Clause 18.

e data in HFM groove is recorded in 4K partitions, called Pl€/clusters. Each such PIC clustet
o data frames, each with 2 048 bytes of data. The error,correction mechanisms used to pr
ta and the procedures used to build up fully-formatted\partitions are very similar to those
Clause 13.

reduced combination of an LDC + BIS code is used.as shown schematically in Figure 55.

scriptions in Clause 13.
Sync
1 byte 10 bytes 1 byte 9 bytes
T DO ||||||||| Dg BO DlO ||||||| D18 T
Dlg |||||| D28 Bl 29 ||||||||||||| .
"""" Datastream | : | | 216data
248rows > > > > :
| oo J-_ondisk [ | __] :
_________________________________ I SR
T
32 parities
‘l’ Bz e Dy7yg

shall be
bletely in

ntent are

contains
otect this
Hescribed

de to the

Figure 55 — Schematic representation of 4K PIC cluster on disk

15.5.2 Data format

15.5.2.1 Data frame

Each data frame is extended with a 4-byte error detection code (EDC) as described in 13.2 and 13.3.
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15.5.2.2 Scrambled data frame

Each data frame with its EDC is scrambled according to the procedure described in 13.4. For the preset
of the scrambler, AUN;; .. AUN; (see 15.4.1 and 13.9.2.3) shall be used instead of PS4 .. PS;.

15.5.2.3 Data block

Each two scrambled data frames are mapped into an array of 216 rows x 19 columns as described in
13.5 and indicated in Figure 22 (only columns 0 .. 18).

15.5.2.4 |LDC block

Next, 32 lows with error correction parities are added according to the procedure described in13.6 ahd
13.7, with the difference being that there are only 19 columns (L = 0 .. 18). The result of thigprocessing
is a matrix of 248 rows x 19 columns.

15.5.2.5 |Interleaving
The inter|leaving procedure is different from the one described in 13.8.

Only the pecond interleaving step, described in 13.8.3 is applied, where each’successive row is shifted
one morg byte position to the left [shift = mod(k, 19), in which k is the fow number, 0 < k < 247]. The
bytes thaf shift out at the left side are re-entered in the array from thedight side (see Figure 56).

«— 19 bytes —

< shift 0 €90 €1 |- €013 T
<« shift1 ey €1y | €13 €19

< shift 2 e, €5 | v | €54g €, €)1
< shift 18 eis | €wo || . €51, | 248
< shift 0 €190 €191 |or €913 | TOwWs

< shift mod(k,19) O -
< shift 18 Prasaf ) Paago |- P246.17
<« shift 0 P2470 | P2azq |- P247.18 v

Figure 56 — Interleaving of PIC LDC block

After thig process,thé bytes are renumbered in the horizontal direction through all the rows, resultipg
in the numbering"Dg to D, 714 as indicated in Figure 55.

15.5.3 A|ddressing and control data

15.5.3.1 General

Unlike the format in rewritable areas of the disk, a BIS block, is composed of 4 BIS code-words, and
filled up with 8 addresses of nine bytes each, in 18 rows and two user control data units of 24 bytes
each, in 12 rows (see Figure 57).
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17

Cd
by
ny

4 columns
0 1 2 3
T 0 AF,, AF,, AF,, AF,, T
1 AFg, AFy, AFg . AF, <
2 AFy4 AF,, AFy3 AFy,
3 AF ¢ AF,, AF,, AF ¢
4 AF,, AF, 4 AF, AF, 4
5 AF, ¢ AF, . AF, , AF, ,
6 Al Al Al Ay
7 AF; . AF; ¢ AF; AF;,
8 AF,, : : AF, 4 18, rows
9 AF, , : : addresse
10 AF¢, AF;
11 AF. - : :
1 BIS 12 AF¢, AF¢ 4 AF,,
code-word 13 AF¢ ¢ : : :
=62bytes 14 AF., AF., ~\AF,,
15 AF, . : :
16 AFg, : : AFg 4
17 AFg, AFg, AFgy AFg 5
18 UCy UCyp0 UC, 4 UCypq T
19 UCq UCy30 UC, 4 UCy34 12 rows
: : X : : user contrpl
28 UCy00 UCpo> |  UCyoq UC,, 4 data
29 UCi1,0 UGg3 UCi1a UCz3.4 v
30 Pbsoo Pb30q Pbsg Pbzo3 T
31 Pbsio Pbs; 4 pbs;p Pbs; 3 32 rows
: : : : : parities
‘L 61 Pbesfa Pbeig Pbey. Pbgia 1
Codeword | Codeword | Code word | Code word
0 1 2 3

.5.3.2 Address field

Figure 57 — PIC BIS block

mparabléeto the rewritable areas of the disk, where each 1/16 of a 64K cluster (=4K bytes) is
one ‘address unit number (see 13.9.2), each 4K PIC cluster shall be identified by one adg
mber. These address unit numbers shall increase by two for each successive 4K PIC cluster.

dentified
ress unit

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

AF( ¢= MSB of address unit number (all the same for $=0..7);

AF, ¢=2nd SB of address unit number (all the same for §=0..7);

AF, ¢= 3rd SB of address unit number (all the same for S =0 .. 7);

AF3 ¢ = LSB of address unit number (all the same for $=0 .. 7);

AF, s = flag bits:

— bit 7 to bit 3 shall be set to reserved;
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— bit 2 to bit 0 shall be set to the binary value of S;
— AF;g.. AFg ¢ = parity bytes for forming an (9,5,5) RS code over the address field.
The parity bytes shall be calculated according to the definitions given in 13.9.2.2.
The 8 addresses are mapped into the PIC BIS block in a special pre-interleaved way.

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

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

Mathematically, this mapping of the address bytes into the PIC BIS cluster can be(represented py
Formula {39). Byte AF, , shall be allocated in:

row r|= 2 x x + div(y, 4); and

column ¢ = mod[(x + 8 - )), 4] (39)

15.5.3.3 |User control data

There arq two user control data units, each consisting of 24 byites. Bytes 0 to 11 of the first user control
data unitshall be placed in column 0, rows 18 to 29 of the PIC BIS block and bytes 12 to 23 in colurhn
1, rows 1B to 29. In the same way, bytes 0 to 11 of the seeond user control data unit shall be placed|in
column 2[and bytes 12 to 23 in column 3 (see Figure 573

All bytes pf both user control data units shall be reserved.

15.5.3.4 |BIS code words

The PIC BIS block is completed by adding 32 rows with parity bytes (see Figure 57) according to the
procedurg described in 13.11 and 1332, with the difference that there are only two columns (c =0 .. B).
The resulf is now a matrix of 62 gows x 4 columns.

15.5.3.5 |BIS cluster

Finally, te matrix of BIS.code words is reconstructed into one-column of 248 bytes that can be inserted
in the PI( cluster as indicated in Figure 55.

Bytes B fo By,saré filled by successively copying bytes from the even rows by going through the BIS
block cyclicallydin a diagonal direction starting from row 0, column O (see Figure 58).

Bytes B1 T il p44/ are filled ]'“r cnr‘r‘nccnrnln r‘npylng ]f\nfnc from-the odd rows hxr gnlng Hﬁrnngh the H IS

block cyclically in a diagonal dlrectlon startmg 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 Formulae (40) to (42):

Let byte b, . be the byte in row r and column c of the BIS block, and byte B; is the ith byte in the column
of the BIS cluster. Then:

r=mod(2 x i, 62) + div(i, 124); (40)
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c=mod(i, 4); (41

And vice versa
i=124 x mod(r, 2) + div(r;, 2) + 31 x mod{[4 - ¢ + div(r, 2)], 4} (42)
As aresult of this interleaving, the one-column 248-byte BIS cluster is divided into 8 groups of 31 bytes,

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

BIS block BIS cluster
i c=0 1 2 3 < 1byte >
r=0 0 93 62 31 B, T

1 124 217 186 155 :

2 32 1 94 63

3 156 125 218 187

4 33 o 95 3

5 157 126 219 = B;

6 34 3 :

7 158 127

8 4 35

9 128 159

10 5 :

11 129 By, 248
12 6 Bioa rows
13 130 :

53 243

54 120 27

55 244

28 121 =

57 152 245

58 60~ 29 122

59 184 153 246
60 92 61 30 123 :
61 216 185 154 247 B4, \

Figure 58 — Reading order for constructing PIC BIS cluster
13.5.4" Recording frames

15.5.4.1 General

In the next processing step, the 19 columns of an interleaved LDC block are multiplexed with the one-
column BIS cluster and extended with a column of synchronization patterns as defined in Figure 55.

Each row of this 21-column by 248-row matrix is called a PIC recording frame.

15.5.4.2 Modulation

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

The modulation bits are recorded on the disk by a deviation of the groove from its average centreline
as indicated in Figure 59. The length of each bit cell shall be 36T, where T corresponds to the length of a
channel bit in the rewritable data areas.

Example of data bit stream

0 1 0 1 0
Avnragn \ /
gfroove - S g U | g o P N S, — e — — o — o — - - -
centre -
[ SR SO R
<> '
36T 36T
Figure 59 — Biphase modulated HFM groove
15.5.4.3 |Frame sync

Each recg

Figure 60

rding frame starts with a synchronization pattern equivalent to 8 data bits. The first 4 b
are replaged by 4-bit cells with a special pattern that violates thé/normal biphase encoding rules (see

: two possible patterns depending on the initial phase):

Sync pattern

\4

Data Sync body Sync identification Data
—> ||« > | > |«
- - - - ID lD1 lD2 Parity
1 110 O0f~1 010 1 1 x 1 x 1 X 1
1 110 0|1 o010 1 1 X 1 X 1 X 1

Figure 60 — Biphase synchronization pattern

Seven different sync patterns are identified by the last 4 bits: ID, .. ID, and a parity bit (see Figure 61).

66
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Sync number ID, | ID, | ID, | Parity
FSO 0 0 0 0
FS1 0 0 1 1
FS2 0 1 0 1
FS3 0 1 1 0
FS4 1 0 0 1
FS5 1 0 1 0
FS6 1 1 0 0

By
re
15

T}

TH

5.3.5).

Figure 61 — Sync identification

means of the PIC BIS column, the 248 rows of a PIC cluster can be divided.into 8 gro
cording frames, where each group of recording frames carries an address in'its first nine

e 31 successive recording frames of each such group are identified \by“a special sequend
pdtterns (see also 13.17.4). The first recording frame of each group has.the unique sync patter

e other sync patterns are mapped as specified in Figure 62.
Frame number | Sync number | Framefiumber | Sync number

0 FSO

1 FS1 16 FS5
2 FS2 17 FS3
3 FS3 18 FS2
4 FS3 19 FS2
5 ES1 20 FS5
6 FS4 21 FS6
7 FS1 22 FS5
8 FS5 23 FS1
9 FS5 24 FS1
10 FS4 25 FS6
11 FS3 26 FS2
12 FS4 27 FS6
13 FS6 28 FS4
14 FS6 29 FS4
15 FS3 30 FS2

15.6 Track layout of wobbled groove(s)

15.6.1 General

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

The nominal wobble length NWL (equivalent to 69 channel bits) shall be as follows:

lips of 31
Fows (see

e of sync
n FSO.

5,140 5 pm #* 0,005 pm for a disk with a user data capacity of 25,0 GB per layer averaged over the
rewritable areas.
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This corresponds to a fundamental frequency f, ., = 956,522 kHz at the reference velocity.

15.6.2 Modulation of wobbles

15.6.2.1

General

The basic shape of the wobble is a cosine wave: cos(2m x f,,,,, x t ). wobbles with this basic shape are
called “monotone wobbles” (MW).

Some wobbles are modulated, and two modulation methods shall be used simultaneously as follows:

— thefi
— thes

In the pra
by MSK-c

Both mod

15.6.2.2

MSK-cos
mark (M
following

— the first NWL starts the MSK mark with a cosine wobble with a frequency = 1,5 x f,, 1.;

— thes

— the tlhird NWL terminates the MSK mark with a;€65ine wobble with a frequency = 1,5 x f, ;..

st modulation method is called “MSK-cos” (minimum shift keying-cosine variant); and
econd modulation method is called “HMW” (harmonic-modulated wave).

tection zone 3 area in the outer zone(s) (see Clause 16 and 20.9), the groove shall be modulat
bs only and NOT by HMW.

ulation methods shall represent ADIP information as defined in 15.7.

MSK-cos modulation

modulation is applied by replacing three consecutive monotone wobbles by one M
M). An MSK mark consists of the following three nomiqal*wobble lengths NWL with t
wobble patterns as indicated in Figure 63:

pcond NWL continues the MSK mark with a cosihe wobble with a frequency = £, ,,;

ed

SK
he

Wobble:
-COS(2m % f,,0p X t)
s, ot " Qo
/ \ +cos(2m x (1,5 f,,, )x t) -cos(2 x (1,5 xf,,)xt)
Inner gide v v
of disk L D B
v / \
OuterEide D e B S— ¥ > | > | >
of disk ‘\‘\ MSK mark (MM) /'/'
Monotone wobbles (MW): +cos(2t x f,,,, x t)
Figure 63 — Definition of MSK mark
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15.6.2.3 HMW modulation

HMW modulation is applied by replacing a number of consecutive monotone wobbles with the same
number of saw-tooth wobbles (STW). A saw-tooth wobble is formed by combining the basic cosine with
a sine wave of twice the frequency as per Formula (43):

cos(Zmxf,p,xt)xaxsin[ 2w x (2 xf, ) xt] (43)
where a is 0,25.
Such a combination of a cosine with the fundamental frequency and a certain amount ¢f second
hgqrmonic represents a first-order approximation of a saw-tooth wave. The “+” or “~” sign‘¢reptes a left
or|right inclination, where the “+” sign is used to represent the bit value ONE and the “#{*sign fis used to
represent the bit value ZERO (see Figure 64).
+cos(2m x f,,xt) + axsin[2mx(2 x f, ) x t] +COS(2T0 % fi,0p X t) - a x SIH2T % (2 x f,,1) % €]
Ihner side ﬂ, m, ZERO v 1‘ ZERO
df disk \g

T/

Outer side

. > > — >
of disk w WObgleS T Saw tTooth WV
Monotoiie wobbles (MW): +cos(2m x f,,, x t)
Figure 64— Definition of saw-tooth wobbles
15%.7 ADIP information
13.7.1 General
D4ta to be recorded onto the disk shall be aligned with the ADIP addresses modulated in the wobble.
Therefore, 56 NWLs shall correspond to two recording frames (see 13.15). Each group of such{56 NWLs
is called anADIP unit (see Figure 65).
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2 recording frames
<————1 932 channel bits 1 932 channel bits ——
Sync Data Sync Data
«—=~95—> «—=~95—>
wobbles wobbles
1 ADIP unit
56 NWLs N

15.7.2 ADIP unit types

By inserting MM’s into the 56 NWLs of an ADIP unit with unique distahces between adjacent MM’
different kypes of ADIP units can be created.

The ADIP|units representing a data bit are additionally modulatedwith STW’s.
Furthernjore, a reference STW unit is defined. Each type of ADIP unit starts with an MM.

The folloyving types of ADIP units are defined (see Figure«66):

— Mon

— Refe

— Sync]0 unit: consisting of one MM followed by 13 MWs, one MM, 7 MWs, one MM and 27 MWs;

— Sync]|1 unit: consisting of one MMfollowed by 15 MWs, one MM, 7 MWs, one MM and 25 MWs;

— Sync|2 unit: consisting of one-MM followed by 17 MWs, one MM, 7 MWs, one MM and 23 MWs;

— Sync|3 unit: consisting of'oie MM followed by 19 MWs, one MM, 7 MWs, one MM and 21 MWs;

— Data/x unit: with x representing ONE or ZERO:
— Data_1 unitseonsisting of one MM followed by 9 MWs, one MM, three MWs, 37 STWs and one M
— Data_0Qwnit: consisting of one MM followed by 11 MWs, one MM, one MW, 37 STWs and one M

The 4 Sy
bit value

70

Figure 65 — General ADIP structure

dtone unit:  consisting of one MM followed'by 53 MWs;

lence unit:  consisting of one MM followed by 15 MWs, 37 STWs and one MW;

N.

W.

IEC units are used for synchronization purposes while the Data_1 unit is used to represent t
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Monotone unit M |
Reference unit I |
Sync_0 unit [ W

Sync_2 unit |
Sync_3 unit N |
Data_Ounit N |

ISO/IEC 30192:

NWL numberO.... 3.. 18

2021(E)

[T LT T NDNDNANANANNNNNNNNNNNNNNNNNNNNNNNNNNNNNNANN

TEm

[ I N NNARRRARRARRNNNRRNNRNRNNRRANRANRNRRRRRRRRN

1]

TH
to

E4

|
[
[
Sync_1unit N T
[
[
[
[

Data_1 unit [ N

I N 04 A A V4 A VA VA VA VA VA VA VA VAV A VA VAV VA VAV VA VA VA VA VA VA VA VA VA VAV Y

1/1/1

B MSK mark
[J Monotone wobble
N Saw tooth wobble representing ZERO [J Saw tooth wobble represent

Figure 66 — ADIP unit types

.7.3 ADIP Word structure
ADIP units are grouped into one ADIP word.

is means that three ADIP words correspond to 3 x 83 X2 = 498 recording frames, which is €
one recording unit block (RUB) (see 14.2).

ch ADIP word shall be constructed as indicated*in Figure 67.

ing ONE

quivalent

© ISO/IEC 2021 - All rights reserved
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. . ADIP nibble ADIP code word
ADIP unit number ADIP unit type bit number nibble number

0 Monotone —

1 Sync_0 —

2 Monotone —

3 Sync_1 —

4 Monotone — —

5 Sync_2 —

6 Momotomne

7 Sync_3 —

8 Reference —

9 Data_x b, Y

10 Data_x b, '\qu/

11 Data_x b, ‘o Q

12 Data_x b, ~ ‘b

13 Reference — 7

14 Data_x b, ()\\v

15 Data_x b, % c

16 Data_x b, S\\ 1

17 Data_x b, /. O

18 Reference — —
8+ix5 Reference — —
9+ix5 Data_x >
10+ix5 Data_x O,
11+ix5 Data_x N by Ci
12+ix5 Data_x RZ b,

78 Reference’ — —

79 Data_x b,

80 Data_x b,

81 Data_x: b, €14

82 Data~x b,

15.7.4 ADIP Data strfucture

15.7.4.1
Each ADI

General

P avord contains in a total of 60 bits, which forms a code word, according to a non-systema

Figure 67 — ADIP word structure

Fic

Reed-Sol

b | Tl | - 4= apa Lo WalLUy o b loade Rof
ITIVUIT TITUI CUITTULIVUIT CUUC, T11I15 CUUT WUILU 15 CUIISTTIULLTCU 1T UIIT OU TITUL HII4dUIUIT UILS. DTIU

re

encoding the information, the 36 information bits are ordered into 9 4-bit nibbles, n, to ng, as defined in
the array of Figure 68.

72
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T}

Be
th

1]
T}

TH

T}
T}

T}

zojne, which is PAA 02 00 00h,is located at radius 24,09'(?1 mm.

ISO/IEC 30192:

2021(E)

Nibble b, b, b, b,
n, AA23 AA22 AA21 AA20 [T
n, AA19 AA18 : : 6 nibbles ADIP
: : : : : address
ng AA3 : : AAO J
ng AX11 : : : T
: : : : : 3 nibbles Auxdata
ng AX3 : : Ax0 [

Figure 68 — ADIP information structure

e nibbles n; to ng are transcoded to nibbles ¢, to c;4 by an error correction systen (see 15.7

cause this error correction system is non-systematic, there is no simple directrelationship
e bits in the information array and the coded bits in the ADIP unit.

.7.4.2 ADIP information bit assignments
e information contained in the ADIP data bits shall be as follows:

AA2 .. AO: These 24 bits shall contain the physical ADIP{address (PAA). AA23 shall be thg
AAO shall be the Isb. This address shall consist of threegarts:

— AA2..A21: These 3 bits shall indicate the layernumber and shall be set to: 000 on lay
to 001 on layer L1. All other settings shall-be“eserved;

— AA2..A2: These 19 bits shall contain‘a sequential number, which shall increase by
each 3 consecutive ADIP words (synchronized to the RUB’s, see 14.2);

— AA1,AAO0: These 2 bits shall be set to 00, 01 and 10 consecutively in 3 successive Al
corresponding to one RUB. The'setting 11 shall not be used.

e first address in the information zone on layer LO shall be such that the first address ir

e last address of the data’zone on layer LO (LAA) shall be located at a radius <58,1 mm.

e first address of the'data zone on layer L1 (FAA) shall be located at a radius <58,1 mm.

e last address-of the data zone on layer L1 (3D FF FEh) shall be located at a radius 24,0%)1
AX1 ..X0: These 12 bits contain auxiliary information about the disk:

—<_'in the data zone(s) and the outer zone(s) of the disk, the auxiliary bits shall be set to Z

between

msb and

er LO and

one after

IP words

the data

minmn.

ERO;

— i the Inmner zone(s) of the disk; the auxittary bitssthatt be used as fottows;

— AX1..X0 from 96 consecutive ADIP words (equivalent to 32 RUBs), shall form one
frame with 144 bytes;

ADIP aux

— the first bits of each ADIP aux frame shall be located in an ADIP word with a PAA thatis a

multiple of 128 (PAA = xxxx xxxX xxxx xxxx X000 0000);

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

© ISO/IEC 2021 - All rights reserved
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15.7.4.3 Relation between physical ADIP addresses on layer L0 and layer L1

There shall be a fixed relation between the PAAs on layer LO and layer L1. The PAAs on layer LO and
layer L1 located at the same radius (having the same distance in number of ADIP words from their
respective inner zone) shall have inverted bits AA20 to AA2 (see Figure 69).

In this way, the PAAs on layer L1 increase from the outer side towards the inner side of the disk, which
is in the tracking direction. Simultaneously, the inverted address bits AA20 .. AA2 of PAA; have the
same relation with the radius as the equivalent non-inverted bits on layer LO.

L 1 O 1 Lo DILIND 1
LdyTIl ITUIIToTt SCTYHUTIILT TTUITIUTT ITITT ATINU D TIUIITUTT

PAA, onlayerL0 | AA23..AA21 =000 AA20 .. AA2 FAL AAD = 00,01,
rom inner to outer

PAA, onlayer L1 | AA23.AA21 =001 AA20 .. AAZ FAL ARD SQYL 10
rom outerto inner

Layer LO First address Last addres’s
0200 00h ... PAA, | . LAA
1 T 1 T 1 T 1
Inner zone ! ! ! " Outer zone
P v DY v
3D FFFEh ... PAA, |  «O) .. FAA
Layer L1 Last address First address

Figure 69 — Illustration of PAA relation between layer LO and layer L1

Mathematically, this can be expressed as follows.

After adding CO 00 01h to PAA,, all 24 bits are inverted, resulting directly in the full correspondihg
address HAA; on layer L1 as Formula (44):

PAA,|=PAA;,+C00001h (44)

(The addjtion of 1 corrects:for the order of the intra-RUB numbers, while the addition of CO 00 Oph
takes carg of the correctlayer number.)

This way)|the last address of data zone 1 can be derived as Formula (45):

3DFHFEh=020000h+C00001h (45)

And the first address of data zone 1 1s as per Formula (46]:

FAA=LAA+C00001h (46)

15.7.5 ADIP error correction
The error correction system is a nibble-based, (15,9,7) non-systematic Reed-Solomon (RS) code

defined over the finite field GF(24). The total number of nibbles in a code word is 15, the code words are
calculated from nine information nibbles and the minimum distance of this code is seven.
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The non-zero elements of the finite field GF(24) are generated by a primitive element @, where «a is a root
of the primitive polynomial p(x) as per Formula (47):

px)=x*+x+1 (47)
The symbols of GF(2%) are represented by nibbles (groups of 4 bits), using the polynomial-base
representation, with (a3, a2, a, 1) as a basis. The root « is thus represented as a = 0010.

The code word, represented by the vector (c, c; .. c;3 ¢14), can be calculated from the information
symbols n, to ng with Formula (48):

zc xx14- ’—Zn xg(1) +n8><gp (x) (48)

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

13

gp(x)zl_[(x—ai); and

i=0

gW(x) is a specific generator polynomial for each symbol n; (i 5 0.+7).

g®(x) is derived from the parent generator polynomial gp(x) by removing one of the zeroes g; of g, (x)
anld normalizing the result such that g()(z)) = 1. The zero z; t6.be removed is given by Formula 149)

Z; = ai*é (49)

The generator polynomials are then calculated as*kormula (50):

) i) X
g(z)( 9 ()

S (50)
where

g(’) (x): gp_(X) ; and

B :g(i) (Zi)'

Bgfore recording-on the disk, all bits of the nibbles cq to ¢4 shall be inverted.

Bdcause the/code is non-systematic, an additional calculation is needed to derive the information
syjmbols:;from the corrected code-word symbols after standard RS-decoding.

The information symbols n, to n, can be obtained by evaluating the corrected code word {(x) in the
zero corresponding to the information symbol, i.e. by calculating a syndrome as Formula (51):

n;=5;.6=C 2C1 o6 (51)
ng is a systematic symbol and can be obtained from C(x) directly by copying symbol c,,.

NOTE Each information symbol n; corresponds to a ZERO in the parent generator polynomial g, (x). Figure 70
gives the corresponding zero factor for each information symbol (note that ng does not have a corresponding zero).
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Correspondin
Symbol Zero I;actor s
(x-a%
(x-a)
(x-a3)
(x-a%
(x-a"
(x-a)
n, (x-a)
n, (x-a7)
n, (x-a?®)
ng (x-a%)
n, (x - a9
ng (x-a')
ng (x-a'?)
n, (x-a'?)

Figure 70 — Corresponding zero factor for each information symbol

If an inf(I'mation symbol is known and its corresponding zerovextends the existing series of zerdes
corresponding to (x - a%) .. (x - a@°) .., the Hamming distance increases. For instance, if n,, is known, the
Hamming distance becomes d = 8. If both ny and n, are knew#, the Hamming distance becomes d = 9, efc.

In other Words, prior knowledge of information symbols can increase the Hamming distance of the
code. Becpuse the addresses in the ADIP increase linearly, such prior knowledge is present.

This phefjomenon can be used for additional checking of the reliability of the decoding result.
15.8 Digk information in ADIP aux frame

15.8.1 General

The infofmation nibbles from the auxiliary fields of 96 consecutive ADIP words are grouped ifto
frames of bytes and carry setveral disk parameters. The nibbles are re-ordered into bytes according|to
Figure 71 Several disk information (DI) aux frames can be grouped into a DI block. All disk informatipn
blocks shhll have the same content.
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TH
sul
ad

By
di

ome bob, | bg | b | by | by | b, | by | b

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

1 AX3 AX?2 AX1 AXO0 AX11 AX10 AX9 AX8
word1 [ word1 | word1 | word1l | word2 | word2 | word 2 | word 2

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

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

141 AX11 AX10 AX9 AX8 AX7 AX6 AX5 AX4
word 95 | word 95 | word 95 | word 95 | word 95 | word\9%| word 95 | word|95

142 AX3 AX?2 AX1 AXO0 AX11 AX10 AX9 AX8
word 95 | word 95 | word 95 | word 95 | word 96¢] word 96 | word 96 | word|96

143 AX7 AX6 AX5 AX4 AX3 AX2 AX1 AX(
word 96 | word 96 | word 96 | word 96 | word 96 | word 96 | word 96 | word|96

Figure 71 — ADIP aux frame byte ordering

.8.2 Error protection for disk informationaux frames

e DI aux frames are protected by a longistance RS error correction code according to 13.7

ch a long-distance code is built up from 248 bytes, 104 dummy bytes (not recorded on the
ded to complete the long distance:BFaux frame code words (see Figure 72).

tes e, .. €03, in 13.7 represent the dummy bytes (all set to FFh), bytes ey ; . €515, repy

sk information bytes, and bytes p,y¢ | .- D247, represent the parity bytes.

DI block

. Because
disk) are

esent the

DI aux frame

N-1

DlLaux frame
0

DI aux frame

1

DI aux frame

DI aux frame

.

N-1 0

\I
45— Dummy bytes: > (< 1 DI aux frame from disk: —>
104 bytes added to each DI aux frame 96 ADIP words X 12 bits = 144 bytes
FFh Disk information unit (112 bytes) Parity
< 216 >|€— 32—>
Long-distance error-correction code word

Figure 72 — Disk information structure and error correction format
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15.8.3 Disk information data structure

15.8.3.1

General

A DI block can consist of a multiple of 144-byte DI aux frames (see Figure 72). 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
0 from PAA 01 B8 00h on layer LO and from PAA 3E 00 00h on layer L1.

In protect

ion zone 2 (see Figure 81 and Figure 82), the auxiliary bits can be set to ZERO or can contaih

DI

aux framgs (such that the sequence is contiguous with a DI aux frame 0 at the addresses specified.abovg).

The 112
unit shall

DI units ¢an contain different sets of parameters, such as different write strategi€s, To distinguish
units that have different definitions for their content, a unique identification of stich DI units is need¢d

Byte 2 in

types of DI units with different content can be distinguished.

If the nun

An usage

Wheneve

lisk information bytes in each DI aux frame are called a disk information (DI) anit. Each
start with 8 bytes, forming the DI unit header (see 15.8.3.2).

the DI unit header, the DI format number, shall be used for this pugpgse. With this byte, 2

of DI blocks is given in 15.8.3.7.

DI

DI

b6

iber of parameters of a single set do not fit in one DI unit, such aset shall be stored in multiple
consecutjve DI units, in which case, bit b, of byte six indicates that thé&.next DI unit in the sequence i
continuatfion of the actual one.

b d

 new DI aux frames are added, the existing one€s'can still be used if appropriate and in that

way, bacwards compatibility with existing drives can.be facilitated. Each drive should check all DI aux

frames p
velocity (

15.8.3.2

Each DI upit shall consist of a header, a body and a footer as depicted in Figure 73.

'esent on the disk and, based on the DI format number (byte 2) and the indicated recordi
bytes 32 to 35), only use the ones that itis Supporting (see also 15.8.3.7).

General definitions for DI unit

Byte Number
number Content of bytes
Oto1l Disk information identifier 2
2 DI-format number 1
3 Number of DI aux frames in each DI block (5 bits) 1
Number of the layer to which this DI unit applies (3 bits)
Header 4 Legacy information 1
5 DI-unit sequence number in DI block 1
6 Comtimuation ftag {1 bit) 1
Number of DI bytes in use in this DI unit (7 bits)
7 Reserved 1
Body 8t0 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

78

Figure 73 — General DI unit format
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Bytes 0 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 description of byte 6).

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

N(

and the version number as defined in byte 11.

Toa
cld

TH
by
to

is heeded.

T}

class-number update is needed (read compatibility is maintained) and the new specifications

TE The DI tformat number only defines the content of the Dl unit and has no relation with the claj

prevent backwards-compatibility problems of newer disks with older drives as much as
ss number and a version number have been introduced.

e class number is incremented if a BD layer according to the new specifications;should not be
legacy drives at all, neither for reading nor for writing (e.g. to prevent possible damage to t
the drive). If the read compatibility can be made to conform to an existing-lass, no new clas

e version number is incremented if the new specifications imply ‘an extension/change for

ss number

ossible, a

accessed
he disk or
s number

which no
result in

a yrite-compatibility break. Although such a BD layer is carrying a higher version number, it still can

contain a DI unit according to a previously defined DI forniat,"if this layer can be recorded acc
the write strategy as defined in such DI unit.

Cd
to

nsequently, drives should always check for the présence of a DI unit with a DI format numb
the drive. In such cases, the recording parameterxs (such as e.g. recording velocities, recordi

ording to

er known
hg power,

tining requirements) needed to set the related-rite strategy can be checked and if these are within

the capabilities of the drive, the drive should‘accept the disk for recording.

By

digks can be maximized while still préventing possible damage to disks and drives.

E3
ny

using the class number and version number as described above, backwards compatibility

ch layer type (defined by bytes 8to 10) has its own independent DI format numbering. The
mber is also an indication for'the write-strategy type, which is specified in the DI unit or DI

of future

DI format
unit set.

© ISO/IEC 2021 - All rights reserved

79


https://standardsiso.com/api/?name=47607c27ac6d67a8d2f3b06fc179dcaf

ISO/IEC 30192:2021(E)

Byte 3:

Bits by, to bs:

Bits b, to by:

Byte 4:

Number of DI aux frames in each DI block/Number of the layer to which this
unit applies

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
this DI unit apply.

Legacy information

This ]"\yfn shall be set to as follows:

DI

in

Byte 5:

01h on SL disks;
02h on DL disks;
00h on other disks.

DI unit sequence number in DI block

This byte shall specify the sequential DI unit number within theDI block.

It shall be set to a number n, where n indicates the actual number of the DI unit withi

the actual DI block (0 sn<N-1).

The sequence of DI units shall be ordered (see Figure 74) first according to increasi
nominal recording velocity (byte 32 to 33), second;within each sequence of DI un
with the same nominal recording velocity, accordingto ascending layer number (byte
and third according to the preference of the write strategy (identified by the DI forn
number, but need not be in the sequence of Dkformat numbers).

Sequence number

Recording velocity Layer number Write strategy

0 0 Preferred WS
1 Alternative WS
Preferred WS
Alternative WS
Preferred WS
Alternative WS
Preferred WS
Alternative WS

Most-preferred WS

2k-1
2k

Least-preferred WS
V3 >V, 0 :

ng
ts
3)
at

etc. etc.

80

Figure 74 — Example of DI block sequence
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Byte 6: Continuation flag/Number of DI bytes in use in this DI unit

Bit b,: 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 as follows:
ZERO if the next DI unit is the start of a new set of parameters; or

ONE if the parameter set in this DI unit is continued in the next DI unit (see Figure 75).

v}
&
¢ 0]
o8
a+r
)
o
ol
b

s Thoca cavan hitc chall i dicatn thn oy AfFhagtbnc 1 1en 10 +ha Aot o] NI 1nit up to
o T HeSe-SeveR oS SharHiateate e B e er oy teSHdSseHhtReactdtr o+ p

the last unused (reserved) bytes immediately preceding the footer (see e.g: Figure 76).

Byte2 =..
Byte 3 =N / Layer LO
Byte5=n-1
Byte 6, bitb; =0 End of preceding-parameter set
Byte 2 = x lStart of actualparameter set
T Byte 3 =N / Layer L1
| Byte 5 = n

Byte 6, bith, = 1

| Byte 2 =x

Parameter set i :
for layer L1 gf,ttz g ; ;VJ{ i,ayer o x‘g‘g Continuation of actual parameter set

spans 3 DI units Byte 6, bitb,=1. Q’F‘&
AN

| <
| Byte2=x O

| Byte 3 = N /Layer L1
l Byte 5 =3 .
Bytf ‘6:6)“ i End of actual parameter set

Byte'2 =.. Start of next parameter set
Byte 3 =N / Layer LO
Byte5=n+3

Byte 6, bitb,=..

Figure 75 — Example of DI unit extension

Byte7: Reserved

Bytes 8 to 99: DI unit content

These 92 bytes shall store the specific content of the DI unit, for example, general
disk parameters, read/write powers and write strategy parameters.

Bytes 100 to 105: Disk manufacturer ID

The format and the content of these 6 bytes require agreement between the in-
terchange parties, else these bytes shall be set to all 00h.
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Bytes 106 to 108: Media type ID

The format and the content of these 3 bytes require agreement between the
interchange parties, else these bytes shall be set to all 00h.

Bytes 109 to 110: Time stamp

Bits b

These 2 bytes provide information about the production date of the master disk
from which this disk has been replicated. All disks with the same disk-manufac-
turer ID and the same media type ID, regardless of the time stamp, shall have the

same recording properties (only minor differences are allowed: the time sta

mp

strattbeirrelevantfor recordersy:

ing the year of production.

Bits

If the

time stamp is not used, both bytes shall be set 00h.

Byte 111} Product revision number

15.8.3.3

The conte

minor differences are allowed: product revisiont numbers shall be irrelevant
recorders).

document does not specify the format-and the content of this byte. It shall
ignored in interchange.

Definitions for DI format 1(N-1 write strategy A)

nt of the body of DI units according to BY¥format 1 shall be as depicted in Figure 76.

3 to b, of byte 110 shall form one 4-bit binary number representing the month of productio

» to by of byte 109 plus bits b, to b, of byte 110 shall form one 12-bit binary number repreSent-

=

This byte shall identify the product revision number in‘binary notation. All digks
with the same disk manufacturer ID and the same media type ID, regardless|of
the product revision numbers, shall have the sae recording properties (orly

for

The content of this byte can be chosgn-freely by the disk manufacturer. This

be

82
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Byte number Content Nu]gn ber of
ytes

0to7 DI-unit header 8

8to 10 BD layer type identifier 3

11 Disk size / Class / Version 1

12 BD structure 1

13 Channel bit length 1

14 to 15 Reserved 2

16 BCA descriptor 1

17 Maximum transfer rate 1

18 to 23 Reserved 6

24 to 31 Data zone allocation 8

32to 35 Recording velocities 4

36 to 39 Maximum dc read powers 4

40 to 43 Maximum HF-modulated read powers 4

44 to 47 Reserved 4

48 to 55 Write power settings at nominal recording veélocity 38

56 t0 63 X\éll“(i)tcei tp;ower settings at maximum recording 8

64 to 71 X\g(l)tcei t;;ower settings at minimum re¢ording 3

72 Typ Write multi-pulse duration 1

73to 75 Ty, first write pulse duration 3

76 to 78 dT,, first write pulse stagt tm:ne . . 3
at nominal recording velocity

79 to 81 dTtop first write pulsestart t.lme . . 3
at maximum recording velocity

82 to 84 thop first write‘pulse star.t t_1me . . 3
at minimum recording velocity

85 to 87 Reserved 3

88 Ty erase‘multi-pulse duration 1

89 to 91 dTpfirst erase pulse start tlme? . . 3
at nominal recording velocity

92 to 94 dTy first erase pulse start t1r.r1e ' . 3
at maximum recording velocity

95 697 dTy first erase pulse start .tlr'ne ' . 3
at minimum recording velocity

98 Erase-flag bits 1

99 Unused = 00h 1

100 to 111 DI-unit footer 12

Figure 76 — Content of disk information for DI format 1
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Bytes 0 to 1: Disk information identifier
See 15.8.3.2.
Byte 2: DI format number
This byte shall be set to 01h for disks with BCA code.
This byte shall be set to 81h for disks without BCA code.
Byte 3: Number of DI aux frames in each DI/Number of the layer to which this DI
sHapphes
See 15.8.3.2.
Byte 4: Legacy information
See 15.8.3.2.
Byte 5: DI unit sequence number in DI block
See 15.8.3.2.
Byte 6: Continuation flag/Number of DI bytes in use in this DI unit
This byte shall be set to 63h to indicate that the first99 bytes of the DI unitare used
and that there is no continuation in the next DI upit{All remaining bytes of the DI upit
body (excluding the bytes in the DI unit footer)are unused and shall be set to 00h.
Byte 7: Reserved
See 15.8.3.2.
Bytes 8 tp 10: BD layer type identifier
These three bytes identify the type of the BD layer to which this DI unit applies ahd
shall be set to 42 44 57h, representing the characters “BDW”, in each rewritable layr.
Byte 11: Disk size/Class/Version
Bits b,[to bg: These two bits specify the disk size. They shall be set to 00, to indicate a 120 mm digk.
Bits bgfto by: These two bits specify the class number. The class number identifies BD layers|of
the same (ayer type but with different basic specifications. BD layers according|to
this doctument shall have these bits set to 00. drives that are not familiar with a
particular class of layers should not access the data zone of such layers (neither for
réading nor for writing)
Bits bsto b: These 4 bits specify the version number. They shall be set to 0010, to indicate a layer
according to this document.
Byte 12: BD structure
Bits b, to by: These 4 bits specify the total number of BD recording/recorded layers on the disk.
On SL disks they shall be set to 0001 to indicate one recording layer.
On DL disks they shall be set to 0010 to indicate two recording layers.
Bits b; to by: These 4 bits specify the type of BD recording/recorded layer to which this DI unit
applies:
Bits b to b, shall be set to 0100, to indicate a rewritable recording layer.
Byte 13: Channel bit length
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Bits b, to by:

Bits b to b:

Bytes-14-to-15:

ISO/IEC 30192:

These 4 bits shall be set to 0000.

2021(E)

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 as follows:
0001: to indicate a channel-bit length of 74,5 nm (25,0 GB per layer);

other settings: reserved.

T

Byte 16:
Bits b, to by:

Bits b; to by:

Byte 17:

Bytes 18 to 23:

Bytes 24 to 31:

Bytes 24 to 27:

Bytes 28 to31:

BCA descriptor

These 4 bits shall be reserved.

These 4 bits shall indicate the presence of a BCA code on thisdisk as follo
0000: indicates that there is no BCA code;
0001: indicates that the BCA code present;

other settings: reserved.
Maximum transfer rate

This byte shall specify the maximum<‘redd transfer rate needed by the |
number n such that:

n = maximum read transfer rate in Mbit/s (n < 255; M = 10°)

n shall be set to 00h, to indicate no maximum transfer rate is specified.
Reserved
Data zone allocation

These bytes specify the first physical ADIP address of the data zone of the rel

In each DLunit relating to layer L0, these bytes shall be set to 00 02 00 00h
PAA 131 072 as the first PAA of data zone 0.

In each’DI unit relating to layer L1, these bytes shall be set to a value FAA, W
lbe.00 26 B1 80h for a disk with a user data capacity of 25,0 GB per layer, t
FAA as the first PAA of data zone 1.

These bytes specify the last physical ADIP address of the data zone of the rel

In each DI unitrelating to layer L0, these bytes shall be set to a value LAA, w
be 00 19 4E 7Eh for a disk with a user data capacity of 25,0 GB per layer, t
LAA as the last PAA of data zone 0.

WS

DAP as a

hted layer.

p indicate

hich shall
b indicate

hted layer.

hich shall
b indicate

Bytes 32 to 35:

L lo- L e h D deror] h S R ) 1 de. 1 111 dode. Fa¥a¥ial n¥h ol nlih i ol
HITAUIT UTUINIUTCTIAtIITg tU Idy T L1, LTITST Uy LES SIIdIT UT STLLU UU OU ' LI U

PAA 4 063 230 as the last PAA of data zone 1.

Recording velocities
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Bytes 32 to 33:

Byte 34:

These bytes specify the nominal recording velocity, to be used with the parameters
as defined in this DI unit as a 2-byte binary number (byte 32 is MSB).
It shall specify the nominal recording velocity as a number n such that:

n=100x V.

n shall be equal to 01 ECh to indicate a nominal recording velocity of 4,92 m/s.

This byte shall specify the maximum recording velocity, to be used with the param-
eters as defined in this DI unit.

OT

Byte 3

It shall specify the maximum recording velocity as a number n such that:
n=100xV_../ V,om (n2100)

Here, n shall be equal to 64 h to indicate a maximum recording velocity egual to the
nominal recording velocity.

om

This byte shall specify the minimum recording velocity, to be used-with the param-
eters as defined in this DI unit.

It shall specify the minimum recording velocity as a number n such that:
n=100xV ../ Viom (n<100)

Here, n shall be equal to 64 h to indicate a minimum recording velocity equal to the
nominal recording velocity.

om

If these Qytes specify a velocitiy range (value of byte 34 > value of byte 35), then recording shall pe
possible gt any velocitiy within this range. The actual values®of the write strategy parameters for the
velocitiy foncerned, can be derived from the specified values’ for the minimum, nominal and maximym

recording velocities by interpolation.

Bytes 36|to 39:

QY

Byte 3

Byte 3)

Byte 3B

Maximum dc read power

The maximum read powerlis defined as the maximum optical power on the entrarce
surface of the disk, at-which at least 106 successive reads can be applied withqut
degrading the recorded signals (see 30.8).

This byte shall'specify the maximum dc read power P, at the reference velocity,|in

milliwatts, as anumber n such that:
n=1080xP,

Thishyte shall specify the maximum dc read power P, at the nominal recording velocjty

as/défined in bytes 32 and 33 of this DI unit, in milliwatts, as a number n such that:
n=100x P,

This byte shall specify the maximum dc read power P, at the maximum recordipg
velocity as defined by byte 34 of this DI unit, in milliwatts, as a number n such that:

Byte 39

n=100 x P,

This byte shall specify the maximum dc read power P, at the minimum recording
velocity as defined by byte 35 of this DI unit, in milliwatts, as a number n such that:

n=100x P,

NOTE For reading at lower velocities than the lowest specified velocity, a reduction of the read power can be
necessary to guarantee stability of the recordings on the disk.

86
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Bytes 40 to 43: Maximum HF-modulated read powers
The maximum read power is defined as the maximum optical power on, the entrance
surface of the disk, at which at least 106 successive reads can be applied without
degrading the recorded signals (see 30.8).

Byte 40 This byte shall specify the maximum HF-modulated read power P, at the reference
velocity, in milliwatts, as a number n such that:

n=100x P,

Byte 41 This byte shall specify the maximum HF-modulated read power P, at th¢ nominal
recording velocity as defined in bytes 32 and 33 of this DI unit, in milliwatts, as a
number n such that:

n=100x P,

Byte 42 This byte shall specify the maximum HF-modulated read power P, at the fnaximum
recording velocity as defined by byte 34 of this DI unit,xin milliwatts, as p number
n such that:

n=100x P,

Byte 43 This byte shall specify the maximum HF-modulated read power P, at the minimum
recording velocity as defined by byte 35ef this DI unit, in milliwatts, as p number
n such that:

n=100x P,
NOTE For reading at lower velocities than the lowestspecified velocity, a reduction of the read pover can be
necessary to guarantee stability of the recordings on the disk.
Bytes 44 to 47: Reserved
Bytes 48 to 71: Write power settings

For each of the byte fields fto (f+ 7), with f= 48, 56 and 64, the following v
defined at thtee different recording velocities:

alues are

Byte f: Pjyp: Pfyp Can be used as a starting value for the determination of Py, 4 i the OPC
procédure (see Annex G for detailed procedure).
Fhis’byte shall specify the indicative value Py of Py, g, in milliwatts, as p number
n-such that:
n =20 x Pi\p
Byte (f*+1):  myyp: myyp can be used as a starting value for the determination of P, .. if the OPC
procedure (see Annex G for detailed procedure).
This hyfp shall cppr‘ify the modulation at pmu as determined hy the medialmanufac-
turer as a number n such that:
n= 200 X mIND
Byte (f+2):  p: This byte shall specify the write power multiplication factor p, used in the OPC al-
gorithm (see Annex G for detailed procedure), as a number n such that:
n=100xp
Byte (f+3): &gy This byte shall specify the write bias/write-peak power ratio &gy, used in the OPC

algorithm (see Annex G for detailed procedure), as a number n such that:

n =200 x ey
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Byte (f+ 4):

Byte (f+5):

£c: This byte shall specify the cooling/write peak power ratio &, used in the OPC al-
gorithm (see Annex G for detailed procedure), as a number n such that:

n =200 x &; = Byte (f+ 3);

£c shall be equal to epyy

€g1: This byte shall specify the erase/write peak power ratio-1, &g, used in the OPC
algorithm (see Annex G for detailed procedure) as a number n such that:

n=200 x &g

Byte (f+ 6):

Byte (f+ 7):

Bytes 48|to 55:

33

Byte 4
Byte 4p:
Byte 5D:

Byte 5[L:

T~

Byte 5

Byte 5B:

=

Byte 54:

OT

Byte 5

Bytes 56(to 63:

Byte 5p:
Byte 5):
Byte 5B:

Byte 5p!

£g,: This byte shall specify the erase/write peak power ratio-2, &g,, used in the'@pPC
algorithm (see Annex G for detailed procedure) as a number n such that:

n=200 x &g,

€, shall be equal to eg;.

op)]

k: This byte shall specify the target value for k, used in the OPC pracedure (see Annex G
for detailed procedure) as a number n such that:

n=20xk
Write power settings at nominal recording velocity
Pinp at nominal recording velocity
myyp at nominal recording velocity
p at nominal recording velocity
ggw at nominal recording velocity
£c at nominal recording velocity
£g1 at nominal recordingvélocity
£g, at nominal recording velocity
K at nominal recording velocity
Write power settings at maximum recording velocity
Piyp atmaximum recording velocity
miyp at maximum recording velocity
p at maximum recording velocity

ggw at maximum recording velocity

Byte 60:
Byte 61:
Byte 62:

Byte 63:

Bytes 64 to 71:

88

Byte 64:

£c at maximum recording velocity

£g; at maximum recording velocity

£, at maximum recording velocity

k at maximum recording velocity

Write power settings at minimum recording velocity

Pinp at minimum recording velocity
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Byte 65 myyp at minimum recording velocity
Byte 66 p at minimum recording velocity
Byte 67 ggw at minimum recording velocity
Byte 68 £c at minimum recording velocity
Byte 69 €g1 at minimum recording velocity
L)y tC 4 G. CEZ at lllillilllulll I'TLUI dills VC}ULity
Byte 71 K at minimum recording velocity
Byte 72: T\;p write multi-pulse duration
This byte shall specify the duration of the second and higherrpulses of the multi-pulse
train for recording marks (see F.2 for detailed definition).
The multi-pulse duration Ty;p consists of two contributions: a variable part ajnd a fixed
part as follows:
Tymp = Tmpyar + Tvpfix
The first 4 bits (bit b, to b,) of this byte shalspecify the variable part as a fraction of
the actual channel bit clock period as an unsigned binary number p such that:
T
p=16>< MP, var
TW
The last 4 bits (bit b; to b)) of this byte shall specify the fixed part expressdd in ns as
an unsigned binary number g-such that:
q = Twp fix
Bytes 73to 75: T, first write pulse:duration
Byte 73: This byte shall specify the duration of the first pulse of the multi-pulse trgin for re-

cording marks with run lengths 24T (see F.2 for detailed definition).

The first pulse duration T,

op,4
fixedpart as follows:

Ttop,4T = Ttop,var + Ttop,fix

t consists of two contributions: a variable part and a

The first 4 bits (bit b, to b,) of this byte shall specify the variable part as a fraction of

the actual channel bit clock period as an unsigned binary number j such thaft:
T,

top,var

j=16x
w

The last 4 bits (bit b, to by) of this byte shall specify the fixed part expressgd in ns as

an unsigned binary number k such that:

k = Ttop,fix
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Byte 74: This byte shall specify the duration of the first pulse of the multi-pulse train for re-
cording marks with a run length of 3T (see E.2 for detailed definition).

The first pulse duration T, 31 consists of two contributions: a variable part and a
fixed part as follows:

Ttop,3T = Ttop,var + Ttop,fix
The first 4 bits (bit b, to b,) of this byte shall specify the variable part, as a fraction of
the actual channel bit clock period, as an unsigned binary number j such that:

]:16X top,vdar

w

The last 4 bits (bit b; to b)) of this byte shall specify the fixed part, expressed)in'ns,[as
an unsigned binary number k such that:

k= Ttop,fix

Byte 7p: This byte shall specify the duration of the first pulse of the multi-pulse train for fe-
cording marks with a run length of 2T (see E.2 for detailed definition).

The first pulse duration Ti,, 1 consists of two contributions: a variable part and a
fixed part as follows:

Ttop,ZT = Ttop,var + Ttop,fix
The first 4 bits (bit b, to b,) of this byte shall spevify the variable part, as a fraction{of
the actual channel bit clock period, as an unsigned binary number j such that:

T,
j= 16x top,var
w

The last 4 bits (bit b; to b,) of this.byte shall specify the fixed part, expressed in ns,[as
an unsigned binary number k such that:

k= Ttop,fix

Bytes 76|to 84: dT,, first write pulsesStart time

For each of the bytefields fto (f + 2), with f= 76, 79 and 82, the following values gre
defined at the following three different recording velocities.

Byte f: The first five bits (bit b, to bs) of this byte shall specify the start time of the first pulse
of the multi-pulse train for recording marks with run lengths 24T, relative to the trdil-
ing edge-of the first channel-bit of the data pulse (positive values are leading, negative
valdes'are lagging; see E.2 for detailed definition).

The first pulse start time dT,, 47 is expressed as a fraction of the actual channel pit
clock period as a signed two’s-complement binary number i such that:
dT,
i=16x—P
Iw
The last three bits (bit b, to b)) of this byte shall be reserved.
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Byte (f+1):  The first five bits (bit b, to b;) of this byte shall specify the start time of the first
pulse of the multi-pulse train for recording marks with a run length of 3T, relative to
the trailing edge of the first channel bit of the data pulse (positive values are leading,
negative values are lagging; see F.2 for detailed definition).

The first pulse start time dT;,, 37 is expressed as a fraction of the actual channel bit
clock period as a signed two’s-complement binary number i such that:
dT,
i=16x—2
w
The last three bits (bit b, to b,) of this byte shall be reserved.

Byte (f+2):  The first fivr bits (bit b; to b3) of this byte shall specify the startdime of the first
pulse of the multi-pulse train for recording marks with a run length of 2T, felative to
the trailing edge of the first channel bit of the data pulse (positive-values arg leading,
negative values are lagging; F.2 for detailed definition).

The first pulse start time dT,,, o is expressed as a fractiow of the actual channel bit
clock period as a signed two’s-complement binary numbeér'i such that:
dT,
i=16x—2
w
The last three bits (bit b, to b,) of this byte-Shall be reserved.
Bytes 76 to 78:  dT,,, first write pulse start time at nominal recording velocity

Byte 76: dT,,, at nominal recording velocityfor recording marks with run lengths >4T.

Byte 77: dTi,, at nominal recording velacity for recording marks with a run length of 3T.

Byte 78: dT;,, at nominal recordingvelocity for recording marks with a run length of 2T.

Bytes 79 to 81: dT;, first write pulse start time at maximum recording velocity

Byte 79: dT,,, at maximuw/recording velocity for recording marks with run lengths p4T.

Byte 80: dT;,, at maximum recording velocity for recording marks with a run lengthjof 3T.

Byte 81: dT,,yat maximum recording velocity for recording marks with a run lengthjof 2T.

Bytes 82 to 84: dT;,; first write pulse start time at minimum recording velocity

Byte 82: dT,,, at minimum recording velocity for recording marks with run lengths £4T.

Byte 83: dT,,, at minimum recording velocity for recording marks with a run lengthof 3T.

Byte 84: dT,,, at minimum recording velocity for recording marks with a run length/of 2T.

Bytes 85 to 87: Reserved
Byte 88: T erase multi-pulse duration
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This byte shall specify the basic duration of the pulses of the multi-pulse train for
recording of spaces (see E.2 for detailed definition).

The multi-pulse duration T} consists of two contributions: a variable part and a fixed
part as follows:

TE = TE,Var + TE,fix

The first 4 bits (bit b, to b,) of this byte shall specify the variable part, as a fraction of
the actual channel bit clock period, as an unsigned binary number v such that:

Bytes 89

Byte f:

Byte (|

Byte (}

to 97:

[ +2):

T
v=16x—"=
Ty
The last 4 bits (bit b; to b)) of this byte shall specify the fixed part, expressed)in'ns,[as
an unsigned binary number w such that:

w = T fix
dTy first erase pulse start time

For each of the byte fields fto (f + 2), with f= 89, 92 and 95; the following values qre
defined at three different recording velocities:

The first five bits (bit b, to b3) of this byte shall specify‘the start time of the first erdse
pulse following the recording of marks with rundengths 24T, relative to the trailing
edge of the last channel bit of the data pulse (positive values are leading, negative
values are lagging; see E.2 for detailed definition).

The first erase pulse start time dTg 47 is expressed, as a fraction of the actual channpel
bit clock period, as a signed two’s-complement binary number u such that:
dT,
u=16x—L
Ty
The last three bits (bit b, to.by) of this byte shall be reserved.

The first five bits (bit b4to'b;) of this byte shall specify the start time of the first ergdse
pulse following the recording of marks with a run length of 3T, relative to the trailing
edge of the first ehannel bit of the data pulse (positive values are leading, negative
values are lagging; see F.2 for detailed definition).

The first erase pulse start time dTg 37 is expressed, as a fraction of the actual chanyel
bit clock.périod, as a signed two’s-complement binary number u such that:
dT,
UETox—=
w
The last three bits (bit b, to b)) of this byte shall be reserved.

The first five bits (bit b, to b3) of this byte shall specify the start time of the first ergse

plse lollowing the recording ol markewibharun leneth ol 20 pelative tg Lhe teailing

Bytes 89 to 91:

92

edge of the first channel bit of the data pulse (positive values are leading, negative
values are lagging; see F.2 for detailed definition).

The first erase pulse start time dTy 5 is expressed, as a fraction of the actual channel
bit clock period, as a signed two’s-complement binary number u such that:

dT.
uU=16x—"r

T,
w
The last three bits (bit b, to b)) of this byte shall be reserved.

dT first erase pulse start time at nominal recording velocity
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Bytes 92 to 94:

Byte 89:
Byte 90:

Byte 91:

Byte 92:

ISO/IEC 30192:

2021(E)

dTy at nominal recording velocity when the preceding mark has a run length >4T.

dTg at nominal recording velocity when the preceding mark has a run length of 3T.

dTg at nominal recording velocity when the preceding mark has a run length of 2T.

dTy first erase pulse start time at maximum recording velocity

dTg at maximum recording velocity when the preceding mark has a run length >4T.

By

By

By

h » T fatsl
Dyte 7o

Byte 94:

Byte 95:
Byte 96:
Byte 97:

rte 98:

Bits b, to bg:

Bit by:

Bit bs:

Bit b,:

Bit b;:

Bitb:

rte 99:

rtes 95 to 97:

o Lsal de H . 1 . 1 4l . 1.1 1

ul E dlU IITdATITIIUIIT TTCUI Ulllg VClULlL_y VVIITII LIIT l)l C\,c:u1115 IIIdI N 11IdS d T UIl ITII

dTg at maximum recording velocity when the preceding mark has a run,lén
E

dTy first erase pulse start time at minimum recording velocity

dTg at minimum recording velocity when the preceding mark-has a run leng

dTg at minimum recording velocity when the precedingémark has a run len
E

dTg at minimum recording velocity when the preceding mark has a run leng

Reserved

if set to ZERO, Pgp shall be equal to Pgjyat the minimum recording velocity.

if set to ONE, Pgp shall be equal to.Pg, at the minimum recording velocity.

if set to ZERO, Py, shall be equial to Pg; at the minimum recording velocity.

if set to ONE, Pg; shall be equal to Py, at the minimum recording velocity.

if set to ZERO, P shdll be equal to P, at the maximum recording velocity.

if set to ONE, Pgf shall be equal to P, at the maximum recording velocity.

if set to ZERQ, P shall be equal to P, at the maximum recording velocity.

if set to(ONE, Pg; shall be equal to P, at the maximum recording velocity.

if setto ZERO, Pgp shall be equal to Pg; at the nominal recording velocity.

1f-set to ONE, Pg shall be equal to Py, at the nominal recording velocity.

if set to ZERO, P shall be equal to P, at the nominal recording velocity.

if set to ONE, Pg; shall be equal to Pg, at the nominal recording velocity.

Reserved

oth of 3T.

bth of 2T.

th of 4T.
th of 3T.
th of 2T.

Bytes 100 to 111:DI unit footer

See 15.8.3.2.

15.8.3.4 Definitions for DI format 2 (N-1 write strategy B)

The content of the body of DI units according to DI format 2 shall be as depicted in Figure 77.
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Byte number Content Nulr)nber of
ytes
0to7 DI-unit header 8
8to 10 BD layer type identifier 3
11 Disk size / Class / Version 1
12 BD structure 1
13 Channel bit length 1
14to 15 Reserved 2
16 BCA descriptor 1
17 Maximum transfer rate of application 1
18 to 23 Reserved 6
24 to 31 Data zone allocation 8
32to 35 Recording velocities 4
36to 39 Maximum dc read powers 4
40 to 43 Maximum HF-modulated read powers 4
44 to 47 Reserved 4
48 to 55 Write power settings 8
56 Typ Write multi-pulse duration 1
57 to 68 dT,,, first write pulse start time 12
69 to 92 T\, first write pulse duration 12 x 2
93 to 94 T, p last-pulse duration 2
95 to 97 dTy erase level start time 3
98 to 99 Unused = all 00h 2
100to 111 DI-unit footer 12
Figure 77 — Content of disk'information for DI format 2
Bytes 0 tp 31: Same as specificationsin 15.8.3.3, except for the following bytes:
Byte 2: DI format number
This byte shall be set to 02h for disks with BCA code.
This byte-shall be set to 82h for disks without BCA code.
Byte 6: Continuation flag/Number of DI bytes in use in this DI unit
This byte shall be set to 62h to indicate that the first 98 bytes of the DI unit are usged
and that there is no continuation in the next DI unit. All remaining bytes of the DI unit
body (excluding the bytes in the DI unit footer) are unused and shall be set to 0(h.
Bytes 32[t0-35: Recording velocities

94

Byte 32 to 33:

These bytes specify the nominal recording velocity to be used with the parameters
as defined in this DI unit as a 2-byte binary number (byte 32 is MSB).

It shall specify the nominal recording velocity as a number n such that:
n=100xV, .

n shall be equal to:

01 ECh to indicate a nominal recording velocity of 4,92 m/s; or

03 D7h to indicate a nominal recording velocity of 9,83 m/s.
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Byte 34 This byte specifies the maximum recording velocity to be used with the parameters
as defined in this DI unit.

It shall specify the maximum recording velocity as a number n such that:
n=100xV_ . /Viom (n=100)

Here, n shall be equal to 64h to indicate a maximum recording velocity equal to the
nominal recording velocity.

Byte 35: This byte specifies the minimum recording velocity to be used with the parameters

1 C- h EESR R o 4 s
dS UCTIITU IIT LIS DT UILIC.

It shall specify the minimum recording velocity as a number n such-that
n=100xV_../Viom (n <100)

Here, n shall be equal to 64h to indicate a minimum recordingvelocity equal to the

nominal recording velocity.

Bytes 36 to 39: Maximum dc read powers

The maximum read power is defined as the maximum optical power on th¢ entrance
surface of the disk, at which at least 106 succéssive reads can be appliefl without
degrading the recorded signals (see 30.8).

Byte 36 This byte shall specify the maximum deread power P, at the reference velocity, in
milliwatts, as a number n such that:

n=100x P,
Byte 37 This byte shall specify the maximum dc read power P, at the nominal fecording

velocity as defined in bytes 32 and 33 of this DI unit, in milliwatts, as a humber n
such that:

n=100x P,

Byte 38 This byte shallspecify the maximum dc read power P, at the maximum fecording
velocity as defined by byte 34 of this DI unit, in milliwatts, as a number n fuch that:

n =400 x P,

Byte 39 This byte shall specify the maximum dc read power P, at the minimum fecording
velocity as defined by byte 35 of this DI unit, in milliwatts, as a number n puch that:

n=100x P,

NOTE1 Forgseading atlower velocities than the lowest specified velocity, a reduction of the read pover can be
nefcessary t6 guarantee stability of the recordings on the disk.

Bytes40 to 43: Maximum HF-modulated read powers

The maximum read power is defined as the maximum optical power, on the entrance
surface of the disk, at which at least 106 successive reads can be applied without
degrading the recorded signals (see 30.8).

Byte 40 This byte shall specify the maximum HF-modulated read power P,, at the reference
velocity, in milliwatts, as a number n such that:

n=100x P,
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Byte 41 This byte shall specify the maximum HF-modulated read power P, at the nominal
recording velocity as defined in bytes 32 and 33 of this DI unit, in milliwatts, as a
number n such that:

n=100x P,

Byte 42 This byte shall specify the maximum HF-modulated read power P, at the maximum
recording velocity as defined by byte 34 of this DI unit, in milliwatts, as a number
n such that:

n=100xP,

Byte #3 This byte shall specify the maximum HF-modulated read power P, at the mifiimy
recording velocity as defined by byte 35 of this DI unit, in milliwatts, as ajpimh
n such that:

n=100x P,
NOTE 2 |Forreading atlower velocities than the lowest specified velocity, a reduction of the read power can
necessary(to guarantee stability of the recordings on the disk.
Bytes 44{to 47: Reserved
Bytes 48|to 55: Write power settings
Byte {8: Pyyp: Pyp can be used as a starting value {orthe determination of Py, e in ¢
OPC procedure (see Annex G for detailed\procedure).
This byte shall specify the indicativeyalue Pjyp of Py,4er, in milliwatts, as a nu
ber n such that:
n= 20 X PIND
Byte #9: myyp: Myyp can be used asa starting value for the determination of Piarger IN 4
OPC procedure (see AnneXx G for detailed procedure).
This byte shall specify the modulation at Pjyp as determined by the media ma3
ufacturer, as a number n such that:
n =200 x#yp
Byte p0: p: Thisbyte shall specify the write power multiplication factor p, used in the O
algorithm (see Annex G for detailed procedure), as a number n such that:
w=100xp
Byte p1: egw: This byte shall specify the write bias/write peak power ratio gy, used|i
the OPC algorithm (see Annex G for detailed procedure), as a number n such th
n =200 x egy
Byte 52: sri—Thisbyteshallspecifyrthecooling/write peakpowerratio-crusedinthe
algorithm (see Annex G for detailed procedure), as a number n such that:
n=200x¢&;
Byte 53: gg: This byte shall specify the erase/write peak power ratio €, used in the OPC
algorithm (see Annex G for detailed procedure), as a number n such that:
n=200x¢gg

Byte 54: k: This byte shall specify the target value for k, used in the OPC procedure (see

Annex G for detailed procedure), as a number n such that:
n=20xk
96 © ISO/IEC 2021 - All rights reserved
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Reserved
T\;p write multi-pulse duration

This byte shall specify the duration of the second and higher pulses of the mul-
ti-pulse train for recording marks (see E.3 for detailed definition).

The multi-pulse duration Ty consists of two contributions: a variable part and
a fixed part as follows:

Tyvp = Tvipvar + Tipsix

Bytes 57 to 68:

Bytes 57 to 60:

The first 4 bits (bit b; to b,) of this byte shall specify the variable part, as|a fraction
of the actual channel bit clock period, as an unsigned binary numberp such that:

T,
MP,var
=16X———
P T;

w
The last 4 bits (bit b to b)) of this byte shall specify the-fixed part, as p fraction
of the time period Ty, where Ty = 15,15 ns at 1x recerding velocity or Ty = 7,58 ns
at 2x recording velocity. The value is expressed.as.an unsigned binarfy number
q such that:

dT,

top first write pulse start time

The first five bits (bit b, to b,) of these bytes specify the start time of the first
pulse of the multi-pulse trainfor recording marks with run lengths of 4T, 3T and
24T that succeed a 2T, 3Tp4T or 25T space (see E.3 for detailed definitipn).

The first pulse start tinte dT,,, is expressed, as a fraction of the actual channel bit
clock period, as a signed two’s-complement binary number i such that:
dT,

i=16x—2R

w
The lastithree bits (bit b, to b)) of these bytes shall be reserved.

These bytes specify the start time of the first pulse of the multi-pulsg train for
fecording marks of run lengths 24T that succeed a space with run lengths of
2T, 3T, 4T or =5T, relative to the trailing edge of the first channel bit zEthe data
pulse (positive values are leading, negative values are lagging; see E.3 for detailed
definition).

Byte 57: This byte shall specify the start time of the first pulse for recording mprks with
run lengths 24T that succeed a space with a run length =5T.

Byte 58: This byte shall specify the start time of the first pulse for recording mprks with
Tun lengths =41 that succeed a space with a run length of 41.

Byte 59: This byte shall specify the start time of the first pulse for recording marks with
run lengths 24T that succeed a space with a run length of 3T.

Byte 60: This byte shall specify the start time of the first pulse for recording marks with

run lengths =4T that succeed a space with a run length of 2T.
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Bytes 61 to 64:

Byte 61:

Byte 62:

These bytes specify the start time of the first pulse of the multi-pulse train for
recording marks of a run length 3T that succeed a space with a run length 2T, 3T,
4T or 25T, relative to the trailing edge of the first channel bit of the data pulse
(positive values are leading, negative values are lagging; see F.3 for detailed
definition).

This byte shall specify the start time of the first pulse for recording marks with
arun length of 3T that succeed a space with a run length =5T.

This byte shall specify the start time of the first pulse for recording marks with

Byte pp3:

Byte p4:

Byteg 65 to 68:

Byte p5:

Byte p6:

Byte p7:

Byte p8:

Bytes 69|to 92:

arun length of 3T that succeed a space with a run length of 4T.

This byte shall specify the start time of the first pulse for recording marks with
arun length of 3T that succeed a space with a run length of 3T.

This byte shall specify the start time of the first pulse for recording marks with
arun length of 3T that succeed a space with a run length of 2T.

These bytes specify the start time of the first pulse of the'multi-pulse train for
recording marks of a run length of 2T that succeed a-space with a run length|of
2T, 3T, 4T or 25T, relative to the trailing edge of theé\first channel bit of the ddta
pulse (positive values are leading, negative valuesare lagging; see F.3 for detailed
definition).

This byte shall specify the start time of thefirst pulse for recording marks with
arun length of 2T that succeed a space with a run length of 25T.

This byte shall specify the start time of the first pulse for recording marks with
arun length of 2T that succeed a‘space with a run length of 4T.

This byte shall specify the start time of the first pulse for recording marks with
arun length of 2T that suceeed a space with a run length of 3T.

This byte shall specifythe start time of the first pulse for recording marks with
arun length of 2T that succeed a space with a run length of 2T.

T, first write pulse duration

These byites specify the duration of the first pulse of the multi-pulse train ;Lor
recordinig marks with run lengths of 2T, 3T, and 24T that succeed a space with a
rurength of 2T, 3T, 4T or 25T (see E.3 for detailed definition).

The first pulse duration T, consists of two contributions: a variable part and a
fixed part as follows:
Ttop: Ttop,var + Tt

For each of the byte fields fto (f+ 1), with f= 69, 71, .. 91 the following values gqre
defined:

op,fix

Byte f:

98

The first five bits (bit b, to b3) of this byte shall specify the variable part, as a
fraction of the actual channel-bit clock period, as an unsigned binary number j
such that:

T
- 16 % top,var
/ T,

4
The last three bits (bit b, to b)) of this byte shall be reserved.

© ISO/IEC 2021 - All rights reserved


https://standardsiso.com/api/?name=47607c27ac6d67a8d2f3b06fc179dcaf

Byte (f+ 1):

ISO/IEC 30192:2021(E)

The first five bits (bit b, to bs) of this byte shall specify the fixed partas a fraction
of the time period Ty where Ty = 15,15 ns at 1x recording velocity or Ty = 7,58 ns
at 2x recording velocity. The value is expressed as an unsigned binary number
k such that:

T )
k=16x top,fix

T,
X
The last three bits (bit b, to b,) of this byte shal be reserved.

ratiaon

Bytes 69 and 70:

Bytes 71 and 72:

Bytes 73 and 74:

Bytes 75 and 76:

Bytes 77 to 84:

Bytes 77 and 78:

Bytes 79 and 80:

Bytes 81 and 82:

Thesebytesspeecifythedurationof-the first prlseeof the-multi-pulsq train for
recording marks with run lengths 24T that succeed a space with axun length of
2T, 3T, 4T or 25T (see E.3 for detailed definition).

These bytes specify the duration of the first pulse for recording markq with run
lengths 24T that succeed a space with a run length =2 5T.

These bytes specify the duration of the first pulse for recording markg with run
lengths 24T that succeed a space with a run lengtlof 4T.

These bytes specify the duration of the first puse for recording markq with run
lengths 24T that succeed a space with a ruf length of 3T.

These bytes specify the duration of thefirst pulse for recording markq with run
lengths 24T that succeed a space with'a run length of 2T.

These bytes specify the duration of the first pulse of the multi-pulsqg train for
recording marks with a run length of 3T that succeed a space with a rjun length
of 2T, 3T, 4T or 25T (see F.3\for detailed definition).

These bytes specify the’duration of first pulse for recording marks with a run
length of 3T that succeed a space with a run length =5T.

These bytes specify the duration of the first pulse for recording marks with a run
length of 3T that succeed a space with a run length of 4T.

Thesedbytes specify the duration of the first pulse for recording marks with a run
length)of 3T that succeed a space with a run length of 3T.

Bytes 83 and 84:,.. (These bytes specify the duration of the first pulse for recording marks yvith a run
length of 3T that succeed a space with a run length of 2T.

Bytes 85 tg92: These bytes specify the duration of the first pulse of the multi-pulsq train for
recording marks with a run length of 2T that succeed a space with a rjun length
of 2T, 3T, 4T or =5T (see E.3 for detailed definition).

Bytes 85 and 86: These bytes specify the duration of the first pulse for recording marks with a run
length of 2T that succeed a space with a run length >5T.

Bytes 87 and 88: These bytes specify the duration of the first pulse for recording marks with a run
length of 2T that succeed a space with a run length of 4T.

Bytes 89 and 90: These bytes specify the duration of the first pulse for recording marks with a run
length of 2T that succeed a space with a run length of 3T.

Bytes 91 and 92: These bytes specify the duration of the first pulse for recording marks with a run
length of 2T that succeed a space with a run length of 2T.

Bytes 93 to 94: T, last pulse duration
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These bytes specify the duration of the last pulse of the multi-pulse train for
recording marks with run lengths of 3T and 24T (see F.3 for detailed definition).
The last pulse duration T} consists of two contributions: a variable part and a
fixed part

Tip=Tipyar + TLpfix

The first 4 bits (bitb, to b,) of each byte shall specify the variable part, as a fraction
of the actual channel-bit clock period, as an unsigned binary number s such that:

s TLplvar
J>—10A
Ty
The last 4 bits (bit b; to by) of each byte shall specify the fixed part as a fractipn
of the time period Ty where Ty = 15,15 ns at 1x recording velocity or Ly =7,58 ns
at 2x recording velocity. The value is expressed as an unsigned binasy number ¢
such that:
Toe
t=16x LP fix
TX
Byte P3: This byte shall specify the duration of the last pulsefef the multi-pulse train for
recording marks of run lengths 4T (see F.3 for detailed definition).
Byte p4: This byte shall specify the duration of the last‘pulse of the multipulse train for
recording marks of a run length of 3T (seed.3"for detailed definition).
Bytes 95|to 97: dT; erase level start time
The first six bits (bit b; to b,) of these bytes specify the start time of the erase level,
succeeding the recording of marks with run lengths of 2T, 3T and 24T (positive
values are leading, negative values are lagging; see F.3 for detailed definition).
The start time of the eraselevel dT is expressed as a fraction of the actual chgn-
nel-bit clock period as-atsigned two’s-complement binary number u such that:
dT,
u=16x—2
TW
The last two.bits (bit b; to by) of these bytes shall be reserved.
Byte P5: This byte shall specify the start time of the erase level succeeding the recording
of marks with run lengths =4T.
Byte P6: This byte shall specify the start time of the erase level succeeding the recordipg
of marks with a run length of 3T.
Byte P7: This byte shall specify the start time of the erase level succeeding the recording
of marks with a run length of 2T.
Bytes 98 to 99: Reserved.

Bytes 100 to 111:

DI unit footer

See 15.8.3.2.

15.8.3.5 Definitions for DI format 3 (N/2 write strategy)

The content of the body of DI units according to DI format 3 shall be as depicted in Figure 78.

100
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Number of
Byte number Content bytes
0to7 DI-unit header 8
8to 10 BD layer type identifier 3
11 Disk size / Class / Version 1
12 BD structure 1
13 Channel bit length 1
14 to 15 Reserved 2
16 BCA dCDLl llJtUl 1
17 Maximum transfer rate of application 1
18 to 23 Reserved 6
24 to 31 Data-zone allocation 8
32to 35 Recording velocities 4
36 to 39 Maximum dc read powers 4
40 to 43 Maximum HF-modulated read powers 4
44 to 47 Reserved 4
48 to 55 Write power settings 8
56 to 57 Ty;p write multi-pulse duration 2
58to 61 dT,,, first write pulse start time 4
62 to 69 T\, first write pulse duration 4x2
70to 73 T, p last pulse duration 2x2
74 to 77 dTy erase level start time 4
78 to 99 Unused = all 00h 22
100 to 111 DI-unit footer 12
Figure 78 — Content of disk information for DI format 3
Bytes O to 31: Same as speeifications in 15.8.3.3, except for the following bytes:
Byte 2: DI format number
This byte shall be set to 03h for the disks with BCA code.
This byte shall be set to 83h for the disks without BCA code.
Byte 6: Continuation flag/Number of DI bytes in use in this DI unit
This byte shall be set to 4Eh to indicate that the first 78 bytes of the [JI unit are
used and that there is no continuation in the next DI unit. All remaining bytes of
the DI unit body (excluding the bytes in the DI unit footer) are unused|and shall
be set to 00h.
Bytes 32 to 35: Recording velocities
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Bytes 32 to 33:

These bytes specify the nominal recording velocity, to be used with the parameters

as defined in this DI unit, as a 2-byte binary number (byte 32 is MSB).
It shall specify the nominal recording velocity as a number n such that:
n=100xV

Here, n shall be equal to

nom

01 ECh to indicate a nominal recording velocity of 4,92 m/s, or

03 D7h to indicate a nominal recording velocity of 9,83 m/s.

Byte B4:

Byte B5:

Bytes 36|to 39:

Byte B6

Byte B7

Byte B8

This byte shall specify the maximum recording velocity to be used with the\q
rameters as defined in this DI unit.

It shall specify the maximum recording velocity as a number n such that:
n=100xV_../V,om (n2100)

Here, n shall be equal to 64h to indicate a maximum recording velocity equal

the nominal recording velocity.

This byte shall specify the minimum recording velogityto be used with the g

rameters as defined in this DI unit.

It shall specify the minimum recording velocity,as’a number n such that:
n=100xV_./V,om (n <100)

Here, n shall be equal to 64h to indicatesa minimum recording velocity equal
the nominal recording velocity.

om

Maximum dc read powers

The maximum read power is\defined as the maximum optical power, on the g

a_

a_

n_

trance s urface of the disk;_at which at least 10° successive reads can be applied

without degrading recerded signals (see 30.8).

This byte shall specify the maximum dc read power P,, at the reference velocity,

in milliwatts, as anumber n such that:
n=100x2P,
This byte shall specify the maximum dc read power P,, at the nominal recordi

velocity, as defined in bytes 32 and 33 of this DI unit, in milliwatts, as a numh
msuch that:

n=100 x P,

This byte shall specify the maximum dc read power P,, at the maximum recordi
velocity, as defined by byte 34 of this DI unit, in milliwatts, as a number n such th

ng
er

ng
At:

n=100xP,

Byte 39

This byte shall specify the maximum dc read power P, at the minimum recording
velocity, as defined by byte 35 of this DI unit, in milliwatts, as a number n such that:

n=100x P,

NOTE1 Forreading atlower velocities than the lowest specified velocity, a reduction of the read power can be
necessary to guarantee the stability of the recordings on the disk.

102
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Bytes 40 to 43: Maximum HF-modulated read powers
The maximum read power is defined as the maximum optical power, on the
entrance surface of the disk, at which at least 10° successive reads can applied
without degrading the recorded signals (see 30.8).

Byte 40 This byte shall specify the maximum HF-modulated read power P, at the reference
velocity, in milliwatts, as a number n such that:

n=100x P,

Byte 41 This byte shall specify the maximum HF-modulated read power P, at'thp nominal
recording velocity as defined in bytes 32 and 33 of this DI unit, immilljwatts, as
a number n such that:

n=100x P,

Byte 42 This byte shall specify the maximum HF-modulated read power P, at the maxi-
mum recording velocity as defined by byte 34 of this-DI unit, in milliwatts, as a
number n such that:

n=100x P,

Byte 43 This byte shall specify the maximum HF-modulated read power P, at|the mini-
mum recording velocity as defined by-byte 35 of this DI unit, in milliyatts, as a
number n such that:

n=100x P,
NOTE 2  Forreading at lower velocities than the lowestspecified velocity, a reduction of the read pover can be
nefcessary to guarantee the stability of the recordings,oii the disk.
Bytes 44 to 47: Reserved
Bytes 48 to 55: Write power settings
Byte 48: Pi\pi Piyp €an be used as a starting value for the determination of Py }. in the

Byte 49:

OPC procedure (see Annex G for detailed procedure).

This'byte shall specify the indicative value Py, of P in milliwatts,fas a num-

bern such that:
n= 20 X PIND

target’

myyp: myyp can be used as a starting value for the determination of P
OPC procedure (see Annex G for detailed procedure).

target 1N the

This byte shall specify the modulation at Py, as determined by the m¢dia man-
ufacturer, as a number n such that:

n= 200 X mIND

Byte 50

Byte 51:

p: This byte shall specify the write power multiplication factor p, used in the OPC
algorithm (see Annex G for detailed procedure), as a number n such that:

n=100xp
ggw: This byte shall specify the write bias/write peak power ratio €gy, used in
the OPC algorithm (see Annex G for detailed procedure), as a number n such that:

n =200 x gy
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Byte 52:

Byte 53:

Byte 54:

£c: This byte shall specify the cooling/write peak power ratio &, used in the OPC

algorithm (see Annex G for detailed procedure), as a number n such that:
n=200 x g

gg: This byte shall specify the erase/write peak power ratio ¢, used in the OPC

algorithm (see Annex G for detailed procedure), as a number n such that:
n=200x¢&g

k: This byte shall specify the target value for k, used in the OPC procedure (s

ee

Byte p5:

Bytes 56(to 57:

Byte p6:

Byte p7:

Bytes 58|to 61:

Annex G for detailed procedure), as a number n such that:

n=20xk
Reserved
T);p write multi-pulse duration

These bytes shall specify the duration of the second and/higher pulses of t
multi-pulse train for recording marks (see E.4 for detajled definition).

The multi-pulse duration Ty;p consists of two contributions: a variable part a
a fixed part as follows:

Tyip = Tmpyar + Tp fix

The first five bits (bit b, to b3) of this byte'shall specify the variable part, a

fraction of the actual channel-bit clockiperiod, as an unsigned binary numbey

such that:

The last three bits (bit bxto b)) of this byte shall be reserved.

The first five bits (biths to bs) of this byte shall specify the fixed partas a fracti
of the time period T where Ty = 15,15 ns at 1x recording velocity or Ty = 7,58
at 2x recordingwelocity. The value is expressed as an unsigned binary numH
q such that:

TMP,fiX

q=16x
X

Thelast three bits (bit b, to by) of this byte shall be reserved.

dT,

top first write pulse start time

The first five bits (bit b, to b;) of these bytes specify the start time of the first pu
of the multi-pulse train for recording marks with run lengths of 2T, 3T, [4T,6T,8

and [ST.7ZTIT] (positive values are leading, negative values are lagging:; see F.

104

for detailed definition).

The first pulse start time dT;, is expressed, as a fraction of the actual channel bit

clock period, as a signed two’s complement binary number i such that:

thop

i=16x

T,
w
The last three bits (bit b, to b)) of these bytes shall be reserved.
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This byte shall specify the start time of the first pulse of the multi-pulse train for
recording marks with run lengths of [5T,7T,9T], relative to the trailing edge of
the first channel bit of the data pulse (positive values are leading, negative values
are lagging; see F.4 for detailed definition).

This byte shall specify the start time of the first pulse of the multi-pulse train for
recording marks with run lengths of [4T,6T,8T], relative to the trailing edge of
the first channel bit of the data pulse (positive values are leading, negative values
are lagging; see F.4 for detailed definition).

Byte 60:

Byte 61:

Bytes 62 to 69:

Byte f:

Byte (f+ 1):

This byte shall specify the start time of the first pulse of the multi-puls¢ train for
recording marks with a run length of 3T, relative to the trailing edge df the first
channel bit of the data pulse (positive values are leading, negative values are
lagging; see F.4 for detailed definition).

This byte shall specify the start time of the first pulse ofthe multi-puls¢ train for
recording marks with a run length of 2T, relative to the trailing edge df the first
channel bit of the data pulse (positive values aredeading, negative yalues are
lagging; see F.4 for detailed definition).

T;,p, first write-pulse duration
These bytes specify the duration of the first pulse of the multi-pulsq train for
recording marks with run lengths of,27F, 3T, [4T,6T,8T] and [5T,7T,9T] [see F.4).

The first pulse duration T
fixed part as follows:

Top = Ttopyar * Tt

top,var
For each of the byte fields'fto f+ 1, with f= 62, 64, 66 and 68, the following values
are defined.

op CONsists of two contributions: a variable partand a

op,fix

The first six bits\(bit b; to b,) of this byte shall specify the variable part, as|a fraction
of the actual'channel bit clock period, as an unsigned binary number j $uch that:

top, var

Jj=16%
w
Thelast two bits (bit b; to by) of this byte shall be reserved.

The first six bits (bit b; to b,) of this byte shall specify the fixed partasf fraction
of the time period Ty where Ty = 15,15 ns at 1x recording velocity or T} = 7,58 ns
at 2x recording velocity. The value is expressed as an unsigned binary number
k such that:

k=16x Ttop, fix

Ty

Bytes 62 to 63:

Bytes 64 to 65:

Bytes 66 to 67:

Bytes 68 to 69:

Land) 1 et lata flais ] bada ) Lol -1 i 1 111 |
TIICTIdST TWU UILS {UIT Ul LU Uoj UT'LIIS Dy LT SIIdIT DT TTSTT VEU.

These bytes specify the duration of the first pulse of the multi-pulse train for
recording marks with run lengths of [5T,7T,9T] (see F.4 for detailed definition).

These bytes specify the duration of the first pulse of the multi-pulse train for
recording marks with run lengths of [4T,6T,8T] (see F.4 for detailed definition).

These bytes specify the duration of the first pulse of the multi-pulse train for
recording marks with a run length of 3T (see F.4 for detailed definition).

These bytes specify the duration of the first pulse of the multi-pulse train for
recording marks with a run length of 2T (see F.4 for detailed definition).
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Bytes 70 to 73:

T\ last pulse duration

These bytes specify the duration of the last pulse of the multi-pulse train for re-
cording marks with run lengths of [4T,6T,8T], and [5T,7T,9T] (see F.4 for detailed
definition).

The last pulse duration T consists of two contributions: a variable part and a
fixed part as follows:

Tip=Tipyar + TLpfix

Byte [

Byte [f+ 1):

Byteg 70 to 71:

Byteq 72 to 73:

Bytes 74|to 77:

] +1 £,
/

il 1 £l 1 + £ 11 C yad 4 il L =72 1 oY 11 : 1
ror c4atil U tlic oy Lo 1ICIUS j Lo j 7+ 1, WILL J = 7U dlIU 7 4, LT TUIIUWIIlg VdIutsS re

defined:

The first five bits (bit b; to b3) of this byte shall specify the variable-part, a$ a
fraction of the actual channel-bit clock period, as an unsigned binary’number s
such that:

T
s=16x LP, var

w
The last three bits (bit b, to b)) of this byte shall be reserved.

The first five bits (bit b, to bs) of this byte shall spegify the fixed partas a fractipn
of the time period Ty where Ty = 15,15 ns at 1¥recording velocity or Ty = 7,58 |ns
at 2x recording velocity. The value is expressed as an unsigned binary number ¢
such that:

T o =
t=16x LP, fix

Ty
The last three bits (bit b, to bgJ;of this byte shall be reserved.

These bytes specify the_duration of the last pulse of the multi-pulse train for
recording marks withaqun’lengths of [ST,7T,9T] (see F.4 for detailed definition]).

These bytes specify the duration of the last pulse of the multi-pulse train for
recording marks with run lengths of [4T,6T,8T] (see F.4 for detailed definition]).

dT eraselevel start time

The first’six bits (bit b, to b,) of these bytes specify the start time of an Ergse
leyehsticceeding the recording of marks with run lengths of 2T, 3T, [4T,6T,8
and’[5T,7T9T] (positive values are leading, negative values are lagging, see F.4
for detailed definition).

— %

The start time of the erase level dTj is expressed, as a fraction of the actual chgqn-
nel bit clock period, as a signed two’s-complement binary number u such that

dT,
u=16x—LE

Byte 74:

Byte 75:

106

T,
w
The last two bits (bit b; to by) of these bytes shall be reserved.

This byte shall specify the start of the Erase level for recording marks with run
lengths of [5T,7T9T].

This byte shall specify the start of the Erase level for recording marks with run
lengths of [4T,6T,8T].
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Byte 76: This byte shall specify the start of the Erase level for recording marks with a run
length of 3T.
Byte 77: This byte shall specify the start of the Erase level for recording marks with a run
length of 2T.
Bytes 78 to 99: Reserved

15.8.3.6 Write strategy requirements

The write strategy requirements for disks are depicted in Figure 79.

1]

By
fa
re

Ge

p4
ea

Di
on
re
ad

Fdr 1x recording velocity,.the N-1 write strategy A described by DI format 1 shall always be

th
By
By

. . Write strategy
Recording velocity
N-1A N-1B N/2
1x Mandatory Optional Optional
2X — Optional? Optional?
3 At least one of these two write strategies shall be present.

Figure 79 — Write strategy type requirements

.8.3.7 Usage of DI units for write strategies

using the concept of multiple DI units, identified by their DI format number (byte 2), the B
filitates the (future) use of disks with different secording velocities and with one, twqg
cording layers, while keeping backwards compatibility in the best possible way.

nerally, each different recording velocityccan need a different write strategy (differg
rameters), which write strategy furthermore can depend on the applied technology. Ad
ch recording layer can need a differentset of values for the write strategy parameters.

sks shall contain at least two DI\units for each recording layer, as depicted in Figure 79
e containing parameters for 1x-recording velocity and at least one containing paramete
cording velocity. Additional Bl units, containing alternative write strategy parameter set
ded in order of preference(see Figure 74).

e DI block sequencé-asthe most-preferred write strategy.

te 3 is set aceprding to the specifications in 15.8.3.2.
te 4 is set'to 01h for SL disks;
02h for DL disk.

D system
or more

nt set of
litionally,

); at least
rs for 2x
5, may be

placed in

By

In

Bytes 32 to 33:

Byte 34:

Byte 35:

. ' | - b= el | L - 1.0 .29 9
C O 5 USTU ALLUTUITE TU LIICT UCSLIIPUIUITIITN 1D.0.0. 4.

all DI units defining 1x recording parameters, bytes 32 to 35 shall be set to the following.

recording velocity.

recording velocity.

These bytes are set to 01 ECh to indicate a nominal recording velocity of 4,92 m/s.

This byte is set to 64h to indicate a maximum recording velocity equal to the nominal

This byte is set to 64h to indicate a minimum recording velocity equal to the nominal

In all DI units defining parameters for 2x recording velocity, bytes 32 to 35 are set to as follows.
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Bytes 32 to 33:

Byte 34:

Byte 35:

These bytes are set to 03 D7h to indicate a nominal recording velocity of 9,83 m/s.

This byte is set to 64h to indicate a maximum recording velocity equal to the nominal

recording velocity.

This byte is set to 64h to indicate a minimum recording velocity equal to the nominal

recording velocity.

An example of those assignments is shown in Figure 80.

108

SL disk DL disk
Byte 2: DI-format number 1 Byte 2: DI-format number 1
Byte 3:# of DI's / Layer L# 3/0 Byte 3:# of DI's / Layer L# 470
Byte 4: — 1 Byte 4: — 2
Byte 5: sequence # 0 Byte 5: sequence # 0
Byte 32 to 35: Recording Byte 32 to 35: Recording
: 1x : 1x
velocity velocity
Byte 2: DI-format number 3 Byte 2: DI-format humber. 1
Byte 3:# of DI's / Layer L# 3/0 Byte 3:# of DI's,/ Layer L# 4/1
Byte 4: — 1 Byte 4: — 2
Byte 5: sequence # 1 Byte 5: sequence # 1
Byte 32 to 35: Recording Byte 32\to 35: Recording
: 1x X 1x
velocity veloGity
Byte 2: DI-format number 2 Byte 2: DI-format number 3
Byte 3:# of DI's / Layer L# 3/0 Byte 3:# of DI's / Layer L# 4/0
Byte 4: — 1 Byte 4: — 2
Byte 5: sequence # 2 Byte 5: sequence # 2
Byte 32 to 35: Recording Byte 32 to 35: Recording
: 2x : 2x
velocity velocity
Repeat Byte 2: DI-format number 2
Byte 3:# of DI's / Layer L# 4/1
Byte 4: — 2
Byte 5: sequence 3
Byte 32 to 35: Recording 2
) X
velocity
Repeat

At 1x recording velocity, the write
strategy described by DI format 1 is
preferred, the write strategy described
by DI format 3 can be used as
alternative,

at 2x recording velocity, the write
strategy described by DI format 2 is
used.

At 1x recording velocity, the write
strategy described by DI format 1 is
used on both layer LO and layer L1,
at 2x recording velocity, the write
strategy described by DI format 3 is
used on layer LO, and the write
strategy described by DI format 2 is
used on layer L1.

Figure 80 — Example of DI sequence
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16 General description of information zone

16.1 General

The information zone, which contains all information on the disk that is relevant for data interchange,
is located in the information area extending from dq to d,,. (see 10.8.1 and Figure 17).

The inner part of inner zone(s) (protection zone 1 + PIC) shall contain HFM groove which can hold
replicated information about the disk. The other parts of the inner zone(s), data zone(s) and outer
zone(s) constitute the rewritable area(s), in which the information can be recorded on wobbled groove

uding the Phase-change effect.

16.2 Format of information zone on single-layer disk

Fdr consistency reasons, the sole recording layer on an SL disk is also called layer'hO:

T}

a lead-out zone (outer zone 0) (see Figure 81).

T}

e information zone is divided in three parts: a lead-in zone (part of the inner Zone 0), a data

e data zone is intended for recording user data. The lead-in zone gontains replicated and r

zone and

pwritable

control information and an area for disk and drive testing. The lead-out zone allows for a smoojth runout

an

T}
oy
L1

D3

16.3 Format of information zone on dual-layer disk

d also contains control information.

e information zone is divided in six parts: a lead-in“zene (part of the inner zone 0), data z
ter zone 0 on layer L0, outer zone 1, data zone 1 and’a lead-out zone (part of the inner zone 1
(see Figure 81 and Figure 82).

O N N

1'
T}

zone(s) and the outep-zene(s). The starting radii for the zones indicated in Figure 81 and Figu

th

T}
Al

T}

E:e contain replicated and rewritable control information and an area for disk and drive test

ta zone 0 and data zone 1 are intended fortrecording user data. The lead-in zone and the

e 0 and outer zone 1 allow for a smeoth run-in/run-out for their respective layers and alg
trol information.

/ Layout of rewritablesarea of information zone

e rewritable area of the/information zone is constituted from parts of the inner zone(s)

pne 0 and
) on layer

 lead-out
ng. Outer
o contain

the data
re 82 are

e nominal values-of.the centre of the first/last groove track of that zone.

e physical ADIP addresses (PAA) listed are the first/last address in the groove tracks of ¢
50, the numbpers of physical clusters (RUBs) that can be recorded per zone are indicated.

e values given in Figure 81 are for a disk capacity of 25,0 Gbytes or 50,0 Gbytes.

ach zone.
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Nominal First PAA N b
Descrip-| starting of zone ;m}l1 er
Layer LO tion radius Last PAA glur')stg:s.
(mm) of zone
First transition area Ending radius 11,5 mm
Clamping zone Starting radius 11,5 mm
ping Ending radius 16,5 mm
Second " Starting radius 16,5 mm
LI AIISIUIVUIT AI'Td Ending radius 21’0 mm
Starting AT N
radius 21,0 Wide pitch BCA
grooves
mm
Protection Q"
zone 1 22,2 ;(b
Fi N =
Embossed ( \@R‘U
LilEh ] A 22512 O 5 R e
(HFM ’ ?) '
roove) PIC \|FLast AUN = | ( x 4KB)
8 ~ /5 |00 0D A3 FER)
Protection 01 B4 80h
zone 2 33,252 : 224
01 B7 FEh
01 B8 00h
23,289 :
J{ INFO 2 01 BB FEh 256
Lead-in 01 BC 00h
je Information zone 23,329 :
Information ’ '
ared zone (part.of oPC 01 DB FEh 2048
Inner 01 DC 00h
zone 0) 23,647 :
(’{_racl?ng Rewitable Reserved 01 FB FE}}: 2048
irection 01 FCO00
(wobbled INFO1 | 23,961 : 256
groove) 01 FF FEh
24,000 02 00 00h
Data : 381 856
zone 0 :
LAA
58,000
Lead-out LAA,+ 2h
zone INFO 3/4 ' 268
o /t LAA + 4 30h
uter -
zone 0 Protection 58,017 LAA + 4 32h _
zone 3 :
Ending radius
58,5 mm
Rim area Starting radius 58,5 mm

Figure 81 — Layout of information zone on layer L0

The values given in Figure 82 are for a disk capacity of 50,0 Gbytes.
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Nominal Ljfs‘;gﬁ
Descrip- endl.ng : N;lrr;lber
Layer L1 tion radius FirstPAA | O P1YS:
(mm) of zone clusters
Ending “Wide
radius 21,0 pitch”
mm grooves
Protection| ., ,
zone 1 T N
Embossed (et LN = (51/
01F2713
HFM area 4 -
HEM 22,512 : 2720
irs = |(x
( PIC Fi ( x 4KB)
groove) 01 F2,5C 00h)
Protection 3E 4B 7Eh
one 2 23,252 : 294
z 3E 48 00h T
3E 47 FEh
23,289 : !
Tracking INFO 2 3E 44 00h 2%6
direction Lead-out 3E 43 FEh
Information T zone | ReServed 23,329 : 2 (48
3E 24 00h
area . (Inner
Information zone 1 23 647 3E 23 FEh
zone , :
1 Rewritable OPC 3E 04 00h 2048
(wobbled 3E 03 FEh
groove) 23,961 : !
INFO 1 3E 00 00h 256
24,000 | 3D FFFEh
Data : 381[856
zone 1 :
FAA?
Outer 58000 FAA__ 2h
zone 1 | INFO 3/4 FAA - 4 30h 268
Protection 58,017 FAA -4 32h 1
zone 3 :
Starting
radius 58,5
mm

aFAA = LAA+ CO 00 01h (see 15.7.4.3).

Figure 82 — Layout of information zone on layer L1

Physical sector numbering

A cluster contains 32 physical sectors and each physical sector contains 2K data bytes. Although their
numbers are not included in the data recorded on the disk, each physical sector is associated with a
(virtual) physical sector number (PSN).

© ISO/IEC 2021 - All rights reserved

111


https://standardsiso.com/api/?name=47607c27ac6d67a8d2f3b06fc179dcaf

ISO/IEC

30192:2021(E)

The PSNs increase by one for each successive physical sector in the tracking direction of the related
recording layer.

The PSN of the first physical sector of each physical cluster is a multiple of 32.

Bits PS3; to PS,, of the PSN shall be reserved.

Bits PS,¢ to PS,, of the PSN shall be set to the layer number.

The first PSN in the data zone 0 is 00 10 00 00h.

The last JSN1n the data zone U1s 8 x LAA + 15, which is 00 CA 73 FFh on a 25,0 GB and 50,0 GB disK.
The first PSN in the data zone 1 is 8 x FAA, which is 01 35 8C 00h on a 50,0 GB disk.
The last BSN in the data zone 1 is 01 EF FF FFh.
Set to
layer number Physical sector number (PSN)
]
MSB l i l LSB
P P|P P P P P P P PP P
S SIS S S S S S S S|S S
3 2|2 2 2 1 1 8 7 5|4 0
7 Vi 6 5
In cluster
count ZERO
Address-unit number (AUN) /
vvvvyvyyy vvvi**** ****ivvv vv‘iill
A AlA A A A A A A AlA AlA
gLy i I
1 5l 2 é 8 7 5|4 110
Set to
00,01, 10
consecutively
YVV.V Y YVYVVYY YVvVvY l
Al |A|A AlA A A A AlA|A
2 1A [T |d A |8 21418
3 1N 716 5 8 ’ 2|10
Physical ADIP address (PAA)
Figure 83 — Physical ADIP addresses derived from PSNs
These PSNs-dre converted to address unit numbers, which shall be recorded in the BIS columns of t

he

ECC clusters (see 13.9.2).

Finally, a physical ADIP address is derived from the PSN/AUN as defined in Figure 83. This PAA identifies
the location on the disk where the data 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. On layer L1, the
innermost zone of the information zone is called the lead-out zone.

112

© ISO/IEC 2021 - All rights reserved


https://standardsiso.com/api/?name=47607c27ac6d67a8d2f3b06fc179dcaf

ISO/IEC 30192:2021(E)

Both inner zone 0 (lead-in zone part) and inner zone 1 (lead-out zone part) contain an embossed HFM
area and a rewritable area (see Figure 84 and Figure 85).

In the embossed HFM area on layer L0, groove shall be encoded according to the format defined in 15.5
and its subclauses.

On layer LO, this encoding shall start at radius 22,2%)1 mm, such that the AUN of the first cluster shall
be 00 0D 85 F4h.

The addresses shall be continuously increasing as described in 15.5.3.2 and shall end with
A:[N =00 0D A3 FEh in the last 4K cluster at the outermost radius of the PIC zone.

On layer L1, this encoding shall end at radius 22,293)1 mm, such that the AUN of the lasticlustgr shall be
01 F2 7A 0Ah.

The addresses shall be continuously increasing as described in 15.5.3.2vand shall start with
AUN = 01 F2 5C 00h in the first 4K cluster at the outermost radius of the PIC(Zone.

In|the protection zone 1 of both inner zones, the contents of the data frames can be set to all 00h or they
can be equal to the content in the PIC zone.

The protection zone 1 is intended to be a protection area against*overwriting of the PIC zone by the
B(A code.

In[the permanent information and control data (PIC) zoné{s), general information about the disk and
various other information can be stored in the embossedyHFM groove.

In|the rewritable area, groove(s) shall be wobbled as-defined in 15.6.

The rewritable area of the inner zone(s) is used*to execute OPC (optimum power control) procedures
arld to store specific information about thel\disk, such as disk management information and control
information. Also, a zone has been reservéd where drives can store their own specific information.
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. First PAA Number of
Inner Description Purpose
of zone phys. clusters
zone 0
Protection o 2 B
zone 1
Embossed PIC 5 B Permanent information
HFM and control data zone
Protection 1 DA OAL n
Zone 2 UL DT OUVUIL i ™ T
Reserved 8 01 B8 00h 32
Reserved 7 01 B8 80h 32 .
Future extension
Reserved 6 01 B9 00h 32
Reserved 5 01 B9 80h 32
INFO 2
PAC 2 01 BA 0Oh 32 Physieal“access control
DMA 2 01 BA 80h 32 Disk management
Controldata2 | 01 BB 00h 32 Data information
L_ Buffer 2 01 BB 80h 32 —
Rewritable ™—ope Testzone | 01BC00h 2,048 OPC testing
Tra ‘Lking Reserved — 01 DC 00h 2.048 Future extension
direction Buffer 1 01 FC 00h 32 —
Drivearea | 01FC80Qh 32 Drive-specific
information
Reserved 3 01 FD 00Oh 32
INFO 1 Reserved 2 0+FD 80h 32 Future extension
Reserved 1 01 FE 00h 32
DMA 1 01 FE 80h 32 Disk management
Contreldata 1 | 01 FF 00h 32 Data information
PAC1 01 FF 80h 32 Physical-access control
(Datazone 0) | 02 00 00h

114

Figure 84 — Inner zone 0 (lead-in zone)
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- First PAA Number of
Inner Description Purpose
of zone phys. clusters
zone 1
(Data zone 1)
PAC1 3E 00 00h 32 Physical-access control
Controldata1 | 3E 00 80h 32 Data information
DMA 1 3E 01 00h 32 Disk management
Reserved+ 3E-604-86k 32
INFO 1 Reserved 2 3E 02 00h 32 Future extensitlyn
Reserved 3 3E 02 80h 32
Drivearea | 3E 03 00h 32 Di*specifig
information
l Buffer 1 3E 03 80h 32 —
Rewritable [ gp Testzone | 3E 04 00h 2048 OPC testing
y . Reserved — 3E 24 00h 2048 Future extensign
Tracking
direction Buffer 2 3E 44 00h 32 _
Control data 2 | 3E 44 80h 32 Data informati¢n
DMA 2 3E 45 00h 32 Disk managemgnt
INFO 2 PAC 2 3E 45 80h 32 Physical-access control
Reserved 5 3E 4600h 32
Reserved 6 3E\46 80h 32 )
Future extensi¢n
Reserved 7 3E 47 00h 32
Reserved8 3E 47 80h 32
— Protection | 31 45 gon 224 —
Zone 2
T Permanent informjation
($ HIE - - and control data Zone
Embossed [ Protection . . .
HFM ,.p . zone 1
Figure 85 — Inner zone 1 (lead-out zone)
18.2 Permanent information and control data (PIC) zone
1821 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. Both layers shall contain the same PIC data.

18.2.2 Content of PIC zone

The PIC zone shall consist of five repetitions of a PIC-info fragment, where each PIC-info fragment
consists of 544 PIC clusters (for a total of 2 720, see Figure 86). The PIC clusters shall be formatted as
described in 15.5.
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The PIC-info fragments shall start on layer LO at AUNs: 00 0D 8E COh, 00 0D 93 00h, 00 OD 97 40h,
00 OD 9B 80h and 00 0D 9F COh, and on layer L1 at AUNs: 01 F2 5C 00h, 01 F2 60 40h, 01 F2 64 80h,
01 F2 68 COh and 01 F2 6D 00h.

The first
in the AD
frame sh

PIC-info PIC AUN AUN
fragment number cluster number on layer LO on layer L1

0 00 0D 8E COh 01 F2 5C 00h
1 00 0D 8E C2h 01 F25C02h
IF 0 2 00 0D 8E C4h 01 F2 5C 04h
543 00 0D 92 FEh 01 F2 60 3Eh
0 00 0D 93 00h 01 F2 60 40h

[F1 : :
543 00 0D 97 3Eh 01 F2 64 7Eh
0 00 0D 97 40h 01 F2 64 86h

[F 2 : :
543 00 0D 9B 7Eh 01 F2.68 BEh
0 00 0D 9B 80h 01-F2 68 COh

[F 3 : :
543 00 0D 9F BEh 01 F2 6C FEh
0 00 0D 9F €0h 01 F2 6D 00h

IF 4 : g
543 00 OD.A3 FEh 01 F2713Eh

Figure 86 — PIC Zone

PIC cluster of each info fragment shall contain a copy of the disk information block as contain
P aux frames (see 15.8.3 and Figure.87). Only the first 112 bytes of each disk information a
1l be included (excluding the 32 parity bytes). If less than 32 DI units are present, then t

remaining bytes up to byte 3 584 shall be\sét to 00h.

The last 312 bytes of the first PIC cluster of each info fragment shall contain the emergency brake dz

set (see 1B.2.3 and Figure 87).
Byté position Content Number of bytes
in PIC cluster
Oto111 DI unit 0 112
112 to 223 DI unit 1 112
: : 112 x 28
3360 to 3471 DI unit 30 112
3472 to 3583 Reserved 112
3584 to 4095 EB data set 512

Figure 87 — First PIC cluster of each info fragment

All other PIC clusters shall be reserved unless specified otherwise (e.g. in other BDAPs).

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.

116
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The EB data is specified in bytes 3 584 to 4 095 of the first PIC cluster of each info fragment. It consists
of an EB header, EB data field(s) and an EB footer. EB data fields shall be included only after mutual
agreement between the disk manufacturer and the drive manufacturer involved, when specific drives
require special actions when handling such disks, e.g. to prevent damage to the disk or the drive. Up to
a maximum of 62 EB data fields may be applied.

The emergency brake data shall be implemented as depicted in Figure 88.

By

Byte number Function Definition Number of bytes
3584103585 tdemtifier 2
3586 EB Version 1
3587 Reserved 1
header -
3588 List length 1
3589103591 Reserved 3
3592103593 Drive-manufacturer’ID 2
3594 to 3 595 e Beld Drive moddl 2
3596 to 3 597 1 Firmwareversion 2
3598 to 3 599 Driv€actions 2
(3584+ix8)to(3584+ix8)+1 Drive-manufacturer ID 2
(3584+ix8)+2to(3584+ix8)+3 dataEf‘?eldi Drive model 2
(3584+ix8)+4to(3584+ix8)+5 (1<i@N) Firmware version 2
(3584+ix8)+6to(3584+ix8)+7 Drive actions 2
(3584+Nx8)to(3584+Nx8)+1 EB Drive-manufacturer ID 2
(3584+Nx8)+2to(3584+Nx8)+3| dataField Drive model 2
(3584 +Nx8)+4to(3584+Nx%x8)+5 N Firmware version 2
(3584+Nx8)+6to(3584+Nx8)+7 | ([IN=62) Drive actions 2
[3584 + (N + 1) x 8] .
to [3 584N + 1) x 8] + 7 EB footer Terminator 8
[3584 + (N +2)%x8] to 4095 Unused Reserved 512-(N+42)x8
Figure 88 — Definition of emergency brake data
rtes 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: EB list length N

This byte shall represent the number of EB data fields.
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This byte shall be set to 00h when no EB data fields are present.
Bytes 3 589 to 3 591: reserved
These bytes shall be set to 00 00 00h.
Bytes (3584 +ix8)to (3584 +ix8)+1(1<isN):drive manufacturer ID

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<is<N):drive model number

Thése two bytes represent the drive model number and shall be defined by the drive manufacturgr.
This document does not specify the format and the content of these bytes. It shall bg lignored|in
int¢rchange.

—

Bytes (3584 +ix8)+4to (3584 +ix8)+5(1<is N):drive firmware version

Thése two bytes represent the drive firmware version and shall be defined by the drive manufac-
turpr. This document does not specify the format and the content of thése bytes. It shall be ignorgd
in ipterchange.

Bytes (3584 +ix8)+6to (3584 +ix8)+7(1<is<N):drive manufacturer actions

Thése two bytes represent the actions to be performed By the drive model to handle this digk.
Thé¢se bytes shall be defined by the drive manufacturer. This document does not specify the fornjat
and the content of these bytes. It shall be ignored in jriterchange.

Bytes [3 584 + (N+1) x 8] to [3 584 + (N+1) x 8] + 7 (0:< N < 62): EB terminator
Thése bytes shall be set to FF FF FF FF FF EE FF FFh to indicate the end of the EB data.
Bytes [3 584 + (N+2) x 8] to 4 095 (0 < N < 62): reserved

Thégse bytes are reserved.
18.3 Reyritable area of inner zoene(s)

18.3.1 Pyrotection zone 2

This zond of 224 physical clusters, starting at PAA 01 B4 80h on layer LO and at PAA 3E 48 00h on layer
L1, is intended to bea buffer zone for the transition from the embossed HFM area to the rewritable arfea
(see 15.4.4).

18.3.2 INFO2/Reserved 8

This zone of 32 physical clusters, starting at PAA 01 B8 00h on layer L0 and at PAA 3E 47 80h on layer
L1, is BDAP-dependent.

For the disks with BCA code, if this setting is not specified by the BDAP, these bytes shall be left
unrecorded.

For the disks without BCA code, this zone shall be recorded all 00h before shipping.

18.3.3 INFO 2/Reserved 7

This zone of 32 physical clusters, starting at PAA 01 B8 80h on layer LO and at PAA 3E 47 00h on layer
L1, shall be unrecorded.
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18.3.4 INFO 2/Reserved 6

This zone has the size of 32 physical clusters starting at PAA 01 B9 00h on layer LO and at PAA 3E 46 80h
on layer L1, is BDAP-dependent.

For the disks with BCA code, this zone shall be left unrecorded unless otherwise specified by the BDAP.

For the disks without BCA code, this zone shall be recorded all 00h before shipping.

18.3.5 INFO 2/Reserved 5

The use of this zone of 32 physical clusters, starting at PAA 01 B9 80h on layer LO and at PAABE 46 00h
or] layer L1, is BDAP-dependent.

Fjr the disks with BCA code, this zone shall be left unrecorded unless otherwise specified by the BDAP.

Fdr the disks without BCA code, this zone shall be recorded all 00h before shipping.

18.3.6 INFO 2/PAC 2

This zone of 32 physical clusters, which starts at PAA 01 BA 00h ondayer LO and at PAA 3E 45 80h on
layer L1, is intended to be used for storing physical access control\(PAC) clusters (see 21.2|). Unused
clyisters in this zone shall contain all 00h or left unrecorded.

18.3.7 INFO 2/DMA 2

This zone of 32 physical clusters starts at PAA 01 BA 80h on layer L0 and at PAA 3E 45 00h on layer L1
arld is intended for use by the disk management system (see Clause 22). Unused clusters in|this zone
shall contain all 00h or left unrecorded.

18.3.8 INFO 2/Control data 2

This zone of 32 physical clusters startsiat PAA 01 BB 00h on layer LO and at PAA 3E 44 80h on layer L1
arnd is intended to store control information.

Unused clusters in this zone shall contain all 00h.

18.3.9 INFO 2 /Buffer 2

This zone of 32 physical clusters starts at PAA 01 BB 80h on layer L0 and at PAA 3E 44 00h op layer L1
arld shall be unrecorded.

18.3.100PC/Test zone

The test;zone of 2 048 physical clusters starts at PAA 01 BC 00h on layer LO and at PAA 3E (4 00h on
layer’ i1 '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.

18.3.11Reserved

This zone of 2 048 physical clusters starts at PAA 01 DC 00h on layer LO and at PAA 3E 24 00h on layer
L1 and shall be unrecorded.
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18.3.12INFO1/Buffer 1

This zone of 32 physical clusters starts at PAA 01 FC 00h on layer LO and at PAA 3E 03 80h on layer L1

and shall

be unrecorded.

18.3.13INFO 1/Drive area (optional)

18.3.13.1 General

The use o

f this zone of 32 physical clusters starting at PAA 01 FC 80h on laver LO and at PAA3E 03 0

on layer L
only by t
informati

18.3.13.2

Each driv
data framn
the follow

— 48 by
— 48y
— 32 by

The form
drive des

The drive
physical ¢
specific i
cluster, t}
is writter

For robus
on the dis

Initially,

1 is optional. It can be used by drives to store drive-specific information, restricted to be us

on, the following format shall be used. The clusters in this zone shall be ignored in intetrchan

Format of drive-specific information

e shall contain a signature of the drive that has created the related dataframe, according
ring format:

tes for the manufacturers name, represented by characters from the ISO 646 character-set
tes of additional identification, represented by characters fitgm the ISO 646 character-set;
tes for a unique serial number of the drive.

ht of the remaining 1 920 bytes of the data frame isnot defined and can be chosen freely by t
gner.

-specific information of the last 32 drives_that have used this option, shall be stored in o
hformation located in data frame 31%0P the physical cluster is removed from the physi

e content of data frames 0 to 30 are’moved into data frames 1 to 31 and the new informati
in data frame O (see Figure 89),

k twice.

ed

he drive that has created the information. To guarantee that drives can allocate theirn,oyn

e,

e-specific information shall be contained in one 2K data frame. The first(128 bytes of such a

to

ne

luster. Each time a new drive is going to write its drive-specific information, the oldest driye-

tness reasons, the physical cluster containing the drive-specific information frames is written

he two physical clusters’starting at PAA 01 FC 80h and 01 FC 84h shall be used to store the

al

al

drive-spdcific information, When both physical clusters become unreliable, the next two physi
clusters g¢f the drive arealean be used to store the drive-specific information. For a fast and efficignt
access to [the drive areaj\the DDS in the DMA zones contain an address pointer to the first valid physi
cluster in|the drive aré&a.
Shiftin
Difi Data f
five aréq | Phys. cluster ata frame
Dhmaged Drive i Mangfﬂafurers
Damaged Drivei-1 One 2K Additional ID
sector
Valid drive info. 32 x 2K Unique serial
sectors number
Copy drive info. l
Spa.res Shift at D.rlfve-spe'aflc
each update information
in free format
Drivei-31
IShift out

120

Figure 89 — Format of drive area (example)
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This zone of 32 physical clusters, starting at PAA 01 FD 00h on layer LO and at PAA 3E 02 80h on layer
L1, shall be left unrecorded.

18.3.15INFO 1/Reserved 2

This zone of 32 physical clusters, starting at PAA 01 FD 80h on layer L0 and at PAA 3E 02 00h on layer
L1, shall be left unrecorded.

18.3.16INFO 1/Reserved 1

This zone of 32 physical clusters, starting at PAA 01 FE 00h on layer L0 and at PAA 3E 01-80h
L1, shall be left unrecorded.

184.3.17INFO 1/DMA 1

This zone of 32 physical clusters, starting at PAA 01 FE 80h on layer L0 atdat PAA 3E 01 00]
L1, is intended for use by the disk management system (see Clause 22)\ Unused clusters in
shill contain all 00h or be left unrecorded.

18.3.18INFO1/Controle data 1

This zone of 32 physical clusters, starting at PAA 01 FF 00k’ on layer LO and at PAA 3E 00 80]
L1, is intended to store control information. Unused clusters in this zone shall contain all 00h,

18.3.19INFO1/PAC 1

This zone of 32 physical clusters, starting at. RAA 01 FF 80h on layer LO and at PAA 3E 00 00]
L1, is intended to be used for storing physical access control (PAC) clusters (see Clause 21
clyisters in this zone shall contain all 00h«0r'be left unrecorded.

on layer r

L on layer
this zone

L on layer

1 on layer
). Unused

19 Data zone

O:[ an SL disk, the data zone-can contain a total of 381 856 clusters of user data on a 25,0 GB drsk.

On a DL disk, the data zenés can contain a total of 763 712 clusters of user data on a 50,0 GB djisk.

20 Outer zone(s)

2:[.1 Genéral

On anSkdisk, the outermost zone of the information zone functions as a lead-out zone (see Figure 90).
OraBDldiskthe-ovterzone O-and-outerzone - funetionasatransitichareabetweenthedatd Zzones on
layer LO and layer L1 (see Figure 91).
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Outer Description First PAA Number of Purpose
zone 0 of zone phys. clusters
(Data zone 0)
Buffer 3 LAA + 2h 32 —
d INFO 3 DMA 3 LAA + 82h 32 Disk management
Rewritable Controldata3 |LAA+102h 32 Data information
L ) — Angular buffer [LAA +182h 76 —
gricpl?f\lg DMA 4 LAA + 2 B2h 32 Disk management
e INFO4 | Controldata4 |LAA+332h 32 Data information
Buffer 4 LAA + 3 B2h 32 —
— Protection zone 3| LAA + 4 32h — —

Figure 90 — Outer zone 0/lead-out zone

Outer Description First PAA Number of Purpose
rone 1 of zone phys. clusters
— Protection zone 3 — —
Buffer 4 FAA - 4 30h 32 —
INFO4 | Controldata4 | FAA-3BOh 32 Data information
l_ DMA 4 FAA - 3 30h 32 Disk management
Repritable — | Angular buffer | FAA - 2 BOh 76 —
! ) Controldata3 | FAA-1 80h 32 Data information
graCk?“g INFO 3 DMA 3 FAA - 1.00h 32 Disk management
rection
Buffer 3 FAA*- 80h 32 —
(Data zone 1) FAA

20.2 INKO 3 /Buffer 4

Figure'91 — Outer zone 1

This zong of 32 physical clusters shall be left unrecorded.

20.3 INKFO 3/DMA 3

This zond of 32 physical clusters is intended for use by the disk management system (see Clause 22).

Unused clusterssimthis zone shall contain all 00h or be left unrecorded.

20.4 INFOZ3 /Control data 4

This zone of 32 physical clusters is intended to store control information.

Unused clusters in this zone shall contain all 00h.

20.5 Angular buffer

This zone with the size of 76 physical clusters shall be left unrecorded.

20.6 INFO 4/DMA 4

This zone of 32 physical clusters is intended for use by the disk management system (see Clause 22).

122
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Unused clusters in this zone shall contain all 00h or be left unrecorded.

20.7 INFO 4/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 INFO 4 / Buffer 6

This zone of 32 physical clusters shall be unrecorded.

2(.9 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
14.6.2).

21 Physical access control clusters

21.1 General

PHysical access control (PAC) clusters provide a structuire on the disk for the exchange of ddditional
information between interchange parties. PAC clusters:shall be recorded in the INFO1/PAC1|zone and
bdckup copies shall be recorded in the INFO2/PAC2'Zone. All PAC clusters shall have the sarhe format
for their first 384 data bytes, which constitute the PAC header.

In|the future, new PACs can be defined for specific applications/functions.

Difives designed before the introduction“date a new PAC are, in general, not able to interpfet it and
therefore shall treat such a PAC as-a(so-called “unknown PAC”. By obeying standard “unkjown PAC
rulles”, defined in the header of thé PACs, compatibility problems and unwanted destruction df data for
specific applications can be avqided as much as possible.

Difives designed after the.infroduction date of a new PAC can be assumed to be familiar| with the
specific application/functien connected to the new PAC. Such drives can therefore ignore the “unknown
PAC rules” and apply-the rules defined in the “PAC-specific information” fields of the PAC.| For such
“kmown PACs”, theré\are no physical access restrictions unless specified otherwise in the “PAL-specific
information” fields.

21.2 Layeuf of PAC zones

On SL«disks, the INFO1/PAC1 and INFO2/PAC2 zones each form one area of 32 clusters availalple for the
stprage of PAC.

On DL disks, the INFO1/PAC1 zones on layer LO and layer L1 form one area of 64 clusters available for
the storage of PAC, and the INFO2/PAC2 zones on layer L0 and layer L1 form another area of 64 clusters
available for the storage of PAC.

Each PAC cluster shall be recorded in both zones, INFO1/PAC1 and INFO2/PAC2, so there are always
two copies of each PAC cluster recorded. A PAC shall always be updated first in the INFO1/PAC1 zone
and then be copied to the INFO2/PAC2 zone, which eases the handling of possible power-down failures.
The PAC-update count of the PAC cluster recorded in the INFO2/PAC2 zone shall be the same as the PAC-
update count of the PAC cluster recorded in the INFO1/PAC1 zone.

© ISO/IEC 2021 - All rights reserved 123


https://standardsiso.com/api/?name=47607c27ac6d67a8d2f3b06fc179dcaf

ISO/IEC 30192:2021(E)

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 92). Such a 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:

bns1y bn Content in PAC location
00 Unrgcorded
(also to be used if layer not present)
01 Available for re-use?
10 Contains an invalid PAC?
11 Contains a valid PAC

aPAC clusters with status 01 or 10, as indicated in the DDS,
shall not be transferred outside the drive, though
overwriting is allowed (independent on the setting of bit b,

and b, of the unknown-PAC rules).

Figure 92 — Status of PAC locations

21.3 General structure of PAC clusters
The user data of PAC clusters shall be formatted according to Figure 93. The first 384 bytes constity
the PAC hleader.
Byte position
Dfata frame inydatil frame Content Nutr)r; l‘z:;" of
0 0to2 PAC_ID 3
0 3 PAC format 1
0 4to7 PAC-update count 4
0 8to11 Unknown-PAC rules 4
0 12 Unknown-PAC entire_disk_flags 1
0 13 to-14 Reserved 2
0 15 Number of segments 1
0 16 to 23 Segment_0 8
0 24 to 31 Segment_1 8
0 32to 263 : 29x8
0 264 to 271 Segment_31 8
0 272 to 383 Reserved 112
0 384 Known-PAC entire_disk_flags 1
0 385 to 387 Reserved 3
0 388to 2 047 PAC-specific information 1660
1 0to 2047 PAC-specific information 2048
30 0to 2 047 PAC-specific information 2048
31 0to 2 047 Reserved 2048
Figure 93 — General layout of PAC clusters
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The PAC_ID shall identify the specific type of PAC cluster as follows:

if setto 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 set to 00 00 00h or those subsequent cluster locat
be unrecorded;

if set to 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;

ions shall

Otlher values for the PAC_ID are reserved.

E4

clyister in these zones (indicated by status 00 or 01 in the DDS, see Figure.92)

T}

Th
sh

each time the current PAC is re-written.

TH
ur
bi
be
(s
se
w

If
PA
iry

if set to 49 53 32h, the PAC cluster is the IS2 PAC as defined in 21.6;

if set to FF FF FFh, the PAC cluster is unused. The PAC was previously used and'is'now
for re-use.

chnew PAC added to the INFO1/PAC1 zone or INFO2/PAC2 zone shall be®écorded in the first

e PAC-format field shall indicate the version number of the specific PAC.

e PAC-update count shall specify the total number of updaté.operations of the current PAC.
all be set to 00 00 00 00h during the first format operation’only and it shall be increment

e unknown PAC rules shall specify the required actions when the content and use of th

s (bit bs; shall be the msb of byte 8 and bitsh, shall be the Isb of byte 11). The actions

low shall be taken (when the PAC is unknewn) for any cluster contained within the rel
be Figure 94). The actions described for.the user data area shall be taken only within the
pments, if segments have been defined; else these actions shall be taken for any cluster

thin the full user data area.

h drive encounters multiple unknown PACs on one disk, it shall use the OR-function of the
C rules (in other words, if.ohe of the PACs excludes an action, the same rule of the othg
elevant).

available

available

This field
bd by one

b PAC are

known (i.e. the PAC_ID is not set to a known valué)."These bytes form a field consisting of 32 individual

lescribed
hted area
specified
fontained

unknown
r PACs is
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Control Mandatory
Area Bits type setting
b;, tob,, Reserved 0000 0000
Reserved 8 by Write -
b,, Read -
Reserved 7 by, Write ONE
by Read -
INFO 2 b Write
Reserved 6 19
Reserved 5 by Write -
b6 Read -
b Write ZERO
INFp 1 Dri 13
rivearea b Read ZERO
Reserved 3 by Write ONE
INFp 1 Reserved 2 Dy Wiie ONE
b Write ONE
R d1 2
eserve by Road -
DMA zones (not including the :
INFD 1,2,3,4 DDS; see 22.2) b, Write -
b Reserved unless otherwise
6 specified by the BDAP
Wri -
INFD 1,2,3,4 Control data zones by fite
b, Read -
b Write -
Dat User-dat S t 3
atq zones ser-data area / Segments b, Road -
INFD 1 and 2 PAC cluster by Write -
b, Read -
"-": No mandatory setting specified, as well ZERO as ONE can be allowed depending on
bpecific PAC
Figure 94— General bit assignments for unknown PAC rules
For all zohes/areas, except the PAC cluster, the bits have the following meaning:
— Contjol type = write:
— jifset to ZERO: indicating that writing in the related zone/area is allowed; and
— ifsetto 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; and
— if setto ONE: indicating that reading in the related zone/area shall not be allowed.

The meaning of “reading shall not be allowed” in this context is: the data content of the clusters in the
related area(s) are not allowed to be transferred outside the drive or presented to the user.

For the PAC cluster, the bits have the following meaning:
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— if setto ZERO: indicating that overwriting the current PAC cluster or changing its status
bits in the DDS is allowed; and
— ifsetto ONE: indicating that overwriting the current PAC cluster and changing its status

bits in the DDS shall not be allowed, except during re-initialization.

Control type = read:

T}

— ifSetto ZERO: indicating thatreading and transierring the content ot the currgnt cluster
outside the drive is allowed; and

— if set to ONE: indicating that the content of the current PAC cluster, excépt fofr the first
384 bytes of the first data frame, shall not be transferted outsid;L;he drive,
to be enforced by setting all bytes not belonging to'the PAC headler to 00h
before passing the content of the cluster.

e unknown PAC entire_disk_flags byte shall specify unknown PAC rulesthat cover the entire disk:

Bits by, to by: These bits shall be reserved.

Bit b: Re-initialization:

— if setto ZERO: indicating that re-initialization‘is allowed, if not blocked by any otfher write

protect mechanism for the entire disk; and

— if setto ONE: indicating that re-initialization shall not be allowed if the PAC is unknown to

the drive.

The number of segments shall specify the total number N (0 < N < 32) of segments specif
current PAC.
Moreover, the total number of segments defined for all PACs on a disk shall not exceed
Fdrmula (52):

N

Y ng ;<32

i=0
where ng ; is number efisegments in PAC,;.

T}

e Segment_ifield shall specify the starting and ending address of a contiguous range o

called a segmeiit. Segments shall be assigned, starting from Segment_0 to Segment (N - 1) (N

Se
to
12

\/

oments-specified within one PAC shall not overlap and shall be sorted in ascending order
their\daddresses. Segments shall only start and end at cluster boundaries. All Segment_i fiel
N;shall be set to all 00h:

ed in the

B2 as per

(52)

clusters,
< 32).

hccording
s, where

— thefirst4 bytes of the Segment_i field, if used, shall contain the first PSN of the first cluster belonging

to the segment;

the last 4 bytes shall contain the last PSN of the last cluster belonging to the segment.

These segments shall only be applied to the unknown PAC rules. If overlapping segments in different
PAC clusters are encountered, the drive shall apply the OR-function to the related unknown PAC rules in
the overlap areas.

The known-PAC entire_disk_flags byte specifies rules for the entire disk in case the drive is able to
interpret the PAC:
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Bits b, to by:
Bit by:

if set to ZERO:

if set to ONE:

These bits shall be reserved.

Re-initialization:

protect mechanism for the entire disk; and

indicating that re-initialization is allowed, if not blocked by any other write-

indicating that re-initialization shall not be allowed.

The PAC-specific information fields contain information that is specific to the current PAC.

The prim
disk was
disk. The

21.4 Prilmary PAC cluster (mandatory)

hry PAC cluster shall be included on each disk to provide information about the date when the

initially recorded and to identify each recorder that has recorded individual clusters on the

layout of the primary PAC cluster shall be formatted as depicted in Figure 95,

Byte position
Dfata frame inyda& frame Content Nulr)n ber of
ytes
0 Oto2 PAC_ID 3
0 3 PAC format 1
0 4to7 PAC-update count 4
0 8to11 Unknown-PAC rulées 4
0 12 Unknown-PAC entire.disk_flags 1
0 13to 14 Reserved 2
0 15 Number of'segments 1
0 16 to 23 Segment_0 8
0 24 to 31 Segment_1 8
0 3210263 : 29 x 8
0 264 to 271 Segment_31 8
0 272 to 383 Reserved 112
0 384 Known-PAC entire_disk_flags 1
0 385 to 387 Reserved 3
0 388 to 389 Number of recorder ID entries 2
0 390 t0.393 Year/Month/Date of initial recording 4
0 394 Re-initialization RID_tag # 1
0 395 to 511 Reserved 117
0 512 to 639 Recorder ID for RID_tag 01h 128
0 640 to 767 Recorder ID for RID_tag 02h 128
0 768 to 895 Recorder ID for RID_tag 03h 128
1920 to

0 2 047 128
1 0to 127 Recorder ID for RID_tag xxh 128
15 1 29 327“’ Recorder ID for RID_tag FCh 128
16 0to 2 047 Reserved 2048
31 0to 2047 Reserved 2048

128

Figure 95 — Layout of primary PAC cluster
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The PAC_ID shall be set to 50 52 4Dh, representing the characters “PRM”.
The PAC-format field shall be set to 00h, to indicate this is a primary PAC version zero.

The PAC-update count shall specify the total number of update operations of the current PAC. This field
shall be set to 00 00 00 00h during the first format operation only and shall be incremented by one each
time the current PAC is re-written.

The unknown PAC rules shall be set as shown in Figure 96.

Control Mandatory
Area Bits type setting
bs, tob,, Reserved 0009'00p0
b Write ZERO
R ds =
eserve byy Read ZERO
Reserved 7 b,, Write ONE
by, Read ZERO
INFO 2 :
Reserved 6 b9 Write ONE
byg Read ZERO
b Write ZERO
R ds 1z
eserve bye Read ZERO
b Write ZERO
INFO 1 Dri 3
rivearea by, Read ZERO
by Write ONE
Reserved 3 by, Read 7ERO
b,y Write ONE
INFO 1 Reserved 2 by Read 7ERO
b, Write ONE
Reservedil by Read 7ERO
DMA zones (not including the .
INFO 1,2,3,4 DDS; see 22.2) b, Write ZERO
b Reserved unless otherwige
6 specified by the BDAP
b Write ZERO
INFO 1,2,3,4 - 5
01,23, Control-data zones b, Read 7ERO
b Write ZERO
D _ 3
ata zones User-data area / Segments b, Read 7ERO
b, Write ZERO
INFO.1 and 2 PAC cluster by Read 7ERO
Figure 96 — Bit assignments for unknown PAC rules for primary PAC

The unknown PAC entire_disk_flags byte shall be set to 00h to indicate re-initialization of the disk is
allowed if this PAC is unknown to the drive and there are no other mechanisms blocking re-initialization.

The number of segments shall be set to 00h.
The Segment_i fields shall be set to all 00h.

The known-PAC entire_disk_flags byte shall be set to 00h to indicate re-initialization of the disk is
allowed in case the drive is able to interpret this PAC and there are no other mechanisms blocking re-
initialization.
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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).

The year/month/date of initial recording fields shall indicate the year (4 digits BCD), the month
(two digits BCD) and the date (two digits BCD) when the very first recording on this disk was made. If a
drive is not able to 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
initialized /re-initialized the disk.

The recorder ID for RID_tag xxh fields shall contain the 128-byte drive signatures of all recorders (tp|to
a maximym of 252) that have made any recordings on this disk. Such drive signatures shall be entergd
according to the following format (see 18.3.13.2):

— 48 byftes for the manufacturers name, represented by characters from the ISO 646 character-set
— 48 byftes of additional identification, represented by characters from the ISO 646 character-set;
— 32 byjtes for a unique serial number of the drive.

The first|time a recorder writes data to a disk, it shall add its recorder ID-fo this list. There shall pe
no duplicpte entries and new entries shall only be appended to the end of\the list. This list shall not pe
sorted or] changed in any other way, since the relative location of eath entry determines the RID_tg
value (se¢ Figure 95) assigned to each specific recorder. After all available recorder ID fields have been
used, recprders whose recorder ID can not be registered in the ‘PAC anymore, shall use the RID_tag
value FFh.

The RID_fag value assigned to a specific recorder shall bete€corded in the address units as defined|in
13.9.2.3 tp indicate that the cluster has been recorded by that recorder.

21.5 Digk write-protect PAC cluster (optional)

The disk|write-protect (DWP) PAC clusterqis optional and can be used to protect a disk agairst
unintendgd write actions or write actiongby'unauthorized persons. For the latter purpose, a password
can be influded. If a valid DWP PAC cluster exists on the disk, products that understand the PAC shhpll
follow the rules indicated by the WP-Control bits, else they shall follow the unknown PAC rules. The
layout of the DWP PAC cluster shallbe formatted as depicted in Figure 97.
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Byte position
Data frame inydafa frame Content Nuerr; ?:; of

0 0to?2 PAC_ID 3

0 3 PAC format 1

0 4to7 PAC-update count 4

0 8to11 Unknown-PAC rules 4

0 12 Unknown-PAC entire disk flags 1

0 13 to 14 Reserved 2

0 15 Number of segments 1

0 16 to 23 Segment_0 8

0 24 to 31 Segment_1 8

0 32to 263 : 29 x 8
0 264 to 271 Segment_31 8

0 272 to 383 Reserved 112
0 384 Known-PAC entire_disk_flags 1

0 385 to 387 Reserved 3

0 388 WP control byté 1

0 389 to 395 Reserved 7

0 396 to 427 WP password 32
0 428 to 2 047 Reserved 1620
1 0to 2047 Reserved 2048
31 0to 2047 Reserved 2048

Figure 97 — Layout of DWP PAC cluster

The PAC_ID shall be set to 44 57 50h, representing the characters “DWP”.
The PAC-format field shall be set to 00h, to indicate this is a DWP PAC version zero.

The PAC-update count shall specify the total number of update operations of the current PAC.|This field
shill be set to 00 00-0@)00h during the first format operation only and shall be incremented by one each
tine the current PAC is re-written.

The unknown.PAC rules shall be set as shown in Figure 98.
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Control Mandatory
Area Bits type setting
b;, tob,, Reserved 0000 0000
b Write ZERO
R ds 23
eserve b,y Read ZERO
Reserved 7 b, Write ONE
INFO 2 by Read ZERO
Rosored & b1o Write ONE
byg Read ZERO
b Write ZERO
R ds Lz
eserve by, Read ZERQ
. bys Write ZERO
INHO 1 D
rivearea by, Read ZERO
b Write ONE
R d3 13
eserve by, Read 7ZERO
b Write ONE
INHO 1 R d2 1
eserve byo Read ZERO
b Write ONE
R d1 2
eserve by Read ZERO
DMA zones (not including the .
INHO 1,2,3,4 DDS; see 22.2) b, Write ZERO/ONE
b Reserved unless otherwise
6 specified by the BDAP
b Write ZERO/ONE
IN§O 1,2,3,4 | Control dat 2
ontrol data zones b, Read ZERO
b Write ZERO/ONE
Dat User-dat S t 3
atja zones ser-data area/Segments b, Read 7ERO
b Write ONE
INfO 1and2 | PAC clust L
an custer b, Read ONE
Figure 98 — Bit assignments for unknown PAC rules for DWP PAC
Bits by, b4, bs and b3 shall be set to ZERO if bit b, of the WP control byte is set to ZERO (WP off) and b
b, bg, bs and b shall-be set to ONE if bit b, of the WP control byte is set to ONE (WP on).
The unkrjown PAE entire_disk_flags byte shall be set to 01h to indicate re-initialization of the disk]i
not allowgd jf this PAC is unknown to the drive.
The numberetsesmentsshat-besette-00h

The Segment_i fields shall all be set to all 00h.

The known-PAC entire_disk_flags byte shall be set to 00h to indicate re-initialization of the disk is
allowed in case the drive is able to interpret this PAC and there are no other mechanisms blocking re-
initialization.

The WP ¢

132

ontrol byte shall specify the allowed and required actions (see Figure 99) as follows:
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Bits b, to b;: These 5 bits shall be reserved.

Bit b,: This bit indicates WP with/without password (PWD):

if it is set to ZERO, no checking of the password is needed;

ifitis set to ONE, in case bit b is set to ONE, the write protection is switched on, only
ated write actions shall be allowed if the password supplied by the host matches the
contained on the disk.

T}

TH
us

If
of]

If
ha
sh

BIUDq: nis divindicates the method oI write protection:

Bit b: This bit indicates write protect on/off:

e WP control byte shall only be changed-after executing the required actions as specified in |

e WP password can consist of up ta-32 characters from the ISO 646 character-set. Trailing
ed shall be set to 00h. The WP password shall never be transferred outside the drive.

hll bytes of the WP password\field are set to 00h, then the WP password feature is inactive
the WP control byte shalllbe'set to ZERO.

the WP password fi€ld is set to all FFh, then the disk is permanently write-protected a
st-initiated write.acbions on the disk shall not be allowed. Bits b,, b; and b, of the WP co
all be set to 111,

host-initi-
password

if set to ZERO, this bit indicates virtual WP. After executing the required actions'as specified in
Figure 99, host-initiated write actions shall be executed without changing the write protection

settings on the disk;

if set to ONE, this bit indicates the physical WP. After executing the required actionjs as speci-

fied in Figure 99, host-initiated write actions shall only be executed after setting bit |
indicating that the write protection is switched off.

if set to ZERO, it indicates that write protection is switched off (WP off) and the hoj{
write actions is allowed without any restrictions;

o to ZERO,

t-initiated

if set to ONE, it indicates that write protectionis switched on (WP on), meaning that all write
actions initiated by the host shall be blocked'by the drive and the host-initiated wrjite actions

are only allowed after executing the required actions as specified in Figure 99;

if the write protection is switched on,re-initializing the disk shall not be allowed.

Figure 99.
bytes not

hand bit b,

Ild further

trol byte
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WP control Status Actions
. For changing WP control
b, [ by | by For writing data bits or the password
0]0]O No PWD /virtual/WP off | Allowed Allowed
olol1 No PWD /virtual /WP on Allowed after confirmation | Allowed after confirmation
by the host by the host
01| 0] NoPWD/physical/WP off | Allowed Allowed
Allowed after confirmation Allowed after confirmation
0] 1] 1| NoPWD/physical/WPon |[bythehostand changing [, .7 °
to WP Off Ll_y CIIC 1T1IUOU
Allowed after confirmation
1] 0] 0| WithPWD/virtual/WP off | Allowed of the password supplied
by the host
Allowed after confirmation | Allowed afterconfirmatior
1] 0] 1| With PWD/virtual/WP on | of the password supplied [ of the password supplied
by the host by the host
Allowed after confirmation
1| 1|l 0 | With PWD/physical/WP off | Allowed of the password supplied
by the host
?;ltohv(\e/eigsf"csgfgrsllfllrrrll?éaon Allowed after confirmation
1] 1] 1 | With PWD/physical/WP on P PP of the password supplied
by the host and changing by the h
to WP off y the host

Figure 99 — Status and allowed actions defined by write-control bits

21.6 1S1 and IS2 PAC clusters

The IS1 PAC and IS2 PAC may be recorded ¢mn-a disk. When BCA code is not recorded on a disk, 1S1/152
PAC strugtures shall be recorded in INFO2/PAC1 and INFO2/PAC2 before being shipped. When BCA
code is rejcorded on a disk, 1IS1/1S2 PAE€.structures shall not be recorded.

The layoyt of the IS1 PAC and IS2/PA€ cluster shall be formatted as depicted in Figure 100.
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Byte position
Data frame inydafa frame Content Nulr)r;] lz(ee;‘ of

0 Oto?2 PAC_ID 3

0 3 PAC format 1

0 4to7 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

0 16 to 23 Segment_0 8

0 24 to 31 Segment_1 8

0 32to 263 : 29 x 8
0 264 to0 271 Segment_31 8

0 272 to 383 Reserved 112
0 384 Known-PAC entire_disk_flags 1

0 385to 2 047 Reserved 1663
1 0to 2047 Reserved 2 048
31 0to 2047 Reserved 2048

Figure 100 — General layout of IS1 and IS2 PAC clusters

e PAC_ID shall be set to 49 53 31h, representing the characters “IS1” for IS1 PAC. The PAC_I

t to 49 53 32h, representing the character's “IS2” for [S2 PAC.

e PAC-format field shall be set to.00h for both PACs, to indicate this is version zero.

e PAC-update count shall be set:to 00 00 00 00h for both PACs.

D shall be

The unknown PAC rules shall/be set to 00 AA 2A 00h for IS1 PAC and shall be set to 00 AA 2|A CBh for
ISP PAC.

The unknown PAC entire_disk_flags byte shall be set to 01h for IS1 PAC and shall be set to 00h fdr IS2 PAC.
The number of'segments shall be set to 00h for both PACs.

The Segment) 7 fields shall be set to all 00h for both PACs.

The known-PAC entire_disk_flags byte shall be set to 01h for both PACs

22 Disk management

22.1 General

Disk management defines and controls method of recording data on the disk including defect
management data. defect management is used to solve problems related to areas on the disk that can
have become defective or unreliable through damage or contamination.

Depending on the BDAP and/or the applied file system, defect management can be handled by the drive
or by the file system.
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In the defect list, the following two types of defects can be distinguished:
— defects called NRD which stands for non-re-allocatable defect;

— unreliable areas on the disk, called PBA which stands for possibly bad area. Before using such a PBA
for the allocation of data, the reliability of the area should be checked.

22.2 Disk management structure (DMS)

22.2.1 General

A disk management structure is made up of a disk definition structure (DDS) and a defect list (DEL), The
disk definition structure consists of one cluster that shall be repeated 4 times for robustnessTeasons.
The defedt list consists of 4 consecutive clusters on an SL disk and 8 consecutive clusters onf a,DL disk.

Whenevef a disk leaves a recorder, all DMS shall correctly reflect the current status of the disk.

All 4 occyrrences of the DMS, recorded in the DMA zones in the inner and outer,zZane(s), shall contdin
the same|information, except for the first PSN of defect list (see 22.2.2, byte 24.0f data frame 0). The
DMA zongs shall be updated in the order DMA 1, DMA 2, DMA 3, DMA 4 for ease of handling possilile
power-ddwn failures. 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 22.2.4, byte 4 of data-frame 0/cluster 0 and 22.2{5,
defect list terminator) shall be the same.

DMS on gn SL disk

On an SL fisk, the DMA zones consist of 32 consecutive clustets-as indicated in Figure 101.

Tracking ditection

Cluster Cluster Cluster Cluster Cluster
1 2 3 31 32

—

hyer LO

Figure 101 — CluSters of DMA zones on SL disk

The DDS ghall always be recorded in.the first 4 clusters of each DMA zones.

The DFL {s recorded initially in clusters 5 to 8 of each DMA zone. Whenever any of the 4 clusters of the
DFL in a DMA zone starts to bécpme unreliable, the complete DFL is moved to the next 4 clusters of the
DMA zong¢ concerned (see Eigire 102). The position of the valid DFL is indicated in the DDS.

Cluster'1 to 4 DDS (four repetitions)

Cluster 5 to 8 First position of DFL Damaged DFL
Cluster 9 to 12 Second position of DFL | Valid DFL
Cluster 13 to 16 Third position of DFL Empty
Cluster 29 to 32 Seventh position of DFL | Empty

Figure 102 — Example of DMA zone on SL disk

DMS on a DL disk

On a DL disk, the DMA zones consist of 64 clusters divided over the two recording layers as indicated in
Figure 103.
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Tracking direction

Cluster Cluster Cluster Cluster Cluster
1 2 3 31 32
Cluster Cluster Cluster Cluster Cluster
64 63 35 34 33

Tracking direction

Figure 103 — Clusters of DMA zones on DL disk

The DDS shall always be recorded in the first 4 clusters of each DMA zone. The next4 ¢l

regerved.

The DFL is recorded initially in clusters 9 to 16 of each DMA zone. Whenever any 6f the 8 clust

sters are

ers of the

DKL in a DMA zone starts to become unreliable, the complete DFL is moved into-the next 8 dlusters of

the DMA zone concerned (see Figure 104). The position of the valid DFL is indicated in the DD

22.2.2 Disk definition structure (DDS)

Cluster 1 to 4

DDS (four repetitions)

Cluster 5to 8 Reserved

Cluster 9 to 16 First position of DFL Damaged DFL
Cluster 17 to 24 Second position of DFL | Valid DFL
Cluster 25 to 32 Third position ofDFL Empty
Cluster 57 to 64 Seventh p@sition of DFL | Empty

Figure 104 — Example of DMA zone on DL disk

the DDS is defined in Figure 105:

The DDS specifies the format and status of the disk with respect to the disk management. The
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be

Data frame Fny(tiztpa Ofsl}:lr?lrel Content Null)l; lt)ee;‘ of
0 Oto1l DDS identifier 2
0 2 DDS format 1
0 3 Reserved 1
0 4to7 DDS-update count 4
0 8to 15 Reserved 8
0 16 to 19 First PSN of drive area 4
20to 23 Reserved 4
24 to 27 First PSN of defect list 4
28to 31 Reserved 4
32 to 35 Location of LSN 0 of user-data area 4
) 36 to 39 Last LSN of user-data area 4
) 40to 51 Reserved unless otherwise specified by the BDAP 12
) 52 Flag A 1
) 53 Reserved 1
) 54 Reserved unless otherwise specified by the BDAP 1
55 Reserved 1
56 to 59 Reserved unless otherwise specified by the BDAP 4
60 to 63 Reserved 4
64to71 Status bits of INFO 1/PAC*\ocations on layer L0 8
72t0 79 Status bits of INFO 2 /PA€ 2 locations on layer L0 8
80 to 87 Status bits of INFO_1YPAC 1 locations on layer L1 8
88 to 95 Status bits of INFOQ”2/PAC 2 locations on layer L1 8
) 96 to 2 047 Reserved 1952
| 0to 2047 Reserved 2048
31 0to 2047 Reserved 2 048
Figure 105 — Format of DDS
The DDS {dentifier shall beset to 44 53h, representing the characters “DS”.
The DDS format field shall be set to 00h, identifying a DDS.
The DDS fipdate_ count shall specify the total number of update operations of the DDS. This field shall
set to 00 (00 00-00h during the first format operation only and shall be incremented by one each tine
the DDS i} ré-written.

The first PSN of drive area field shall specify the first PSN of the first cluster of the pair of clusters that
contains the drive-specific information frames.

If the drive area is unrecorded, this field shall be set to 00 00 00 00h.

The first PSN of defect list field shall specify the first PSN of the defect list in the DMA zone containing
this particular DDS.

The location of LSN 0 of user data area field shall specify the PSN of the first user data frame in the
first cluster after the Lead-in zone. This field shall be set to 00 10 00 00h unless otherwise specified by

the BDAP.

138
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The last LSN of user data area field shall specify the logical sector number (LSN; see Clause 23) of
the last sector available for the storage of user data and shall be set to 00 BA 73 FFh for SL disks and
01 74 E7 FFh for DL disks unless otherwise specified by the BDAP.

The 8-bit flag A field specifies the status of an SL disk or a DL disk. This byte shall be set to 03h on SL
disks and OFh on DL disks unless otherwise specified by the BDAP.

The status bits of INFO 1/PAC 1 locations on layer LO field shall specify the recording status of all 32
clusters in the INFO 1/PAC 1 zone on layer LO (see Figure 106). The bit pairs shall be set as defined in 21.3.

Ryfn pncifinn Bits INEQ1 I/DA(‘ 1location PAA
64 b, b, 01 FF 80h
64 b b, 01 FF 84h
64 b, b, 01 FF 88h
64 b, b, 01 FF 8Ch
65 b, b 01 FF 90h
70 b, b, 01 ¥FECh
71 b, b 1 FF FOh
71 b, b, 01 FF F4h
71 b, b, 01 FF F8h
71 b, b, 01 FF FCh

N’

Figure 106 — Status bits and related INFO 1/PAC 1 address locations on layer L

THe status bits of INFO 2/PAC 2 locations-on layer LO field shall specify the recording statug of all 32
cliisters in the INFO 2/PAC 2 zone on layer LO (see Figure 107). The bit pairs shall be set as defing¢d in 21.3.

Byte position Bits INFO 2/PAC 2 location PAA
72 b, b, 01 BA0Oh
72 b: b, 01 BA 04h
72 b; b, 01 BA 08h
72 b, b, 01 BAOCh
73 b, by 01 BA 10h
78 b, b, 01 BA 6Ch
79 b, by 01 BA 70h
79 hD h* 01 BA 74h
79 b; b, 01 BA 78h
79 b, b, 01 BA 7Ch

Figure 107 — Status bits and related INFO 2/PAC 2 address locations on layer LO

The status bits of INFO 1/PAC 1 locations on layer L1 field shall specify the recording status of all 32
clusters in the INFO 1/PAC 1 zone on layer L1 (see Figure 108). The bit pairs shall be set as defined in 21.3.
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Byte position Bits INFO 1/PAC 1 location PAA
80 b, bg 3E 00 00h
80 b: b, 3E 00 04h
80 b; b, 3E 00 08h
80 b, b, 3E 00 0Ch
81 b, b, 3E 00 10h
86 b, b, 3E 00 6Ch
87 b, b, 3E 00 70h
87 b: b, 3E 00 74h
87 b; b, 3E 00 78h
87 b, b, 3E 00 7Ch

Figure 108 — Status bits and related INFO 1/PAC 1 address locatiens on layer L1

The statys bits of INFO 2/PAC 2 locations on layer L1 field shall specify-the recording status of all B2
clusters i the INFO 2/PAC 2 zone on layer L1 (see Figure 109). The bit pairs shall be set as defined in 21{3.

Byte position Bits INFO 2/PAC 2 location PAA
88 b, b, 3E 45 80h
88 b b, 3E 45 84h
88 b; b, 3E 45 88h
88 b, b, 3E 45 8Ch
89 b, by 3E 4590h
94 b, b, 3E 45 ECh
95 b, by 3E 45 FOh
95 b: b, 3E 45 F4h
95 b, b, 3E 45 F8h
95 b, b, 3E 45 FCh

Figure 109\~ Status bits and related INFO 2/PAC 2 address locations on layer L1

22.2.3 Deféectlist (DFL)

The first of the 4 or 8 clusters constituting the DFL contains a defect list header followed by a list of
defects. The list of defects shall be terminated by a defect list terminator.

The DFL shall be composed as shown in Figure 110.
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All remaining bytes following the defect list terminator shall be set to 00h.

272
T}
T}
T}

Cluster Start byte position
number/ in data frame Content Number of bytes
data frame
0/0 0 Defect-list header 64
0/0
: 64 .
List of defects 65472
0/31
1/0
: 0 List of defects 65,536
1/31
K/0
: 0 List of defects
nx 8
nx 8 Defect-list terminater 8
: set00h
K/31 (n+1)x8
K=3onanSLdiskand K= 7 on a DL disk

Figure 110 — Format of DFL
e defect list header (DLH) identifies the defect list and contains information about the comp
e list of defects (see 22.2.4).

e list of defects contains a list of clusters determined to be defective during use of the n
.2.5).

e defect list terminator cloSes the list of defects and shall be written immediately folld
tual last entry in the list ¢f defects. The defect list terminator can be located in any of the 4
8 (DL disk) clusters constituting the DFL, depending on the number of entries in the list ¢

.2.4 Defect list header (DLH)

e formatofithe DLH is defined in Figure 111.

e DFL.identifier shall be set to 44 4Ch, representing the characters “DL".
€-DFL format field shall be set to 00h, identifying a DFL.

osition of

edia (see

wing the
(SL disk)
f defects.

The DFL-update count shall specify the total number of update operations of the defect list. This field
shall be set to 00 00 00 00h during the first format operation only and shall be incremented by one each
time the DFL is re-written.

The number of DFL entries, Ny, shall indicate the total number of entries in the DFL and Npp, shall be

su

m of numbers of NRD and PBA unless otherwise specified by the BDAP:
For an SL disk: Npg; < 32 759;
For a DL disk: Npg;, < 65 527.
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Cluster Byte position
number/ in data frame Content Number of bytes
data frame

0/0 Oto1l DFL identifier 2

0/0 2 DFL format 1

0/0 3 Reserved 1

0/0 4to7 DFL-update count 4

0/0 8to11 Reserved 4

0/0 12 to 15 Number of DFL entries (Npg ) 4
Reserved unless otherwise

/0 16to 19 specified by the BDAP 4

0/0 20 to 23 Number of NRD entries 4
Reserved unless otherwise

/0 241027 specified by the BDAP 4

0/0 28to 31 Number of PBA entries 4
Reserved unless otherwise

/0 321035 specified by the BDAP 4

0/0 36 to 63 Reserved 28

Figure 111 — Format of DLH
The numlper of NRD entries shall specify the total number ofNRD entries in the DFL.

The num
The num

The num

22.2.5 L
The form

The DFL ¢

ist of defects

er of NRD entries is a variable number that cdn be changed during the use of the disk.
er of PBA entries shall specify the total number of PBA entries in the DFL.

er of PBA entries is a variable number-that can be changed during the use of the disk.

ht of the list of defects is.shown in Figure 112.

contiguoysly, even across thelborders of data frames and clusters.

The defed

t list terminator/(DFL terminator) shall be composed of the following two 4-byte parts:

— the first 4 bytes)shall be set FF FF FF FFh;

142

the s
check

ntries shall be formatted as specified in 22.2.6. DFL entries consist of 8 bytes and are recordged

bcond 4 bytes shall be equal to the DFL-update count in the header of the DFL (can be used|to
 the validity of the defect list at power-down failures).
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Cluster Start b . Numb
number/ ta'rt yte position Content umber
in data frame of bytes
data frame
0/0 64 DFL entry 0 8
0/0 72 DFL entry 1 8
0/0 ix 8+64 DFL entry i 8
ﬂl/ﬂ 2032 DFEI entry 24.6 8
0/0 2 040 DFL entry 247 8
0/1 0 DFL entry 248 8
0/1 8 DFL entry 249 8
0/1 2 040 DFL entry 503 8
0/n 0 DFLentryn x 256+8 8
0/31 2 040 DFLentry 8 183 8
m/0 0 DEL€ntrymx 8192 -8 8
m/0 jx 8 DFLentrymx 8192-8+j 8
m/0 2 040 DFL entrym x 8192 - 8 + 255 8
m/1 0 DFLentrymx 8192 -8+ 256 8
m/1 2040 DFLentrymx 8192 -8+511 8
m/n 0 DFLentrymx 8192+nx 256-8 8
m/31 2 040 DFLentrymx 8192+8191-8 8
K/n [(Npp, - 1) x 8+64 -
(K®m) |-nx 2048-Kx 65536] DFL entry (Npg, - 1) 8
[Npp, x 8+ 64 .
K/n “nx 2048-Kx 65536] DFL terminator 8
o [(Vp, + ) x 8+64
—NTX 2048=KX 65 536] Setto 00h
K/(n+1)
to K/31 0 Set to 00h 2048

K=3onanSLdiskand K=7 on a DL disk

Figure 112 — Format of list of defects
22.2.6 DFL entries
Each DFL entry shall be formatted as shown in Figure 113. The bytes of the DFL entry are converted

into a 64-bit sequence with the msb’s first.
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The list of defects shall be sorted in ascending order as if each entry were a single 64-bit unsigned
integer of which the msb is ignored (always supposed to be ZERO), which means that first sorted by
status 1, and within status 1 by defective cluster first PSN, and within defective cluster first PSN by
status 2, and within status 2 by number of successive clusters.

byte 0/bit 7.4 | byte 0/bit 3..0 and byte 1 to 3 | byte 4/bit 7..4 | byte 4/bit 3..0 and byte 5 to 7
of DFL entry i of DFL entry i of DFL entry i of DFL entry i
b63 " b60 b59 b32 b31 " b28 b27 " bO
Status 1 Defective cluster first PSN Status 2 Number of successive clusters

Figure 113 — DFL entry format

The defe¢tive cluster first PSN shall identify the PSN of the first physical sector of the\cluster to pe
indicated] Only the 28 least significant bits of the PSN shall be stored in bits by b3, (the 4 mgst

significarjt bits are discarded). Each defective cluster shall appear only once in the list of defects.

The numlber of successive clusters field shall indicate the number of successive.clusters covered by the

possibly lbad area (the value 0 00 00 00h indicates that the number of unreliable clusters is unknown)

when staftus 1 field is set to 0100 (see Figure 114). When status 1 field is not set to 0100, this field|is
reserved junless otherwise specified by the BDAP.

The status 1 field shall indicate the status of the entry as shown inFigure 114.

Status 1 Type Definition
0001 NRD The entry identifies a defective location.
The entry identifies an area‘on the disk that can be defective and shall
0100 PBA be checked. The defective-cluster first PSN shall identify the PSN of the
first physical sector. ofithe first cluster related to an error event.
PBAs shall not inelude any NRD locations.
Other Reserved unless otherwise’specified by the BDAP.
settings

The status 2 field shall indicate the status of the entry as shown in Figure 115.

Figure 114 — DFL entry status 1 definition

Status 2 | Definition

0040 This (default) setting shall be used if none of the following settings is valid.

BDAP.)

(Only allowed in combination with status 1 = 0100 unless otherwise specified by the

Thectustersdo ot contaimany Tetevant user data- Durimg Tead=modify=writeactions
0100 the content of such clusters can be discarded (related status bits Sa;/Sa;, at new
location can be set to 11).
If the clusters covered by a PBA can contain valid user data, the status 2 of such a
PBA shall be set to 0000.

Other
settings

Reserved unless otherwise specified by the BDAP.

144

Figure 115 — DFL entry status 2 defin

ition
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23 Assignment of logical sector numbers (LSNs)

Logical sector numbers shall be assigned contiguously over all clusters available for the storage of user
data starting from LSN 0 and increasing by one for each successive user data frame (see Figure 116).

Unless otherwise specified by the BDAP, LSN 0 is assigned to the first user data frame in the first cluster
after the lead-in zone (at PSN = 1 048 576).

The last LSN on layer LO is equal to 8 x LAA + 15 - 1 048 576 and is assigned to the last user data frame
in the last cluster before the lead-out zone/outer zone 0 (at PSN =8 x LAA + 15 = X).

The first LSN on layer L1 shall be one higher than the last LSN on layer L0 and is assigned td the first
user data frame in the first cluster after the outer zone 1 (at PSN = 8 x FAA = X+FE 00 0000h )

The last LSN on layer L1 is equal to 16 x LAA + 31 -2 097 152 and is assigned to theldastuser dpta frame
infthe last cluster before the lead-out zone (at PSN = 01 EF FF FFh).

Inner Outer Outer Inner
radius Layer LO  radius radius Layer L1 radius

LSN
—>

User data area

User data area

S |Lead-in Outer Outer Lead-out

2 zone zone’0 ,| zone 1 zone

g A \ 11 4 y —

S PS
0010 00 00h X X+ FE 00 00 00h 01 EF FF FFh

Figure 116 — Assignment of logical sector numbers

24 Characteristics/of grooved areas

The signal valuesCspecified in Clauses 24 to 28 are valid for all disk capacities, unless [specified
otherwise.

Inthis document, the following two types of signals are distinguished:

—|{ sighals generated by the groove structures on the disk;

— signals generated bv user-written marks

In Clauses 25 to 28, the signals generated by the groove structures are defined and specified (the format
of the grooves has been defined in Clause 15).

All requirements in Clauses 25 to 28 shall be fulfilled in all layers independent of the recording status
of other recording layer (whether unrecorded, recorded or partially recorded) from the inner radius
of the embossed HFM area(s) (start/end of the PIC zone) at nominal radius 22,4 mm up to the inner
radius of the outer zone(s) + 20 um (dpzo/2 + 20 um). It is recommended that the requirements are also
fulfilled in the remainder of the outer zone(s).
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25 Method of testing for grooved area

25.1 General

When measuring the signals, the influence of local defects, such as dust and scratches, are excluded.
Local defects can cause tracking errors, erroneous ADIP information or uncorrectable data (see
Clause 34).

Measurement for Clause 25 to 27 shall follow the procedure in Annex I.

25.2 Enyironment

All signals shall be within their specified ranges if the disk is in its range of allowed enviropmental
conditionfs as defined in 8.1.1.

25.3 Reference drive

Ne}

and in Annex H.

25.3.2 Read power

The read [power is the optical power incident on the entrance<surface of the disk. The read power shpll
be (0,35 4 0,1) mW for an SL disk and (0,70 + 0,1) mW for a DI disk.

25.3.3 Read channels

The drivd shall have two read channels as definedin 9.5 and 9.6.

D

The HF dignal from the HF read channel shall not be equalized, except when measuring jitter (See

Annex H for detailed specifications).

For measpirement of the push-pull signals, the radial PP read channels shall be filtered by a first order
LPF withf 545 = 30 kHz.

For measfirement of the wobble signals, the radial PP read channels shall be filtered by a first order LPF

25.3.4 Tracking requirements

During measurement of the signals, the axial tracking error between the focus of the optical beam aphd
the recording fayer shall be maximum 55 nm, and the radial tracking error between the focus of the
optical bgam and the centre of the track shall be maximum 16 nm.

25.3.5 Scanning velocity

The actual rotation speed of the disk shall be such that it results in an average channel-bit rate of
66,000 Mbit/s or an average wobble frequency of 956,522 kHz.

25.4 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.

Some signals are normalized relative to the total detector current in an unrecorded, grooved area.
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This total detector current is referred to as per Formula (53):

IG = (11 + IZ)groove (53)

Push-pull signal

The push-pull signal is the low-pass filtered sinusoidal difference signal (I; - I,) in the radial PP read
channel (see Figure 8), when the focus of the optical beam crosses the tracks. The push-pull signal can
be used by the drive for radial tracking (see Figure 117).

In[general, the difference signal (I; - I,) 1s normalized relative to the low-pass filtered tofa] detector
current (I; + I). The peak-to-peak value of this real-time normalized push-pull signal, Vop,orm 1S
ddfined as per Formula (54):
11 (t)—lz (t) (11 _12 )attz (11 _12 )attl
Yepnorm =| 7 (641, (1) T+ (L +L) (>4)
1 2 peak-peak 1772 /att, 1772/t
Detector
current | ,
(mA) | |
(+1,) \/ :
Sum signal : :
: (11- IZ)max :
: : '
(- 1) | t o
Difference signal I , Radial position
! ! (time)
Ul - IZ)min ; ;
On track On track
Figure 117 — Definition of push-pull signals
Wpbble signal
The wobble'signal Iy, , is the peak-to-peak value of the sinusoidal difference signal (/; - I) in the radial
PH read’channel (see Figure 8), when the focus of the optical beam follows the tracks according to
23.34.'See also Annex M and Annex E for a measurement method.

The signal shall be normalized by the peak-to-peak value of the push-pull signal (I; - I) ,, to be, Iyys,
as per Formula (55):

I
_ Wpp (55)
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als from HFM grooves

26.1 Push-pull signal

The peak-to-peak value of the real-time normalized push-pull signal, Vpp, o, ypus in the embossed HFM
areas shall be as per Formula (56):

0,26 < Vppyormurm < 0,52 (5

6)

26.2 HF

The norn
centrelin

M wobble signal

alized HFM-wobble signal is a measure of the deviation of the groove track from its aver::llkge

. Due to interference with the wobbles of adjacent tracks, the amplitude of the HFM wob

signal shgws a variation (called “wobble beat”).

At locatid
normaliz

0,30 4

At locatid
normaliz

INHWS

NOTE
from the
suitable fd

ns where the HFM wobble signal shows minimum amplitudes due to the wobble beat, t
pd HFM-wobble signal amplitude, Iy, shall be as per Formula (57):

INpws,min < 0,60 (5

ns where the HFM wobble signal shows maximum amplitudes due to the wobble beat, t
ed HFM-wobble signal shall be as per Formula (58):

max <3 x INHWS,min (5

Because the shape of the HFM-wobble signal detected in the embossed HFM areas differs significan

le

he

7)

he

8)

Ly

wobble signal in the rewritable areas, the measurement procedure as described in Annex E is ot

r measuring these HFM-wobble signals.

26.3 Jitter of HFM signal

The binar

ized HFM wobble signal from the HFM grooves represents the embossed HFM information

the PIC er:ne. The jitter of the leading edges and the jitter of the trailing edges of this binarized sigy

shall be
Both the
The jitten
— acco
— no eg

— norm

easured separately relative-to a PLL clock.

eading-edge jitter and thé trailing-edge jitter shall be <4,5 %.
shall be measured“under the following conditions:

ipling (High-Pass Filter): first order, f 345 = 10 kHz;
ualization;

alizedby 18T clock period (see 15.5.4.2).

in
al

27 Signals from wobbled groove(s)

27.1 Phase depth

The single-pass phase depth of the groove shall not exceed 90°.

27.2 Push-pull signal

The peak-to-peak value of the real-time normalized push-pull signal, Vpp,,.m shall meet the

requirem

ents of Formulae (59) to (64) in each layer:

— inunrecorded areas (all neighboring tracks unrecorded):

148
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0'21 < VPPnorm,unrec' < 0'45

maximum variation of push-pull signal within 150 tracks in unrecorded areas:

— for SL disks;

min <0 15

(
( PPnorm,unrec. )max+(VPPnorm,unrec. min

VPPnorm,unrec. )max _(VPPnorm,unrec. )
|4

2021(E)

(59)

(60)

2F
27
T}

ce
tr

27

—for Dt disks;
% a1 )
PPnorm,unrec. /jax PPnorm,unrec.

0 min < 1g

PPnorm,unrec. >max + ( VPPnorm,unrec. )min

maximum variation of push-pull signal within one layer in unrecorded areas:

(v

PPnorm,unrec. )max _(VPPnorm,unrec. )

min <0 25

(VPPnorm,unrec. )max + ( VPPnorm,unrec. )min

in recorded areas (all neighboring tracks recorded):

0,21 < Vpppormrec.< 0,45
ratio of average push-pull signals in recorded and wnrecorded areas within one layer:

V:
0,753 PPnorm,rec. 31,25

PPnorm,unrec.

.3 Wobble signal

.3.1 General

e normalized wobble sigdalis a measure of the deviation of the groove track from it

hck centre line can be-ealculated according to information in Annex M.

.3.2 Measurement of Iy

\%
C

At

Di:e to interference with the wobbles of adjacent tracks, the amplitude of the wobble signa

riation (Called “wobble beat”). The wobble signals shall be measured in an unrecorded a
tinuously tracking the spiral groove. A measurement procedure shall follow Annex E.

locations where the wobble signal shows minimum amplitudes (excluding the effects of MS

th

At

0,20 < Iyws,min < 0,55

locations where the wobble signal shows maximum amplitudes due to the wobble beat, the

normalized wobble signal shall be as per Formula (66):

Iyws max < 3 * INws,min
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(62)

(63)

(64)

b dverage

htreline. The distance thatthe actual centre of the wobbled groove track deviates from the average

shows a
ea while

marks),

(65)

(66)
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27.3.3 Measurement of wobble CNR

The narrow band S/N (or CNR) of the wobble signal after recording shall be greater than 26 dB at the

locations

where the wobble signal shows minimum amplitudes.

The carrier shall be measured at 956,5 kHz and while the noise level shall be measured at 500 kHz (see
Annex E for detailed specifications).

27.3.4 Measurement of harmonic distortion requirements

To guaragteeammimimumT quatity of the MW mmodutation; thesecomnd rarmomnicdistortionof thewobhble

signal sh
modulati

The secol

b1l be sufficiently low compared to the second harmonic level originating from the,HMW
b1

by measuring the fundamental wobble frequency level and the second harmonic frequency level at ty

locations

The ratio
one of the

LSHD

LSHD

The meas

28 Chai

The sign
otherwis

In this do
— signa
— signa

Clauses 2
used for v

All requij
of other 1
of the rey
radius of
fulfilled i

Measurer

of the disk. Both levels shall be measured in the data zone and in protection‘zone 3.

of the Lgyp and Lgy;, normalized to the local fundamental wobble freqti€ncy level, shall mq
following requirements:

Lgyy, < -12 dB with zero radial tilt;

Lgyy, < -6 dB within +0,70° of radial tilt.

racteristics of recording layer

h

cument, the following two types of signals are distinguished:
Is generated by groove structuresjon the disk;
Is generated by user-writtenmarks.

8 to 31 specify a series.of tests to assess the recording properties of the recording layer,
vriting data.

ements in Claused 28 to 31 shall be fulfilled in all layers independent of the recording stat

vritable area*(start/end of the INFO/OPC zone) at nominal radius 23,2 mm up to the inn
the outerzone(s) + 20 pm (dpyo/2 + 20 um). It is recommended that the requirements are al
h thesremainder of the outer zone(s).

hent for Clause 28 to 31 shall follow the procedure in Annex I.

urements shall be made using a spectrum analyzer (see Annex E for detailed specifications).

1d harmonic level, Lgyy;, and the second harmonic distortion level, Lgyp, shall bexdeterminged

VO

et

h] values specified in Clauses 28 to 31 are“valid for all disk capacities, unless specified

asS

us

ecording layer\(whether unrecorded, recorded or partially recorded) from the inner radius

er
SO

29 Method of testing for recording layer

29.1 General

The tests shall be performed in the rewritable areas. The write and read operations necessary for the

tests shal

I be made on the same reference drive.

When measuring the signals, the influence of local defects, such as dust and scratches, are excluded.
Local defects can cause tracking errors or uncorrectable data (see Clause 33).
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29.2 Environment

All signals shall be within their specified ranges when the disk is in its range of allowed environmental
conditions as defined in 8.1.1.

29.3 Reference drive

29.3.1 General

Al

cign:\]c shall be measured in the appropriate channels of 3 reference drive as cpprifinﬂ in Clause 9

an

29

Th
re
al

29

TH
sh

29

d in Annex H.

.3.2 Read power

e read power is the optical power, incident on the entrance surface of the disk and only
hding the information. The read power shall be (0,35 + 0,1) mW for an SL diskand (0,70 £ 0,
DL, disk.

.3.3 Read channels

all not be equalized, except when measuring jitter (see Annek H for detailed specifications).

.3.4 Tracking requirements

Dyring the writing and reading of the signals, the axjal tracking error between the focus of t

be
fo

29

AWy
di

am and the recording layer shall be a maximumef 55 nm, and the radial tracking error bet
cus of the optical beam and the centre of the track shall be maximum 16 nm.

.3.5 Scanning velocities

rite tests shall be carried out at all(velocities defined in each of the DI units that are presg
5k (see 15.8.3).

During reading, the actual rotation speed of the disk shall be such, that it results in an average

bi

rate of 66,000 Mbit/s or ‘an' average wobble frequency of 956,522 kHz.

29.4 Write conditions

29

M
on
m

4.1 Write:pulse waveform

hirks and‘spaces are written on the disk by pulsing a laser. The laser power is modulated acq
e of thewrite-pulse waveforms given in Annex F. A 2T to 9T NRZI run length is written by 3
hti“pulse train of write pulses.

used for
[) mW for

e drive shall have two read channels as defined in 9.5 and 9.6. The HF signal from the HF read channel

ne optical
ween the

nt on the

channel-

ording to
pplying a

TheTaser power during recording has the rollowing rour levels:

the write peak power Py;
the bias write power Pgyy;

the cooling power P;

the erase power Py (or Pg; and P, in case of the N-1 write strategy A, see Annex F for detailed

definition).

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 P, (or Py and Pg,).
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The values of Py, Pgy, Pc, Pg or Pg; and Py, shall be optimized according to Annex G for detailed

procedure.

The actual powers Py, Pgy, Pc, Pg or P and Py, for testing shall be within £5% of their optimum values,
where Py, P, Pg or Pg; and Py, shall be proportional to Py, according to the ratios € as specified in the

disk information (see 15.8.3).

29.4.2 Write powers

The optimized write powers Py, Pgwo, Pco» Pro OF Pg1o and Pg,q shall meet the conditions as shown in

Figure 118 (values In mW.

Single-layer disk

1x recording

2x recording

Dual-layer disk

1x recording

2x recofding

velocity velocity velocity velocity
Min. Max. Min. Max. Min. Max. Min. Max.
Pl 3,0 6,0 3,0 7,0 6,0 12,0 6)0 14,0
Pdwo 0,1 4,0 0,1 7,0 0,1 8,0 0,1 14,0
Pro 0,1 4,0 0,1 7,0 0,1 8,0 0,1 14,0
Pro f Peos 0,3 4,6 0,3 5,4 0,6 9,2 0,6 10,8
Pi,o 0,3 4,6 0,3 5,4 0,6 9,2 0,6 10,8

Figure 118 — Write power values for single and dual-layerdisks at 1x and 2x recording veloci

29.4.3 Write conditions for jitter measurement

The test fpr jitter shall be carried out on any group,of five adjacent tracks, designated (m - 2), (m - 1),
(m+ 1), (n + 2) in the rewritable areas of the disk:

The five tracks are recorded consecutively with random data with a write power Py, = Py as specifi

ed

in 29.4.1.|To measure the jitter after n ovérwrites [jitter @ DOW(n)], all five tracks are overwritter n
times with random data with a writespower Py, = Pyyq.

29.4.4 Write conditions for eross-erase measurement

The test for cross-erase shall’be carried out on any group of five adjacent tracks, designated (m -
(m-1),m, (m+ 1), (m +2),1h the rewritable areas of the disk.

To initialjze the measurement, the five tracks are recorded ten times repeatedly with random data w
a write pgwer Py»=Pyyq as specified in
measured. This;nitial condition is defined as the DOW(0)yy condition.

To meas

29.4.1. After that, the initial values of the needed parameters gqre

€the cross-erase after n overwrites [cross-erase @ DOW(n)yz], the tracks (m-1) and (m +

are overwritten n times with Py, = 1,1 x Py (all power levels shall be proportional to Py, see 29.4.1).

29.4.5 Write conditions for inter-velocity overwrite measurements

The test for inter-velocity overwrite shall be carried out on any group of five adjacent tracks, designated

(m-2),(m-1),m,(m+ 1), (m+ 2), in the rewritable areas of the disk.

To initialize the measurement, the five tracks are recorded at one of the specified recording velocities
ten times repeatedly with random data with a write power Py, = Py as specified in 29.4.1. After that,

the five tracks shall be overwritten once at another recording velocity.
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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.

Jitter

Jitter is the standard deviation o of the time variations of the transitions in the binary read signal. This
binary read signal is obtained by feeding the HF signal from the HF read channel through an equalizer,
a LPF and a slicer (see Annex H for detalled spec1f1cat10ns) The jitter of the 1ead1ng edges and the jitter
of the-tratingedge ASH a¥ra s 3 3 3 1annel-bit
clpck perlod

30 Signals from recorded areas

30.1 HF signals

The HF signal is obtained by summing the currents of the four elements<ef the photodetector. These
currents get modulated by the different reflectivity of the marks Jand spaces represepting the
information on the recording layer (see Figure 119).

30.2 Modulated amplitude

The modulated amplitude /g, is the peak-to-peak value.of the HF signal generated by the largest mark
and space lengths. The peak value Ig is the peak value.of the HF signal before ac coupling.

THe modulated amplitude I, is the peak-to-peakatue of the HF signal generated by the smallest mark
arld space lengths. The 0 level is the signal level\obtained from the measuring device when ho disk is
inperted.

NQOTE In the sync patterns, run lengths«ef 9T occur. However, the recurrence of these 9Ts is very low and
therefore their influence on the HF peak-totpeak signal is negligible.

ISH = Itop

4 / /Z":v;':\;,;\v::v%

%A'X'AW'// \'/A\Aw
_______ AA\A' ' YA'A'A"A'
V VAAAVAA

il 00@““000
8pp e .
) \/ \/ \/ \/ \/ \/ \/ \/ PP
__________ vvvvv Avyv -
A =S >
IIBL
Y 0 level v v

Figure 119 — Schematic representation of HF signal from marks and spaces

Because the I, is a relatively small signal, its amplitude can not be determined reliably from a random
HF signal. Therefore, it is recommended to record an area with consecutive 2T marks and spaces only
and to record an area with consecutive 8T marks and spaces only. The signals can now be measured
accurately with appropriate measuring equipment.
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The modulation signals shall meet the requirements of Formulae (67) to (69):

Igpp / Ign 2 0,40 (67)
I3y / Igpp 2 0,25 (68)
Lpp / Igpp = 0,050 for disks with a capacity of 25,0 GB and 50,0 GB (69)

The variationsof the modulation cign:\]c shallbe as per Eormulae (70) and (71\'-

— within one layer at DOW(0) (continuously recorded):

UBHm X ISHmin) /18Hmax <033 (FO)

— within one revolution at DOW(0) (continuously recorded):

UBHm X ISHmin) / ISHmax <0,15 (F 1)
For DL digks, the ratio between the modulation signals on layer L0 and layer'lit, at DOW(0) (continuously
recorded), shall be as per Formula (72):

=0,25(< (Igy,Lo ~ Ten,11) / Ugp,Lo * Igp,L1) < +0,25 (72)

where Igy | o and Igy | ; are measured at the same position, both'in radial and in tangential direction.

30.3 Reflectivity modulation product

The reflegtivity of the disk multiplied by the modulation (= normalized Ig,, modulated amplitude) shall
be as per|Formulae (73) and (74) (see Annex B for-detailed specifications):

— for SI disks:
18pp
RXMERgy x| — |, with 0,0505<R x M < 0,15 (13)
Igy
— for DL disks:
18pp
RXM = Rgyy X I_ . with 0,016 < R x M< 0,048 (14)
8H

The reflectivity of\the disk multiplied by the I, resolution (= normalized I,,, modulated amplitude)
shall be ak per'Bermulae (75) and (76):

— for Sl_disks with capacity of 25.0 GB:

- Lapp >
RXI, =Rgy; X T} RxI, =2 0,005 0 (75)
8H
— for DL disks with capacity of 50,0 GB:
Rl =B xd 222 | Rt > 0,001 2 76
X 2 - BHX I_ ] X 2= ) ( )
8H
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30.4 Asymmetry
The HF signal asymmetry shall meet the requirement of Formula (77):

lgytlg, D+l
2 2

18pp

-0,10 < < 40,15 (77)

30.5 Jitter

The tracks on which the jitter is to be measured, shall be recorded as specified in 29.4.3.
The jitter shall be measured on the centre track m of the five recorded tracks, at the referencd velocity.

Affter n overwrites (0 < n < 10) of track m, both the leading-edge jitter and the trailing-edge jitter in
track m (measured separately) shall fulfil the following requirements:

On an SL disk and on layer LO of a DL disk for all disks, independent on capacity:

—{ <7,0 % when measured using the circuit specified in Annex H and(this circuit set to limit{equalizer
mode, and

—{ <6,5 % when measured using the circuit specified in Annex H-and this circuit set to limit{equalizer
mode and the edges that are adjacent to a 2T mark or a2T space are not included in|the jitter
measurement.

On layer L1 of a DL disk for all disks, independent on capacity:

— <8,5 % when measured using the circuit specified in Annex H and this circuit set to limitjequalizer
mode, and

— <6,5 % when measured using the circuit specified in Annex H and this circuit set to limit{equalizer
mode and the edges that are adjacent to a 2T mark or a 2T space are not included in|the jitter
measurement.

NOTE Not including edges thatare adjacent to a 2T mark or a 2T space means that in the jitter mefisurement

onlly those edges are taken into account that are in between an nT mark/space and an mT space/mark|with both
nz3andm = 3.

30.6 Cross-erase

The tracks on which'the cross-erase is to be measured, shall be recorded as specified in 29.4}4. After n
overwrites (0 €n-< 10) of tracks (m - 1) and (m + 1), the modulation and jitter in track m shal] fulfil the

reguirement.ef Formula (78):

((18pp/18H)at DOW (n)yg 1 > 0.90 (78)
(L. /L. )at DOW(0Q)...
C OPpP (o) s 9y AT /

\
After n overwrites, both the leading-edge jitter and the trailing edge jitter (measured separately) shall
fulfil the following requirements:
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- on an SL disk and on layer LO of a DL disk for all disks, independent on capacity, <7,0 % when
measured using the circuit specified in Annex H and this circuit set to limit equalizer mode;

— on layer L1 of a DL disk for all disks, independent on capacity:

<9,0 % when measured using the circuit specified in Annex H and this circuit set to limit

equalizer mode; and

< 7,0 % when measured using the circuit specified in Annex H and this circuit set to limit
equalizer mode and the edges that are adjacent toa 2T mark or a 2T space are not included

NOTE
only those
nz3and

30.7 Int

The track
29.4.5 fon

The jitten
and shall

— on anp SL disk and on layer LO of a DL disk for all disks, indeperident on capacity:

— onlajer L1 of a DL disk for all disks, independent on capacity:

NOTE
only those
n=3and

In the Jitter measurement.
Not including edges that are adjacent to a 2T mark or a 2T space means that in the jitter measubems

edges are taken into account that are in between an nT mark/space and an mT space/mark; with bd
h > 3.

er-velocity overwrite

all combinations of all specified recording velocities.

shall be measured on the centre track m of the five recorded tracks, at the reference veloc
fulfil the following requirements:

<7,0 % when measured using the circuit specified in Annex H and this circuit set to limit equ
izer mode; and

<6,5 % when measured using the circuit.specified in Annex H and this circuit set to lin

the jitter measurement;

<8,5 % when measured using ‘the circuit specified in Annex H and this circuit set to lin
equalizer mode, and

<6,5 % when measured using the circuit specified in Annex H and this circuit set to lin

the jitter measurement.

Notincludingé€dges that are adjacentto a 2T mark or a 2T space means that, in the jitter measureme
edges aretaken into account which are between an nT mark/space and an mT space/mark, with bg
n > 3.

30.8 Readstability

s on which the inter-velocity overwrite is to be measured and shall be recorded as specified|i

equalizer mode and the edges that are adjacent to a 2T mark or a 2T space are not included|i

equalizer mode aridthe edges that are adjacent to a 2T mark or a 2T space are not included|i

nt
th

nit

it

nt,
th

Up to 100

successive reads from a single track with a DC read power of:

— 0,40 mW for SL disks at 1x speed reading;

— 0,44 mW for SL disks at 2x speed reading;

— 0,70 mW for DL disks at 1x speed reading; and

— 0,80 mW for DL disks at 2x speed reading.

The disk shall remain within all specifications in the operating environment.

156
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Up to 106 successive reads from a single track with an HF-modulated read power (averaged) of:
— 0,30 mW for SL disks at 1x speed reading;

— 0,33 mW for SL disks at 2x speed reading;

— 0,60 mW for DL disks at 1x speed reading; and

— 0,70 mW for DL disks at 2x speed reading.

The disk shall remain within all specifications in the operating environment.

The modulation should fulfil the following (see Figure 120):

— modulation frequency (= 1/Typ.jaser) (400 + 40) MHz;
— pulse width (300 = 30) ps;
—{ ratio of peak power and average power 7,0£0,7;
—{ bottom level between peaks flat
2
@ Peak
e TF-laser
=
)
<=
60
=
Pulse width
(FWHM)
Average
time

Figure 120 — Schematic representation of light pulses from laser diode

Additionally, the SER (see 34.1) shall be <4,2 x 10-3 in any LDC block.

Eduivialentto-<317 counts (— A.") x 10=3 x 75 397 }‘\yfnc)

31 Local defects

Defects on the recording layer or in the transmission stack, such as “air bubbles” or “black dots” (such
as dust enclosures in the transmission stack or pin holes in the reflective layer) shall not cause any
unintended track jumping or uncorrectable errors (see also 33.4 and Clause 34).

The size of such defects shall be as follows:
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— air bubbles: <100 pm;
—  black dots with birefringence: <150 pm; and
—  black dots without birefringence: <150 pum.

32 Characteristics of user data

Clauses 32 to 34 describes a series of measurements to test conformance of user data on the disk. Th

ey

1 L LS rad . 1 (anh] 1 . 1 1 " -
CheCk th ICEIDHILY O USTI=WITILLCIT Udld. 11IC Udld 15 d55UIIICU L0 DE dI'DILIdl'y.

User-wriften data may have been written by any drive at any speed in any operating environment.

33 Method of testing for user data

33.1 General

The read ftests 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

deteriorafion of the read signals. The gravity of a defect is determined by the correctability of t
ensuing drrors by the error detection and correction circuit in th€yvead channel defined below. T
requiremgents in Clauses 32 to 34 define a minimum quality of the‘data, necessary for data interchan

33.2 Enyironment

All signals shall be within their specified ranges when the disk is in its range of allowed environmen
conditionfs as defined in 8.1.1.

33.3 Reference drive

33.3.1 General

All signalk shall be measured in the-appropriate channels of a reference drive as specified in Clause 9

33.3.2 Read power

The read [power is the optical power incident on the entrance surface of the disk. The read power sh
be (0,35 # 0,1) mW foran,SL disk and (0,70 * 0,1) mW for a DL disk.

33.3.3 Read channels

The drivd shall‘have two read channels as defined in 9.5 and 9.6.

he
he
e,

al

The HF signal from the HF read channel shall be equalized and filtered before processing. The threshold

level for converting an HF signal into a binary read signal shall be controlled to minimize the effects

of

mark and space size changes, due to parameter variations during writing. For measurement of disk
quality, the characteristics of the equalizer, filter and slicer, as well as the characteristics of the PLL

shall be the same as specified in Annex H (limit equalizer) for the jitter measurement.

33.3.4 Error correction

Correction of errors in the data bytes shall be carried out by an error detection and correction system

based on the definitions in Clause 13.
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33.3.5 Tracking requirements

During measurements of the signals, the axial tracking error between the focus of the optical beam and
the recording layer shall be maximum 55 nm and the radial tracking error between the focus of the
optical beam and the centre of the track shall be maximum 16 nm.

33.3.6 Scanning velocities

The actual rotation speed of the disk shall be such that it results in an average channel-bit rate of
66,000 Mbit/s or an average wobble frequency of 956,522 kHz.

33.4 Error signals
Byte error

A byte error occurs when one or more bits in a byte have a wrong value, as detected by the relgted error
ddtection and/or correction circuits.

Burrst error

A purst error is defined to be a sequence of bytes where there are-fiot more than two coryect bytes
bdtween any two erroneous bytes. For determining burst errors, the bytes shall be ordered in[the same
sefquence as they were recorded on the disk (see 13.1 and 13.8},

The length of a burst error is defined as the total number ofbytes counting from the first errongous byte
thpt is separated by at least three correct bytes from the last preceding erroneous byte untfl the last
erroneous byte that is separated by at least three correct bytes from the first succeeding erron¢ous byte.

The number of erroneous bytes in a burst is defined'as the actual number of bytes in that burgt that are
ndt correct.

Sele example in Figure 121.

© ISO/IEC 2021 - All rights reserved 159


https://standardsiso.com/api/?name=47607c27ac6d67a8d2f3b06fc179dcaf

ISO/IEC 30192:2021(E)

X C C C X X C C X C X X X C C c |..|] C X

«—— burst length =9 bytes ——
number of erroneous bytes in burst = 6

c = correct byte, x = erroneous byte

Figure 121 — Example of burst error

Symbol grror rate

The symhol error rate (SER) averaged over N LDC blocks is defined as the total number of allerroneous
bytes in fhe selected LDC blocks divided by the total number of bytes in those LDC blocks as per
Formula {79):

N|
ZiZl Ea,i 9)

N x 75392

where

E .15 the number of all erroneous bytes in LDC block i;

N 1s the number of LDC blocks.
Randomsymbol error rate

The randpm symbol error rate is defined as the symbglierror rate where all erroneous bytes contained
in burst drrors of length 240 bytes are counted neithier in the numerator nor in the denominator of the
SER calcylation as per Formula (80):

h N
2“':1<Ea,i - Eb,i)
N x 75392 -3 " E, .
i=1 bl

(40)

E_ .i$ the number of all erroneous bytes in LDC block i;
E, ;1% the number.of all erroneous bytes in burst errors 240 bytes in LDC block i;

N i$ the numbeér of LDC blocks.

34 Minjmum quality of recorded information

34.1 Random symbol error rate

When checking the quality of the disk, the area selected for determining SER and burst errors shall be
overwritten ten times with arbitrary user data.

Random SER after ten overwrites, averaged over any 10 000 consecutive LDC blocks shall be <2,0 x 10-4.

34.2 Maximum burst errors

In each recording unit, block the number of burst errors with length 240 bytes shall be less than 8 and
the sum of the lengths of these burst errors shall be <600 bytes.
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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 between r; and r is reserved for use as a burst-cutting area (BCA) (see 15.2 and Figure 53).

The BCA shall be used to add information to the disk after completion of the manufacturing p

[OCess.

T}
re

Sa|

T}
B(

N
vi

T}
di

TH
ra

TH
urn
be

writable disks.

e content, which content shall be radial aligned (see Figure 122).

A code is allowed to overlap the protection zone 1 partially).
BCA code shall be written on layer L1, but some effect of writing the BCA code on layer
sible on layer L1.

Fection. Each of the stripes shall extend fully across thé\BCA in the radial direction.

dius 22,0 mm on layer LO.

tween the interchange parties.

e BCA code can be written by a high-power laser system or by the initializer ifn|the case of

AlL)information in the BCA code shall be written in CAV mode, where every revolution has exactly the

e BCA code shall be located between radius 21,3%)3 mm and radius 22,0'5%’2 mm on laydr LO. (the

.0 can be

e BCA code shall be written as a series of low-reflectarce stripes arranged in circumferential

e information in the BCA code can be read by a drive at any radius between radius 21,3 mm and

e decision to record the BCA code is BDAR=“dependent. BCA code shall not be recorded in the BCA
less otherwise specified by the BDAP. The format and content of the BCA code is defined by agreement
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Burst-cutting area

BCA-code

Figure 122 — Schematic representation of BCA
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Annex A
(normative)

Thickness of transmission stacks in case of multiple layers

A

In
de

Le
Th

1 General

case the total transmission stack consists of k layers, the following procedure shall-be §
termining the thickness of the individual layers:

the values d; .. d, represent the thicknesses of layers 1 .. k;

the values n; .. n; represent the refractive indices of layers 1 .. k.
t D(n) be the nominal thickness at refractive index n according to Figure'15.
en, the thickness d,, of layer k should be as per Formula (A.1):

pplied in

k-1 d.
d, =D(n; ) x [1—2 D(;')] (A1)
i=1 L
A2 Refractive index n; of all layers in cover layer and spacer layer
The refractive index n; of each layer in the coveryand spacer layers shall be as per Formula (A.2):
1,45<n;<1,70 (A.2)
A3 Thickness variation of the transmission stack
The relative thickness of theé transmission stackj Ry, is defined as per Formula (A.3):
5 DZI,’;,) (A3)
i=1 T\
The relative thickness, Ry, of the transmission stacks, measured over the whole disk, shall|fulfil the
following requirements.
a)| Therelative thickness, Ry, of the transmission stack TS0 shall be as per Formula (A.4):
95 <100 x Ry g <105 (A4)
b) The relative thickness, Ry, of the transmission stack TS1 shall be as per Formula (A.5):
70 <75 x Ry <80 (A.5)
NOTE The thickness of the recording layer is very thin and negligible in the calculation of the thickness in
case of type DL disk.
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A.4 Example of thickness calculation for SL

Assume a cover sheet with refractive index n; = 1,70 and a nominal thickness of 75 pm is attached to
the substrate by a gluing sheet with a refractive index n, = 1,45.

From Figure 15, D(n;) = 102,4 and D(n,) = 98,5.
From Formulae (A.1) and (A.2), d,, in pm, can be calculated as per Formula (A.6):

\ = 26,356 (A-6)

d,=98,5 x (1—
\
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Annex B
(normative)

Measurement of reflectivity

B

TH
fo

TH
kn

When measuring the reflectivity in the focused way, only the lightpeturned by the reflective 19
digk, R, falls onto the photodetector. The reflected light coming from the front surface of thg

1 General

e reflectivity of a disk can be measured in several ways. The two most commongsmetho
lows:

parallel method; and
focused method.

e reflectivity of the disk is measured by the focused method with the help of a reference
own reflectivity, while the reflectivity of the reference disk is calibrated by the parallel me

ds are as

disk with
thod.

yer of the
disk and

the light coming from the parasitic reflectance’s inside the/disk mainly falls outside the phot¢detector.

Be
to

ms > W

cause in the parallel method only the “total” reflectance, R/, can be measured, a calculation
determine the “main” reflectance from the reflective layer.

2 Calibration method

bood reference disk free of birefringence-shall be chosen, for instance with a 0,1 mm glass ¢
th a golden reflective mirror. This reference disk shall be measured by a parallel beam as
bure B.1.

is needed

pver layer
shown in
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The

R, to Rint
detector | R
RS
18
.| —
in¢ident |

beam

reflecfivity of the recording layer (including the double pass transmission stackdransmission);
reflectivity of the entrance surface;

reflecfivity as measured by the focussed beam (is by definition = R / Ip);

incidgnt beam;

reflecfance caused by the reflectivity of the entrance surface;

main feflectance caused by the reflectivity of the recording layer;

reflecfance caused by the internal reflectance’s between thé€ntrance surface and the recording layer;
measyired value (Rg + R, + R;,)-

Figure B.1 — Reflectivity calibration

refle¢tivity of the entrance surface is(defined by Formula (B.1):

n-1 2
r=| +—
n+1

where n if the index of refraction of the cover layer.

The

main|reflectance RS, 3R/, - R - Ry, which leads to Formula (B.2):
R
(1or)? x(%—r}

| A B
ref IB 1—r>(( —R// \

(B

(B

1y

2)

[ U & /]

The reference disk shall be measured on a reference drive. The total detector current (the sum of all
four quadrants = I, ;) obtained from the reference disk and measured by the focused beam is equated
to R, as determined above.

Now the arrangement is calibrated, and the focused reflectivity is a linear function of the reflectivity
of the recording layer and the double pass transmission stack transmission, independently from the
reflectivity of the entrance surface.
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B.3 Measuring method

B.3.1 Reflectivity in unrecorded, virgin rewritable areas
A method of measuring the reflectivity using the reference drive.
a) Measure the total detector current (I; + I;),.¢ from the reference disk with calibrated reflectivity R .

b) Measure the total detector current (I; + I,); 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
TTEVET Tave DEEIT TECOTUEd TTOT ETaSEd:

c)| Calculate the unrecorded virgin disk reflectivity R,_, in the groove tracks of the rewritable area as

per Formula (B.3):

_ (I +1, )c, o

w= xR (B.3)
&Y (11 +12 )ref e

B.3.2 Reflectivity in unrecorded, erased rewritable areas
A method of measuring the reflectivity using the reference drive.

a)| Measure the total detector current (I; + 1) ¢ from the referénce disk with calibrated reflectivity R .

b)| Measure the total detector current (/; + I,); from. agroove track in an area of the djsk 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 trdcks using
only the P; power as determined from the OPCG@lgorithm (see Annex G for detailed proceflure).

c)| Calculate the unrecorded erased disk reflectivity Ry in the groove tracks of the rewritaljle area as

per Formula (B.4):

(I +1);
=——XR B.4
g-e (11 +12 )refx ref (B:4)

B.3.3 Reflectivity in recorded rewritable areas
A method of measuring-theteflectivity using the reference drive.

a)| Measure the totaldetector current (I; + I,), ¢ from the reference disk with calibrated reflecfivity R ;.

b)| Measure Ig; from a recorded groove track in an area of the disk under investigation where at least
the two @djacent tracks on each side of the groove track also have been recorded. Redording of
the tracks shall be done using the optimum powers as determined from the OPC algorjfithm (see
Annex G for detailed procedure ).

c)| “Calculate the recorded disk reflectivity Rgy in the groove tracks of the rewritable arpa as per

Formula (B.5):

I
o =T Rret (B.5)
( 1 + 2 )ref
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Annex C
(normative)

Measurement of scratch resistance of cover layer

C.1 Geperal

The entrdnce surface of the disk has sufficient scratch resistance, which can be improved by a protective
coating (dee 11.6.2).

C.2 Taber abrasion test

The folloving so-called taber abrasion test verifies whether the scratch resistance of the entrance
surface of the disk is sufficient.

Two wheg¢ls covered with abrasive material are applied to the disk under‘test with a specified load (see
Figure C.1).

Rotation :I;\xis of disk

Rotation axis
@\\Qf wheels

Rotation
direction
of disk
- atbiraol o
>/ > I ecrT Uu?ll
R ~~._ centre of disk
i 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:
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—  type of wheels: CS10F;
—  load applied to each wheel: 2,5N;
—  number of revolutions: 5.

The abrasion test shall be applied before the necessary recordings are made.
Results after test:

t to limit-

ualizer mode, shall be <10 %.

Trreatment of the abrasive wheels
Treatment of the abrasive wheels should be based on ASTM D1044.[11

Bdfore performing a taber abrasion test, each time both abrasive wheels shouldbe refaced by an ST-11
refacing stone as follows:

—{ new wheels shall be refaced for 100 cycles; and

—{ wheels that have been used before shall be refaced for 25 cycles.
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Annex D
(normative)

Measurement of repulsion of grime by cover layer

D.1 Ge

Annex D

heral

describes a method of applying an artificial fingerprint (AFP) to the disk for the purpose

determinjng the disk's sensitivity to fingerprints. Figure D.1 shows the basic procedure.

49N 49N

10s 10s

| Silicone rubber J/
stamp
-
Ink pad Disk under test Disk under test
adhesjon of ink to stamp stamping with AFP
Figure D.1 — Applying AFP to disk

After appglying the AFP, the random SER (see 33.4) in each physical cluster in the AFP-printed ar

when me
physical

luster, the number of burst errorsiwith length =40 bytes shall be less than 8 and the sum

the lengths of these burst errors shall be <800 bytes.

D.2 Sp

pcifications of stamp

The silicdne rubber stamp shalthave the following specifications:

— dime

— shore

hsions: stamp&hape @16 mm x @12 mm x 20 mm height;

hardness isA60.

hsured on layer L0, shall be <4,2 x 10&2 when recording and reading through the AFP. In each

of

)a’

of
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