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Introduction

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

THen, in October of 2004, more than a hundred companies joined and BDF became an open foruhmgalled the
Bly-ray Disc Association (BDA). The BDA issued Version 2.1 of the Blu-ray Disc™ Rewritable Formgt Part1 in
Og¢tober 2005 and Version 3.0 in June of 2010. By the end of 2010, over a hundred million Blu-tay D{sc™
have been shipped and Blu-ray™ devices such as players, recorders, game consoles and’PC drives|were in
use all over the world.

THe BDA also conducts verification activities for both disks and devices and has. éstablished more thian 10
Tgsting Centers in Asia, Europe and the USA.

THe BDA gave consumer applications the highest priority in the first few y€ars. But it was known, of gourse,
that International Standardization would be required before many govefnment entities and their contfactors
wquld be allowed to use Blu-ray Disc™. In February and January of 2011, the chairs of ISO/IEC JTQ 1/SC 23
and JIIMA (Japan Image and Information Management Association) formally requested the BDA to gonsider
International Standardization. The reason for this was to enahléthe inclusion of writable BDs along with DVDs
and CDs in an International Standard specifying the test methods for the estimation of lifetime of opt|cal
stgrage media for long-term data storage. In October 201, the President of the BDA responded thaf his
organization decided to pursue International Standard-of the basic physical formats for the Recordalyle and
Regwritable Blu-ray™ Formats.

In[December of 2011, BDA sent project proposals for the International Standardization of four formats to
ISP/IEC JTC 1/SC 23 via the Japan nationalhbody. They are 120 mm Single Layer (25,0 Gbytes per|disk) and
Dyal Layer (50,0 Gbytes per disk) BD Récordable disks, 120 mm Single Layer (25,0 Gbytes per disk) and
Dyal Layer (50,0 Gbytes per disk) BD_Rewritable disks, 120 mm Triple Layer (100,0 Gbytes per disk) and
Quiadruple Layer (128,0 Gbytes per disk) BD Recordable disks and 120 mm Triple Layer (100,0 Gbytes per
digk) BD Rewritable disk.

THis International Standard specifies the mechanical, physical and optical characteristics of a 120 mm
reyritable optical disk with“a capacity of 100,0 Gbytes.

Sgme technical efrors were found during the editorial work for JIS X 6233, which is the Japanese Industrial

Standard identical with ISO/IEC 30193:2013. In December of 2014, a Defective Report was submittgd by the
Japan natiohal'body of ISO/IEC JTC 1/SC 23. The project editor proposed a Draft Technical Corrigendum for
ISP/IEC.30193:2013 and it was approved by ISO/IEC JTC 1/SC 23 in May of 2015. This Internation{

Standard is the updated first edition of ISO/IEC 30193:2013, including the Technical Corrigendum and
addifional corrections for some editorial errors

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

The International Organization for Standardization (ISO) and International Electrotechnical Commission (IEC)
draw attention to the fact that it is claimed that compliance with this International Standard may involve the
use of patents.
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ISO and IEC take no position concerning the evidence, validity and scope of these patent rights.

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

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

Hitachi, Ltd.
IT PIgtform R&D Management Division Patent Strategy
322-4 Nakazato, Odawara-shi, Kanagawa-ken, 250-0872, Japan

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

Pionger Corporation
Intellgctual Property Division, Legal & Intellectual Property Division
1-1, Shin-ogura, Saiwai-ku, Kawasaki-shi, Kanagawa, 212-0031, Japan

Sony|Corporation
IP Asget Management Department, Intellectual Property Division
1-7-1| Konan, Minato-ku, Tokyo, 108-0075, Japan

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

ISO (http://www.iso.org/patents) and IEC (http://patents.iec.ch) maintain on-line databases of patents relevant
to their stgndards. Users are encouraged to consultithe databases for the most up to date information
concerning patents.

NOTE HBlu-ray™, Blu-ray Disc™ and the loges are trademarks of the Blu-ray Disc Association.
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Information technology — Digitally recorded media for
information interchange and storage — 120mm Triple Layer
(100,0 Gbytes per disk) BD Rewritable disk

1

Scope
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is International Standard specifies the mechanical, physical and optical characteristics of~3
vritable optical disk with a capacity of 100,0 Ghytes. It specifies the quality of the recorded and u
nals, the format of the data and the recording method, thereby allowing for information jinterg
pans of such disks. User data can be written, read and overwritten many times using-areversibl
is disk is identified as a BD Rewritable disk.
is International Standard specifies the following:

the one disk Type;

the conditions for conformance;

the environments in which the disk is to be operated and stared;

the mechanical and physical characteristics of the disk, se.as to provide mechanical interchange
between data processing systems;

the format of the information on the disk, including-the physical disposition of the Tracks and Se

the error-correcting codes and the coding method used;

data from the disk.

is International Standard provides-for interchange of disks between disk drives. Together with a st
volume and file structure, itprovides for full data interchange between data processing systems.

Conformance
| Optical Disk

Claim of conformance with this International Standard shall specify the Type implemented. An opti
all be in‘eanformance with this International Standard if it meets all mandatory requirements speci

pe.

the characteristics of the signals recanded on the disk, enabling data processing systems to read

L 120 mm
nrecorded
hange by
E method.

ctors;

andard

al disk
ied for its

2.

Generatina-svstem
- e 4

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

in

accordance with 2.1.

2.3 Receiving system

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

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

3 Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated references,
the latest gdition of the referenced document (including any amendments) applies.

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

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

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

IEC 60068-2-30, Environmental testing — Part 2-30: Tests — Test Db: Damp heat; cyclic (12 h + 12 h cycle
IEC 60950-1, Information technology equipment — Safety — Part 1. General requirements

4  Termp and definitions

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

4.1

Applicati¢n

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

4.2

BD

disk having a Cover Layer (4.4) around'0,1 mm thick and a Substrate (4.38) around 1,1 mm thick on which
data is regd or recorded by an OPU.using 405 nm laser diode and NA = 0,85 lens

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

4.3
Channel bit

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

4.4

Cover Layer

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

4.5
Data Zone n
area between the Inner Zone and the Outer Zone on Layer Ln (4.17)
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4.6
Defective Cluster
cluster in a User-Data Area (4.42) that has been registered in a Defect List as unreliable or uncorrectable one

4.7

Digital-Sum Value

DSV

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

4.8

Dipk~reference-plane
plane defined by the perfect flat annular surface of an ideal spindle, onto which the Clamping Zonegf the disk
is plamped, that is normal to the axis of rotation

4.

Embossed HFM Area

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

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

411

Erpsed Groove
blank Groove (4.12) on the disk that has been erased by irradiating the Track (4.39) using only erase power
leyel Peo as determined by the OPC algorithm

4.12
Grnoove
trgnch-like feature of the disk, connected to a Recording Layer (4.29)

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

Injgeneral, the Groove can be depressjon in the carrier or an elevation on the carrier. If the Groove i$ nearer
tothe Entrance surface (4.10) than the Land (4.16) (see Figure 53), the recording method is called “Dn-

Groove recording”. If the Groovetis farther from the Entrance surface (4.10) than the Land (4.16), the
regording method is called In>Groove recording”.

Intthe BD Rewritable system, there are 3 types of Groove:

— Wobbled Groove‘in Rewritable Area containing address information;
— HFM Groove-in Embossed HFM Area containing Permanent Information and Control data;
— Straight-Groove without any modulation in the BCA Zone.

4.13

High-Frequency Modulated Groove

HENI-Groove

Groove (Z-I2ymodutated i the radiat direction with a rather high banawidth signat

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

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

4.15
Information Zone
recorded part of the Information Area (4.14)
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4.16
Land
surface of the Recording Layer (4.29) between successive windings of a Groove (4.12)

4.17
Layer Ln
one Recording Layer (4.29) of the disk identified by n

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

4.18
Marks
feature of the Recording Layer (4.29), which may take the form of amorphous domains in the crystalline
Recording Stack, that can be sensed by the optical read-out system

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

4.19
Measurement Velocity
linear veldcity at which the disk is measured during reading

Note 1 to pntry: nx Measurement Velocity means the Measurement Velocity of n times the Reference Velodity
(4.31).

4.20
Modulatign bit
alternativg form representing the data, that is more suited to be transmiitted via a communication channel or fo
be stored pn a storage system

421
NRZ/NRZ| conversion
method off converting Modulation-bit stream into a physical-signal

4.22

Padding
process ifl a drive to fill up the missing Sectors.in a 64K Cluster, which is consisting of 32 Sectors, with all 0Qh
data wher] the host supplies less than the 32°Sgctors and need to fill up the Cluster

4.23
Phase Chlange
physical effect by which an area of @ Recording Layer (4.29) is irradiated by a laser beam and heated so as to
change frgm a crystalline state to an amorphous state and vice versa

4.24
Pits
features of the Recording Layer (4.29), which may take the form of depressions in or elevations on the Land
(4.16) surface; that can be sensed by the optical read-out system

N

Note 1 to bt Thao natitarn of Dite (A A\ and CSnoacac (A 27\ ranracaon to thao dota o tha icl
CTry T PattCIT T OT T 1to " r. 2 1) Ao OpPaCC oS .o TCPTCSCTS it Oatar O U iC—CioTs

4.25
Polarization
direction of the electric field vector of an optical beam

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

4.26

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

4.27

Protective Coating

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

4.28
Read-Modify-Write
process in a drive to read full content of a 64K Cluster, which is consisting of 32 Sectors, replace the Sector(s)
concerned and write back the full Cluster to the disk when one or more, but less than 32, Sector(s) in a
Clister have to be rewritten

4.29

Recording Layer

part of the disk consisting of a stack of films of specific materials on or in which data is writtén during
manufacture and/or use

4.30
Rgcording Velocity
linpar velocity at which the disk is recorded

Ngte 1 to entry: nx Recording Velocity means the Recording Velocity of:n‘times the Reference Velodity (4.31).

4.81
Rgference Velocity
linpar velocity that results in the nominal Channel-bit rate of 66,000 Mbit/s

4.32
Reserved
<vfalue> value(s) not used in this International Standard

Nate 1 to entry: In future International Standards; the value can be released.

4.83
Ré¢served
<field> field(s) not specified in use, to be ignored in interchange and to be set to ZERO as value

Ngte 1 to entry: In future International Standards, the use of a field can be defined and value can be jassigned.

4.34
Rewritable Area
area on the disk where information can be recorded by means of Marks (4.18) and Spaces (4.37) usjng the

Phase-Change<ffect and during the manufacture and/or use of the disk

4.85
Sqgctor,
minimum-size addressable data part of a Track (4.39) in the Information Zone (4.15)

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

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

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

Substrate

layer whic

4.39
Track

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

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

4.40

Track Pitch

Craova. nt-Traclea ( aackrad-i acio waotion

distance

4.41
Transmis

all layers fogether between the Entrance surface (4.10) of the disk and the Recording Layer (4.29),concerne

Note 1 to
layers tha

4.42
User-Data
collection

4.43
Virgin Gr
blank Gro

4.44
Wobbled
Groove (4

Note 1 to
informatio

4.45
Zone

(A4 12\ 1 adiaca 420\ diatha Ll t
CTOOVC (I T aujaCTTt rTackKS (.o J), rmcasStrctTnT e adrar o CuoTT

5ion Stack

entry: In other words: the Transmission Stack of a specific Recording Layer (4,29) consists of
are passed through by the light beam, when accessing that Recording Layer (4.29).

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

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

Groove
12) that has a periodic sinusoidal deviation from its average centreline

entry: By modulating the sinusoidal deviationthe wobble provides address information and gene
N about the disk.

annular area of the disk

o

all

ral
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5 Conventions and notations
5.1 Terminology

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

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

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

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

5.1.2 Levels of grouping

Many times data is collected into groups, where these groups of data can be collected into higher level
grpups. For the clarity of the grouping hierarchy, in this International Standard the following levels of|hierarchy
will be used:

Frame: the lowest level of grouping. Generally, Frames contain bytes ‘of information.
Blpck: the second level of grouping. Generally, Blocks consist of ainumber of Frames.
Cluster: the highest level of grouping. Clusters consist of several Blocks.

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

5.2 Representation of numbers
A measured value Xmeasureda May be rounded off to the least-significant digit of the corresponding spegified
vaJue x before being compared with this specified value.
EXAMPLES

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

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

—| The specification is: x < 0;3:

—| A measured value Xmeasdred < 0,35 fulfils this specification

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

—|{ The specification is: x < 0,3:

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

(no’rounding off needs to be applied).

# A measured value Xmeasured = 0,3 exactly does not fulfil this specification.

3 2 ’ X X X 3 ¢ shall not
be rounded off before comparing to the specified value. Parameters given in this way shall not be outside of
the specified limits set by the exact value of x.

EXAMPLES:

— The specification is maximum 0,3 mm:

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

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

— A measured value of 3,00 dB fulfils this specification.
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— A measured value of 2,99 dB does not fulfil this specification.

@

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

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

Numbers in binary notations and bit patterns are represented by strings of digits 0 and 1, with the most-
significant bit shown to the left. The character x in binary numbers represents a digit O or 1.
Negative values of numbers in binary notation are given as two’s complement.

corded first.

| be re

bit (Isb). Bit by shal
rupted sequences of m O’s in a bit pattern can be represented by [0™].
The settinp of bits is denoted by ZERO and ONE.

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

significant

An uninte

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

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

In a field df 4n bits, bit bun-1) shall be the most-significant bit (msb) and bit ¢ the least-significant bit (Isb).
Bit ban-1) $hall be recorded first.
A range of values is indicated as x ~ y, where x and y are included in.the range.

A list of infegers is indicated as i .. j. The list contains all numbers between i and j, including i and 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 indicated as Param m..n or Pm. ZPn. The group contains all parameters with an index
between m and n, including m and n (e.g. byte 16..31, bit 7..4, Addo .. Addzss).

If X is neafly equal to y, then it is expressed as x~y.
5.3 Integgr calculus

div(n,d) rejpresents the integer part of(the division of n by d
mod(n,d) fepresents the remainder'ofithe division of n by d: mod(n,d) = n — d x div(n,d)

For example: div(+11,+3) = +3 div(-11, +3) = -3 div(+11, -3) = -3 div(-11, -3) = +
mod(+11+3) = +2 mod(-11, +3) = -2 mod(+11, -3) = +2 mod(-11, -3) = —

N0

5.4 Names

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

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

AUN Address-Unit Number
BCA Burst-Cutting Area

BIS Burst-Indicating Subcode
BPF Band-Pass Filter

CAV Constant Angular Velocity
cbs channel bits

CNR Carrier-to-Noise Ratio

dc direct current

D¢z Drive-Calibration Zone
DIPS Disk-Definition Structure
DKL Defect List

DI Disk Information

DL Dual Layer

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

DOW(n) the n-th Overwrite
DOW(0) the initial recording

D$V Digital-Sum Value

DWP Disk Write Protect

EE Emergency Brake

ECC Error-Correction Code

EDC Error-Detection Code

EQ Equalizer

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

FWHM  Full Width at Half Maximum

HF High Frequency

HEM High-Frequency Modulated
HWW Harmonic-Modulated Wave

HRPF High-Pass Filter

HTL High-To-Low

LAA Last ADIP Address (of Data Zone)
LOC Long-DistanceCode

LAF Low-PasskKilter

LB Least-Significant Byte

Ish least=significant bit

LSN Logical-Sector Number

MM MSK Mark

M§EB Most-Significant Byte

msg millisecond

msb mest-sigatieantbit

MSK Minimum-Shift Keying

MW Monotone Wobble

NA Numerical Aperture

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

NRz Non-Return-to-Zero

NRZI Non-Return-to-Zero Inverting

ns nanosecond

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

10

Physical ADIP Address
Physical-Access Control

Possibly Bad Area

Permanent Information and Control data
Phase-Lock Loop

Post-amble

Push-Pull

peak-to-peak

Pre-amble

picosecond

Physical-Sector Number
Relative Humidity
Repeated Minimum-Transition Run-length
Read-Modify-Write
Reed-Solomon (code)
Relative Thickness
Recording-Unit Block
Reflectivity x In Resolution
Reflectivity x Modulation
Symbol Error Rate
Second-Harmonic Distortion
Second-Harmonic Level
Single Layer
Signal-to-Noise Ratio
Start-Position Shift
Saw-Tooth Wobble
Synchronization

Triple Layer

Track Pitch

Transmission Stack
Reference Velocity
wobbles

Write Protect
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7 General description of disk

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

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

THis International Standard provides for one Type of such disk. And this Type is TypeTL whose capacity is
100,0 Ghytes. To improve the scratch resistance, the Cover Layer optionally can be protected with an
additional hard coating.

D4ata can be written onto the disk as amorphous marks in the crystalline Recording Layér(s) and can|be
overwritten with a high-power focused optical beam using the Phase-Change effect between amorphous and
crystalline states of the recording material.

THe data can be read with a low power focused optical beam, using the difference in the reflectivity of the
amorphous and the crystalline states.

D¢pending on which Recording Layer is to be accessed, the optical beam passes through the transgarent
Caver Layer or through the transparent Cover Layer, the semi-transparent Recording Layer(s) and the
trgnsparent Spacer Layer(s).

Fqdr reference purposes, all layers together, passed through hy the light beam when accessing a cerfain
Reacording Layer, are called the Transmission Stack of that specific Recording Layer.

Data is recorded on the Grooves. The wobble of the Grooves, modulated with addresses serve as alsystem
foff positioning and speed control during recording;

Top surface

direction of rotation

-——
~

> )

’

-<---7

Transmission Stack 0 £y <— Recording Layer LO
Transmission Stack 1~ 4 — Recording Layer L1

o Substrate <€— Recording Layer L2
Transmission.Stack 2 ¢ \

Spacer Layer 1
Spacer Layer 2

/ Cover Layer

Entrance Surface

(Protective Coating) i
for optical beam

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

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

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

— Not allowed in this International Standard.

Figure 2 — Recording Velocity requirements for Disk Type

8 Gengral requirements
8.1 Envirpnments

8.1.1 Tefst environment
8.1.1.1 (General
During mgasurements for testing the conformance of the disk with this Intetnational Standard, the disk shall

be in the tpst environment. The test environment is the environment where’the air immediately surrounding
the disk slhall have the following properties:

—  temjperature: (23 £ 2)°C;
— relative humidity: 45 % to 55 %;
— atmjospheric pressure: 86 kPa to 106 kPa.

No condensation on the disk shall occur. Before testing, theidisk shall be conditioned in this environment for
sufficient fme.

8.1.1.2 [Test conditions for sudden change in.operating environment

Some pargmeters can be rather sensitive forchanges in the operating environment. Where specified, the
following two tests shall be performed. Intboth cases, the required specifications shall be fulfilled during the
time it takes for the disk to acclimatize-to.the new environment.

a) Applyla sudden change in relative humidity, while keeping the temperature at a constant level:
relativeé humidity = 90 %, temperature = 25 °C —relative humidity = 45 %, temperature = 25 °C
(see Fjgure 3).

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

8.1.2 Operating environment

A disk in conformance with this International Standard shall provide data interchange over the specified
ranges of environmental parameters in the operating environment. The operating environment is the
environment where the air immediately surrounding the disk shall have the following properties:

—  temperature: 5°Cto 55 °C;
—  relative humidity: 3 % to 90 %;
—  absolute humidity: 0,5 g/m?3 to 30 g/m?;
—  atmospheric pressure: 60 kPa to 106 kPa.

There shall be no condensation of moisture on the disk. If a disk has been exposed to conditions outside
those specified above, it shall be acclimatized in an operating environment for at least 2 hours before use.
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absolute air humidity, g/m3
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Figure 3 — Operating environment
8.1.3 Storage environment

8.1.3.1 General

THe storage environment is the environment where the air immediately surrounding the optical disk ghall have
the following properties:

—| temperattre:

—|{  relative hlumidity:
—| absolute humidity: 1 g/m3to 30 g/m?;
—| atmospheric pressure: 60 kPa to 106 kPa;

—| ~_temperature variation max.: 15 °C/h;
relative humidity variation max 10 9%/h

8.1.3.2 Climatic storage tests

-10 °C to 55 °C;
5 % to 90 %;

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

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

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

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

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

8.1.4.2 Packaging

8.1.4.2.1 General

The form ¢f packaging should be agreed between sender and recipient or, in absence of such an agreemeni,
is the resgonsibility of the sender. It should take into account the following hazards.

8.1.4.2.2 | Temperature and humidity

Insulation land wrapping should be designed to maintain the conditions for storage over the estimated period
of transpoftation.

8.1.4.2.3 | Impact loads and vibrations

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

b) Avoid dropping the disk.

c) Disks|should be packed in a rigid box containing adequate shock-absorbent material.

o

d) The final box should have a clean interior and a construction that provides sealing to prevent the ingres
of dirt and[ moisture.

8.2 Safety requirements

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

8.3 Flammability
The disk ghall be made from materials that comply with the flammability class for HB materials, or better, as
specified in IEC 60950-1.

9 Refenence drive
9.1 Genelal

A Referenice drive shall be used for the measurement of optical and electrical signal parameters for
conformarce with the reguirements of this International Standard. The critical components of this device haye
the charagteristics specified in Clause 9.

9.2 Measyirement conditions

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

9.3 Optical system

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

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

The optical system shall be such that the detected light reflected from the Entrance surface of the disk is
minimized so as not to affect the accuracy of the measurements.
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PP read channel
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Figure 4 — Optical system of Reférence drive

holarizing beam splitter and a quarter-wavelength plate shall'be used to separate the entrance ligh
ming from the laser diode, and light beam reflected by the optical disk going towards the photodet
ht beam transmitted through the splitter shall have a('s intensity ratio of at least 100:1.

e optical beam shall be compensated for Spherical Aberrations (SA) such that these aberrations &
nimized for the thickness of the Transmission.Stack of the Recording Layer on which the beam is
the radius where the measurement is to be performed.

ring measurements on one layer of a Multi-Layer disk, light reflected from the other layer can influ
pbasurements on the layer under investigation. To cope with these effects, the photodetector shall h
ited dimensions. Its length and width shall be smaller than M x 5 ym, where M is the transversal g

magnification from the disk to its ¢onjugate plane near the quadrant photodetector. For a Type TL di

hg
M

9.4

x 5 um. Therefore, obseryed-reflectivity shall be compensated using the procedure shown in B.4

I Optical beam

wever, the effect cannot be ngglected even if the length and width of photodetector are smaller than

t beam,
pctor. The

re
ocused

ence the
ave
ptical

5K,

below.

e focused opticalbeam used for writing and reading data shall have the following properties listed
Wavelerigth (A) of the laser beam: (405 £ 5) nm
Polarization: circular
NAS 8;85+6;6%

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

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

(after correction of tilt and spherical aberrations)

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

10

aclight densitV
xlog Hz

dclight power

—  Normalized detector size: S/M? £ 25 ym?
(whpTe S5 the Total surface of the 4-Quadrant photodetector)
—  Redd power for disk testing (average):
— | Layer LO and Layer L1 (1,44 £ 0,10) mw
— | Layer L2 (1,00 £ 0,10) mW
—  Write power and pulse shape: see 29:4:2"and Annex F
9.5 HF refd channel
The HF relad channel is provided to supply a signal from which the User Data can be retrieved. The signal is

generated
are modul
caused by

In the freq
amplitude
pp. in the

For measiirement of i-MLSE, the characteristics of the Signal processing, the Viterbi decoder and the PLL,

etc., are s
9.6 Radiq

The radial

optical begm. It also provides a wobblesighal from which the information modulated on the Grooves can be

retrieved.

The radial
in the two

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

response

9.7 Disk

While its f

by summing all the currents from all four elements of the phetodetector (la+lp+lc+lq). These currer
pted by the user-written information, due to the difference in_reflectivity of the Marks and Spaces
the Phase-Change effects.

uency range from dc to 44 MHz, the HF read channehincluding the photodetectors shall have a flg
response within +1,0 dB relative to its dc gain. The group delay variation shall be maximum 1,5 ng
requency range from 6 MHz to 44 MHz.

becified in Annex H.
| PP read channel

PP read channel provides a tracking-error signal to control the servo for radial tracking of the

tracking error is generated as a signal [(la+1lp)—(Ic+l4)] related to the difference in the amount of lig
halves of the exit pupil of the objective lens.

ithin £1,0 dBelative to their dc gain from dc to 16 MHz.

Clamping

arameters are being measured, the disk shall be clamped between two concentric rings covering

—

S

=
—

most of th

b Clamping Zone (see 10.6). The top Clamping Area shall have the same inner and outer diamete

IS

as the bottom Clamping Area (Figure 5).

Clamping

shall occur between din = (23,5 + 0,5) mm and dou: = (32,5 £ 0,5) mm.

The total clamping force shallbe F1 =2,0 N + 0,5 N.

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

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

16
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7 NN, ,f::g/ \Wﬁw,y%

-

F2

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

THe direction of rotation shall be counter-clockwise as viewed from,the objective lens.
All specifications are based on a tangential speed during reading that is equal to the 2 times Referer|ce
Vdlocity unless otherwise specified. This corresponds to a.Cerstant Linear Velocity of 7,375 m/s.

9.9 Normalized servo transfer function

Injorder to specify the servo systems for axial andadial tracking, a function Hn(iw) is used. It specifies the
ndgminal values of the open-loop transfer function H of the Reference servo(s).

3xiw

2 1+—— K

Hy (iw)zg{‘i‘sj y ‘i*;o x(1+“i’2tj

1+—s—

3Xwy
where

w =2 xf
wo =21 % fg
Wint = 21 %finy;
[N,
K™\, '= order of integrator.

Here-fs is the 0 dB crossaver frpnlllpnr‘y aof the nppn-lnnp transfer function The crossover frpqnpnr‘ip s of the
lead-lag network of the servo are given by:

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

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

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

f

X

1 amax

21 € nax

Because the tracking-error signals from the disk can have rather large variations, the tracking-error signal fed

into each
which gua

9.10 Me3

9.10.1 Ge
The Meas
9.10.2 Re
Regarding

as shown

Reference Servo 10op Shail be adjusted 10 a fixed fevet (effectively cafibrating the totat foop gainy,
rantees the specified bandwidth.

surement Velocities and Reference servos for axial tracking

neral
urement Velocity for axial residual errors shall be half of the Recording Velocity; 3,688 m/s.
ference servo for axial tracking

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

schematically by the shaded area in Figure 6:

gain (dB)
100
R ;
_ :
80 /\
77,07 ;
54,6 [---------{ ==
7 e A i
40
20 : Y
0 ; \\
2 16— 36100 %305 ——30-*263—100-%-163

18

frequency (Hz)

Figure 6 — Servo characteristic for axial tracking
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The crossover frequency fo of Hy(f) (see 9.9) used to define the limits of

‘ , Is specified
following formula, where amax = 6,0 m/s? is the maximum expected axial

L1+H f
cceleration due to local

by the

disturbances, and amax is multiplied by a factor m = 1,25 for servo margin. The tracking error emax, caused

by this m X amax, shall be 55 nm. Thus the 0 dB crossover frequency shall be:

1 [3xmxa 3x1,25%6,0
foz—’ /x *57 _3 2 kHz
21 e, 5><1O

100 Hz.

In

Th

the frequency range 100 Hz to 10 kHz:

0,9 x | 1+H, (f)| <|1+H(f)| s 1,1x |1+H,

()]
the frequency range 36 Hz to 100 Hz:

0,9 x|1+H, (f)| < [1+H(f)] 51,1x|1+HN(fim)|x[fifmj4’78
the frequency range up to 36 Hz:

77,0dB < ‘1+H(f)‘ <97,0dB

21're

f,

e frequency fx has the following value: 7,

60
~1,6kHz
55x%10°

.11 Measurement Velocities and Reference servos fer radial tracking

.11.1 General

e Measurement Velocity for radial residual errors-shall be a half of the Recording Velocity, 3,688

.11.2 Reference servo for radial tracking

For the open-loop transfer function H(f} of the Reference servo for axial tracking, |1+H (f
shown schematically by the shaded-area in Figure 7:

gain (dB)

100
990

N~ """~ "°7~°

79,0

n/s.

)| is limited as

\

N

20

AN

1x10°8

10 x10% 100 x 102
frequency (Hz)

10 36 100

Figure 7 — Servo characteristics for radial tracking
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The crossover frequency fo of Hy(f) (see 9.9), used to define the limits of |1+H (f) | is specified by the

following formula, where amax = 2,2 m/s? is the worst-case maximum expected radial acceleration due to local
disturbances, and amax is multiplied by a factor m = 1,25 for servo margin. The tracking error emax, caused by
this m x amax, shall be 16 nm. Thus the 0 dB crossover frequency shall be:

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

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

In the fretlluency range 100 Hz to 10 kHz:
0,9 X[ 1+H, ()| < |1+H(F)| s 1,1x |1+ Hy (F)|

In the frequency range 36 Hz to 100 Hz:

X

0,9

4,78
10 41) < 1441 < 1 1o 1) <

In the frequency range up to 36 Hz:

79,0 4B < ‘1+H(f)‘s 99,0 dB

a
The frequency fx has the following value: 7, =2i —max - ZL Lg = 1,8kHz.
TV €max TA162%10°

10 Dimensional characteristics

10.1 Gerleral

Dimensional characteristics are specified for those_parameters deemed mandatory for interchange and
compatible¢ use of the disk. Where there is freedom of design, only the functional characteristics of the
elements flescribed are indicated. The enclosed drawing, Figure 8, shows the dimensional requirements in
summarized form. The different parts of.the disk are described from the centre hole to the outside Rim.
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First second
: transition Area transition Area
: Clamping Rim
Centre i Zone . Area
| hole ; | Information Area
il

10.2 Disk reference planes and reference axis

(F

TH
re

TH
of

Th

hd-out side of the disk.

the disk.

plane P.

TH
re

Figure 9 and Figure 10).

TH
ra

Figure 8 — Overview of disk dimensions

Dr the Disk reference planes see also Figure 9 and Figure 10).

A\V4

e Disk reference plane P is the plane determined by the surface of the Clamping Zone (see 10.6) at the
e Disk reference plane Q is the plane determinediby the surface of the Clamping Zone at the Substrate side
e reference axis A is the axis through the*middle of the centre hole, perpendicular to the Disk refefence

e Disk reference plane R is a plane_parallel to the Disk reference plane P. The distance between Disk
erence plane R and Disk reference plane P shall be e4 = (100 £ 25) ym towards the inside of the disk (see

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

© ISO/IEC 2016 — All rights reserved
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Figure 9 —Details of disk dimensions
] Centre hole
< ' .
ry Recording layer LO
i ra Substrate

Clamping Zone

Detail of smooth transition

—~

1

—_

Cover Layer

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

10.3 Overall dimensions

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

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

22

+0,10
0,00

mm (see Figure 8).
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There shall be no burr on the edge of the centre hole at the read-out side.

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

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

T H +laial £ 4+l chal H Lol o 1 D + ' Fa +1 P | beal H %
C TTTAATTTIUTTT UTTTCATIC OO UT LT UIoN, THUTUUITTY CUVET LAaytTl, TTTULTULLUVE LUdllTy alu LavutTlh pPrinmirTy, at any

raglius shall be e; = 1,40 mm (see Figure 9).

THe minimum thickness of the disk in the Information Area shall be e, = 0,90 mm.

Outside the Clamping Zone, the top surface may be inside the Disk reference plane Q by-maximum
hz[= 0,4 mm.

Outside the Clamping Zone the top surface may be outside the Disk reference plane;Q-by maximum
hz|= 0,1 mm (see Figure 9).

10.4 First transition Area

Inthe Inner Area inside the Clamping Zone (d < dg), the surfaces may bé.inside the Disk reference planes P
and Q by maximum hs = 0,20 mm and maximum hs = 0,12 mm, respectively. These surfaces may be uneven
ormay have burrs up to maximum hz = 0,05 mm and maximum hg<0,05 mm, respectively, outside the Disk
reference planes P and Q (see Figure 8 and Figure 9).

10.5 Protection ring

An optional ring-shaped protrusion in the Inner Area.ofthe disk can prevent full contact between the|surface of
the disk and a surface on which such a disk is laid-down. By applying such a ring, the chance for darmmages to
the read-out side of the disk can be minimized.

When applied, the Protection ring shall be |ocated between diameter d; = 17,5 mm and diameter
ds[= 21,0 mm. Between ds and diameter dxa= 20,5 mm, the height of the Protection ring shall be maximum
hg|= 0,12 mm above the clamping surface.
Bgtween ds and ds, the height of the Protection ring shall sink gradually to the surrounding surface (4ee
Figure 9).

10.6 Clamping Zone

THe inner diameter of\the disk Clamping Zone shall be ds < 23,0 mm.
THe outer diameterof’the disk Clamping Zone shall be d; = 33,0 mm (see Figure 8).

THe thickness\ofthe disk within the Clamping Zone shall be e3 =1, 20+(§)0150 mm (see Figure 9).

WI|thin the:Clamping Zone (ds < d < dy), both sides of the disk shall be flat within maximum 0,1 mm.
W(thin'the Clamping Zone (ds < d < d7), both sides of the disk shall be parallel within maximum 0,1 nrm.

10.7 Second transition Area

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

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

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

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

The step from the top surface in the area to the top surface in the Information Area is his. The distance
between the start and the end diameter of the step is I;. If hig > 0,2 mm, then the slope down to the top
surface of the Information Area shall be smooth and |, shall be > 1,8 mm as indicated in Figure 9. If the top
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surface in the Information Area is stepped down from the top surface in the Second transition Area, then the
step shall end within diameter dg = 40,0 mm.

10.8 Information Area
10.8.1 General
The Information Area shall extend from diameter dg = 42 mm to diameter dio = 117 mm (see Figure 9 and
Figure 11).
On eaCh ~H 1 +la Dat 4 ball [ tad bat +a H P~H + &l QN 0'0

|l C\;UIUIIIU I_!J._yCI, UIiC LAl LUTIC ol'TdIT U TULALTU UTLVWTTTT UIC ImmmicT Uurtarmc et UDZIn - "fU,U_012 LILILLA
and the oyter diameter dpzo. The Data Zones on all Recording Layers shall have the same storage capacity
The inner [diameter dpz on Recording Layer Ln shall be dpzn = mm and the outer diameter dpzo on Recerdin
Layer Ln ghallbe d, < 116,2 mm.
The area between dg and dpz is called the Inner Zone and the area between dpzo and dio is called the Outer
Zone (se€| Figure 11).

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

10.8.2 Subdivision of Information Zone on TL disk

The Inforn
The Inforn

On Recor

Information Area
Inner Zone Quter Zong |
! ; Information Zone
L
i ~ [ |
i Q
| I
; Lead-in Data Zonhe Lead-out
: (Lead-out) (Outer)
G
i dDZI
| dozo
| duo

Figurel1 — Division of Information Area

hation Area is used-to record the Information Zone and is divided over the three Recording Layers
hation Zone is_ subdivided into the following main parts (see Figure 12):

ling LayerLO0:

Data

the LPad-in Zone (part of the Inner Zone 0);

OutenZehe-0

one\0;

On Recording Layer L1:

Outer Zonel,
Data Zonel,;
Inner Zone 1.

On Recording Layer L2:

Inner Zone 2;
Data Zone 2;

Lead-out Zone (Outer Zone 2).

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

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

Substrate
Recording Layer LO Lead -in Zone | /\ Data Zone O | Outer Zone 0
Spacer Layer / \ —> spiral direction
Recording Layer L1 Inner Zone 1 | / \ Data Zone 1 | Outer Zone 1
Spacer Layer / \\ < spirat-direction
Recording Layer L2 innerzone2 | [ | Data zone 2 [ Lead-out Zone

—> gpiral direction
Cover Layer

inner side | ! olter side
of disk Optical beam ofdisk

Figure 12 — Subdivision of InformationnZone

THe Lead-in Zone starts in the area extending from diameter 44;04mm to diameter 44,4 mm and shall end at
thI beginning of Data Zone 0 at diameter dpzo.

Ouiter Zone 0 shall start at the end of the Data Zone 0 at diameter dpzoo and shall end at diameter mjnimum
1147 mm.

Ouiter Zone 1 shall start at diameter minimum 117 mm and shall end at the beginning of Data Zone 1 at
diameter dpzos.

Inper Zone 1 shall start at the end of the Data Zone 1 dozi1 and shall end at the beginning of Data Zdgne 1 at
digmeter dpzoz.

Inmer Zone 2 starts in the area extending from diameter 44,0 mm to diameter 44,4 mm and shall end at the
inning of the Data Zone 2 at diameter dpzp.

Lelad-out Zone shall start at thesend of the Data Zone 2 at diameter dpzo2 and shall end at diameter minimum
117 mm.

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

Injthe first ©;5'mm of the Rim Area, the surface at the read-out side of the disk shall not be outside the
Entrance,surface in the Information Area.

In tiesremainder of the Rim Area, the surface at the read-out side of the disk shall not be outside the Entrance
su . . . — :

In the Rim Area, the surface at the read-out side of the disk may be inside the Entrance surface in the
Information Area by maximum his = 0,12 mm (see Figure 9).

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

11.1 Mass

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

11.2 Moment of inertia

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

11.3 Dynamic imbalance

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

11.4.1 Ggneral

When measured by an optical system using the Reference servo for axial tracking, and thedisk rotating at a
half of the|Recording Velocity, the distance between each Recording Layer and the Disk’reference plane R
(see Figune 9 and Figure 10) in the direction of the reference axis A shall be maximumhi> = 0,3 mm over th¢
entire disK.

174

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

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

11.4.2 Rdsidual axial tracking error

The residdal axial tracking error of each Recording Layer for\frequencies below 1,6 kHz (= fx, see 9.10.2),
measured| using the Reference servo for axial tracking asispecified in 9.10.2, shall be maximum 45 nm,
(displacement of the objective lens needed to move the-focal point of the optical beam onto the Recording
Layer) with the disk rotating at 1x Reference Velocity;-3,688 m/s, and with the read power at (0,70 = 0,10) mWw
for any layers of a TL disk. It is recommended to-measure the residual axial tracking-error signal in a short
period to avoid the deterioration of the read stability at 1x Reference Velocity.

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

The measpring filter shall be a Butterworth LPF, with f_3qg = 1,6 kHz and slope = —60 dB/decade.
This means that for frequencies 1,6 kHz, the maximum local acceleration of the Recording Layer in the
direction df reference axis A willnot exceed 6,0 m/s?.

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

11.5 Ra(1ial renout

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

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

The radial runout shall be maximum 75 ym pp.

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

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

11.5.2 Residual radial tracking error

The residual radial tracking error for frequencies below 1,8 kHz (= fx, see 9.11.2), measured using the
Reference servo for radial tracking as specified in 9.11.2, shall be maximum 13 nm with the disk rotating at 1x
Reference Velocity, 3,688 m/s, and with the read power at (0,70 + 0,10) mW for any layer of a TL disk. It is
recommended to measure the residual radial tracking-error signal in a short period to avoid deterioration of
the read stability at 1x Reference Velocity.

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

THe measuring filter shall be a Butterworth LPF with f_3qg = 1,8 kHz and slope = —60 dB/decade.

THis means that for frequencies <1,8 kHz, the maximum local acceleration of the tracks in theyradial direction
will not exceed 2,2 m/s?.

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

116 Durability of Cover Layer

11.6.1 Impact resistance of Cover Layer

Td prevent excessive disk damage in case an object lens hits the\Entrance surface at the read-out s|de of the
digk, the surface of the disk should have a minimum impact resistance. This impact resistance can b tested
byl procedures described in Annex L.

11.6.2 Scratch resistance of Cover Layer

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

11.6.3 Repulsion of fingerprints by Coverkayer

Td prevent excessive contamination, the'surface of the disk should repel grime as much as possible
THe repulsion of grime shall be tested by a procedure described in Annex D.

12 Optical characteristics in\Information Area

12.1 General

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

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

12.2 “Refractive index of Transmission Stacks (TS)

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

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

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

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

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

Figure 14 shows a coefficient function for converting the actual thickness to an effective thickness for
requirements f). The actual thickness means physical value. The effective thickness means imaginary value
when refractive index is assumed to be 1,60.

The actua thickness of arbitrary refractive index n is converted to an effective thickness of standardyefractie
index of 1/60. Defocus values of the actual and effective thickness are the same. In this Subclause, defocus|is
defined aqg the focus position movement of the light going through the transparent medium with-each thickness
and each fefractive index.

The coeffigient function of f (n) equals tan (&)/tan (6,), where & and & are the converging angles in the
Transmisgion Stack with refractive indexes of 1,60 and the arbitrary value of n, respectively. The function f (n)
is expressed by approximately as the function as:

f(n) =11,088 0 x n® + 6,102 7 x n?-12,042 x n + 9,100 7

a) The thickness of TS0 (all layers on top of Layer LO) depends otithe refractive index and shall be within
the ippermost shaded area in Figure 13 (In case of a refractive index of n, the thickness shall be
between 94,0xg(n) um and 106,0xg(n) um, and the dashed curve indicates the nominal thickness as a
fungtion of the refractive index).

b) The thickness of TS1 (all layers on top of Layer L1), as determined by its refractive index, shall be within
the middle shaded area in Figure 13 (In case of arrefractive index of n, the thickness shall be between
69,0xg(n) um and 81,0xg(n) um, and the dashed cturve indicates the nominal thickness as a function of the
refractive index).

c) The thickness of TS2 (all layers on top of Layer L2), as determined by its refractive index, shall be within
the ungermost shaded area in Figure 13 (In case of a refractive index of n, the thickness shall be betweeh
52,0xg|(n) pm and 62,0xg(n) um, and the dashed curve indicates the nominal thickness as a function of the
refractive index).
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S2 shdll be converted from their actual thickness to their effective thickness by being multiplied by f (n)
shown|in-Bigure 14, where thickness of TS2 equals the Cover-Layer thickness (C) and n is refractive
index).

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

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

12.4 Example of target thickness of Spacer Layers for TL disks

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

a) The thickness of the Spacer Layerl (S1) should be 25,0 um + 2,0 um.
b) The thickness of the Spacer Layer2 (S2) should be 18,0 um + 2,0 um.
C) The thickness of TS2 (=C) should be 57,0 um + 2,0 um.
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Figurezd3 — Thickness of Transmission Stacks as function of reflective index
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1,2
®--4---t---fF------4---}--1,154

1.1 ===fF===l===a===s===}--1 097
& bl - 1,046
1,0 -1.,000
—--L<]--.0,959

b --4---0,921

0,9
1,40 1,45 1,50 1,55 1,60.1,65 1,70 1,75
Refractive index ofSpacer Layer

Figure|14 — Ratio of effective thickness with refractive index 1,60 and that with arbitral refractive
index n

12.5 Reflectivity of Recording Layers

The reflecfivity of each Recording.Layer in the Information Zone, including transmission through the
Transmisgion Stack concerned;.shall fulfil the following requirements independent of the recording status of
the other Recording Layersqwhether Unrecorded, Recorded or partially Recorded) under the measurement
conditiong of Annex B:

— in UnrecordedVirgin Grooves:

— | of kayér LO and Layer L1: Rgv = 1,5 % to 4,0 %;

— —andoftayert2: Rov = 2,2°9610 4,0796;

— in Unrecorded Erased Grooves:

— of Layer LO and Layer L1: Rg-e = 1,4 % to 4,0 %;
— and of Layer L2: Rg-e = 2,0 % to 4,0 %;
— at each location on the disk: 0,75 ¥ Rg.v < Rge < 1,25 x Rg.y;
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— in Recorded Grooves for the first 10 DOW cycles:

— of Layer LO and Layer L1: Ren = 1,

— and of Layer L2: Ren = 2,

— at each location on the disk:

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

ISO/IEC 30193:2016(E)

4 % to 4,0 %,;

0 % to 4,0 %;

0,75 X Rg-v < RSH < 1,25 X Rg-v.

1% Birefringence

THe in-plane birefringence of the Transmission Stacks shall be (see Annex
Ay < 1,5 x 10,

J):

THe perpendicular birefringence of the Transmission Stacks shall be (see Annex J):

AL £1,2 x 103,

127 Angular deviation

THe angular deviation is the angle a between a parallel incident beam perpendicular to the Disk refe
plane P and the reflected beam. The incident beam shall have a diametér.in the range 0,3 mm to 1,
angle a includes deflections of the Entrance surface and to lack of parallelism of the Cover Layer an

Spacer Layer (see Figure 15).

Cover Layer

Recording Layer
Substrate =

—_—,— e

kIncident beam

Read-out
Surface

Reflected beam

Figure 15 — Definition of angular deviation

ence

i/or

The-fequirements-for-theangteorare-the-fotowing:
— Inthe radial direction

— under the normal test conditions specified in 8.1.1:

— under the “sudden change” test conditions specified in 8.1.1:
— Inthe tangential direction

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

|aljmax. = 0,70°.

|aljmax. = 0,30°.
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13 Data Format
13.1 General

The data received from the source (application or host), called User-Data Frames, are formatted in a number
of steps before being recorded on the disk (see Figure 16).
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User Data User-Control Data
32 Sectors
32 Frames 32 units
X 2 048 bytes X 18 bytes
Y
Data Frame
32 Frames

x (2 048 bytes Data

+ 4 bytes EDC)

Y
Scrambled l«—|Phys. Sector Number
Data Frame
32 Frames Addr . Unit Number
X 2 052 bytes 16 addressis x 4bytes
v Primary Addr . Fields N 7
16 add byt
Data Block @ ressTf e Access Block
Addr . Fields
304 columns 16 addresses x 9bytes 24 columns
216 rows 30rows
Y Y
LDC Block BIS Block
304 columns 24 columns
216 rows data 30 rows data
32 rows parity 32 rows parity
Y Y
LDC Cluster BIS Cluster
152 columns 3 columns
496 rows 496 rows

v "4 X y Y 4 X

LDC BIS LDC BIS LDC BIS LDC 496 rows divided in
16 Address Units
38 col. 1col.| 38col. lcol.| 38col lcol.|] 38col of 31 rows each
ECC Cluster

(155 columns )

Framg , .| dc data dc data dc 496
Sync 5 | contr a5 contr 45 contr,| | Recording
20 1 1 1 Frames

_______ v

Physical Cluster

(1932 channel bits
=1 288 data bits)

Figure 16 — Schematic representation of encoding 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:
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— An Access Block, a BIS Block, and a BIS Cluster.

The LDC Cluster and the BIS Cluster are multiplexed and modulated into:
— An ECC Cluster, subdivided into 16 Address Units, and
— A Physical Cluster, consisting of 496 Recording Frames.

The data on BD Rewritable disks is recorded in 64K partitions, called Clusters, containing 32 Data Frames
with 2 048 bytes of User Data. These Clusters are protected by 2 error correction mechanisms:
— First the data is protected by a Long-Distance Error-Correction Code (LDC), consisting of (248,216,33)

Reed-Solomon (RS) code-words. This code has ample parities and interleaving length with a good overall
efficiency, and can correct bath random errors and burst errors

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

The combjnation of these two codes is called an “LDC+BIS Code” (see Figure 17).
All the datp is arranged in an array as indicated in Figure 17. This array is read in the hQrizontal direction, ropv

after row, pnd recorded on the disk after insertion of additional d.c. control bits, modulation, and insertion of
Synchronigation patterns.

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

Sync 38 1 38 1 38 1 38
bytes byte bytes byte bytes byte bytes
T Do ........ D37 Bo D38 ...... D75 Bl D76 D113 Bz D114 D151 T
Dis2 ... Digo Bs D190 «vvvvrrrin)
Address | 31
Unit O [ rows
\
data stream
496 >
rows on disk
£
Address| 31
Unit 14 | rows
J
)
Address | 31
N Unit 15 [ rows
....... D75 391 \L

Figure 17 — Schematic representation of Physical Cluster on disk

Address Units, Physical Sectors and Logical Sectors

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

Physical Sectors:

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

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

L ool Cantorc
TcaroStCtOTrST

13.2 Data Frame

A Pata Frame consists of 2 052 bytes: 2 048 bytes of User Data and 4 bytes of Error-Detection Cod¢ (EDC).
THe 2 048 User Data bytes are identified as udo to udz 047 and the 4 EDC bytes as ed2o4s't0 ed2 051 (See
Figure 18).

T leo T
2048
User Data :
bytes : 2 052
N uds 047 bytes
) ed2 048
4 ed2 049
EDC bytes ed2.0sd
J edz 051 1

Figure 18 — Data Frame

133 Error-Detection Code (EDC)

THe 4-byte field ed: 045 to ed2 051 Shallkcontain an Error-Detection Code computed over the 2 048 bytegs of User
Data. Considering the Data Frame as a single bit field, starting with the most-significant bit of the first
Uger Data byte (udo) and ending-with the least-significant bit of the last EDC byte (ed2 ¢s1), then the msb will
be bis 415 and the Isb will bebg:

E4ch bit bi of the EDC is;shown as follows for i = 0 to 31:

EDC(x)= i byx” =/(x)modG ()

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

13.4=Scrambled Data Frame

Each Data Frame consisting of 2 052 bytes of User Data + EDC shall be scrambled with the output of the
circuit defined in Figure 19 in which bits s7 (msb) to so (Isb) represent a scrambling byte at each 8-bit shift.
The heart of the circuit is a Linear-Feedback Shift Register (LFSR) based on the polynomial:

D(x) = x¥ + xB + xB3 + x*+ 1.
Here, so to s15 form a 16-bit shift register. At each shift clock, the content of sn shifts to sn+1 (n = 0..14), while so
is setto sis @ s14 @ s12 @ s3(@ stands for Exclusive-Or).

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

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

PSN
MSB LSB
P P P P P P P P[ P[P p
S S S S S S S S S|S S
3 2 2 1 1 1 8 7 54 0
1 4 3 9 6 5
11 [ 11
ONE \
llel j VYVYVYVYYYVYY
aralle )
ﬁ)ad —>i i i slslslslsls|s S<—sh|ftclock
i3 7|6(5]4(3]2]1|0 |«
|f\ D D
U U NN

Figure 19 — Scrambler circuit

After loading the preset value, s7 .. So are taken out as scrambling byte So./Then an 8-bit shift is repeated
2 051 timgs and the following 2 051 bytes are taken from s7 .. S as the‘scrambling bytes S;to Sy gs:1.
The 2 052 bytes ud/edk of the Data Frame become scrambled bytes'dk where:

dk = Jd/edk ® Sk fork =0to 2 051; @ stands for Exclusive-Or.
13.5 Datq Block

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

«— 32 -
Frames
0 1 : F : 31
T do,o do,l . do,F . d0,31
dip di1 : difr : di,31
2052 . . ) . )
bytes : :
d2 050,0 d2 050,1 : d2 o50,F : d2 050,31
J d2051,0 d2051,1 : d051,F : d2 051,31

Figure 20 — 32 Scrambled Data Frames

These data are rearranged into an array of 216 rows x 304 columns by dividing each Scrambled Data Frame
into 9,5 columns as shown in Figure 21. This new array is called a Data Block. It should be noted that every
even Scrambled Data Frame ends halfway down a column, and every odd Scrambled Data Frame starts
halfway down a column.
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136 LDC Block

TH

13

“— 304 columns -
0 1 9 10 18 19 303
T do,o d216,0 O19440 | G082 d1 836,1 do,2 d1 836,31
di0 d217,0 di9450 | G091 d1g37,1 di» d1 837,31
d2 050,0
216 d2051,0
rows do,l
dia
d106,1
J d215,0 daz1,0 d1o7,1 daz231 d2 51,1 do15.2 d> o51[s1

Figure 21 — Composition of Data Block from 32 Scrambled Data\Frames

THe bytes in each column of the Data Block are renumbered as shown in Figure 22 starting from the|top of
each column as follows: eoL €1L .. €L .. t0 2151, in which L represents the-code-word number (= the column
number: 0 to 303).
e 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: p2isL P217.L .. PjL .- 1O P2a7,L.
« 304 columns -
Code word | Code word Code word Code word | Code word
0 1 L 302 303
T ) €0,0 €01 €o,L €0,302 €0,30B
216 €10 €11 e1L €1,302 €1,308
rows €20 . . . .
with :
1LDC data : :
code-word J €215,0 €215, €215, €215,302 €215,303
=248 T P216,0 P216,1 P216,L P216,302 P216,3p3
bytes 32 : : : : :
rows
with
parity : :
2 \ P247,0 P247.1 P247L P247,302 P247,3p3
Eigure 22 — Renumbering data bytes and forming LDC Block by adding parities
.7 LD€ctode-words
eong-Distance RS Code is defined over the finite field GF(28). The non-zero elements of the finite field

G

(2%) are generated Dy a primitve element a, Where a Is a root of the primiive polynomial p(x):

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

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

a = 00000010

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

© ISO/IEC 2016 — All rights reserved

37


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

ISO/IEC 30193:2016(E)

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

9(x)

31

:H(x-ai).

i=0

The LDC is systematic: the 216 information bytes appear unaltered in the highest-degree positions of each
code word. The parity-check matrix H pc of code lqc is such that:

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

The second row hypc 2 Of the parity-check matrix Hipc, corresponding to the zero a of the generator polynomial

g(x), defin

s tha codeword nositions-to-he usad for arrar lacations This cacaond row h
tH G- Wo e OSHORSt0-Be-HSe a1 e HOHHO6aHEHRS—HS HE—-0 W3+

of the naritvi.chae
—He-pPatty-c1 <

matrix Hyg
hy

13.8 LD

13.8.1 Gs¢

After geng
Cluster.

13.8.2 Fif

In the first

and 496 rpws.

Each new,
The new d
odd LDC
from the o

DC2

c is given by:

bc2 = (0?4, a%® .. &2, a, 1).
Cluster
neral
rating the LDC code-words, the LDC Block is interleaved in a 2-step processytesulting in the LDC

st interleaving step

interleaving step, the 304 columns of height 248 are rearranged inte-a new array with 152 column|

column is formed by multiplexing each even column from the\LDC Block, with the next odd colum
olumn is filled by taking the first byte from the even LDC Block column, then the first byte from the
Block column, next the second byte from the even LDC,Block column, followed by the second byte

[2)

dd LDC Block column, etc. as shown in Figure 23.
«— 152 columns -
0 151
) €0,0 €0,2 €0,302 T
€01 €0,3 €0,303
432 €10 €12 €1,302
rows €11 €13 €1,303
with :
data
€215,0 €215,2 €215,302
J €2151 €2153 €215,303 496
T P216/0 P216,2 P216,302 rows
P216,1 P216,3 P216,303
64 P217,0 P217,2 P217,302
rows P217,1 P217,3 P217,303
with : : :
parity
P247.0 P247,2 P247,302
\ P247.1 P247,3 P247,303 \

13.8.3 Second interleaving step

To reduce the influence of error propagation and further improve the burst error correcting capabilities, an

Figure 23 — First step of interleaving

additional interleaving is introduced.

38
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All rows of an LDC Block resulting from the first interleaving step shall be shifted over mod(k x 3 152) bytes to
the left where k = div(row_number,2), 0 < row_number < 495. The bytes that shift out at the left side are re-
entered in the array from the right side (see Figure 24).

After this process, the bytes are renumbered in the horizontal direction through all the rows resulting in the
numbering Do to D7s 391 as indicated in Figure 17.
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<« 152 -
bytes

<« shift €0,0 €02 €0,300 €0,302

0 €o0,1 03 €0,301 €0,303

< shift €16 ¢ €1300 | €102 €10 €12 €14

3 €17 él,g €1,301 €1,303 €11 €13 €15

« shift €212 €214 €2,302 €2,0 €22 €24 €26 €28 €2,10

6 €2,13 2,15 €2,303 €2,1 €23 €25 €27 €29 €2,11
<« shift €50300 | €qoz02 | €s00 €50,208
150 €s50301 | €4o303 | €s01 €50,299

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

1 €513 €515 €s51301 | €51,303 €511

<« shift
mod(kx3, 152)
« shift 130 | p2as260 | Pohs,262 P2sas302 | P246,0 P246,258
P246,261 | P2p6,263 P246,303 | P246,1 246,259
« shift 133 | p247,.266 | P2h7.268 P247302 | P2arp. | P24z P2474 | P24a7,6 P247.264
P247,267 | P2}7,269 P247,303 |_P247.1 P247.3 P2475 P247,7 247,265
Figure 24 — LDC Cluster
40 © ISO/IEC 2016 — All rights reserved
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13.9 Addressing and Control Data

13.9.1 General

For the purpose of accessing the data on the disk, addressing and Control Data are included.

13.9.2 Address Units
13.9.2.1 General

For positioning the optical head onto the desired Track, a fast addressing mechanism is implemented by
supdividing the 64K Physical Clusters into 16 Address Units. Each Address Unit contains an address, which is
placed in such a way into the BIS code-words (see 13.11) that it can be accessed quickly (see Figurg 25).

Edch Address Field consists of 9 bytes:

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

—{ 4 bytes for error correction.

<« 16 Addresses -
0 1 : S : 15
T Partially AFoo AFo1 : AFos . AFo,15
modified and AF1 AF1, : : : AF115
inverted : : b : . :
Address-Unit
9 Numbers AF310 AF3,1 . Angs . AF3,15
bytes Flag bits AFa0 AF41 : AF4s : AF4.15
Partially AFs AFs3 : AFss ; AFs 15
inverted : : : : : :
1 parities AFso AFg : AFgs : AFg 15

Figure 25 — 16 Address Fields

139.2.2 Byte assignment for Address Fields

Bgfore describing Address’Fields, Primary Address Fields, which consists of Address-Unit Number, flag bits
and parity bytes, are-defined as following.

PAFos = MSB ofthe Address-Unit Number with modified bit order as {AU31, AU30, AU29, AU28, AU24,
AU2T, AU26, AU25}.

PAF1s =2" SB of the Address-Unit Number.
PAF»s'='3"Y SB of the Address-Unit Number.
PAEz< = | SB of the Address-Unit Number

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

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

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

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

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

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

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

3 o
g(x)=H(x-a’).

/=0

The Primgry Address-Field code is systematic: the 5 information bytes appear unaltered in the highest-degree
positions ¢f each code word. The parity-check matrix Hparc of code pafc is such that:

Hpard X pafc’™ = O for all Primary Address-Field code-words pafc.

The second row hparc 2 Of the parity-check matrix Hparc corresponding to the zero a of'thé generator
polynomigl g(x), defines the code-word positions to be used for error locations. This.second row hpagcz of th¢
parity-chefk matrix Hparc is given by:

hparck = (68, a” .. &2, a, 1).

172

Address Hields are defined as the following by partially inverting Primafy Address Fields.
AFos = PAFos

AF1s = PAF:s

AF, s = all|bits inversion in PAF;,s

AF3 s = all|bits inversion in PAF3 s

AFss = PAFss

AFss = al| bits inversion in PAFss

AFs s = all|bits inversion in PAFg s

AF;s = PAF7s

AFgs = PAFgs

13.9.2.3 |Address-Unit Numbers

The 16 Address_Fields to be recorded in the BIS columns of the Physical Cluster each contain a 4-bytes
Address-UnitNumber (AUN).

The Addraess=lUnit Numbers shall be derived from the PSN as defined in lzigllrn 26 _The Address-lUnit

Numbers increase by 2 for each successive Address Unit, for reasons of synchronization with the PSN (see
Clause 17).

The Address-Unit Number of the first Address Unit of each Physical Cluster is a multiple of 32.
The first Address-Unit Number in the Data Zone O will be 00 10 00 00h (1 048 576 decimal).
The last Address-Unit Number in Data Zone 1 will be 03 EF FF FEh (66 060 286 decimal)
The first Address-Unit Number in Data Zone 2 will be 04 10 00 00h (68 157 440 decimal).

The bits of the Address-Unit Numbers shall be set as follows.
— AUgs; .. AUs shall be a copy of PS3; .. PSs from the PSNs.
— AUy .. AU; shall count from 0 to 15 inside the Physical Cluster.
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Figure 26 — Composition of AUNs, Primary Address Field and Address Field from PSH

PSN
/7~ MSB LSB
P P P P P P P P|P P
s s s s s s s s|s s
3 2 2 1 1 8 7 514 0
In Cluster
count ZERO
AddressUnit Number f \(
Yy VY Y VYV VY l l l l
A AlJA JAJA A A A A A A AlA A A
U UlJu |UJU]|U U U U U U Ulu (S PG}
3 212|222 2 1 1 8 7 514 14 0
1 817 1|6]5]4 3 6 5
m | Im | m m |
B B 3 B B B B B
PAFos PAF:s PAF;s PAFsg
flag bits {>C
N [>o
4 Al
PAF, 4
parity bytes Primary AddressField
r A N\
PAFss PAF3s PAF;s PAFss
]
Address Field
AFos
AFis
AFas
AF;s
AFqs
AFss
AFss
AF7s
AFss

NS
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13.9.2.4

Assignments for the flag bits

Bit b bs bs ba bs b, b, bo

Byte
AFss

AF40 Sao1 Sal,l Sao,o Sal,o IdT~ Rdis Rsv Rsv
AF4,1 Saz,l Sa3,1 Saz,o Sa3,o 1dTse Rd14 Rsv Rsv
AF45 Sas 1 Sas,l Sa4,o Sas,o IdTs Rdis Rsv Rsv

Status bit
only 16 Ac

Bit b7 and

AFs3 Sas Sar; Saso Sazp IdTa Rdi2 Rsv Rsv
AF44 Sas Sag 1 Saspo Sago IdTs Rdi1 Rsv Rsv
AFs5 Saio1 Saii1 Saioo Sai1,0 IdT2 Rdio Rsv Rsv
AF46 Saiz Saisa Saizp Saisp IdT1 Rdy Rsv Rsy.
AF47 Sais1 Sais 1 Saia0 Saiso IdTo Rds Rsv Rsv

AF4g Sais1 Sai7a Saie,0 Sai7p Rsv Rd~ Rsv Rsv
AF49 Saig 1 Saie1 Saigo Saug0 Rsv Rds Rsv Rsv
AFs10 | Saz: | Sazxi | Saxo | Sazpo Rsv Rds Rsv Rsv
AF411 Saz1 Sazsa Sazo Sazsp Rsv Rds Rsv Rsv
AF412 Sazs1 Sass Sazsp Sazso Rsv Rds Rsv Rsv
AF4.13 Sazs,1 Sazra Saze,0 Sazo Rsv Rd2 Rsv Rsv
AF414 | Sags: Sazg 1 Sazs,o Saze,o Rsv Rd1 Rsv Rsv
AF4.15 Sazo1 Sasi Saso,0 Sazio Rsv Rdo Rsv Rsv

Rsv: Reserved unless otherwise specified by thecApplication.

Figure 27 — Flag bits from 16 Address Fields

s Saij(0 <i<31,0<]j<1): Because each(Cluster contains 32 Data Frames and there are
dress Units, each such Address Unit has to hold the flag bits for 2 Data Frames (see Figure 27).

bit bs of the successive flag bytes AF4's are defined as status bits Sazs and Sazs o, respectively, f

Data Frame 2S.

Bit bg and
for Data F

bit b4 of the successive flag bytes AF.s are defined as status bits Sazs+1,1 and Sazs+1,0, respectivel
fame 2S+1.

Bits bs angl bo of all flag bytes ARzs shall be Reserved unless otherwise specified by the Application.

RID_Tag
21.4) of th

Figure 27).

hits 1dTi: Bits bs-ef-the successive flag bytes AFa0 to AFs,7 shall represent the RID_Tag value (se€
e recorder that-has recorded the Cluster containing this Address Unit. The msb shall be at 1dT7 (s¢

Bits bs of the suecessive flag bytes AF4s to AF4,15 shall be Reserved.

Recordin

e

=

) ‘Date bits Rdi: Bits bz of the successive flag bytes AF4 s shall represent the date when the Clustd

containing this Address Unit has been recorded in the following format (see Figure 27):

Rdis to Rdo: These 7 bits shall represent the actual year — 2 000 as an unsigned binary number with
Rdis as the msb.

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

Rd,4 to Rdo: These 5 bits shall represent the actual day of the month as an unsigned binary number with
Rd4 as the msb.
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If a drive is not able to correctly set this field, all bits Rdi shall be set to ZERO.
13.9.2.5 Usage of status bits Sai,

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

following settings are defined:

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

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

Read-Modify-Write (RMW) actions;

4.4 ") oo ot Darelek P PR ) ) (P + [y
L1, Ui Udla rrairic Luritiaiis maudilnty Udla 1motThicu Uy UIT UTTve U CUTTIPITU

before recording them onto the disk;
Other: reserved unless otherwise specified by the Application.

Intthe User-Data Area, all status bits Sai 1/Saio should be set to 01 in Clusters being written-in “strea
maode.

Fyrthermore, the status bits Sai1/Saio shall be set to 11 in Data Frames that haye been inserted by t
to lcomplete Clusters before recording them onto the disk (Padding).

Infall other cases, where the data for Data Frame i is supplied by the host;the status bits Sai1/Saio S
sef to 00.

Cqgnsequently:
if $ai1/Saip is set to 00, the content of Data Frame i shall be:conserved during R-M-W actions.
if $ai1/Saio is setto 01 or 11,

the related Data Frame i shall be conserved during R-M-W actions
(Sai1/Saio shallbe considered as having the value 00).

13.9.3 User-Control Data
Fgr accessing the User Data, special Control Data can be added to each User-Data Frame. These g

bytes can carry the Application-dependent information. A User-Data Frame accompanied by its Use
D4ta Unit is called a Sector. Each.User-Control Data Unit consists of 18 bytes (see Figure 28).

the content of Data Frameé i may be discarded during R-M-W actions,
In case of doubt aboutthe reliability of some Sai1/Sai bits, the contg¢nt of

p Clusters

ming”

he drive

hall be

dditional
-Control

il 32 Units N

0 1 : S : 31
’[‘ UC0,0 UCo,l . UCo,S . UCO,31
UCip0 UCi1 . . . UCi31
1l UCi70 UCi71 : UCi7s : UCi731

Figure 28 — 32 User-Control Data Units
13.9.4 Byte/Bit assignment for User-Control Data

The User-Control Data bytes are Application dependent. If this setting is not specified by an Application, these

bytes shall be set to 00h.
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« 24 columns -
) AFoo AF10 AF20 AFo7 AF17 AF27 AFog AFi6 ARz AFos AFo 4 AF11 AF21 )
6 rows AF(),s AF1,8 AF2,8 AF0115 . . AF0114 . . AFoylg AFovg AFlvg Aqug
with AF41 AFs1 AFz1 AF40 AFso AF3o AF47 AFs 7 AF37 AF4% AF4 AFs 2 AF3,
PhySiC&' AF49 . . AF,g AFsg AFzg AF4 15 . . AFy14 AF41 AFs 10 AF3z.10
Addresses AFsg 2 AFe 2 AF72 AFsg 1 AFe,1 AF71 AFsgo AFe,0 AF70 AFs 7 AFg 4 AFeg3 AF73
\2 AFs 10 : : AFgg : : AFgg AFgs AF7g AFg 15 AFg 1) AFg 11 AF711
) UCo,0 UCs.1 UC122 UCo4 UCi230
UC17,2 UC17,30 30
24 rows UCo;3 UCo,31 rows
with : : :
User UCi71 :
Control UCo.2 UCo,30
Data : : : .
UCi70 UCi74
UCo,l UCO,S
{ UCs 1 UC112 UC17,3 UC1130 | UCi731 d

46

Figure 29 — Composition of Access Block

(from 16 Address Fields and 32 User-Control Data Units)
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13.10 Access Block
The data for the Address Fields and User Control Units is mapped into an array of 30 rows x 24 columns that
is called an Access Block.

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

The 9 bytes of each of the 16 addresses (see Figure 29) are grouped into 3 groups of 3 bytes.

The 3 groups of bytes of each of the addresses 0 to 7 are placed in the Access Block in a diagonal direction in
the-first—third-and-fifth-row Hra-with assive of j 3-positions
to[the left (see Figure 29).

Mathematically, this mapping of the address bytes into the Access Block catrbe represented by the following
fofmulae:

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

THe User-Control Data Unit is placed in the column directiony.whereby each User-Control Data Unit pnly fills %
ofja column (4 User-Control Data Units in 3 full columns; see’Figure 29).

1311 BIS Block

THe bytes in each column of an Access Block aré-renumbered as shown in Figure 30 starting from the top of
edch column as follows: bo,c bic .. bic .. to bagc, where C represents the code-word number (= the cplumn
number: 0 to 23).

THe BIS Block is completed by extendingeach of the columns with 32 Parity bytes according to a
(62,30,33) RS code. The Parity bytes-are numbered: pbsoc pbsic .. pbjc .. to pbei.c.
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« 24 columns -
Code Code Code Code Code
word word word word word
0 1 C 22 23
T T bo,o o1 bo.c bo,23
b1 D11 bic b123
30 . ) . .
Information D’ch
One BIS bytes ' : ' '
code-word . b29,0 b29,1 b2o,c b29,23
= 6R bytes 1T pbso.0 pbso1 pbso.c Phso.23
32 g 5 : :
Parity
bytes . . . .
l 1 pbe1,o pbs1,1 pbs1,c pbe1.23
Figure 30 — Renumbering data bytes and forming BIS Block'\by adding parities
13.12 BIS|code-words
The BIS RS code is defined over the finite field GF(28). The non-zero-elements of the finite field GF(28) are

—

generated by a primitive element a, where a is a root of the primitive polynomial p(x):
p(x) F X8+ x* + x3+x2 + 1.
The symbpls of GF(28) are represented by bytes (groups of 8 bits), using the polynomial-base representatio
with (a7, of, @, .., @2, a, 1) as a basis. The root a_is thus represented as:
a = 0p000010.
Each BIS fode-word, represented by thie-vector bis = (boc .. bic .. b2gc pbaoc .. pbjc.. pbsic), is a Reed-
Solomon ¢ode over GF(28), having 32-parity bytes and 30 information bytes. Such a code word can be
represented by a polynomial bisx), of degree 61 (possibly having some coefficients equal to zero), where thg
highest dggrees correspond ta-the information part of the vector (boc .. etc.) and the lowest degrees
corresponf to the parity partof the vector (pbsoc .. etc.).
bis(x) is a|multiple of the\generator polynomial g(x) of the BIS code-word. The generator polynomial equals:
31
o (x|-[Tf-<')
=0

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

Hgis x bisT = O for all BIS code-words bis.

The second row hgs 2 of the parity-check matrix Hgis corresponding to the zero a of the generator polynomial
g(x), defines the code-word positions to be used for error locations. This second row hgs 2 of the parity-check
matrix Hgs is given by:

hBISZ

48

=(a%, a®° .. a?, q, 1).
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13.13 BIS Cluster

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

The BIS Cluster is subdivided according to the Address Units as shown in Figure 17. The Units are numbered
u = 0to 15, the rows in such a Unit are numbered r = 0 to 30 and the columns are numbered e =0 to 2 (see

Figure 31).

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

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

The even rows of a BIS Block are mapped into Units 0 to 7 and the odd rows of the BIS Block afe

mapped into Units 8 to 15.

in one

The 3-byte groups from an even row of the BIS Block are placed each in the samerow of Units P to 7,

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

The first 3-byte group of each successive row of the BIS Block shall be plaged in a Unit with a number

which is one higher than the start Unit used for the previous row:

— row N = 0 of the BIS Block is placed on rows r = 0 of Units: 0, 7,675, .., 2, 1,
— row N = 2 of the BIS block is placed on rows r = 1 of Units: 1,0} 7, 6, .., 3, 2,
— row N = 4 of the BIS block is placed on rows r = 2 of Units:;)2, 1,0, 7, .., 4, 3,

— etc., this process is repeated cyclically until row N=6Q;which is placed on rows r = 30 of Units: 6, 5, 4,

3,..,0, 7.

Now, within each Unit, each row r is shifted cyclically to the right by mod(r,3) positions: so row r|= 0 is 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
T T Bo B: B> ) 0
31 : : : |
N Bao Bo1 Boo |
T Bos Boa Bos |
31 : : : |
| :
|
|
Ju
T T
496 | 16
rows 31 e Ir Units
rows | «—
{
T
31
N N B1 487 \
Figure 31 —BIS Cluster

Mathematjcally, the mapping of the bytes from a BISBlock into a BIS Cluster can be represented by the
following fprmulae:

Byte bn,.c

— inUnt u = mod{[div(N,2) + 8 = div(C,3)],8} + 8 x mod(N,2),
— onrow r = div(N,2),
— incolimn e = mod{[C + div(N,2)],3}.

r pbnc (see Figure 30) is placed

The byte[number m, giving the-sequence number Bm as the Physical Cluster is written to the disk (see
Figure 17), is
ms(Ux31+r)x3+e.
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Byte number N,C from BIS Block Shift right Filling in upward direction
(= mod(r,3))
column e
Unitu row r 0 1 2
0 0 0,0 0,1 0,2 0 start of Block row N = 0
1 2,5 2,3 2,4 1 T continuation of Block row N = 2
2 4,7 4,8 4,6 2
3 6,9 6,10 6,11 0
7 14,23 14,21 14,22 1
8 16,1 16,2 16,0 2 start of Block row N = 16
30 60,18 60,19 60,20 0
1 0 0,21 0,22 0,23 0 end of Block row N)="0
1 2,2 2,0 2,1 1 start of Block rowNy = 2
2 4,4 4,5 4,3 2
3 6,6 6,7 6,8 0
2 0 0,18 0,19 0,20 0
1 2,23 2,21 2,22 1 end-of Block row N = 2
2 4,1 4,2 4,0 2 start of Block row N = 4
3 6,3 6,4 6,5 0
3 0 0,15 0,16 0,17 0
1 2,20 2,18 2,19 1
2 4,22 4,23 4,21 2
3 6,0 6,1 6,2 0 start of Block row N = 6
4 0 0,12 0,13 0,14 0
1 2,17 2,15 2,16 1
2
5 0 0,9 0,10 0,11 0
1 2,14 2,12 2,13 1
2
6 0 0,6 0,7 0,8 0
1 2,11 2,9 2,10 1
2 4,13 4,14 4,12 2
7 0 0,3 0,4 0,5 7T continuation of Block row N = 0
1 2,8 2,6 2,7 T continuation of Block row N = 2
2 4,10 4,11 4,9
7 14,2 14,0 14,1 1 start of Block row N = 14
30 6021 6022 6023 0 end of Block row N = 60

Figure 32 — Example of mapping (partial) of BIS bytes into first 8 Units

© ISO/IEC 2016 — All rights reserved

51


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

ISO/IEC 30193:2016(E)

Byte number N,C from BIS Block Shift right Filling in upward direction
(= mod(r,3))
column e
Unitu row r 0 1 2
8 0 1,0 1,1 1,2 0 start of Block row N = 1
1 3,5 3,3 34 1
2 57 5,8 5,6 2
3 79 7.10 711 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
11 0 1,15 1,16 1,17
12 0 1,12 1,13 1,14
13 0 1,9 1,10 1,11
14 0 1,6 1,7 1,8
15 0 1,3 1,4 1,5 0 1 continuation of Block row N = 1
1 3,8 3,6 3,7 1
2 5,10 5,11 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 33 — Example of mapping (partial) of BIS bytes into last 8 units

Some conclusions:

— Allinformation bytes of the.BIS Block are found in the first 15 rows of each Address Unit.
— All pdrity bytes of the BIS.Block are found in the last 16 rows of each Address Unit.
— Each|Address Field is-found in the first 3 rows of each Address Unit (see Figure 34).

13.14 ECC Cluster

After congfructing-the LDC Cluster and the BIS Cluster, the LDC Cluster is split into 4 groups of 38 columns
each. In bptween these 4 groups, the 3 columns from the BIS Cluster are inserted one by one. After
multiplexingthe BIS Cluster with the | DC Cluster the FCC Cluster of Figure 34 is reached

52
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13

Eq4

LDC BIS LDC BIS LDC BIS LDC
38 1 38 1 38 1 38
columns | column | columns | column | columns | column | columns
— S|l o] « S| o« Sl o« -
0 AFo AF10 AF2o
AFs0 AF40 AFs
AFg,0 AF7, AFsgp Address
UCuy : : Unit 0
AFo1 AF11 AF21
496 AF31 AF41 AFs 4
rows AFs1 AF71 AFs 1 Addfess
UCxy : : Unjt 1
|

Figure 34 — ECC Cluster after multiplexing ofBIS Cluster with LDC Cluster

.15 Recording Frames

bits and for the dc-control bits.

Fd

ch row of an ECC Cluster is transformed into a Recording Frame by adding locations for the Frame Sync

r this purpose, a stream of 1 240 data bits wyhich is formed by the 155 bytes of each row of the EQC Cluster

is divided into 1 group of 25 data bits and.27 ‘groups of 45 data bits (see Figure 35), with the most-significant

bit
Th
is
N4

5 of the bytes handled first.

e first group of 25 data bits is extended with 20 data bit positions for the insertion of the Frame Synpc, which
h special sequence of 30 modulation/Channel bits.

xt each group of 45 datahits’is completed with 1 additional bit position to form a dc-control Block.
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P 155 bytes _
38 1 38 1 38 1 38
bytes byte bytes byte bytes byte] bytes
< 1240 bits >
25 45 45 T 45 45
bits bits bits [ bits bits
\_ x.------:r_-_". 3
1
Frame:  data dc data dc data dc
Sync | control control controt
20 1+ 25 1 45 1 e 45 1

dc-control Block#0 L dc-control Block #1  dc-control Block #2...26 P dc-control.Block #27‘

46 bits 46 bits 25 X 46 bits 46 bits >

13.16 Phyf

The 496 r
Cluster.

13.17 17P

13.17.1

All the bitg
17PP mod
properties

Par

This property makes'it easy to control the low-frequency content of the recorded signal efficiently (see

13.17

Pro

1288 bits

Figure 35 —Composition of Recording Frame
sical Cluster

pws from an ECC Cluster, transformed into Recording/rames, form what is called a Physical

P Modulation for Recordable data

(General

of Recording Frames except the Frame Sync are converted to Modulation bits according to the
ulation code. This is an RLL(1,7) code with run-lengths 22T and <8T with and some special
PP means: Parity preserve/Prghibit RMTR:

if the number_of ONEs in the data-bit stream is even, then also the number of ONE
in the Modulation-bit stream is even,
if the-number of ONEs in the data-bit stream is odd, then also the number of ONES
in the-Modulation-bit stream is odd.

ty preserve:

3).

nibit RMTR?  the number of consecutive minimum run-lengths (2T) is limited to 6.
Because of the low signal levels on minimum run-lengths, this improves the read-d

performance.

13.17.2
The table

It conversion rules

in Figure 36 defines the conversion rules from data bits to Modulation bits. The data bits shall be

processed from the left to the right (msb’s first, see Figure 35). Remaining bits at the end of the Recording
Frame shall be encoded according to the table for terminating bits.

ut

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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13

Be
Sig
Be
ad

In
s€
13

Th
(s¢

A

Data bits Modulation bits
00 00 00 00 010 100 100 100
00 00 10 00 000 100 100 100
00 00 00 010 100 000
00 00 01 010 100 100
0000 10 000 100 000
0000 11 000 100 100
0001 000 100
0010 010000
0011 010 100
01 010
10 001
11 000 If preceding Modulation bits= xx1
101 If preceding Modulation-pits = xx0
Data bit pattern Substituting
to be substituted Modulation bits Condition fer-substitution
110111 001 000 000 If next Modulation bits = 010
Terminating Terminating
data bits Modulation bits
0000 010 100
00 000

Figure 36 — 17PP modulation code conversion table

.17.3 dc-control procedure

cause a ONE in the Modulation-bit-stteam means a transition in the recorded signal, the polarity g
nal can be inverted if an odd numbetr of ONEs is added to the Modulation-bit stream in a controlle
cause of the parity-preserve property of the 17PP modulation code, this is possible just by insertir]
ditional bits into the data-bit stream and setting these to ONE if an inversion is needed.

this way, the accumulated-DSV of the recorded signal shall be minimized after each dc-control Bld

.17.4 Frame §ync

e Physical Clusters consist of 16 Address Units, where each Address Unit contains 31 Recording
be Figuretl6'and Figure 35).

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

Lting the dc-control bitat'the end of the previous dc-control Block to ZERO or ONE (see Figure 35).

f this
d way.
g

ck by

Frames

Th

e-main body of the Frame Sync is formed by a 24-bit pattern violating the 17PP modulation rules

2 times

run-length 9T).

The last 6 bits define a signature that identifies 1 of 7 different Frame Sync patterns. The 6-bit signatures for
the Frame Sync IDs are selected such that their distance with relation to transition shifts is =2.

If the last data bits preceding the Frame Sync have been coded according to the termination table
(see Figure 36), then the first modulation bit of the Frame Sync # = ONE, else # = ZERO (see Figure 37).

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

bit

©l

stream (see 13.18).
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Sync number 24-bit Sync Body 6-bit Sync ID
FSO #01 010 000 000 010 000 000 010 000 001
FS1 #01 010 000 000 010 000 000 010 010 010
FS2 #01 010 000 000 010 000 000 010 101 000
FS3 #01 010 000 000 010 000 000 010 100 001
FS4 #01 010 000 000 010 000 000 010 000 100
FS5 #01 010 000 000 010 000 000 010 001 001
FS6 #01 010 000 000 010 000 000 010 010 000

Figure 37 — 30-bit Frame-Sync codes

Because T different Frame Syncs are insufficient to identify 31 Recording Frames, each frame is identified by
the combipation of its own Frame Sync and the Frame Sync of one of the preceding Recording Rrames. Thq
mapping af these combinations can be made such that even with missing Frame Syncs in 1, 2-0r 3 preceding
frames, a Recording Frame can still be identified by its own Frame Sync and the last presentFrame Sync
(see Figune 38).

Recframen-4 | Rec.Framen-3 | Rec.Framen2 | Rec.Framep1) | Rec.Framen
Recofding Frame n can be identified from the Frame Sync ID of

ecording Frame n + Recording Frame n-1

ecording Frame n + Recording Frame n-2

ecording Frame n + Recording Frame n-3

ecording Frame n + Recording Frame n-4

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

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

Frame number Frame:Sync Frame number Frame Sync

0 FSO

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

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

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

NRZI Channel bits according to the following process (see

Figure 40).

Modulation
bits

Data
bits

Ex-OR

NRZ 21N

NRZI converted

Channel bits

»—iviodutator > -
conversion

T = 1 Channel clock period

4
i 1T

delay

Example of data bit pattern: 0 1 01 1

Modulation-bit pattern:

NRZ converted signal: |_|

0 01
0100 ®W OO0 1|/01(

LU

NRZI| converted signal:

[

\/

Figure 40 — Modulation andyNRZI conversion

14 Physical Data Allocating and Linking

141 General

THe unit of recording is a Recording-Unit-Block (RUB), consisting of a Physical Cluster preceded by
Data Run-in and followed by a Data Run-out. The Run-in and Run-out are offering sufficient bufferin

fagilitating fully random write/overwrite.

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

(wWite_streaming).

Intthe Rewritable Areas of.the disk, a wobble cycle shall correspond to 69 Channel bits if the Channe
is locked to the wobblefrequency. This means that a modulated Recording Frame, which is 1 932 C
bits (= 1 288 data bits)y covers exactly 28 wobble cycles. This locked case is considered as the nom

sitpation.

14.2 Recording-Unit Block (RUB)

14.2.1 General

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

j*)

y for

I-bit rate
hannel
nal

f 496 x 1

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

(see Figure 41).

Run-in Physical Cluster Run-out Guard_3

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

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

Run-in | Physical Cluster | Run-out Run-in | Physical Cluster | : | Physical Cluster| Run-out | Guard_3
<40 wbs— | «—496x28 whs— (<16 whs— (<40 whs— | «<-496x28 whs— | : |<«496%28 whs— [«16 wbs—| <8 wbs—
| et P TEEA 49 Laviot foontiniia ol ettt o oo o o af rlio o Llhait DIl o
1 qul\. 4 |_u_yuuL \w A \JUIILIIIUUUQI_y \AARAY A0 quubll\ab \w A | I\\.\JUIUIIIH VTITU DTUCUNO

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

14.2.2 Ddta Run-in

14.2.2.1 |General

The Data Run-in consists of the following parts:

— Guarg_1: 1 080 Channel bits,

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

The PrA field is meant as a run-in for the 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 (see Figure 43).

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

Figure 43 — Layout of Data Run-in

14.2.2.2 |Content of Guard_A1fields

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

The contept representedlin’Modulation bits is: 36 times repeated 01[0*]1[04]1[0%]1[0%]1[0¢]1[09]

These patferns resyltyin a repeated 5T/5T/3T/3T/7T/7T sequence, which is well-suited to re-settle the
electroniccircuitss

14.2.2.3 |Automatic Power Control (APC)

The first Sbwobbles-of the-Guard—1 fisld-at-the-start-of arecording-seguence-can-be-used-forperforming-an
J 1 J

— ~
Automatic Power-Control procedure. The Modulation-bit pattern to be used for such an APC procedure can be
chosen freely by the recorder manufacturer and is allowed to be different from the repeated pattern as defined
in 14.2.2.2.

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

11[0°] 1[0] 1[0%]

01[0*]1[04]1[0?]1[0?]1[06]1[0°] Sync_1 | 01[04]1[0%]1[0?]1[01[0° | Sync_2 01[02]1[0?]1 [0°]1[0%]

Figure 44 — Layout of PrA field

<——1560chs —— «30chs—» | «——40chs—— | «<30cbhs—»> | «——20chs——

affer the PrA is 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 ig
THe first bit of each of Sync_1, Sync_2 and the first Frame Sync after the PrA is allowed to,be used f

control (# = ZERO or ONE, see Figure 37).
14.2.3 Data Run-out

142.3.1 General

THe Data Run-out consists of the following parts as shown in Figure 45:
—|{ PoA (Post-amble): 564 Channel bits,

—| Guard_2: 540 Channel bits.

THe PoA field is meant as a run-out for the signal processing.

THe Guard_2 field is meant to cope with overlaps due to the'SPS and inaccuracies in determining th
logation of recording sequences.

PoA Guard_2
564-cbs 540 cbs
nominal nominal

~ 8 wobbles ~ 8 wobbles

Figure 45 — Layout of Data Run-out

142.3.2 Content of\RoA fields
THe PoA field has\a)length of 564 Channel bits.

THe content of the PoA field shall be as shown in Figure 46.

In]general, Sync_1 shall be FS{mod[(N+4),7]} and Sync_2 shall be FS{mod[(N+6),7]}, if the first Erar
e

ne Sync

FS0).
or dc-

e start

16-times. rnr\aafnd

Sync_3 01[08]1[08]1[08]1[08]1[08]1[07] 01[0%1[04]11[0]11[0?]1[06]1[0%]

<« 30 chs —» 54 chs 480 cbs

Figure 46 — Layout of PoA field

In general, Sync_3 shall be chosen such that it corresponds to a frame number n+1, if the User Data before

the PoA ends with frame number n (see 13.17.4).
This means that Sync_3 shall be FSO.
The first bit of the Sync_3 patterns shall be used as defined in 13.17.4.
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The 9T/9T/9T/9T/9T/9T pattern after Sync_3 can be used as a “stop of User Data” indicator.

14.2.3.3

Content of Guard_2 fields

The Guard_2 field has a length of 540 Channel bits.
The content represented in Modulation bits is: 18 times repeated 01[0%]1[0%]1[02]1[0?] 1[0®]1[07].

14.2.4 G
14.2.4.1

uard_3field

General

Guard_3
540 cbs

repeated bit pattern optional APC
~ 3 wobbles ~ 5 wobbles

Figure 47 — Layout of Guard_3 field

The Guard_3 field has a length of 540 Channel bits (see Figure 47).

The contept represented in Modulation bits is: 18 times repeated 01[04]1[04]1[02]1[0?] 1[0®]1[0®].

14.2.4.2

Automatic Power Control (APC)

The last 5|wobbles of the Guard_3 field at the end of a recording.sequence can be used for performing an
Automatic| Power-Control procedure. The Modulation-bit pattern-to be used for such an APC procedure can
chosen frgely by the recorder manufacturer and is allowed tg be different from the repeated pattern as defin

in14.2.4,

14.3 Locjting data relative to wobble addresses

14.3.1 Gdneral

The nomiral start positions for recordings\(as well single RUBs as continuous sequences of several RUBS)
are the logations of the middle of the wobble in NWL 25 in the Reference Unit between the Sync_3 Unit and

the first D

ata_x Unit of the ADIP words with a PAA of which bits AA1,AA0 = 00 (see 15.7).

The accurcy for determining the-start positions shall be better than £34 cbs.

14.3.2 St

hrt-Position Shift(SPS)

To avoid gxcessive wear of the disk, the start of the writing of each recording sequence (one or more RUBs
shall be shifted from, its nominal start position by a random number of Channel bits, called the Start-Position
Shift (-124 cbs <,SPS < +127 cbs) (see Figure 48).
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NWL 25

nominal
start
position

<
<

34 +34

ISO/IEC 30193:2016(E)

cbs cbs

accuracy
range

A

-128 cbs
4\

SPS

_—2,35 wbs

+127 cbs
/|\

\ 4

2,33 whs

recording start position range

Run-out l

Run-in

Example of

overwriting Run-in

SPS + i\r;accuracy = +58 cbs|

SPS + inaccuracy = —80 cbs

Figure 48 — Nominal start pasition for data recording

THe following Figures show examples how newly written RUB’s will overlap with previously written RUB'’s (see

Figure 49, Figure 50 and Figure 51).

At|the start of the newly written RUB, the Run-in of the newly written RUB will overwrite a part of the|Run-
out/Guard_3 of the preceding RUB (if this had been written already before).
Atfthe end of the newly written RUB, the Run-out/Guard_3 of the newly written RUB will overwrite a part of the
Ryn-in of the following RUB (if this*had been written already before).
Infall cases, sufficient Run-in/Run-out will be left over for recapturing of the detection electronics at random
access.
$ync_3 Unit | Reference Unit 1st Data_x Unit 2nd Data_x Unit
— i —— i m— i -
o UNwL 25 UNwL 9 UNwL 37 UnNwL 9 UNwL 3
< | 25,5 WbS'
Clysterk-1 | ‘ 9.5 wbs
Rée,Frame 496 Run-out Guarc‘1_3
Run-i ‘ Cluster k ‘ Cluster k ‘ Cluster k ‘
4n-in ——Ree-ramet——Ree-Frame-2———ReeFrame-3—
SPS <>
2-128 chs| £ +127 cbs

nominal start position 4
for writing (£ 34 cbs)

Figure 49 — Example of nominal start position for data recording

(SPS + inaccuracy of previous recording = 0 and SPS + inaccuracy of new recording = 0)
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Sync_3 Unit P Reference Unit P lSt Data x Unit | < 2ndDa1a_x Unit .
L] LI NWL 25 NWL9 NWL 37 LI NWL9 1 NWL 37
: 255 whs,
1 9,5 whs
Cluster k-1 | Run-out | Guard_3
Rec.Frame 496 1 —
. Cluster k Cluster k Cluster k
Rur-in | Rec.Frame 1 Rec.Frame 2 | Rec.Frame 3
nominal start position 4
for writing

(SH

Figure 50 — Example of data recording with maximum overlap

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

Sync_B Unit e Reference Unit 2 le lSIData_x Unit NP i]d Data x Unit o

| H f f f i

||J 255 WbSU NWL 25 I nwLo I Nwi a7 T Nwi o LI nwi 37

|

Clufter k-1 | cumout | Gors 3 9.5 wbs
Red.Frame 496 urou uarl_
) Cluster k Cluster k Cluster k
Run-in | Rec.Frame 1 | Rec.Framg'2. | Rec.Frame 3 |
nominal start position A
for writing [
Figure 51 — Example of data recording-with minimum overlap
(SHS + inaccuracy of previous recording = =162 andiSPS + inaccuracy of new recording = +161)

15 Track format
15.1 Gerferal
A Track is|formed by a 360° turn of a continuous spiral.
Each Recprding Layer shall have the same basic Tracks at about the same locations (see Figure 52).
15.2 Trag¢k shape
The Zone |between radius ry="21,0 mm and radius r3 = 22,2 mm is reserved to be used for the BCA (see
Clause 35). In this Zone, there shall be Tracks formed by a single spiral Groove whose inner edge shall be g
the radius 21’0-0,1 .
On Layer L0, a transition from a Straight Groove to an HFM Groove between the BCA Zone and the

Embosseq

HFEM(Area shall occur between radius r, = 22,0 mm and radius r3 (see Figure 52).

At the transition, the spiral Groove shall be uninterrupted.

—

The Tracks in the BCA Zone shall be Straight Groove (without any modulation) between radius r; and the
inner edge of the HFM Groove on Layer LO or the inner edge of the wobbled Groove on other layers (see
Clause 18).
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Layer LO NN
'Straight Groove HFM Groove Wobbled Groove tracking
M| direction
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/ L 2 N
: r. =
Layer L1 A

Figure 52 — Connection Areas between different Groove Types

1Straight Groove Wobbled Groove tracking
| — +«—=F
:‘_ ¢ direction
P — — > —
! AU A
‘Straight Groove Wobbled Groove tracking

_ A’ direction

Connection Connection "
Area Area

the Embossed HFM Area of Layer LO (see Clause 17), the Tracks are formed by a single spiral G
htinuing uninterruptedly from the end of the Straight Groove.in the BCA Zone.

e Groove Tracks in the Embossed HFM Areas deviate-with a rather high frequency in the radial di
pund the nominal centrelines, providing a high bit ratéfhigh capacity data channel for the storage o
blicated information (HFM Grooves).

e shape of each Track is determined by the reguirements in Clause 26.

the Rewritable Areas (see Clause 16),.the~Tracks are formed by a single spiral Groove, starting fr
d of the Embossed HFM Area on Layer;L0 or from the end of the Straight-Groove Area on Layer L
yer L1, they end at the beginning @f the Straight-Groove Area. These Groove Tracks in the Rewrit
bas deviate mainly sinusoidally and monotonically in the radial direction from their nominal centrel
b called Wobbled Grooves. The\sinusoidal deviation is modulated by replacing some of its cycles |

different signal patterns at certain locations.

THe wobble can be usedfor-speed control of the disk and synchronization of the write clock of the d
th¢ modulated parts represent addressing information called Address in Pregroove or ADIP (see 15.
shiape of each Track-is‘determined by the requirements specified in Clause 27.

oove

rection
f

bm the
2.0n
able
nes and
vith

ve and
7). The

is widely
bve" is the

all be

d to form

a Groove- only part (without any modulation) of maximum 1 mm length in the tangential direction along the

Track.

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

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

Substrate

Transmission Stack

read-out
beam

/ A

“On-Groove recording”

Figure 53 — Outline of Groove geometry

(Radial cross-section of disk)
15.3 Trag¢k path

On layers |with even Layer number, the spiral shall run from the inner side of the disk'towards the outer side [of
the disk when the disk rotates according to the specification in 9.8.

On layer(q) with odd Layer number, the spiral shall run from the outer sideof the disk towards the inner side|of
the disk when the disk rotates according to the specification in 9.8.

The TracKs on Layers with even Layer number n shall start at the beginning of Inner Zone n and terminate at
the end of|the Outer Zone n and shall be continuous in the Infarmation Zone. The Tracks on the Layer with
odd Layer{s) number n shall start at the beginning of the Outer Zone n and terminate at the end of the Inner
Zone n and be continuous in the Information Zone (see Figure 12).

15.4 Trag¢k Pitch

15.4.1 Track Pitch in BCA Zone

The Track Pitch (TP) in BCA Zone is thedistance between the average centrelines of a Groove in adjacent
Tracks, mpasured in radial direction.

The Tracl Pitch shall be (2,0 + 0,1)\um.

In the areq between r, and r3, the"Track Pitch has to change over from 2,0 ym to match 0,35 pym in the
Embossed HFM Area on Layer LO or to 0,32 um in the Wobbled Groove Area on other Layers.

15.4.2 Track Pitch in Embossed HFM Areas

The Track Pitch in Embossed HFM Area is the distance between the average centrelines of an HFM Groove
in adjacent Tracks;“measured in radial direction.

The Tracl Pitch shall be (0,350 + 0,010) um.

h k o Y ) (] -l | — L L Jlr-n A A i) 1L LoD O\ FaWaVaVall
The Track-Pitchraveragedoverthe EmbossedHEMAreas shaitbe<(6;350+6;663)

15.4.3 Track Pitch in Rewritable Areas

The Track Pitch in Rewritable Area is the distance between the average centrelines of a Wobbled Groove in
adjacent Tracks, measured in radial direction.
The Track Pitch shall be (0,320 + 0,010) um.

The Track Pitch averaged over the Rewritable Areas shall be (0,320 + 0,003) um.

15.4.4 Track Pitch between Embossed HFM Area and Rewritable Area

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

15.5.1 General

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

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

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

Fgrdetaited ull::bblipl.iullb of theretated plULBbbillg SEPS al jo! appiit:u' todes; Teference wittbemade o the
degscriptions in Clause 13.

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

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

155.2.1 Data Frame

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

195.2.2 Scrambled®ata Frame
Edqch Data Framewith its EDC is scrambled according to the procedure described in 13.4. For the preset of
the¢ scrambler, AUN7s .. AUN; (see 15.5.3.2 and 13.9.2.2) shall be used instead of PSig .. PSs.
195.2.3 _Data Block

Edch,2 Scrambled Data Frames are mapped into an array of 216 rows x 19 columns as described i 13.5 and
indicated in Figure 21 (only columns 0..18).

15.5.2.4 LDC Block

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

15.5.2.5 Interleaving

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

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

“«— 19 -
bytes
<« shift 0 €0,0 €01 €0,18 T
« shift 1 €11 €12 €118 €1,0
< shift 2 €22 €23 .| €218 €20 €21
« shift 18 €18,18 €18,0 €18,17 248
<« shift 0 €19,0 €191 |... €19,18 rows
« shift mod(k,19)

« shift 18 P24s18 | Passo | ... P246,17
<« shift 0 P247,0 P247,1 P247.18 Jr

Figure 55 — Interleaving of PIC LDC Block

After this process, the bytes are renumbered in the horizontal direction thraugh’all the rows resulting in the
numbering Do to D4 711 as indicated in Figure 54.

15.5.3 Addressing and Control Data

15.5.3.1 |General

Unlike the|format in Rewritable Areas of the disk, a BIS Block is composed of 4 BIS code-words and filled ug
with 8 addresses of 9 bytes each in 18 rows and 2 User-Control Data Units of 24 bytes each in 12 rows (see€
Figure 56).
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15

Cq
on
Ad

E3
ide
an

4 columns
0 1 2 3
0 0 AFo,0 AFo3 AFo2 AFo1 )
1 AF014 AF017 AFo,G AFO,S
2 AF11 AF10 AFi13 AFi1,
3 AFi5 AF14 AFi1 7 AFi16
4 AF;» AF,1 AF20 AF,3
5 AF,6 AF;s AF,4 AF, 7
6 AFs3 AFs» AF3 AF3p0
7 AEs+ AEs¢ AEss AEs
8 AF4,0 AF4,1 18 rows
9 AF44 : : Addresses$
10 AFs 1 AFs
11 AF5,5 . .
1BIS 12 AFs. AFs.1 AFs0
code-word 13 AFse : : :
=62 bytes 14 AF73 AF71 AF7o
15 AF7,7 . .
16 AFg,o . . AF8,1
17 AFs 4 AFg; AFsg6 AFgs 2
18 UCoo UCu2,0 UCoy UC121 )
19 UC1,0 UCi3p UCry UCis1 12 rows
: : : : : User-Contrpl
28 UCa0,0 UC22,0 UCio1 UCa21 Data
29 UC110 UC230 UC111 UCa231 J
30 pb3o,o pbso.1 pbso,2 pbso,3 )
31 pbal,o pb31,1 pb31,2 pb31,3 32 rows
: : : : : Parities
\ 61 pbs10 pbes1,1 pbs1,2 pbs1,3 {
Code word €ode word Code word Code word
0 1 2 3

.5.3.2 Address Fields

mparable to the Rewrjtable Areas of the disk, where each 1/16 of a 64K Cluster (=4K bytes) is idd
e Address Unit Number (see 13.9.2 and other subclauses), each 4K PIC Cluster shall be identifieg
dress-Unit NumbeT? These Address-Unit Numbers shall increase by 2 for each successive 4K PIC

ch PIC BIS{Block contains 8 repetitions (S = 0 .. 7) of the same address, where the flag bits are u
ntify the ¥epetition number: The Address Fields are derived through the Primary Address Fields (S
d other'subclauses).

Figure 56 — PIC BIS Block

AEgs = PAFgs (all the same forS=0..7)

ntified by
by one
Cluster.

sed to
ee 13.9

AF1s = PAF.s (all the sameforS=0..7)

AF2s = all bits inversion in PAF2s (all the same for S=0..7)

AFzs = all bits inversion in PAFzs (all the same forS=0..7)

AF4,S = PAF4,S

flag bits:

Bits b7 to bz shall be Reserved.

Bits b, to b shall be set to the binary value of S.
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AFs s = all bits inversion in PAFs s

AFg s = all bits inversion in PAFg s

AF7s = PAF7s

AFgs=PAFss

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

The parity bytes of PAFss .. PAFgs in the Primary Address Fields shall be calculated according to the
definitipns given in 13.9.2.

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 addrefss 0 in row 0, column 0 and each successive address being shifted cyclically 1 more position to th
left (see Fjgure 56).

[

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

A1

Mathematjcally, this mapping of the address bytes into the PIC BIS Cluster can bé-fepresented by the
following fprmulae:

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

and in column ¢ = mod[(x + 8-y),4].

15.5.3.3 |User-Control Data

There are|2 Units of User-Control Data, each consisting of 24:bytes. Bytes 0 to 11 of the first Unit shall be
placed in ¢golumn O, rows 18 to 29 of the PIC BIS Block and.bytes 12 to 23 in column 1, rows 18 to 29. In the
same way}, bytes 0 to 11 of the second Unit shall be placed in column 2 and bytes 12 to 23 in column 3 (see
Figure 56). All bytes of both User-Control Data Units shall be Reserved.

15.5.3.4 |BIS code-words

The PIC BIS Block is completed by adding 32 fows with parity bytes (see Figure 56) according to the
procedure| described in 13.11 and 13.12 «with the difference that there are only 4 columns (¢ =0..3). The
result is npw a matrix of 62 rows x 4 celumns.

15.5.3.5 |BIS Cluster

Finally, th¢ matrix of BIS code-words is reconstructed into one-column of 248 bytes that can be inserted in the
PIC Clustgr as indicated infigure 54.

Bytes Bo tp Bios are filled by successively copying bytes from the even rows by going through the BIS Block
cyclically in a diagohal‘direction starting from row 0, column 0 (see Figure 57).

Bytes Bi24to Bygz-are filled by successively copying bytes from the odd rows by going through the BIS Block
cyclically ih a diagonal direction starting from row 1, column 0.

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

Let byte brc be the byte in row r and column c of the BIS Block,
and byte Bi is the ith byte in the column of the BIS Cluster,

then r=mod(2 xi,62) + div(i,124),
¢ = mod(i,4),
and vice versa i =124 x mod(r,2) + div(r,2) + 31 x mod{[4-c + div(r,2)],4}.

As a result of this interleaving, the one-column 248-byte BIS Cluster is divided into 8 groups of 31 bytes,
where each 31-byte group is composed of 9 address bytes, 6 UC data bytes, and 16 parity bytes in
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succession. The address bytes, due to the pre-interleaving, appear in the correct order for direct access.

BIS Block BIS Cluster
i c=0 1 2 3 < 1 byte >
r=0 0 93 62 31 Bo 0
1 124 217 186 155 :
2 32 1 94 63
3 156 125 218 187
4 33 2 95 :
5 157 126 219 = Bi
6 34 3 :
7 158 127
8 4 35
9 128 159
10 5 :
11 129 Bizs 248
12 6 Basa rows
13 130 :
53 243
54 120 27
55 244
56 28 121 =
57 152 245
58 60 29 122
59 184 153 246
60 92 61 30 123 :
61 216 185 154 247 B247 {

Figure 57 — Reading order for constructing PIC BIS Cluster
15.5.4 Recording Frames
155.4.1 General

Intthe next processing step,the’19 columns of an interleaved LDC Block are multiplexed with the ong-column
BIES Cluster and extendeg-with a column of synchronization patterns as defined in Figure 54.

Edch row of this 21-celdmn by 248-row matrix is called a PIC Recording Frame.

19.5.4.2 Modutation

THe 168 bits-ef each PIC Recording Frame, except some of the bits of the Synchronization pattern, are
converted-intd6 modulation bits by applying a Biphase modulation method. In this modulation method| a bit with
vaJue ZERO is represented by transitions at the start of the bit cell and a bit with value ONE is represented by
S are

Areas.
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Example of data-bit stream

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

Figure 58 — Biphase modulated HFM Groove
15.5.4.3 |Frame Sync

Each Recprding Frame starts with a Synchronization pattern equivalent to 8 data bits. The first 4 bits are
replaced hy 4 bit cells with a special pattern that violates the normal Biphase encoding rules (seeFigure 59:
two possille patterns depending on the initial phase).

Sync pattern

A
\4

Data Sync body

Sync identification Data
B

A

» | <
» | <€

,T,

- - - - Do ID1 1D, Parity

Eigure 59 — Biphase Synchronization pattern

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

Sync humber IDo ID1 ID2 Parity
FSO 0
FS1
FS2
FS3
FS4
FS5
FS6

R~ |olo|lo|o
=1 =Y =1l=)
o|lr|o|r|o|r|o
o|lolr|o|r |+

Figure 60 — Sync identification

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

(see 15.5.3.5).

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

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

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

0 FSO

1 FS1 16 FS5
2 FS2 17 FS3
3 FS3 18 FS2
4 ES3 19 ES2
5 FS1 20 FS5
6 FS4 21 FS6
7 FS1 22 FS5
8 FS5 23 FS1
9 FS5 24 FS1
10 FS4 25 FS6
11 FS3 26 ES2
12 FS4 27 FS6
13 FS6 28 FS4
14 FS6 29 FS4
15 FS3 30 FS2

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

196.1 General
THe wobble of the Tracks is a more or less sinuseidal deviation from their average centre lines.
THe Nominal Wobble Length NWL (equivalentito 69 Channel bits) shall be

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

THis corresponds to a fundamental frequency fwon = 1 913,043 kHz at the 2 times Reference Velocity.

159.6.2 Modulation of wobbles
19.6.2.1 General

THe basic shape of\the wobbles is a cosine wave: cos(21T x fwob X t). Wobbles with this basic shape [are called
“Monotone Wobbles” (MW).

Sgme wobhles are modulated, and 2 modulation methods shall be used simultaneously:

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

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

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

15.6.2.2 MSK-cos modulation

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

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

— the second NWL continues the MSK Mark with a cosine wobble with a frequency = fuop;
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the third NWL terminates the MSK Mark with a cosine wobble with a frequency = 1,5 X fyop.

wobble:
—c0s(21xfwobxt)
start of
wobbles

r side / \4

wobble:
—cos[21x(1,5%fwob)xt]

wobble:
+c0os[21rx(1,5%fwon)xt]

>
N\ /

>
AY N\

“—>

V4 O\
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//\
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15.6.2.3

HMW mog
of Saw-Td
wave of th

cos(2

Such a co
represents
inclination
value ZER

inn{
of d

\
r side

sk

— | ———> | < — > —>

Monotone Wobbles (MW): +cos(21xfyobXt)
Figure 62 — Definition of MSK Mark (on-Groove)

»
>

HMW modulation

ulation is applied by replacing a number of consecutivesMonotone Wobbles with the same numbe
oth Wobbles (STW). A Saw-Tooth Wobble is formedby combining the basic cosine with a sine
e doubled frequency:

T X fwop X t) £ @ x sin[21T X(2 % fwop) x t] in which a = 0,25.

mbination of a cosine with the fundamentalfrequency and a certain amount of second harmonic
a first-order approximation of a saw-tooth wave. The “+” or “~” sign creates a left or right

where the “+” sign is used to represent a bit value ONE and the “~" sign is used to represent a bi
O (see Figure 63).

+C0S (21X fwobX t)+axsinf21rx(2xfwob)xt] + coS(21xfwobXt)—axsin[21Tx(2x%fwob)X t]

YonE _ _ ZERO k “LZERO R

_\ONE K

<

br side
isk

"/

<
<

\ /

v .
outer side
of disk

72

\V

\ \ /
V <

v,
bl e

SawTooth Wobbles

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

\

A\

Figure 63 — Definition of Saw-Tooth Wobbles (on-Groove
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When Push-Pull polarity (see 26.1) is negative, then the Wobble Groove shall start its first wobble deviation
towards the outer side of the disk.

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

15.7 ADIP information

15.

7.1 General

THe data to be recorded onto the disk shall be aligned with the ADIP addresses. The ADIP address.is derived
frgm ADIP symbols modulated in the wobble (see Figure 68). Therefore, 56 NWLs shall correspond fo 2

R4

15
By

TH
Fu
TH

cording Frames (see 13.15). Each group of such 56 NWLs is called an ADIP Unit (see Figure'64)

.7.2 ADIP-Unit Types

Figure 64 — General ADIP structure

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

inserting MMs into the 56 NW/.s of an ADIP Unit with unique distances between adjacent MMs, different
types of ADIP Units can be Created.

e ADIP Units representing a data bit are additionally modulated with STWs.

rthermore, a referefice STW Unit is defined. Each type of ADIP Unit starts with an MM.

e following types‘of ADIP Units are defined (see Figure 65):

Monotone Unit:
Reference Unit:
Sync_0 Unit:

consisting of one MM followed by 53 MWs,
consisting of one MM followed by 15 MWs, 37 STWs and one MW,
consisting of one MM followed by 13 MWSs, one MM, 7 MWs, one MM and 27 MWSs,

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

— Data_1 Unit:

— Data_0 Unit:

consisting of one MM followed by 15 MWs, one MM, 7 MWs, one MM and 25 MWSs,
consisting of one MM followed by 17 MWs, one MM, 7 MWs, one MM and 23 MWSs,
consisting of one MM followed by 19 MWSs, one MM, 7 MWs, one MM and 21 MWSs,

with x representing 1 or 0,
consisting of one MM followed by 9 MWs, one MM, 3 MWs, 37 STWs and one

MW,

consisting of one MM followed by 11 MWSs, one MM, one MW, 37 STWSs and one

MW.

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

NWL 0..3.. 18 ... 55
Monotone Unit [ EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
Reference Unit I TTTTTTTTTTTTTT NRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRN[]
Sync_0 Unit [ EEEEEEEEEEEER EEEEEE SEEEEEEEEEEEEEEEEEEEEEEEEEEE
Sync_1 Unit -IIIIIIIIIIII1IIIIII-IIIIIIIIIIIIIIIIIIIIIII ]
Sync_2 Unit | HEEEEEEEEEEEEEEEEE SEEEEEE $SEEEEEEEEEEEEEEEEEEEEEEE
Sync_3 Unit [ EESESEESEESEEEEEEEE SEEEEEE $SEEEEEEEEEEEEEEEEEEEEE
Data_0 Unit I TTTTTTTTT7 7 e NRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRN[]
Data_fYmit— T e o A A A A A A A A A A A A A AT

I MSK Mark
[0 Monotone Waobble
N Saw-Tooth Wobble representing ZERO [4 Saw-Tooth Wobble representing ONE

Figure 65 — ADIP-Unit Types

15.7.3 ADIP word structure

83 ADIP Units are grouped into one ADIP word each. This means that 3 ADIP-words correspond to
3 x 83 x 2l = 498 Recording Frames, which is equivalent to one Recording=Unit'Block (RUB) (see 14.2).
Each ADIP word shall be constructed as indicated in Figure 66.
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ADIP Unit number ADIP-Unit Type ADIP nibble ADIP code-word
bit number nibble number
0 Monotone
1 Sync_0
2 Monotone
3 Sync_1
4 Monotone
= Sync_2
6 Monotone
7 Sync_3
8 Reference
9 Data_x bs
10 Data_x b, Co
11 Data_x b1
12 Data_x bo
13 Reference
14 Data_x b3
15 Data_x b, C1
16 Data_x b1
17 Data_x bo
18 Reference
8+ix5 Reference
9+ix5 Datax bz
10+ix5 Data_x b Ci
11+ix5 Data_x by
12+ix5 Data_x bo
78 Reference
79 Data_x b3
80 Data_x b2 Cia
81 Data_x b1
82 Data_x bo

Figure 66 — ADIP word structure

15.7.4 ADIP data structure
15.7.4.1 General

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

The nibblgs no to ng are transcoded to nibbles co to c14 by the error correction system (see 15.7.5)f Because

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

informatiop array and the coded bits in the ADIP Unit.

15.7.4.2 |ADIP information bit assignments

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

— AS23.AS0: These 24 bits shall contain the Physical ADIP Symbol (PAS)."AS23 shall be the msb ahd
ASO shall be the Ish. These symbols are converted from the Physical ADIP Address (PAA) as folloys
(see [Figure 68 and Figure 69).

setto . setto
Layer number sequentiaknumber 00,01, 10
A consecutively
~ — l
MSB LSB
AlA[A]A A A
Phykical ADIP Address Alaaal || (Al afa A |A Al
212(2|2 1 1
? |2 110 6 5 u 8 7 L 2(1(0
J‘Ilh 1] g U L L R U L L U L
. 27 \7\7111 111;11’ 1.7
Phy5|cal ADIP Symbol ATATAJA A A
s|s|s|s S S A 2 Al41a
If{AA22 is equal to AA21, then 2121313 & 3 8 7 2|10
N i e ‘f“f"—“-“““’r"r“r“r"r“r“—“““‘r“f“r“r“r"r" g
Vi g EEEEERR 1101 1 setto 11
YVVY VYVV VY \AAAAAAA 7 \AAAAAALA
ATATATA A A
_ s|s|s|s S S a A 2418
If]AA22 is notequal to AA21 then 212122 1 1 3 2 211lo
3121110 6 5 /
Figure 68 — Relation between PAA and PAS
Layer Structure Lo L1 L2
Inner Outer i Outer Inner £ Inner Outer
PAA_OZO Or\ r\Oh DAA=0AQ Q00 h

1,1
ADIP Address (PAA) [0.1] L1 [0,1]

[AA22, AA21] in [0,0] h PAA= 05F FF FEh 0.0] _
Physical ﬁ

(1.0]

Figure 69 — Combination of AA22 and AA21
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These 25 bits shall contain the Physical ADIP Address (PAA). AA24 shall be the

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

AA24.AA22:

AA21..AA2:

AA1,AAQ:

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

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

These 2 bits shall be set to 00, 01 and 10 consecutively in each 3 successive

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

THe first address in the Information Zone on Layer LO shall be such that the first address in the Data|Zone,

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

0
which is PAA 0 02 00 00h, is located at radius 24,0 ;, mm. The last address of the Data.Zone on|Layer LO

THe last address of the Data Zone on Layer L1 (0 7D FF FEh) shall be located at a radius 24,0_0 1 |mm.

THe first address of the Data Zone on Layer L2 (0 82 00 00h) shall'\be located at a radius 24,0_0 1 [om.

THe last address of the Data Zone on Layer L2 (LAA + 0 80 Q0-00h) shall be located at a radius <58]1 mm.

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

AX11..AXO0:

These 12 bits contain auxiliarydnformation about the disk.

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

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

— AX11..AXO0 from 96 censecutive ADIP words (equivalent to 32 RUB’s) shall|form one

ADIP Aux Frame withl144 bytes.

— The first bits of €ach ADIP Aux Frame shall be located in an ADIP word with a RAA which

is a multiple 0f*128 (PAA = X XXXX XXXX XXXX XXXX X000 0000).

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

THere shall be a fixed\relation between the PAAs on layers from Layer LO to Layer L2. The PAAs on|Layer LO

(o
w(

© ISO/IEC 2016 — All rights reserved

Layer L2) and kayer L1 that are located at the same radius (having the same distance in number{of ADIP
rds from theif_respective Inner Zone) shall have inverted bits AA21 to AA2. The PAAs on Layer L) and
Layer L2 that.are located at the same radius shall have the same bits AA21 to AA2 (see Figure 70).

In this way, the PAAs on Layer L1 increase from the outside towards the inside of the disk, which is in the
trdcking direction. Simultaneously, the inverted address bits AA21.AA2 of PAA: have the same relatijon with

the+adins-as-the-equivalent-ron-irverted-bits-or-Layer-o0{ertayert2f—m—
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Layer number

Sequence number

Intra-RUB number

AA1,AAQ = 00,01,10

AA24 .. AA22 = 000 AA21 .. AA2
PAAo on Layer LO from inner to outer
_ AA1,AAO0 = 00,01,10
PAA;: on Layer L1 AA24 .. AA22 = 001 ’ T
! y AA21 ... AA2 from outer to inner
AAT.AAD =0001.10
AR on Layer L7 AAZD T AAZZ =010 AAZT AAZ

from inner to outer

Layer LO First address Last address
0020000h ..... PAA | . LAA
Innjer Zone I I I Outer'Zone
Layer L1 Last address First address
07D FFFEh ..... PAA, | L FAA
Inrjer Zone 0 ) 4> | Outer Zone
\2 \’ 2
Layer L2 First address Lastaddress
0820000h ..... PAA: | ... LAA £,0'80 00 00h

Figure 70 — lllustration of PAA relation among lcayer LO, Layer L1 and Layer L2
Mathematjcally, this can be expressed in the following way.

After addipg 1 80 00 01h to PAAy, all 25 bits are inverted,resulting directly in the full corresponding address
PAA: on Uayer L1.

Mathematjcally: PAA; = PAA0 +1800001h .

(The addition of 1 corrects for the order of the intra-RUB numbers, while the addition of 1 80 00 00h takes

care of the correct Layer number.)
In this way, the last address of Data Zone 1 can be derived as follows: 0 7D FF FEh

= 0020000h+1800001h,

and the first address of DataZone 1is: FAA= LAA+1800001h.

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

IP errOf. correction

15.7.5 AL

The error
the finite ft - H e
information nibbles and the minimum distance of this code is 7.

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

p(x) = x4+ x + 1.

The symbols of GF(2*) are represented by nibbles (groups of 4 bits), using the polynomial-base
representation, with (a®, a2, a, 1) as a basis. The root a is thus represented as:

a = 0010.

The code word, represented by the vector (co €1 .. C13 C14), Can be calculated from the information symbols ng
to ng with the following formula:
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“ PRI (i)
C(x)= X c; xX :_ZoniXQ (x)+ng xg,(x)
i=0 i=

where gp(X) is the parent generator polynomial:
13 .
9, (x): 1 (x-a').
i=0
and g¥(x) is a specific generator polynomial for each symbol ni (i=0 .. 7).
g®(x) is derived from the parent generator polynomial gp(x) by removing one of the

zeroes z; of gp(x) and normalizing the result such that g@)(z) = 1. The zero zi to be
removed is given by:

zi ="t
THe generator polynomials are then calculated as follows:

g(i)(x):d(i)(x)

where g (x)= and B, = gj(i)[zi]
z

Bgfore recording them on the disk, all bits of the nibbles co, c1, ¢z, €3; €7 and c12 shall be inverted.

Remark 1:
Bgcause the code is non-systematic, an additional calculation:is needed to derive the information symbols
frgm the corrected code-word symbols after standard RS-decoding.

THe information symbols no to ny can be obtained by evaluating the corrected code word C(x) in the gero
corresponding to the information symbol, i.e. by calgulating a syndrome:

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

Hare, ng is a systematic symbol and cah be obtained from C(x) directly by copying symbol co.

Remark 2:
Edch information symbol ni'‘corresponds to a zero in the parent generator polynomial gp(x). Figure 71 gives
the corresponding zerag.factor for each information symbol (note that ng does not have a corresponding zero):
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Symbol Corresponding
zero factor
(x=a%)
(x—a)
(x-a)
x-a’
(x—a’)
X—-a)
No (X — GG)
ny (x—a’)
N2 (x— 08)
n3 (x —ad
N4 (x —a'9)
Ns (x—a'h)
Ns (x —a*?)
n; (x — a®®)

Figure 71 — Corresponding zero factor for each information symbol

If an information symbol is known and its corresponding zero extends the_éxisting series of zeroes
corresponding to (x — a°) .. (x = @) .., the Hamming distance will increase. For instance if n is

known, th¢ Hamming distance will become d = 8. If both ng and n; are known, the Hamming distance
will become d =9, etc.

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

This phenpmenon can be used for additional checking ofthe reliability of the decoding result.

15.8 Disk Information in ADIP Aux Frame

15.8.1 Gegneral

The infornpation nibbles from the auxiliaryfields of 96 consecutive ADIP words are grouped into frames of
bytes and|carry several disk parameters. The nibbles are re-ordered into bytes according to Figure 72.
Several Dfsk Information (DI) Aux Frames can be grouped into a DI Block. All Disk-Information Blocks shall
have the game content.
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Byte |y, be bs ba bs bs b bo
number

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

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

AX7 AX6 AX5 AX4 AX3 AX2 AX1 AXO0
2 wore-2——werd-2——word2——were-2——werd2——word2——were-2——wore-2

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

141 AX11 AX10 AX9 AX8 AX7 AX6 AX5 AX4
word 95 | word 95 | word 95 | word 95 | word 95 | word 95.("'word 95 | word 95

142 AX3 AX2 AX1 AXO0 AX11 AX10 AX9 AX8
word 95 | word 95 | word 95 | word 95 | word 96 |«word 96 | word 96 | word 96

143 AX7 AX6 AX5 AX4 AX3 AX2 AX1 AXO0
word 96 | word 96 | word 96 | word 96 | word 96 | word 96 | word 96 | word 96

Figure 72 — ADIP Aux Frame byte ordering
15.8.2 Error protection for Disk Information Aux Frames

THe DI Aux Frames are protected by a Long-Distanee RS Error-Correction Code according to 13.7. Because
such a Long-Distance Code is built up from 248'\bytes, 104 dummy bytes (not recorded on the disk) are added
tojcomplete the Long Distance DI Aux Frame code-words (see Figure 73). Bytes eo,. .. €103, in 13.7 fepresent
the dummy bytes (all set to FFh), bytes eqga, "..€215, represent the Disk-Information bytes, and bytes |p21s,.
..ppa7,L represent the Parity bytes.

< DI Block >
I Aux Frame |DI Aux Frame/|DI Aux Frame DI Aux Frame [DI Aux Frame
N-1 0 1 N-1 0
<—————Dummy bytes: > | <& 1Dl Aux Frame from disk+—>
104-bytes added to DI Aux Frame 96 ADIP words x 12 bits [ 144 bytes
R Bisk—rtermaten—bmt—12hytes; Pary
< 216 >|le— 30—
< Long-Distance Error-Correction code-word S

Figure 73 — 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 multiple 144-byte Aux DI Frames (see Figure 73). If needed, additional DI Aux
Frames, up to a maximum total of 31 can be used. Each Recording Layer shall carry the same DI Blocks with
the same DI Aux Frames.

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

From the sts

ProtectiontZone 1 to PAA 0 81 B7 FEh of Layer L2 (see Figure 83), the auxiliary bits can be set to ZERO or
can conta|n DI Aux Frames (such that the sequence is contiguous with a DI Aux Frame 0 at the addreSses
specified above).

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

DI Units can contain different sets of parameters, such as different write strategies.(To\distinguish DI Units
that have fifferent definitions for their content, a unique identification of such DI Units is needed.

Byte 2 in the DI-Unit header, the DI-Format Number, shall be used for this purpose. With this byte, 256 type
of DI Unitg with different content can be distinguished.

If the numper of parameters of a single set do not fit in one DI Unit, sucha/set shall be stored in multiple
consecutiye DI Units, in which case bit b7 of byte 6 indicates that the.next DI Unit in the sequence is a
continuatipn of the actual one.

o

An example usage of DI Units for write a strategy is given in 15.8.3.6. In future extensions of this Internationf
Standard, |additional DI Aux Frames can be needed, e.g. to define higher recording speeds and new write
strategies| Whenever new DI Aux Frames are added, thecexisting ones can still be used if appropriate, and i
that way ackwards compatibility with existing drives can be facilitated. Each drive should check all DI Aux
Frames piiesent on the disk and, based on the DI-Fotmat Number (byte 2) and the indicated Recording
Velocity (Qytes 28 and 29), only use the ones that,it'is supporting (see also 15.8.3).

=)

15.8.3.2 |General definitions for DI Units

Each DI Unit shall consist of a header;-a\body and a footer as depicted in Figure 74.
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Byte number Content Number
of bytes
Oto1l Disk-Information identifier 2
2 DI-Format Number 1
3 Number of DI Aux Frames in each DI Block (5 bits) 1
Number of the layer to which this DI Unit applies (3 bits)
Header 4 Reserved 1
5 DI-Unit sequence number in DI Block 1
6 contnuation ftag (T bit) 1
Number of DI bytes in use in this DI Unit (7 bits)
7 Reserved 1
Body 810 99 DI-Unit content 92
100 to 105 Disk-Manufacturer 1D 6
106 to 108 Media-Type ID 3
Footer -
109 to 110 Time stamp 2
111 Product Revision number 1
Figure 74 — General DI-Unit format
Bytes Oto 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 b
For disks with BCA code the msb af this byte shall be set to ZERO.
For disks without BCA code the@msb of this byte shall be set to ONE.
NOTE The DI-Format Number only defines the content of the DI Unit and has no relation with

nu

sp
dr
Th

ad
or

If fhe read compatibility can be kept by conforming to an existing Class, no new Class number is nee

TH
Cl
co
ur
as

to the drive).

mber and the Version number as defined in byte 11.

the future, this International Standard 'may be extended to allow for new features, such as higher 1
eeds or higher data densities. To prevent backwards-compatibility problems of such newer disks
ves as much as possible, a,Class number and a Version number have been introduced.

e Version nufmber will be incremented if the new specifications imply an extension/change for whi
hss number'\update is needed (read compatibility is kept), but which new specifications will result ifn a write-
mpatibilitysbreak. Although such a BD Layer is carrying a higher Version number, it still could cont
it according to a previously defined DI Format, if this layer can be recorded according to the write
defined in such DI Unit.

e Class number will be incremented if a BD Layer according to the new specifications should not e
cessed by legacy drivésiat all, neither for reading nor for writing (e.g. to prevent possible damage

As a consequence of this, drives should always check for the presence of a DI Unit with a DI-Forma
known to the drive. In such case, the recording parameters (e.g. recording speed, recording power, timing

requirements) needed to set the related write strategy can be checked and if these are within the capabilities
of the drive, the drive should accept the disk for recording.

[

yte 6).

the Class

ecording
vith older

o the disk

ded.

th no

ain a DI
strategy

Number

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

Each Layer Type (defined by bytes 8 to 10) has its own independent DI-Format numbering. The DI-Format
Number is also an indication of the write strategy type, which is specified in the DI Unit.
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Byte 3:

Bits b7 to ba:
Bits b, to bo:

Byte 4.

Number of DI Aux Frames in each DI Block/Number of the layer to which this DI Unit
applies
These two bytes shall be set to 44 49h, representing the characters “DI”.

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

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

Reserved
This byte shall be set to 00h.

Byte 5:

DI-Unit sequence number in DI Block

This byte specifies the sequential DI Unit number within the DI Block.

It shall be set to a number n, where n indicates the actual number of the DI Unit within the
actual DI Block (0 < n £ N-1).

The sequence of DI Units shall be ordered (see Figure 75) first according to(increasing
Nominal Recording Velocity (byte 28 and 29), then, within each sequence of DI Units with
the same Nominal Recording Velocity, according to ascending Layer number (byte 3) and
last according to the preference of the Write Strategy (identified by the\DI-Format Number,
but need not to be in sequence of DI-Format Numbers).

Sequence number

Recording speed Layer number Write strategy

0 0 preferred WS
1 alternative WS
: 3 preferred WS
k-1 v alternative WS
k ! _ preferred WS
: ' alternative WS
: K1 preferred WS
2k-1 alternative WS
2k 0 most preferred WS
o> V1
k-1 least preferred WS
V3 > V> 0 .
N- 1 etc. etc.

Byte 6:

Figure 75 — Example of DI-Block sequence

Continuation flag/Number of DI bytes in use in this DI Unit

Bit b;:

Bits be to bo:

84

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

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

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

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

These 7 bits indicate the number of bytes in use in the actual DI Unit up to the last unused
(Reserved) bytes immediately preceding the footer (see e.g. Figure 77).
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Byte 2 = ..

Byte 3 = N/LO

Byte 5 =n-1

Byte 6, bith; =0 end of preceding parameter set
Byte 2 = x start of actual parameter set
Byte 3 = N/L1 :

Byte 5=n

Byte 6, bit by = 1

By

By

By

By

By

Parameter set | Byte2—=x
for Layer L1 Byte 3 = N/L1
spans 3 DI Units | Byte 5 =n+1

continuation of actual parameter set
Byte 6, bit by =1

te 7:

tes 8 to 99:

tes 100 to 105:

tes 106 to 108:

tes 109 to 110:

Byte 2 = x

Byte 3 = N/L1

Byte 5 = n+2 :

Byte 6, bitb7=0 end of actual parameter set
Byte 2 = .. start of next parameter set
Byte 3 = N/L2

Byte 5 = n+3

Byte 6, bit b= ..

Figure 76 — Example of DIkUnit extension

Reserved
This byte shall be set to 00h:

DI-Unit content
These 92 bytes shall store the specific content of the DI Unit, such as e.g.
Disk parameters, reéad/write powers and write strategy parameters.

Disk-Manufacturer 1D
The format.and the content of these 6 bytes require agreement between th
interchange parties, else these bytes shall be set to all 00h.

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

Time stamp

These 2 bytes provide information about the production date of the Master
which this disk has been replicated. All disks with the same Disk-Manufact
and the same Media-Type ID, regardless of the Time stamp, shall have thg
recording properties (only minor differences are allowed: the Time stamp s

jeneral

1]

disk from

rer ID
same

hall be

irrelevant for recorders).

Bits b7 to bo of byte 109 plus bits by to bs of byte 110 shall form one 12-bit binary number

representing the year of production.

Bits bs to by of byte 110 shall form one 4-bit binary number representing the month of

Byte 111:

production.

If the Time stamp is not used, both bytes shall be set 00h.

Product Revision number

This byte shall identify the Product Revision number in binary notation. All

disks with

the same Disk-Manufacturer ID and the same Media-Type ID, regardless of the
Product Revision numbers, shall have the same recording properties (only minor
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differences are allowed: Product Revision numbers shall be irrelevant for recorders).

The content of this byte can be chosen freely by the disk manufacturer. This
International Standard does not specify the format and the content of this byte. It
shall be ignored in interchange.

15.8.3.3 Definitions for DI format 4 (Extended N-1 write strategy)

The content of the body of DI Units according to format 4 shall be as depicted in Figure 77.

Byte number Content Number of bytes
|
Oto7 DI-Unit header 8
8 to 10 BD Layer-Type identifier 3
11 Disk size/Class/Version 1
12 BD structure 1
13 Channel-bit length 1
14 Push-Pull polarity flag bits 1
15 Recorded Mark polarity flag bits 1
16 BCA descriptor 1
17to 18 Reserved 2
19 to 26 Data-Zone allocation 8
27 Reserved 1
28 to 29 Recording Velocities 2
30 Maximum dc read power 1
31 Maximum HF-modulated read power 1
32 Reserved 1
33t041 Write-power settings 9
42 Twe Write multi-pulse duration 1
43 to 47 dTwop first-write-pulse start time 5
48 to 52 Trop first-write-pulse duration 5
53 to 55 dTv.e last write pulse starttime 3
56 to 58 Tip last pulse duration 3
59 to 63 dTe start time, of the erase level 5
64 Reserved 1
651072 and 73 | AdTuwp first-write<pulse start time offset 8,5
(mgb 4bits)
73 (Isb 4bits) ATrop firstrwrite-pulse duration offset 7,5
and|74 to 80
81 to B4 and 85 | AdTLr last pulse start time offset 4,5
(mgb 4bits)
85 (Isb 4bits) ATvp last pulse duration offset 4,5
and|(86,t0'89
90 to P72and 98 | AdTe start time offset of the erase level 8,5
(msb 4bits)
98 (Isb 4bits) Reserved 0,5
99 Reserved 1
100 to 111 DI Unit footer 12
Figure 77 — Content of Disk Information for DI format 4
Bytes 0 to 1: Disk-Information identifier

86

See 15.8.3.2.
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Byte 2: DI-Format Number
This byte shall be set to 04h for disks with BCA code.
This byte shall be set to 84h for the disks without BCA code.

Byte 3: Number of DI Aux Frames in each DI Block/Number of the layer to which this
DI Unit applies
See 15.8.3.2.

Byte 4: Reserved
See 15.8.3.2.

Byte 5: DI-Unit sequence number in DI Block
See 15.8.3.2.

Byte 6: Continuation flag/Number of DI bytes in use in this DI Unit
This byte shall be set to 63h indicating that the first 99 bytes of the DI Unit pre 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 tnused and shall be set to
00h.

Byte 7: Reserved
See 15.8.3.2.

Bytes 8 to 10:

BD Layer-Type identifier
These three bytes identify the type of'the BD Layer to which this DI Unit agplies and
shall be set to 42 44 57h, representing the characters “BDW” in each Rewijitable

Layer.

Byte 11: Disk size/Class/Version
Bits by to be: These 2 bits specifythe disk size. They shall be set to 00, indicating a 120{mm disk.
Bits bs to ba: These 2 bits.specify the Class number. The Class number identifies BD|Layers of
the same Layer Type but with different basic specifications.
BD Layers-according to this International Standard shall have these bits sdt to 01.
Drives' not familiar with a particular Class of layers should not access the Data Zone
of'such layers (neither for reading, nor for writing).
Bits bs to bo: These 4 bits specify the Version number. They shall be set to 0011, indicating a
layer according to this International Standard.
Byte 12: BD structure
Bits b7 tolba! These 4 bits specify the total number of BD Recording/Recorded Layers in|the disk.
These bits shall be set to0011, indicating 3 Recording Layers.
Bits b3 to bo: These 4 bits specify the type of BD Recording/Recorded Layer to which tlpis DI Unit
applies.
Bits bz to bo shall be set to 0100, indicating a Rewritable Recording Layer.
Byte 13: Channel-bit length
Bits b7 to ba: These 4 bits shall be set to 0000.
Bits b3 to bo: These 4 bits specify the main data Channel-bit length, which shall be the same on

all BD Recording Layers.
They shall be set to
0000: Reserved,
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Byte 14:
Bit bi :

0101: indicating a Channel-bit length of 55,87 nm (33,4 GB per layer),
Other settings: Reserved.

Push-Pull polarity flag bits

Each bit bi shall specify the polarity of the Push-Pull signal on Recorded Layer Li
see 26.1). They shall be set to
ZERO, indicating that the Push-Pull polarity on Layer Li is positive,

ONE, indicating that the Push-Pull polarity on Layer Li is negative.

For Recording | ayers that are not present, bit bi shall be set to ZERQ

Byte 15:
Bit b; :

Byte 16:
Bits b7 [o ba:
Bits bz to bo:

Bytes 17 jo 18:

Bytes 1910 26

Bytes 19 to 22:

For this International Standard, this byte shall be set to 00h.
Recorded-Mark polarity flag bits
Each bit bi shall specify the polarity of the Recorded Marks on Recordihg Layer Li.

They shall be set to ZERO, indicating a Layer Type on which Recorded Marks hayve
a lower reflectivity than the Unrecorded Layer (HTL disks),

—

ONE, indicating a Layer Type on which Recorded Marks tiave a higher reflectii
than the Unrecorded Layer.

y

For Recording Layers that are not present, bit bi shall.be set to ZERO.
For this International Standard, this byte shall be¢setto 00h.
BCA descriptor

These 4 bits shall be Reserved.

These 4 bits indicate the presence of a BCA code on this digk:
They shall be set to

0000: indicating no.BCA code,
0001: indicating BCA code is present,
Other settings: Reserved.

Reserved
These bytes shall be set to all 00h.

Data-Zone @llocation

These bytes shall specify the first Physical ADIP Address of the Data Zone of the
related layer.

lo’each DI Unit relating to Layer LO, these bytes shall be set to 00 02 00 00h
indicating PAA 131 072 as the first PAA of the Data Zone 0.

In each DI Unit relating to Layer L1, these bytes shall be set to a value FAA, which
shall be 00 5E EC 80h for a disk with a User Data capacity of 33,4 GB per layer,
indicating PAA 6 220 928 for 33,4 GB per layer as the first PAA of Data Zone 1.

Bytes 23 to 26:

88

In each DI Unit relating to Layer L2, these bytes shall be set to 00 82 00 00h
indicating PAA 8 519 680 as the first PAA of the Data Zone 2.

These bytes shall specify the last Physical ADIP Address of the Data Zone of the
related layer.

In each DI Unit relating to Layer LO, these bytes shall be set to a value LAA, which
shall be 00 21 13 7Eh for a disk with a User Data capacity of 33,4 GB per layer,
indicating PAA 2 167 678 for 33,4 GB per layer as the last PAA of the Data Zone 0.

In each DI Unit relating to Layer L1, these bytes shall be set to 00 7D FF FEh
indicating PAA 8 257 534 as the last PAA of the Data Zone 1.

In each DI Unit relating to Layer L2, these bytes shall be set to the value LAA + 00
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80 00 00h, which shall be 00 A1 13 7E h for a disk with a User Data capacity of 33,4
GB per layer, indicating PAA 10 556 286 for 33,4 GB per layer as the last PAA of the

Data Zone 2.
Reserved
This byte shall be set to 00h.

Recording Velocity
These bytes shall specify the Nominal Recording Velocity, to be used with

the

parameters as defined in this DI Unit, as a 2-byte binary number (byte 28 is MSB).

Byte 30:

NOTE For reading at lower speeds than the nominal velocity specified in this DI Unit, a reduc
read power might be necessary to guarantee the stability of recordings on the disk.

Byte 31:

NOTE For reading at lower speeds than the nominal velocity specified in this DI Unit, a reduc
read pewer might be necessary to guarantee the stability of the recordings on the disk.

ttshattspecify the Nomimat-Recording- Vetocity asa momoer T suc that
n =100 x Vnom.

n shall be equal to

02 E2h to indicate a Nominal Recording Velocity of 7,38 m/s.

Maximum dc read power at the Nominal Recording Velacity

The maximum read power is defined as the maximum eptical power on theg Entrance
surface of the disk, at which at least 10° successive reads can be applied Without
degrading the recorded signals (see 30.7). Maximum read powers in this Jlause

shall be greater than or equal to the read powers-defined in 30.7. By defau
powers defined in 30.7 shall be used.

This byte shall specify the dc read powenP;. at a readout velocity equal to
Nominal Recording Velocity defined invbyte 28 and 29 of this DI Unit. The ¢
expression of this byte is:

n =100 x P,, where the unit of B,. is milliwatt.

Maximum HF-maodulated read powers at the Nominal Recording Velog

The maximum fead power is defined as the maximum optical power on the
surface of the" disk, at which at least 10° successive reads can be appli
degrading recorded signals (see 30.7). Maximum read powers in this Cl
be greater than or equal to the read powers defined in 30.7. By default, t
défined in 30.7 shall be used.

This byte shall specify the maximum HF-modulated read power P;. at
readout velocity as the Nominal Recording Velocity defined in byte 28 and
DI Unit. The decimal expression of this byte is:

n =100 x P,.. , where the unit of P;. is milliwatt.

t, the

he
ecimal

ion of the

ity

Entrance
pd without
ause shall
ne powers

the same
29 of this

ion of the

Byte 32:

Bytes 33 to 41:

Bytes 33 to 34:

Reserved
This byte shall be set to 00h.
Write-power settings

Pivo: Pino can be used as a starting value for the determination of Parger in the OPC

procedure (see Annex G).

These bytes shall specify the indicative value Pinp Of Prarger in milliwatts as
n such that

n =20 x P\p.
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By

90

Byte 35:

Byte 36:

bit b7 of Byte 33 is msb and bit b0 of Byte 34 is Isb.

Mino: Minp Can be used as a starting value for the determination of Prarget in the OPC
procedure (see Annex G).

This byte shall specify the modulation at Pnp as determined by the media
manufacturer as a number n such that

n =200 x minp.

p: This byte shall specify the write-power multiplication factor p used in the OPC

Byte 37:

Byte 3§:

Byte 39:

Byte 4Q:

Byte 41:
te 42:

Bytes 43 to 63:

alaarithia (o ArreneN ac o ool oy o ool dl ot
ulu\.llll.lllll \-J\.'\.' ATTITTOA U} Uo A TIUTTTvCT T ouvviTt urmat
n =100 x p.

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

n =200 x &w-

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

n =200 x &c.

& This byte shall specify the erase/write-peak power ratio e used in the OFPC
algorithm (see Annex G) as a number n such that

n =200 x &e.

k. This byte shall specify the target value for k used in the OPC procedure (sge
Annex G) as a number n such that
n=20 x K.

This byte shall be Reserved.

Twvp Write multi-pulse duration

This byte specifies the duration of the second and higher pulses of the multi-pulse
train, in the Extended.N:1 write strategy, for recording Marks (see Annex F).

The first 5 bits (bits’ b7 to bs) of this byte shall specify the fraction of the actdal
Channel-bit clock period, as an unsigned binary number p, such that

T
p=32%-MP " (0<p<30).
Tw

Thelast 3 bits (bits by to bg) of this byte shall be Reserved.

In these bytes, Anchor position or duration time is defined for dTiwp: Ttop dTip: TLp:
and dTe.

=

Anchor position means the leading edge position of each write pulse (see Figy
F.1).

e

Bytes 43 to 47:

Regarding the duration tme, Anchor 1S speciiied In a similar way.
dTwp first-write-pulse start time

The first 6 bits (bits b7 to by) of these bytes specify the start time of the first pulse of
the multi-pulse train, in the Extended N-1 write strategy, for recording Marks with
run-lengths 2T, 3T, 4T and >5T with a preceding >5T Space (positive values are
leading, negative values are lagging; see Annex F).

The first pulse start time dT:wp shall specify a fraction of the actual Channel-bit clock
period, as a signed two’s-complement binary number a, such that
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dTyop

a=32x (-28 <a < 30).

Tw
The last 2 bits (bits by to bo) of these bytes shall be Reserved.
This byte shall specify the start time of the pulse for recording Marks of run-length
2T with a succeeding 2T Space, relative to the trailing edge of the first Channel bit of

the data pulse (positive values are leading, negative values are lagging; see
Annex F).

This byte shall specify the start time of the pulse for recording Marks of run-length

Byte 45:

Byte 46:

Byte 47:

Bytes 48 to 52:

2T with a succeeding >3T Space, relative to the trailing edge of the first-Jhannel bit
of the data pulse (positive values are leading, negative values are ‘lagging; see
Annex F).

This byte shall specify the start time of the first pulse of thé multi-pulse train for
recording Marks of run-length 3T, relative to the trailing edge, of the first Qhannel bit
of the data pulse (positive values are leading, negative ‘values are lagging; see
Annex F).

This byte shall specify the start time of the first-pulse of the multi-pulse train for
recording Marks of run-length 4T, relative to the:trailing edge of the first Ghannel bit
of the data pulse (positive values are leading,” negative values are lagging; see
Annex F).

This byte shall specify the start time<ofythe first pulse of the multi-pulsg train for
recording Marks of run-lengths >5T, r¢lative to the trailing edge of the firgt Channel
bit of the data pulse (positive values are leading, negative values are lagging; see
Annex F).

Tiop first-write-pulse duratign

The first 6 bits (bits bz to,h,) of these bytes specify the duration of the first pulse of
the multi-pulse train,~in*the Extended N-1 write strategy, for recording Marks with
run-lengths 2T, 3T,'4T, and >5T with a preceding >5T Space (see Annex H).

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

T
B =32 x top

0 <b < 60).
TW( )

The last 2 bits (bits by to bo) of these bytes shall be Reserved.

Byte 48: This byte shall specify the duration of the pulse for recording Marks of runtlength 2T
with a succeeding 2T Space (see Annex F).

Byte 49; This byte shall specify the duration of the pulse for recording Marks of runflength 2T
with a succeeding >3T Space (see Annex F).

Byte\50: This byte shall specify the duration of the first pulse, of the multi-pulse train, for
recording Marks of run-length 3T (see Annex F)

Byte 51: This byte shall specify the duration of the first pulse, of the multi-pulse train, for
recording of Marks of run-length 4T (see Annex F).

Byte 52: This byte shall specify the duration of the first pulse, of the multi-pulse train, for

Bytes 53 to 55:

recording Marks of run-lengths >5T (see Annex F).
dT.p last write pulse start time

The first 6 bits (bits b7 to b,) of these bytes specify the start time of the last pulse of
the multi-pulse train, in the Extended N-1 write strategy, for recording Marks with
run-lengths 3T, 4T, and >5T with a succeeding >5T Space (positive values are
leading, negative values are lagging; see Annex F).
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Byte 53:

The last-pulse start time dT.p is expressed as a fraction of the actual Channel-bit
clock period, as a signed two’s-complement binary number c, such that

dTp
c=32x —— (-30<¢c<30).
Tw

The last 2 bits (bits by to bo) of these bytes shall be Reserved.

This byte shall specify the start time of the last pulse of the multi-pulse train for
recording Marks of run-length 3T relative to the leading edge of the last Channel bit

of the data-pulse (positivevalues are leading—negative-values are lagging.—see
L A I7T b g J I7T

Byte 54:

Byte 5§

Bytes 56 {o 58:

Byte 5§

Byte 57:

Byte 5§:

Bytes 59 {o 63:

Annex F).

This byte shall specify the start time of the first pulse, of the multi-pulse~train, for
recording Marks of run-length 4T relative to the leading edge of the last-Channel it
of the data pulse (positive values are leading, negative values are-lagging; sge
Annex F).

This byte shall specify the start time of the first pulse of the~multi-pulse train for
recording Marks of run-lengths >5T relative to the leading etige of the last Channel
bit of the data pulse (positive values are leading, negative \values are lagging; sge
Annex F).

T.p last pulse duration

The first 5 bits (bits b7 to bs) of these bytes speeify the last pulse length of the mufti-
pulse train, in the Extended N-1 write strategy,\for recording Marks with run-lengths
3T, 4T and > 5T with a succeeding >5T Space (see Annex F).

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

Tip
d=32x P (0<d<ady
Tw

The last 3 bits (bits b, tothg) of these bytes shall be Reserved.

This byte shall specify the duration of the last pulse, of the multi-pulse train, for
recording Marks of run-length 3T (see Annex F).

This byte shall specify the duration of the last pulse, of the multi-pulse train, for
recording(Marks of run-length 4T (see Annex F).

Thisyte shall specify the duration of the last pulse, of the multi-pulse train, for
recording Marks of run-lengths >5T (see Annex F).

dTe starttime of the erase level

The first 7 bits (bits b7 to by) of these bytes specify the start time of the erase level|of
the Extended N-1 write strategy for the recording Marks with run-lengths 2T, 3T, 4T,
and > 5T with a succeeding >5T Space (positive values are leading, negative values
are lagging; see Annex F).

Byte 59:

92

The start time of the erase level dTe is expressed as a fraction of the actual
Channel-bit clock period, as a signed two’s-complement binary number e, such that

e=32x (-48 < e < 30).
Tw

The last bit (bit bo) of these bytes shall be Reserved.

This byte shall specify the start time of the erase level for recording Marks of run-
length 2T with a preceding 2T Space.
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Byte 60: This byte shall specify the start time of the erase level for recording Marks of run-
length 2T with a preceding 23T Space.

Byte 61: This byte shall specify the start time of the erase level of the multi-pulse train for
recording Marks of run-length 3T.

Byte 62: This byte shall specify the start time of the erase level of the multi-pulse train for
recording Marks of run-length 4T.

Byte 63: This byte shall specify the start time of the erase level of the multi-pulse train for
recording Marks of run-lengths >5T.

Byte 64" Reserved

Bytes 65 to 98:

Bytes 65to 72 and

This byte shall be set to 00h.

In these bytes, A is defined as the offset from the anchor position,'or duration time
which is specified from bytes 43 to 63.

Offset means the time difference from the Anchor position:Regarding thg duration

time, Offset is specified in a similar way (see Figure F.1):
73 (msb 4 bits):
These bytes specify the leading edge offset of the-first pulse of the multi-

AdTiop first-write-pulse start time‘offset

ulse train,

in the Extended N-1 write strategy, for recording Marks with run-lengths 2T, 3T, 4T
and >5T with a preceding 2T, 3T, or 4T Space (see Annex F).
The first pulse start time offset AdTip)iS expressed as a fraction of the actual
Channel bit clock period, as a signedtwo’s-complement binary number f, guch that
Athop
f=32x (-28 &< 30). for Byte 65 and 66
Tw
Athop
f=32x (-8 <f< 7). for Byte 67 to 72 and 73 (MSB 4bits).
Ty
NOTE dTop
Mark 2M
Succeedmg Space S 535 3M 4M >5M
Preceding Space
2S -
3S NT f
48 O~
R - — T — —

is table shows the depe

T
o}
and the ‘area denoted by "

the preceding and succeeding Spaces. The area denoted by " a " accomodates the anchor values

ndence of the dT,, value for each Mark that is going to be written,

f "includes the offset values.

1 Fheareawithrthispatterminciudes-theoffset-valteswhich-arerepresented-by' f "
. _|The area with this pattern includes the anchor values, which are represented by " a ".
The value "i=f+a" shall satisfy -28<i < 30.

(see F.2)

Bytes 56 to 58: Top last pulse duration

The first 5 bits (bits b7 to bs) of these bytes specify the last pulse length of the multi-
pulse train, in the Extended N-1 write strategy, for recording Marks with run-lengths
3T, 4T and > 5T with a succeeding >5T Space (see Annex F).

These bytes shall specify a fraction of the actual Channel-bit clock period as an
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Byte 56:

Byte 57:

unsigned binary number d such that

Tip
d=32x (0 < d < 30).
TW

The last 3 bits (bits b, to bo) of these bytes shall be Reserved.

This byte shall specify the duration of the last pulse, of the multi-pulse train, for

recording Marks of run-length 3T (see Annex F).

This byte shall specify the duration of the last pulse, of the multi-pulse train, for

Byte 5§:

Byte 64

Byte 64:

Byte 61:

Byte 6§:

Byte 69:

recording iMarks or run-length 41 (see Annex F).

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

The first 6 bits (bits b7 to b,) of this byte shall specify the start time offset)of the pul
for recording Marks of run-length 2T with a preceding 2T Space anda succeedi
2T Space. In case this byte applies, the anchor position is specifiedin byte 43 (dT
for a 2T Mark with a preceding >5T Space and a succeeding 2T.Space).

The last 2 bits (bits by to bo) of this byte shall be Reserved-

The first 6 bits (bits b7 to b,) of this byte shall specify the“start time offset of the pul
for recording Marks of run-length 2T with a preceding 2T Space and a succeedi
>3T Space. In case this byte applies, the anchoer position is specified in byte
(dTwp for a 2T Mark with a preceding >5T Spateand a succeeding >3T Space).

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

The first 4 bits (bits b7 to ba) of this byte shall specify the start time offset of the fi
pulse of the multi-pulse train for recording Marks of run-length 3T with a precedi
2T Space. In case these bits (bits\b7 to bs) apply, the anchor position is specified
byte 45 (dTiwp for a 3T Mark with’a preceding >5T Space).

The last 4 bits (bits bs to bg), of this byte shall specify the start time offset of the fi
pulse of the multi-pulse train for recording Marks of run-length 4T with a precedi
2T Space. In case these bits (bits bs to bg) apply, the anchor position is specified
byte 46 (dT:wp for 84T Mark with a preceding >5T Space).

The first 4 bits_((bits b7 to b ) of this byte shall specify the start time offset of the fi
pulse of the{multi-pulse train for recording Marks of run-lengths >5T with a precedi
2T Space. Ih case these bits ( bits b7 to bs ) apply, the anchor position is specified
byte 47 (dTiwp for >5T Mark with a preceding >5T Space).

The,last 4 bits (bits bs to bg) of this byte shall specify the start time offset of the pul
forrecording Marks of run-length 2T with a preceding 3T Space and a succeeding
2T Space. In case these bits (bits bz to bo) apply, the anchor position is specified
byte 43 (dTwp for a 2T Mark with a preceding >5T Space and a succeeding
Space).

The first 4 bits (bits b7 to ba) of this byte shall specify the start time offset of the pu

for

Ist

ng
in

Ist

ng
in

[st

ng
in

Se
a
in
DT

se

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

Byte 70:

>3T Space. In case of these bits (bits b7 to bs) the anchor position is specified

g
in

byte 44 (dTwp for 2T Mark with a preceding >5T Space and a succeeding > 3T

Space).

The last 4 bits (bits b3 to bg) of this byte shall specify the start time offset of the fi
pulse of the multi-pulse train for recording Marks of run-length 3T with a precedi

rst
ng

3T Space. In case of these bits (bits bz to bo), the anchor position is specified in byte

45 (dTiop for 3T Mark with a preceding >5T Space).

The first 4 bits (bits b7 to bs) of this byte shall specify the start time offset of the fi
pulse of the multi-pulse train for recording Marks of run-length 4T with a precedi

rst
ng
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3T Space. In case these bits (bits b7 to bs) apply, the anchor position is specified in
byte 46 (dTwp for a 4T Mark with a preceding >5T Space).

The last 4 bits (bits b3 to bg) of this byte shall specify the start time offset of the first
pulse of the multi-pulse train for recording Marks of run-lengths >5T with a preceding
3T Space. In case these bits (bits bz to bo) apply, the anchor position is specified in
byte 47 (dTwp for a 25T Mark with a preceding >5T Space).

Byte 71: The first 4 bits (bits b7 to bs) of this byte shall specify the start time offset of the
pulse for recording Marks of run-length 2T with a preceding 4T Space and a
succeeding 2T Space In case these hits (hits by to by) apply the anchor position is
specified in byte 43 (dTwp for 2T Mark with a preceding >5T Spare and a
succeeding 2T Space).

The last 4 bits (bits bs to bo) of this byte shall specify the start timeoffset of the pulse
for recording Marks of run-length 2T with a preceding 4T Space and a sjicceeding
>3T Space. In case these bits (bits bs to bg) apply, the anchor position is specified in
byte 44 (dTwp for a 2T Mark with a preceding >5T Space and a succepding >3T
Space).

Byte 72: The first 4 bits (bits b to bs) of this byte shall specify the start time offset |of the first
pulse of the multi-pulse train for recording Marks of run-length 3T with a|preceding
4T Space. In case these bits (bits b7 to bs) @pply, the anchor position is specified in
byte 45 (dTwp for a 3T Mark with a preeeding >5T Space).

The last 4 bits (bits bs to bg) of this\byte shall specify the start-time offset jof the first
pulse of the multi-pulse train for récording Marks of run-length 4T with a [preceding
4T Space. In case these bits (bits bs to bg) apply, the anchor position is specified in
byte 46 (dTiwp for a 4T Markwith a preceding >5T Space).

Byte 73 (msb 4 bits):

The first 4 bits (bits-b7 to ba) of this byte shall specify the start-time offset jof the first
pulse of the multi-pulse train for recording Marks of run-lengths >5T with a|preceding
4T. In casethese bits (bits b7 to bs) apply, the anchor position is specified|in byte 47
(dTwop fora 25T Mark with a preceding >5T Space).

Bytes 73 (Isb 4 bits) and 74 t0,80: AT first-write-pulse duration offset

These bytes specify the duration offset of the first pulse of the multi-pulge train, in
the Extended N-1 write strategy, for recording Marks with run-lengths 2, 3T, 4T,
and >5T with a preceding 2T, 3T, or 4T Space (see Annex F).

These bytes shall specify a fraction of the actual Channel-bit clock pefiod, as a
signed two’s-complement binary number g, such that

AT

g=32x top
T

(-8<g<7).

W
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NOTE Trop

Mark

2M

Succeeding Space

Preceding Space

25 535 3M aMm >5M

ea denoted by " g " includes the offset values.

g

b

Byte 73: (Isb 4 bits):

Byte 74:

Byte 75:

hor values

The area with this pattern includes the offset values, which are represented by," g
The area with this pattern includes the anchor values, which are represented’by " b "
The value "j=g+b" shall satisfy 0 < j < 60.

(see F.2)

The last 4 bits (bits bs to bo) of this byte shall specify the duration offset of the pulse
for recording Marks of run-length 2T with a preceding 2T Space and a succeeding
2T Space (see Annex F). In case these ¢bits’ (bits bz to bg) apply, the anchor
duration time is specified in byte 48 (Tip for a 2T Mark with a preceding >5T Space
and a succeeding 2T Space).

The first 4 bits (bits b7 to ba) of thisMoyte shall specify the duration offset of the pulse
for recording Marks of run-length\2T with a preceding 2T Space and a succeeding
>3T Space (see Annex F). InZcase these bits (bits b7 to ba) apply, the anchor
duration time is specified in byte 49 (T for a 2T Mark with a preceding >5T Space
and a succeeding >3T.Space).

The last 4 bits (bits b3 to bg) of this byte shall specify the duration offset of the fist
pulse of the multi-pulse train for recording Marks of run-length 3T with a precedihg
2T Space (see Annex F). In case these bits (bits bz to bg) apply, the anchor
duration time is specified in byte 50 (Twp for a 3T Mark with a preceding >pT
Space).

The-first 4 bits (bits b7 to bs) of this byte shall specify the duration offset of the firgt
pulse of the multi-pulse train for recording Marks of run-length 4T with }

preceding 2T Space (see Annex F). In case these bits (bits b7 to ba) apply, th
anchor duration time is specified in byte 51 (T for a 4T Mark with a precedin
>5T Space).

The last 4 bits (bits bz to bo) of this byte shall specify the duration offset of the fifst
pulse of the multi-pulse train for recording Marks of run-lengths >5T with| a

Byte 76:

96

preceding 2T Space (see Annex F). In case these bits (bits bs to bo) apply, the
anchor duration time is specified in byte 52 (Tiwp for a 25T Mark with a preceding
>5T Space).

The first 4 bits (bits b7 to bs) of this byte shall specify the duration offset of the pulse
for recording Marks of run-length 2T with a preceding 3T Space and a succeeding
2T Space (see Annex F). In case these bits (bits b7y to bs) apply, the anchor
duration time is specified in byte 48 (Twp for 2T Mark with a preceding >5T Space
and a succeeding 2T Space).

The last 4 bits (bits bs to bo) of this byte shall specify the duration offset of the pulse
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for recording Marks of run-length 2T with a preceding 3T Space and a succeeding
>3T Space (see Annex F). In case these bits (bits bz to bo) apply, the anchor
duration time is specified in byte 49 (T for a 2T Mark with a preceding >5T Space
and a succeeding >3T Space).

Byte 77: The first 4 bits (bits b7 to ba) of this byte shall specify the duration offset of the first
pulse of the multi-pulse train for recording of Marks of run-length 3T with a
preceding 3T Space (see Annex F). In case these bits (bits b7 to bs) apply, the
anchor duration time is specified in byte 50 (T for 3T Mark with a preceding >5T

Snanal
TPTUCTYT

The last 4 bits (bits bz to bo) of this byte shall specify the duration offset of the first
pulse of the multi-pulse train for recording Marks of run-length 4T with a|preceding
3T Space (see Annex F). In case these bits (bits bz to hg) -apply, the anchor
duration time is specified in byte 51 (Twp for a 4T Mark with a preceding >5T
Space).

Byte 78: The first 4 bits (bits b7 to ba) of this byte shall specify’the duration offset pf the first
pulse of the multi-pulse train for recording Marks of run-lengths >%T with a
preceding 3T Space (see Annex F). In case these bits (bits b7 to bs) ppply, the
anchor duration time is specified in byte 52,(Twp for a >5T Mark with a [preceding
>5T Space).

The last 4 bits (bits bs to bo) of this byte shall specify the duration offset of the pulse
for recording Marks of run-length*2T with a preceding 4T Space and a sjcceeding
2T Space (see Annex F). In>case these bits (bits bs to bg) apply, the anchor
duration time is specified imbyte 48 (Tiwp for a 2T Mark with a preceding 35T Space
and a succeeding 2T Space).

Byte 79: The first 4 bits (bits b7 to bs) of this byte shall specify the duration offset of the pulse
for recording Marks of run-length 2T with a preceding 4T Space and a slcceeding
>3T Space.(See Annex F). In case these bits (bits b7 to bs) apply, the anchor
duration timé is specified in byte 49 (Top for a 2T Mark with a preceding 35T Space
and a succeeding >3T Space).

The-last 4 bits (bits bs to bo) of this byte shall specify the duration offset pf the first
pulse of the multi-pulse train for recording Marks of run-length 3T with a|preceding
AT Space (see Annex F). In case these bits (bits bs to bo) apply, tihe anchor
duration time is specified in byte 50 (Twp for a 3T Mark with a preceding >5T
Space).

Byte 80; The first 4 bits (bits b7 to bs) of this byte shall specify the duration offset pf the first
pulse of the multi-pulse train for recording Marks of run-length 4T with a|preceding

The last 4 bits (bits bs to bg) of this byte shall specify the duration offset of the first
pulse of the multi-pulse train for recording Marks of run-lengths >5T with a
preceding 4T Space.(see Annex F). In case these bits (bits bz to bo) apply, the
anchor duration time is specified in byte 52 (Tip for a 25T Mark with a preceding
>5T Space).

Bytes 81 to 84 and 85 (msb 4 bits):  AdT.p last pulse start time offset

These bytes specify the start time offset of the last pulse of the multi-pulse train, in
the Extended N-1 write strategy, for recording Marks with run-lengths 3T, 4T, and
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>5T with a succeeding 2T, 3T, or 4T Space (see Annex F).

The last pulse start time offset AdT.p is expressed as a fraction of the actual
Channel-bit clock period, as a signed two’s-complement binary number h, such that

AdT
h=32x (-8<h<7).
Tw
NOTE dT.p
Mark
Succeeding Space M an =oM
2S
3S h
4S
>5S - & |
This table|shows the dependence of the dT |, value for each Mark that is going to be written,
on the preceding and succeeding Spaces. The area denoted by " ¢ " accomodates the ancher values
and the afea denoted by " h " includes the offset values.
ih __|The area with this pattern includes the offset values, which are represented by " h .
" |'e " |The area with this pattern includes the anchor values; which are represented by " ¢ "
The value "r=h+c" shall satisfy -30 <r < 30.
(see F.2)

Byte 81: The first 4 bits (bits b7 to bs) of this:byte shall specify the start time offset of the last

pulse of the multi-pulse train for recording Marks of run-length 3T with a succeedihg
2T Space. In case these bits (hits' b7 to bs) apply, the anchor position is specified|in
byte 53 (dT.p for a 3T Mark with a succeeding >5T Space).
The last 4 bits (bits bs to be) of this byte shall specify the start time offset of the last
pulse of the multi-pulse train for recording Marks of a run-length 4T with| a
succeeding 2T Space: In case these bits (bits bs to bo) apply, the anchor position| is
specified in byte 54 (dT.p for a 4T Mark with a succeeding >5T Space).

Byte 84: The first 4 hits\(bits b7 to bs) of this byte shall specify the start time offset of the Iast

pulse of (the multi-pulse train for recording Marks of run-lengths >5T with| a
succeeding 2T Space. In case these bits (bits b7 to bs) apply, the anchor position| is
specified in byte 55 (dT.p for a >5T Mark with a succeeding >5T Space).
The'last 4 bits (bits bz to bg) of this byte shall specify the start time offset of the last
pulse of the multi-pulse train for recording Marks of run-length 3T with a succeeding
3T Space. In case these bits (bits bz to bo) apply, the anchor position is specified|in
byte 53 (dT.p for a 3T Mark with a succeeding >5T Space).

Byte 83: The first 4 bits (bits b7 to bs) of this byte shall specify the start time offset of the last

pulse of the multi-pulse train for recording Marks of run-length 4T with a succeeding
3T Space. Tn case these bits (bits b7 to bs) apply, the anchor position Is specified in
byte 54 (dT.p for 4T Mark with a succeeding >5T Space).
The last 4 bits (bits bs to bo) of this byte shall specify the start time offset of the last
pulse of the multi-pulse train for recording Marks of run-lengths >5T with a
succeeding 3T Space. In case these hits (bits bs to bg) apply, the anchor position is
specified in byte 55 (dT.p for a >5T Mark with a succeeding >5T Space).

Byte 84: The first 4 bits (bits b7 to bs) of this byte shall specify the start time offset of the last

98

pulse of the multi-pulse train for recording Marks of run-length 3T with a succeeding
4T Space. In case these bits (bits b7 to bs) apply, the anchor position is specified in
byte 53 (dT.pr for a 3T Mark with a succeeding >5T Space).
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The last 4 bits (bits bs to bo) of this byte shall specify the start time offset of the last

pulse of the multi-pulse train for recording of Marks of run-length 4T

with a

succeeding 4T Space. In case these bits (bits bz to bo) apply, the anchor position is

specified in byte 54 (dT.p for 4T Mark with a succeeding >5T Space).
Byte 85 (msb 4 bits):

The first 4 bits (bits b7 to ba) of this byte shall specify the start time offset of the last

pulse of the multi-pulse train for recording Marks of run-lengths >5T

with a

cticcaadina 4T - Snaca ln caca thaca hite (hite ho 1o h )\ annh; tha anchaor OSItlon |S
T —rt tHESE-—PS(BHrS—1B7 PPy tHEe—aHeHOT

By

vvvvvvvvvv 9 154 to—1Io7y)

specified in byte 55 (dT.p for > a 5T Mark with a succeeding >5T Spacg){

tes 85 (Isb 4 bits) and 86 to 89:  AT.p last pulse duration offset

These bytes specify the duration offset for the last pulse)length of the multi-pulse
train, in the Extended N-1 write strategy, for recording Marks with run-lgngths 3T,

4T, and >5T with a succeeding 2T, 3T, or 4T Space.(Sée Annex F).

This byte shall specify a fraction of the actual Channel-bit clock period, a$ a signed

two’s-complement binary number v, such that

ATLP
v=32Xx—— (-8<v<7).
Tw
NOTE T
Mark
3M 4M 25M

Succeeding Space

2S

3S

4S

TS —

0]

al

TE[is table shows the dependence_of the T value for each Mark that is going to be written,

the preceding and succeeding Spaces. The area denoted by " d " accomodates the anchor values
d the area denoted by " v \_includes the offset values.

~IThe area with this pattern includes the offset values, which are represented by | v

The value "s=v+d" shall satisfy 0 <s < 30.

(see F.2)

Byte 85 (Isb 4 bits):

_|The area with this pattern includes the anchor values, which are represented by|"d ".

The last 4 bits (bits bz to bo) of this byte shall specify the duration offset of the last
pulse of the multi-pulse train for recording Marks of run-length 3T with a succeeding
2T Space (see Annex F). In case these bits (bits b3 to bg) apply, the anchor duration

time is specified in byte 56 (T.p for a 3T Mark with a succeeding >5T Space).

Byte 86: The first 4 bits (bits by to ba) of this byte shall specify the duration offset of the last
pulse of the multi-pulse train for recording Marks of run-length 4T with a succeeding
2T Space (see Annex F). In case these bits (bits b; to bs) apply, the anchor duration

time is specified in byte 57 (T.p for a 4T Mark with a succeeding >5T Space).
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Byte 87:

Byte 8§:

Byte 89

Bytes 90 to 97 and 98 (msb 4 bits):

The last 4 bits (bits bz to bo) of this byte shall specify the duration offset of the last
pulse of the multi-pulse train for recording Marks of run-lengths >5T with a
succeeding 2T Space (see Annex F). In case these bits (bits bs to bo) apply, the

anchor duration time is specified in byte 58 (T.p for 25T Mark with a succeeding >5T

Space).

The first 4 bits (bits b7 to bs) of this byte shall specify the duration offset of the last

pulse of the multi-pulse train for recording Marks of run-length 3T with a succeedi
3T Space (see Annex F). In case these bits (bits b7 to bs) apply, the anchor durati

The last 4 bits (bits bz to bg) of this byte shall specify the duration offset of thel
pulse of the multi-pulse train for recording Marks of run-length 4T that™with
succeeding 3T Space (see Annex F). In case these bits (bits bz to bg) .apply,
anchor duration time is specified in byte 57 (T.p for a 4T Mark with @, Succeedi
>5T Space).

ng
on

st
a

ng

The first 4 bits (bits b7 to ba) of this byte shall specify the duration’offset of the last

pulse of the multi-pulse train for recording Marks of run-lengths >5T with

a

succeeding 3T Space (see Annex F). In case these bits_(bits b; to bs) apply, the

anchor duration time is specified in byte 58 (T.p for a 25T Mark with a succeedi
>5T Space).

ng

The last 4 bits (bits bs to bg) of this byte shall specify the duration offset of the last

pulse of the multi-pulse train for recording Marks©of run-length 3T with a succeedi
4T Space (see Annex F). In case these bits (bits’bs to bo) apply, the anchor durati
time is specified in byte 56 (T.p for a 3T Mark with a succeeding >5T Space).

ng
pn

The first 4 bits (bits b7 to ba) of this byte“shall specify the duration offset of the Iast

pulse of the multi-pulse train for recarding Marks of run-length 4T with a succeedi
4T Space (see Annex F). In case.these bits (bits b to ba) apply, the anchor durati
time is specified in byte 57 (Tep(for a 4T Mark with a succeeding >5T Space).

ng
ol

The last 4 bits (bits bs to he) Of this byte shall specify the duration offset of the last

pulse of the multi-pulse™train for recording Marks of run-lengths >5T with

a

succeeding 4T Space((see Annex F). In case these bits (bits bs to bg) apply, the

anchor duration timeyis specified in byte 58 (T p for a >5T Mark with a succeedi
>5T Space).

AdTe start time offset of the erase level

These-bytes specify the start time offset of the erase level, in the Extended N-1 wr
sttategy, for recording Marks with run-lengths 2T, 3T, 4T, and >5T with a succeedi
2T, 3T, or >4T Space (positive values are leading, negative values are lagging; se
Annex F).

The start time offset of the erase level AdTe is expressed as a fraction of the actua
Channel-bit clock period, as a signed two’s-complement binary number w, such th

ng

100

AT
w =32 X E

(=24 < w < 15). for Byte 90 and 91,
Tw
N AdTtop

Tw

w =32

(-8<w < 7) for Byte 92 to 97 and 98 (MSB 4bits).
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Mark

2M

Preceding Space

Succeeding Space

25 535 3M am >5M

2S

3S

4S

w

>5S8

e

This table shows the dependence of the dT ¢ value for each Mark that is going to be written,

o the preceding and SUcceeding Spaces. The area denoted by - € - accomodates the anchor values
and the area denoted by "w " includes the offset values.

W
e

Byte 90:

Byte 91:

Byte 92:

Byte 93:

The area with this pattern includes the offset values, which are represented by ‘| w
The area with this pattern includes the anchor values, which are représented by|" e "
The value "u=w +e " shall satisfy -48 < u < 30.

(see F.2)

The first 6 bits (bits b7 to b2) of this byte shall specify the start time ofiset of the
erase level for recording Marks of run-length 2T . with a succeeding 2T Spjace and a
preceding 2T Space. In case this byte applies, the anchor position is specified in
byte 59 (dTe for a 2T Mark with a preceding 2T Space and a succe¢ding >5T
Space).

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

The first 6 bits (bits b7 to b2) of.this byte shall specify the start time ofiset of the
erase level for recording Marks,of run-length 2T with a succeeding 2T Spjace and a
preceding >3T Space. In case this byte applies, the anchor position is specified in
byte 60 (dTe for a 2T Mark with a preceding >3T Space and a succegding >5T
Space).

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

The first 4 bits™(bits b7 to bs) of this byte shall specify the start time offset of the
erase level-ofithe multi-pulse train for recording Marks of run-length BT with a
succeeding-2T Space. In case these bits (bits b7 to bs) apply, the anchor |position is
specified.in byte 61 (dTe for a 3T Mark with a succeeding >5T Space).
Thellast 4 bits (bits bs to bo) of this byte shall specify the start time ofiset of the
succeeding erase level of the multi-pulse train for recording Marks of runtlength 4T
with a 2T Space. In case these bits (bits bs to bo) apply, the anchor position is
specified in byte 62 (dTe for a 4T Mark with a succeeding >5T Space).

The first 4 bits (bits b7 to ba) of this byte shall specify the start time offset of the
erase level of the multi-pulse train for recording Marks of run-lengths 35T with a
succeeding 2T Space. In case these bits (bits b7 to bs) apply, the anchor jposition is
specified in byte 63 (dTe for a 25T Mark with a succeeding >5T Space).

The last 4 bits (bits bs to bo) of this byte shall specify the start time offset of the erase
level for recording Marks of run-length 2T with a succeeding 3T Spdce and a

Byte 94:

preceding 2T Space. In case these bits (bits bz to bo) apply, the anchor position is
specified in byte 59 (dTe for a 2T Mark with a preceding 2T Space and a succeeding
>5T Space).

The first 4 bits (bits b7 to ba) of this byte shall specify the start time offset of the
erase level for recording of Marks of run-length 2T with a succeeding 3T Space and
a preceding >3T Space. In case these bits (bits b7 to bs) apply, the anchor position is
specified in byte 60 (dTe for 2T Mark with a succeeding >5T Space and a preceding
>3T Space).

The last 4 bits (bits bs to bo) of this byte shall specify the start time offset of the erase
level of the multi-pulse train for recording Marks of run-length 3T with a succeeding
3T Space. In case these bits (bits bs to bo) apply, the anchor position is specified in
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Byte 95:

byte 61 (dTe for a 3T Mark with a succeeding >5T Space).

The first 4 bits (bits b7 to ba) of this byte shall specify the start time offset of t
erase level of the multi-pulse train for recording Marks of run-length 4T with
succeeding 3T Space. In case these bits (bits b7 to ba) apply, the anchor position
specified in byte 62 (dTe for a 4T Mark with a succeeding >5T Space).

The last 4 bits (bits bs to bo) of this byte shall specify the start time offset of the era

level of the multi-pulse train for recording Marks of run-lengths >5T with
succeeding 3T Space. In case these bits (bits bs to bo) apply, the anchor position

he
a
is

se
a
is

Byte 9§:

Byte 97:

Byte 94

Byte 98:

Byte 99:

Bytes 10d

(msb 4 bits):

sb 4 bits):

toA14: DI Unit footer

specifiedmbyte 63{dTe for = a 5T Mark wittra succeeding =51 Space):

The first 4 bits (bits b7 to ba) of this byte shall specify the start time offset of t
erase level for recording Marks of run-length 2T with a succeeding 4T Space’and

preceding 2T Space. In case these bits (bits b7 to bs) apply, the anchoérposition| i

specified in byte 59 (dTe for a 2T Mark with a succeeding >5ThSpace and
preceding 2T Space).

The last 4 bits (bits bs to bo) of this byte shall specify the start time offset of the era
level for recording Marks of run-length 2T with a succeeding.47and a preceding >
Space. In case these bits (bits bz to bo) apply, the anchorpaesition is specified in by
60 (dTe for a 2T Mark with a preceding >3T Space and @-succeeding >5T Space).

The first 4 bits (bits b7 to ba) of this byte shall specify the start time offset of t
erase level of the multi-pulse train for recording Marks of run-length 3T with
succeeding 4T Space. In case these bits (bits'b7 to bs) apply, the anchor position
specified in byte 61 (dTe for a 3T Mark with\a'succeeding >5T Space).

The last 4 bits (bits bs to bo) of this byte shall specify the start time offset of the era
level of the multi-pulse train for recording Marks of run-length 4T with a succeedi
4T Space. In case these bits (bits ba\to bo) apply, the anchor position is specified
byte 62 (dTe for a 4T Mark with asucceeding >5T Space).

he
a

a

se
BT
te

he

S

ng
in

The first 4 bits (bits-b7,to ba) of this byte shall specify the start time offset of the

erase level of the(multi-pulse train for recording Marks of run-lengths >5T with
succeeding 4T Space. In case these bits (bits b7 to bs) apply, the anchor position
specified in byte 63 (dTe for a >5T Mark with a succeeding >5T Space).

Reserved
Theése bits shall be set to 0000.

Reserved
This byte shall be set to 00h.

a
S

102

See 15.8.3.2.
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15.8.3.4 Definitions for DI format 5 (Extended N/2 write strategy)

ISO/IEC 30193:2016(E)

The content of the body of DI Units according to format 5 shall be as depicted in Figure 78.

Byte number Content Number of
bytes
Oto7 DI-Unit header 8
810 10 BD Layer-Type identifier 3
11 Disk size/Class/Version 1
12 BD structure gl
13 Channel-bit length 1
14 Push-Pull polarity flag bits 1
15 Recorded mark polarity flag bits 1
16 BCA descriptor 1
17to 18 Reserved 2
19 to 26 Data-Zone allocation 8
27 Reserved 1
2810 29 Recording Velocity 2
30 Maximum dc read powers 1
31 Maximum HF-modulated read powers 1
32 Reserved 1
33to 41 Write-power settings 9
42 Twve write multi-pulse duration 1
43 to 47 dTwop first-write-pulse start time g
48 to 52 Trop first-write-pulse duration g
53 to 54 dT.e last write pulse starttime 2
55 to 56 Tip last pulse duratiop 2
57 to 61 dTe start time of the erase level 5
62 Reserved 1
63to 70 and 71 | AdTuop first-write-pulse start time offset 8,b
(msb 4 bits)
71 (Isb 4 bits) ATrop first=write-pulse duration offset 7.6
and 72to 78
7910 81 AdT1r last pulse start time offset 3
8210 84 AT.p last pulse duration offset 3
85 to 92 and@3 7| AdTE start time offset of the erase level 8,p
(msb 4 bits)
93 (Isb4bits) | Reserved 0,p
9410 99 Reserved 6
100 to 111 DI Unit footer 12
Figure 78 — Content of Disk Information for DI format 5
Bytes O to 1: Disk-Information identifier
See 15.8.3.2.
Byte 2: DI-Format Number

This byte shall be set to 05h for the disks with BCA code.

This byte shall be set to 85h for the disks without BCA code.
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Byte 3:

Byte 4:

Byte 5:

Byte 6:

Number of DI Aux Frames in each DI Block/Number of the layer to which this
DI Unit applies
See 15.8.3.2.

Reserved
See 15.8.3.2.

DI-Unit sequence number in DI Block
See 15.8.3.2.

Continuation flag/Number of DI bytes in use in this DI Unit

Byte 7:

Bytes 8 tq

Byte 11:
Bits by
Bits bs

Bits bz

Byte 1’
Bits by

Bits bs

Byte 13:
Bits b,

10:

(0] beZ

0 ba:

(0] boZ

0 ba:

(0] boZ

0 ba:

This byte shall be set to 5Eh indicating that the first 94 bytes of the DI Unit are use
and that there is no continuation in the next DI Unit. All remaining bytes of the-D1
Unit body (excluding the bytes in the DI Unit footer) are unused and shall be set to
00h.

Reserved
See 15.8.3.2.

BD Layer-Type identifier

These three bytes identify the type of the BD Layer to which this DI Unit applies an
shall be set to 42 44 57h, representing the characters “BDW” in each Rewritable
Layer.

Disk size/Class/Version
These 2 bits specify the disk size. They shall be set to 00, indicating a 120 mm dis

These 2 bits specify the Class number, The Class number identifies BD Layers
the same Layer Type but with different basic specifications.

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

Drives not familiar with a particular Class of layers should not access the Data Zo
of such layers (neither for.reading, nor for writing).

These 4 bits specify,'the Version number. They shall be set to 0011, indicating
layer according,to this International Standard.

BD structute

These@ bits specify the total number of BD Recording/Recorded Layers on the di
Thesebits shall be set to 0011, indicating 3 Recording Layers.

These 4 bits specify the type of BD Recording/Recorded Layer to which this DI U
applies: Bits bs to b shall be set to 0100, indicating a rewritable Recording Layer.

Channel-bit length
These 4 bits shall be set to 0000.

of

5K .

nit

Bits b3

Byte 14:
Bit bi :

104

\o v om

Thaoc bitccn Wtk a4 atlh ool balll o a0 B
Frese4-bitsspeeify-the-mat ength—which-shalt-be-the-same-on
all BD Recording Layers.

They shall be set to

0000, Reserved,

0101, indicating a Channel-bit length of 55,87 nm (33,4 GB per layer),

Others: Reserved.
Push-Pull polarity flag bits

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

ZERO, indicating that the Push-Pull polarity on Layer Li is positive,

Li
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ONE, indicating that the Push-Pull polarity on Layer Li is negative.
For Recording Layers that are not present, bit b shall be set to ZERO.

For this International Standard, this byte shall be set to 00h.

Byte 15: Recorded Mark polarity flag bits
Bit b; : Each bit bi shall specify the polarity of Recorded Marks on Recording Layer Li.
They shall be set to
ZERQ_indicatinga Layer Type on which Recorded Marks have a lower reflectivity
than the Unrecorded Layer (HTL disks),
ONE, indicating a Layer Type on which Recorded Marks have aigher [reflectivity
than the Unrecorded Layer.
For Recording Layers that are not present, bit bi shall be set to.ZERO.
For this International Standard, this byte shall be set to Q0h.
Byte 16: BCA descriptor
Bits b7 to ba: These 4 bits shall be Reserved.
Bits b3 to bo: These 4 bits indicate the presence of a BCA.¢ode on this disk:

Bytes 17 to 18:

Bytes 19 to 26:
Bytes 19 to 22:

Bytes 23 to 26:

They shall be set to
0000: indicating no BCA code,
0001: indicating BCA code is‘present,

Others: Reserved.

Reserved
These bytes shall be set to all 00h.

Data-Zone allocation

These bytes shall specify the first Physical ADIP Address of the Data Zgne of the
related layer.

In each DI Unit relating to Layer LO, these bytes shall be set to 00 J2 00 00h
indicating PAA 131 072 as the first PAA of Data Zone 0.

In each DI Unit relating to Layer L1, these bytes shall be set to a value FAA, which
shall be 00 5E EC 80h for a disk with a User-Data capacity of 33,4 GB|per layer,
indicating PAA 6 220 928 for 33,4 GB per layer as the first PAA of the Data Zone 1.

In each DI Unit relating to Layer L2, these bytes shall be set to 00 §2 00 00h
indicating PAA 8 519 680 as the first PAA of the Data Zone 2.

These bytes shall specify the last Physical ADIP Address of the Data Z¢ne of the

related laver
2

In each DI Unit relating to Layer LO, these bytes shall be set to a value LAA, which
shall be 00 21 13 7Eh for a disk with a User-Data capacity of 33,4 GB per layer,
indicating PAA 2 167 678 for 33,4 GB per layer as the last PAA of the Data Zone 0.

In each DI Unit relating to Layer L1, these bytes shall be set to 00 7D FF FEh
indicating PAA 8 257 534 as the last PAA of the Data Zone 1.

In each DI Unit relating to Layer L2, these bytes shall be set to the value LAA + 00
80 00 00h, which shall be 00 A1 13 7E h for a disk with a User Data capacity of 33,4
GB per layer, indicating PAA 10 556 286 for 33,4 GB per layer as the last PAA of the
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Byte 27:

Bytes 28 to 29:
Bytes 28 to 29:

Byte 30:

- - - " tot : -

Data Zone 2.

Reserved
This byte shall be set to 00h.
Recording Velocity

These bytes shall specify the Nominal Recording Velocity, to be used with the
parameters as defined in this DI unit, as a 2-byte binary number (byte 28 is MSB).

n = 100 X Vnom.
Here, n shall be equal to

02 E2h to indicate a Nominal Recording Velocity of 7,38 m/s.
Maximum dc read power at the Nominal Recording Velocity,

The maximum read power is defined as the maximum optical{power to which this DI
Unit applies on the Entrance surface of the disk, at which at least 10® successive
reads can be applied without degrading the recorded.signals (see 30.7). Maximyim
read powers in this Clause shall be greater than or egual to the read powers defined
in 30.7. By default, the powers defined in 30.7 shall be used.

This byte shall specify the dc read power/Prvat a readout velocity equal to riwe
Nominal Recording Velocity defined in byteés 28 and 29 of this DI Unit. The decimal
expression of this byte is:

n =100 x P.. , where P, is given in milliwatts.

NOTE For reading at lower speeds than the nominalsvelocity specified in this DI Unit, a reduction of the

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

Byte 31:

Maximum HF-modulated read powers at the Nominal Recording Velocity

The maximum read poewer is defined as the maximum optical power to which this D
Unit applies on the Entrance surface of the disk, at which at least 106 successive

reads can be applied without degrading the recorded signals (see 30.7). Maximum
read powers.in this Clause shall be greater than or equal to the read powers defingd
in 30.7, By-default, the powers defined in 30.7 shall be used.

This“byte shall specify the maximum HF-modulated read power P;. at a readgut
veélocity equal to the Nominal Recording Velocity defined in byte 28 and 29 of this DI
Unit. The decimal expression of this byte is:

n =100 x P;.., where P,. is given in milliwatts.

NOTE For reading at lower speeds than the nominal velocity specified in this DI Unit, a reduction of the

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

Byte 32:

Bytes 33to 41:
Bytes 33 to 34:

106

Reserved
This byte shall be set to 00h.

Write-power settings

Pivo: Pino can be used as a starting value for the determination of Prarger in the OPC
procedure (see Annex G).

These bytes shall specify the indicative value Pinp Of Prarget in milliwatts, as a number
n such that

n =20 x P\p.

where bit b7 of Byte 33 is the MSB and bit by of Byte 34 is the LSB.

© ISO/IEC 2016 — All rights reserved


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

Byte 35:
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Mino: Minp €an be used as a starting value for the determination of Prarget in the OPC
procedure (see Annex G).

This byte shall specify the modulation at Pinp as determined by the media
manufacturer as a number n such that
n =200 x minp.

p: This byte shall specify the write-power multiplication factor p used in the OPC
algorithm (see Annex G) as a number n such that
n =100 x p.

Byte 37:

Byte 38:

Byte 39:

Byte 40:

Byte 41:
Byte 42:

Bytes 43 to 61

Bytes’43 to 47:

gsw: This byte shall specify the write-bias/write-peak power ratio egw used, |n the
OPC algorithm (see Annex G) as a number n such that
n =200 X&gw.

&c: This byte shall specify the cooling/write-peak power ratio gc tsed in thef OPC
algorithm (see Annex G) as a number n such that
n =200 x &c.

&e: This byte shall specify the erase/write-peak powenratio g used in the QPC
algorithm (see Annex G) as a number n such that
n =200 x &¢.

k. This byte shall specify the target value for k used in the OPC procedurg (see
Annex G) as a number n such that
n =20 x K.

This byte shall be Reserved.
Twvp write multi-pulse duration

This byte specifies the duration of the second and subsequent pulses of the multi-
pulse train, in the Extended N/2 write strategy, for recording Marks (see Arjnex F).

The first 6 bits (hits b7 to b,) of this byte shall specify the fraction of the acttyial
Channel-bitclock period, as an unsigned binary number p, such that

p=32><¥ (0<p<62).

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

In these bytes, Anchor position or duration time is defined for dTiop, Thop. dTLp.
Tip.and dTe

Anchor position means the leading edge position of each write pulse (see
Figure F.3). Regarding the duration time, Anchor is specified in a similar way.

dTiop first-write-pulse start time

The first 6 bits (bits b7 to b,) of these bytes specify the start time of the first pulse, of
the multi-pulse train, in the Extended N/2 write strategy, for recording of Marks with
run-lengths 2T, 3T, [4T,6T,8T], and [5T,7T,9T] with a preceding >5T Space (positive
values are leading, negative values are lagging; see Annex F).

The first-pulse start time dTip is expressed as a fraction of the actual Channel-bit
clock period, as a signed two’s-complement binary number a, such that

dTtop

a=32x (-32 < a < 30).

w
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Byte 43:

Byte 44:

The last 2 bits (bits by to bo) of these bytes shall be Reserved.

This byte shall specify the start time of the pulse for recording Marks of run-length
2T with a succeeding 2T Space, relative to the trailing edge of the first Channel bit of
the data pulse (positive values are leading, negative values are lagging; see

Annex F).

This byte shall specify the start time of the pulse for recording Marks of run-length
2T with a succeeding >3T Space, relative to the trailing edge of the first Channel bit
of the data pulse (positive values are leading, negative values are lagging; see

Byte 45:

Byte 4§

Byte 47:

Bytes 48 o 52:

Byte 4§:

Byte 49:

ANNEX F).

This byte shall specify the start time of the first pulse, of the multi-pulse train¢for
recording Marks of run-length 3T, relative to the trailing edge of the first Channel b
of the data pulse (positive values are leading, negative values are lagging; see
Annex F).

—

This byte shall specify the start time of the first pulse, of the multijpulse train, for
recording Marks of run-lengths [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 Annex F).

This byte shall specify the start time of the first pulse-of the multi-pulse train for
recording Marks of run-lengths [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 Annex F).

Tiop first-write-pulse duration

The first 7 bits (bits b7 to b;) of these bytes specify the duration of the first pulse of
the multi-pulse train, in the Exteaded N/2 write strategy, for recording Marks with
run-lengths 2T, 3T, [4T, 6T8T], and [5T, 7T, 9T] with a preceding > T Space (see
Annex F).

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

B
b = 32(% fop

0<b<92).
T ( )

Theast bit (bit bo) of these bytes shall be Reserved.

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

This byte shall specify the duration of the pulse for recording Marks of run-length 2T
with a succeeding >3T Space (see Annex F).

Byte 50:

Byte 51:

Byte 52:

Bytes 53 to 54:

108

Thisbytestattspecify theduratiormof thefirst putse; of themmott=potse-trai, for
recording Marks of run-length 3T (see Annex F).

This byte shall specify the duration of the first pulse, of the multi-pulse train, for
recording Marks of run-lengths [4T, 6T, 8T] (see Annex F).

This byte shall specify the duration of the first pulse, of the multi-pulse train, for
recording Marks of run-lengths [5T, 7T, 9T] (see Annex F).

dT.p last write pulse start time

The first 6 bits (bits by to b,) of these bytes specify the start time of the last pulse of
the multi-pulse train, in the Extended N/2 write strategy, for recording Marks with
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run-lengths [4T, 6T, 8T] and [5T, 7T, 9T] with a succeeding >5T Space (positive
values are leading, negative values are lagging; see Annex F).

The last-pulse start time dT_p is expressed as a fraction of the actual Channel-bit
clock period, as a signed two’s-complement binary number c, such that

dTLp
c=32x

(30 < ¢ < 30).
TW

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

Byte 53: This byte shall specify the start time of the last pulse of the multi-pulse traij\ for
recording Marks of run-lengths [4T, 6T, 8T] relative to the leading edge of the last
Channel bit of the data pulse (positive values are leading, negative values pre
lagging; see Annex F).

Byte 54: This byte shall specify the start time of the last pulse of the ’multi-pulse train for
recording Marks of run-lengths [5T, 7T, 9T] relative to the leading edge of the last
Channel bit of the data pulse (positive values are leading, negative values pre
lagging; see Annex F).

Bytes 55 to 56: T.p last pulse duration

The first 6 bits (bits b7 to b,) of these bytés specify the last-pulse length, of|the
multi-pulse train, in the Extended N/2/write strategy, for recording Marks with run-
lengths [4T,6T,8T] and [5T,7T,9T] with a succeeding > 5T Space (see Anngx F).

These bytes shall specify a fraction of the actual Channel-bit clock period, ps an
unsigned binary number d, sdch that

Tip
d=32x —/— (0<d <£62).
Tw
The last 2 bits (hits by to bo) of these bytes shall be Reserved.

Byte 55: This byte shall specify the duration of the last pulse, of the multi-pulse trair|, for
recording Marks of run-lengths [4T, 6T, 8T] (see Annex F).

Byte 56: Thisbyte shall specify the duration of the last pulse, of the multi-pulse trair|, for
recording Marks of run-lengths [5T, 7T, 9T] (see Annex F).

Bytes 57 to 61: dTe start time of the erase level

The first 7 bits (bits b7 to b1) of these bytes specify the start time of the erase level,

in the Extended N/2 write strategy, for recording Marks with run-lengths 2T], 3T, [4T,
6T, 8T], and [5T, 7T, 9T] with a succeeding >5T Space (positive values arg leading,
negative values are lagging; see Annex F).

e=232x (-62 < e <30).
Tw

The last bit (bit bo) of these bytes shall be Reserved.

Byte 57: This byte shall specify the start time of the erase level for recording Marks of run-
length 2T with a preceding 2T Space, relative to the trailing edge of the last Channel
bit of the data pulse (positive values are leading, negative values are lagging; see
Annex F).
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Byte 58: This byte shall specify the start time of the erase level for recording Marks of run-
length 2T with a preceding 23T Space, relative to the trailing edge of the last
Channel bit of the data pulse (positive values are leading, negative values are
lagging; see Annex F).

Byte 59: This byte shall specify the start time of the erase level, of the multi-pulse train, for
recording Marks of run-length 3T, relative to the trailing edge of the last Channel bit
of the data pulse (positive values are leading, negative values are lagging; see
Annex F).

Byte 6@ ThiS Dyte shall Specify the start ime of the erase level, 01 the mult-pulse train, 107
recording Marks of run-lengths [4T, 6T, 8T], relative to the trailing edge of the last
Channel bit of the data pulse (positive values are leading, negative values are
lagging; see Annex F).

Byte 61: This byte shall specify the start time of the erase level, of the multi-pulse train, for
recording Marks of run-lengths [5T, 7T, 9T], relative to the trailing edge of the last
Channel bit of the data pulse (positive values are leading, negative values are
lagging; see Annex F).

Byte 62: Reserved
This byte shall be set to 00h.

Bytes €3 to 93 In these bytes, A is defined as the offset fromy'the’anchor position or duration time
which is specified from bytes 43 to 61.

Offset means the time difference from the' Anchor position. Regarding the duration
time, Offset is specified in a similarway (see Figure F.3).

Bytes 63 1o 70 and 71 (msb 4 bits): AdTwp first-writespulse start time offset

These bytes specify the leading edge offset of the first pulse of the multi-pulse trai
in the Extended N/2 write strategy, for recording Marks with run-lengths 2T, 3T, [4]
6T, 8T], and [5T, 7T~9F] with a preceding 2T, 3T, or 4T Space (see Annex F).

1 =

The first pulse start time offset AdTop IS expressed as a fraction of the actual
Channel bit cloek period, as a signed two’s-complement binary number f, such that

AdT

f=829%x— P (_32 <f<30). for Byte 63 and 64,
TW
AdT,
f=32x (-8 <f<7). for Byte 65 to 70 and 71 (msb 4bits).
T
W
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NOTE

thop

ISO/IEC 30193:2016(E)

Mark

2M

Succeeding Space

Preceding Space

oS 53s 3M 4,6,8M 5,7,9M

2S

3S

45

>5S

a

This table shows the dependence of the dT,,, value for each Mark that is going to be written,

0]
al

!

the preceding and succeeding Spaces. The area denoted by " a " accomodates the anchor values
d the area denoted by " f " includes the offset values.

f

a

Byte 63:

Byte 64:

Byte 65:

Byte 66:

—

The area with this pattern includes the offset values, which are represented by
The area with this pattern includes the anchor values, which are represented by
The value "i=f+a" shall satisfy -28 <i < 30.

(see F.3)

The first 6 bits (bits b7 to b,) of this byte shall specify the start time offset of the pulse
for recording Marks of run-length 2T with a precéding 2T Space and a suc¢eeding

2T Space. In case this byte applies, the anchor position is specified in byte[ 43 (dTiop
for a 2T Mark with a preceding >5T Space and a succeeding 2T Space).

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

The first 6 bits (bits b7 to by) ofithis byte shall specify the start-time offset of the pulse
for recording Marks of run-length 2T with a preceding 2T Space and a suc¢eeding
>3T Space. In case this/byte applies, the anchor position is specified in byte 44
(dTrwop for a 2T Mark with a preceding >5T Space and a succeeding >3T Sgace).

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

The first 4 pits.(bits b7 to bs) of this byte shall specify the start time offset of the first
pulse of the multi-pulse train for recording Marks of run-length 3T with a preceding
2T Spaee. In case these bits (bits b to ba) apply, the anchor position is specified in
byte 45 (dTop for a 3T Mark with a preceding >5T Space).

The last 4 bits (bits bs to bo) of this byte shall specify the start time offset of the first
pulse, of the multi-pulse train, for recording Marks of run-lengths [4T, 6T, 8[T] with a
preceding 2T Space. In case these bits (bits bz to bg) apply, the anchor pogition is
specified in byte 46 (dTp for a [4T, 6T, 8T] Mark with a preceding >5T Space).

The first 4 bits (bits b7 to ba) of this byte shall specify the start-time offset of the first
pulse of the multi-pulse train for recording Marks of run-lengths [5T, 7T, 9T] with a
preceding 2T Space. In case these bits (bits b7 to bs) apply, the anchor pogition is

Byte 67:

Speciied i byte 47 (dTwp TOT @[5 1, 71, 91] mark with a preceding =51 _space).

The last 4 bits (bits bz to bo) of this byte shall specify the start-time offset of the pulse
for recording Marks of run-length 2T with a preceding 3T Space and a succeeding a
2T Space. In case these bits (bits bz to bo) apply, the anchor position is specified in
byte 43 (dTiwp for a 2T Mark with a preceding >5T Space and a succeeding 2T
Space).

The first 4 bits (bits b7 to ba) of this byte shall specify the start-time offset of the pulse
for recording Marks of run-length 2T with a preceding 3T Space and a succeeding
>3T Space. In case these bits (bits b7 to ba) apply, the anchor position is specified in
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Byte 68:

byte 44 (dTp for a 2T Mark with a preceding >5T Space and a succeeding >3T
Space).

The last 4 bits (bits bs to bo) of this byte shall specify the start-time offset of the first
pulse, of the multi-pulse train, for recording Marks of run-length 3T with a preceding
3T Space. In case these bits (bits bs to bo) apply, the anchor position is specified in
byte 45 (dT:wp for a 3T Mark with a preceding >5T Space).

The first 4 bits (bits b7 to bys) of this byte shall specify the start-time offset of the first

pulse, of the multi-pulse train, for recording Marks of run-lengths [4T, 6T, 8T] with

Byte 69

Byte 7Q:

Byte 71

(msb 4 bits):

preceding sI Space. In case these Dbits (bits b7 to D4) apply, the anchor position
specified in byte 46 (dTwp for a [4T, 6T, 8T] mark with a preceding >5T Space):

a
S

The last 4 bits (bits bs to bg) of this byte shall specify the start-time offset*of’the first

pulse, of the multi-pulse train, for recording Marks of run-length [5T, 71, 9T] with
preceding 3T Space. In case these bits (bits bs to bg) apply, the anchor position
specified in byte 47 (dTp for a [ST, 7T, 9T] Mark with a preceding >5T Space).

The first 4 bits (bits b7 to ba) of this byte shall specify the star:time offset of the
pulse for recording Marks of run-length 2T with a preceding 4T Space and a
succeeding 2T Space. In case these bits (bits b7 to hs)\apply, the anchor position
specified in byte 43 (dTp for a 2T Mark with a preceding >5T Space and a
succeeding 2T Space).

[

S

The last 4 bits (bits bz to bo) of this byte shall specify the start-time offset of the pulse

for recording Marks of run-length 2T with:a)preceding 4T Space and a succeeding

>3T Space. In case these bits (bits bs.to'bo) apply, the anchor position is specified jn

byte 44 (dT.p for a 2T Mark with a,preceding >5T Space and a succeeding >3T
Space).

The first 4 bits (bits b7 to ba),of this byte shall specify the start-time offset of the firgt

pulse, of the multi-pulse.train, for recording Marks of run-length 3T with a preceding

4T Space. In case these bits (bits bz to bs) apply, the anchor position is specified i
byte 45 (dTwp for. 23T Mark with a preceding >5T Space).

=

The last 4 bits\(bits bs to bo) of this byte shall specify the start-time offset of the first
pulse, of the multi-pulse train, for recording Marks of run-lengths [4T, 6T, 8T] with &
preceding-4T Space. In case of these bits (bits bs to bg), the anchor position is
specified in byte 46 (dTy, for a [4T, 6T, 8T] Mark with a preceding >5T Space).

The first 4 bits (bits b7 to bs) of this byte shall specify the start time offset of the firsf
pulse, of the multi-pulse train, for recording Marks of run-lengths [5T, 7T, 9T] with
preceding 4T Space. In case these bits (bits b7 to bs) apply, the anchor position is
specified in byte 47 (dTwp for a [T, 7T, 9T] Mark with a preceding >5T Space).

==

Bytes 71 (Isb 4 bits) and 72 to 78: ATy first-write-pulse duration offset

112

These bytes specify the duration offset of the first pulse, of the multi-pulse train, in
the Extended N/2 write strategy, for recording Marks with run-lengths 2T, 3T, [4T,
6T, 8T], and [5T, 7T, 9T] with a preceding 2T, 3T, or 4T Space (see Annex F).

These bytes shall specify a fraction of the actual Channel-bit clock period, as a
signed two’s-complement binary number g, such that
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AT

g=32x — P (-8<g<7)
Tw
NOTE Ttop
Mark 2M
Succeed_lng Space 25 53s 3M 4,6,8M 5,7,9M
Preceding Space

2S
3S g
4S

>5S b

the preceding and succeeding Spaces. The area denoted by " b " accomodates the anchor values

TE[is table shows the dependence of the T, value for each Mark that is going to be written,
d the area denoted by " g "includes the offset values.

g

b

Byte 71 (Isb 4 bits):

Byte 72:

Byte 73:

Byte 74

© ISO/IEC 2016 — All rights reserved

The area with this pattern includes the offset values, which aré represented by '| g
The area with this pattern includes the anchor values, which are represented by|" b "
The value "j=g +b" shall satisfy 0 <j < 92.

(see F.3)

The last 4 bits (bits bz to bo) of this-byte shall specify the duration offset of the pulse
for recording Marks of run-length 2T with a preceding 2T Space and a suc¢eeding
2T Space (see Annex F). In case these bits (bits bs to bg) apply, the anchof duration
time is specified in byte@8 (Tiwp for a 2T Mark with a preceding >5T Space|and a
succeeding 2T Space):

The first 4 bits (hits b~ to ba) of this byte shall specify the duration offset of the pulse
for recording\Marks of run-length 2T with a preceding 2T Space and a suc¢eeding

>3T Space (see Annex F). In case these bits (bits b to ba) apply, the anchpr
duratien time is specified in byte 49 (Tiop for a 2T Mark with a preceding >HT Space
and‘a.succeeding >3T Space).

The last 4 bits (bits bz to bo) of this byte shall specify the duration offset of {he first

pulse, of the multi-pulse train, for recording Marks of run-length 3T with a greceding
2T Space (see Annex F). In case these bits (bits bs to bg) apply, the anchof duration
time is specified in byte 50 (Tiwp for a 3T Mark with a preceding >5T Space).

The first 4 bits (bits b7 to ba) of this byte shall specify the duration offset of the first
pulse, of the multi-pulse train, for recording Marks of run-lengths [4T, 6T, 8[T] with
a preceding 2T Space (see Annex F). In case these bits (bits b7 to bs) apply, the

preceding >5T Space).

The last 4 bits (bits bz to bo) of this byte shall specify the duration offset of the first
pulse, of the multi-pulse train, for recording of Marks of run-lengths [5T, 7T, 9T] with
a preceding 2T Space (see Annex F). In case these bits (bits bs to bg) apply, the
anchor duration time is specified in byte 52 (Tiop for [5T, 7T, 9T] Mark with a
preceding >5T Space).

The first 4 bits (bits by to ba) of this byte shall specify the duration offset of the pulse
for recording Marks of run-length 2T with a preceding 3T Space and a succeeding
2T Space (see Annex F). In case these bits (bits b; to ba) apply, the anchor duration
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time is specified in byte 48 (Typ for a 2T Mark with a preceding >5T Space and a
succeeding 2T Space).

The last 4 bits (bits bs to bg) of this byte shall specify the duration offset of the pulse
for recording Marks of run-length 2T with a preceding 3T Space and a succeeding
>3T Space (see Annex F). In case these bits (bits bs to bo) apply, the anchor
duration time is specified in byte 49 (Tiop for a 2T Mark with a preceding >5T Space
and a succeeding >3T Space).

Byte 75: The first 4 bits (bits b7 to ba) of this byte shall specify the duration offset of the first
pulse, of the multi-pulse train, for recording Marks of run-length 3T with a preceding
3T Space (see Annex F). In case these bits (bits b7 to bs) apply, the anchor duratig
time is specified in byte 50 (Tiwp for a 3T Mark with a preceding >5T Space).

=]

The last 4 bits (bits bs to bo) of this byte shall specify the duration offsgt-0f the first
pulse of the multi-pulse train for recording Marks of run-lengths [4F,\6T, 8T] with a
preceding 3T Space (see Annex F). In case these bits (bits bs toho) apply, the
anchor duration time is specified in byte 51 (T for a [4T, 6T58T] Mark with a
preceding >5T Space).

Byte 74: The first 4 bits (bits b7 to ba) of this byte shall specify the duration offset of the first
pulse, of the multi-pulse train, for recording Marks of-run-lengths [5T, 7T, 9T] with

preceding 3T Space (see Annex F). In case of these bits (bits b7 to ba), the anchor
duration time is specified in byte 52 (Tiwop for [T, 7T, 9T] Mark with a preceding >5
Space).

=4

—

11°

The last 4 bits (bits bz to bo) of this byte“shall specify the duration offset of the puls
for recording Marks of run-length 2T with a preceding 4T Space and a succeeding
2T Space (see Annex F). In case,these bits (bits bs to bo) apply, the anchor duratign
time is specified in byte 48 (T for a 2T Mark with a preceding >5T Space and a
succeeding 2T Space).

Byte 71: The first 4 bits (bits.bzto ba) of this byte shall specify the duration offset of the puls
for recording Marks-of run-length 2T with a preceding 4T Space and a succeeding
>3T Space (seeAnnex F). In case these bits (bits b to ba) apply, the anchor
duration time.is specified in byte 49 (T for a 2T Mark with a preceding >5T Spac
and a succeeding >3T Space).

£

11%

The\last 4 bits (bits bz to bo) of this byte shall specify the duration offset of the first
pulse, of the multi-pulse train, for recording Marks of run-length 3T with a preceding
4T Space (see Annex F). In case these bits (bits bz to bo) apply, the anchor duratipn
time is specified in byte 50 (Tiwp for a 3T Mark with a preceding >5T Space).

Byte 78§: The first 4 bits (bits b7 to bs) of this byte shall specify the duration offset of the first
pulse, of the multi-pulse train, for recording Marks of run-lengths [4T, 6T, 8T] with

==

PN H AT C L A o W | +la ot Lot | — ) 1 +la
PICbCuIIIu =1 \JPG\;C \OCC MATITITCTA F) MM oedotT UITCOT Ulto \IJILO U/ U4) Gl'J'JIy, T
anchor duration time is specified in byte 51 (T for a [4T, 6T, 8T] Mark with a
preceding >5T Space).

The last 4 bits (bits bz to bo) of this byte shall specify the duration offset of the first
pulse of the multi-pulse train for recording Marks of run-lengths [5T, 7T, 9T] with a
preceding 4T Space (see Annex F). In case these bits (bits bs to bo) apply, the
anchor duration time is specified in byte 52 (T for a [ST, 7T, 9T] Mark with a
preceding >5T Space).
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AdT.p last pulse start time offset

These bytes specify the start-time offset of the last pulse of the multi-pulse train, in
the N/2 write strategy, for recording Marks with run-lengths [4T, 6T, 8T] and [5T, 7T,
9T] with a succeeding 2T, 3T, or 4T Space (see Annex F).

The last pulse start time offset AdT.p is expressed as a fraction of the actual
Channel-bit clock period, as a signed two’s-complement binary number h, such that

AdT
h =32 x LP

(8<h<7).

NOTE  dTwe

Tw

Mark

Succeeding Space

4,6,8M 5,7,9M

2S

3S

4S

>5S

-

the preceding and succeeding Spaces. The area denoted by " c{" accomodates the anchor values

TE[is table shows the dependence of the dT ., value for each Mark that,is'going to be written,
d the area denoted by " h " includes the offset values.

_ | The area with this pattern includes‘the anchor values, which are represented by

Byte 79:

Byte 80:

The area with this pattern includes,the offset values, which are represented by
The value "r=h+c" shall satisfy=30 <r < 30.

(see F.3)

The first 4 bits (bits b; to ba) of this byte specify the start-time offset of the
of the multi-pulse train, for recording Marks of run-lengths [4T, 6T, §
succeeding 2T Space. In case these bits (bits b7 to ba) apply, the anchor
specifiedhin byte 53 (dT.p for a [4T, 6T, 8T] Mark with a succeeding >5T Sy
The\last 4 bits (bits bs to bg) of this byte shall specify the start-time offset
pulse, of the multi-pulse train, for recording Marks of run-lengths [5T, 7T,
succeeding 2T Space. In case these bits (bits bz to bg) apply, the anchor
specified in byte 54 (dT.p for a [ST, 7T, 9T] Mark with a succeeding >5T Sy

The first 4 bits (bits b7 to bs) of this byte shall specify the start-time offset
pulse, of the multi-pulse train, for recording Marks of run-lengths [4T, 6T,
succeeding 3T Space. In case these bits (bits b7 to bs) apply, the anchor
specified in byte 53 (dT.p for a [4T, 6T, 8T] Mark with a succeeding >5T Sy

The last 4 bits (bits bz to bo) of this byte shall specify the start-time offset

h "

ast pulse,
T] with a
position is
ace).

of the last
9T] with a
position is
ace).

of the last
8T] with a
position is
ace).

of the last

pulse, of the multi-pulse train, for recording Marks of run-lengths [5T, 7T,

9T] with a

© ISO/IEC 2016 — All rights reserved

Byte 81:

succeeding 3T Space. In case these bits (bits bs to bg) apply, the anchor position is
specified in byte 54 (dT.p for a [5T, 7T, 9T] Mark with a succeeding >5T Space).

The first 4 bits (bits b7 to ba) of this byte shall specify the start-time offset of the last
pulse of the multi-pulse train for recording Marks of run-lengths [4T, 6T, 8T] with a
succeeding 4T Space. In case these hits (bits b7 to bs) apply, the anchor position is
specified in byte 53 (dT.p for a [4T, 6T, 8T] Mark with a succeeding >5T Space).

The last 4 bits (bits bz to bo) of this byte shall specify the start-time offset of the last
pulse, of the multi-pulse train, for recording Marks of run-lengths [5T, 7T, 9T] with a
succeeding 4T Space. In case these bits (bits bs to bg) apply, the anchor position is
specified in byte 54 (dT.p for a [ST, 7T, 9T] Mark with a succeeding >5T Space).
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Bytes 82 to 84:

AT.p last pulse duration offset

These bytes specify the duration offset for the last pulse length of the multi-pulse
train, in the Extended N/2 write strategy, for recording Marks with run-lengths [4T,
6T, 8T] and [5T, 7T, 9T] with a succeeding 2T, 3T, or 4T Space (see Annex F).

These bytes shall specify a fraction of the actual Channel-bit clock period, as a
signed two’s-complement binary number v, such that

AT
v=32x—LtP  (g<v<7).

NOTE Tep

'w

Mark

Succeeding Space

4,6,8M 5,7,9M

2S
3S v
4S

This table[shows the depéhdkékhkcké?(i)f‘ theT LP {/élue for each Mark that is going to be written,
on the pregceding and succeeding Spaces. The area denoted by " d " accomgdates the anchor values
and the afea denoted by " v " includes the offset values.

" |The area with this pattern includes the anghor values, which are represented by " d .

Byte 84:

Byte 83:

The area with this pattern includes the offsetwalues, which are represented by " v "
The value "s=v +d" shall satisfy 0 < s <'62.

(see EQ)

pulse, of the multi-pul§e" train, for recording Marks of run-lengths [4T,6T,8T] with a
succeeding 2T Space (see Annex F). In case these bits (bits by to b)) apply, the
anchor duration time is specified in byte 55 (T.p for a [4T, 6T, 8T] Mark withh a
succeeding 25T Space).

The last 47hbits (bits bs to bg) of this byte shall specify the duration offset of the Iist

The first 4 bits (bits bz.to bs) of this byte shall specify the duration offset of the Iist

pulse, of the multi-pulse train, for recording Marks of run-lengths [5T, 7T, 9T] wit
succeeding 2T Space (see Annex F). In case these bits (bits bz to bg) apply,
amchor duration time is specified in byte 56 (T.p for a [5T, 7T, 9T] Mark with a
succeeding >5T Space).

pulse of the multi-pulse train for recording Marks of run-lengths [4T, 6T, 8T] wit
succeeding 3T Space (see Annex F). In case these bits (bits bz to bs) apply, the
anchor duration time is specified in byte 55 (T.p for a [4T, 6T, 8T] Mark with a
succeeding >5T Space).

The first 4 bits (bits b7 to ba) of this byte shall specify the duration offset of the Iist

Byte 84:

116

The last 4 bits (bits bs to bg) of this byte shall specify the duration offset of the last
pulse of the multi-pulse train for recording Marks of run-lengths [5T, 7T, 9T] with a
succeeding 3T Space (see Annex F). In case these bits (bits bz to bg) apply, the
anchor duration time is specified in byte 56 (T.p for a [5T, 7T, 9T] Mark with a
succeeding >5T Space).

The first 4 bits (bits b7 to ba) of this byte shall specify the duration offset of the last
pulse, of the multi-pulse train, for recording Marks of run-lengths [4T, 6T, 8T] with a
succeeding 4T Space (see Annex F). In case these bits (bits bz to bs) apply, the
anchor duration time is specified in byte 55 (T.p for a [4T, 6T, 8T] Mark with a
succeeding >5T Space).

The last 4 bits (bits bs to bg) of this byte shall specify the duration offset of the last
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pulse, of the multi-pulse train, for recording Marks of run-lengths [5T, 7T, 9T] with a
succeeding 4T Space (see Annex F). In case these bits (bits bz to bo) apply, the
anchor duration time is specified in byte 56 (T.p for a [5T, 7T, 9T] Mark with a

succeeding >5T Space).
Bytes 85 to 92 and 93 (msb, 4 bits): AdTEe start time offset of the erase level

These bytes specify the start-time offset of the erase level, in the Extended N/2 write
strategy for recording Marks with run-lengths 2T, 3T, 4T, and >5T with a succeeding
2T, 3T, or 4T Space (positive values are leading, negative values are lagging; see

Annay=)
X

The start time offset of the erase level AdTe is expressed as a fraction of thje actual
Channel-bit clock period, as a signed two’s-complement binary number w, [such that
AdT,
w =32 x (=24 < w < 15) for Byte 85 and\86,
TW
AdT, _
w =32 x (-8<w < 7) for Byte\87 to 92 and 93 (msb|4 bits).
TW
NOTE dTe
Mark 2M
Precedlpg Space 25 53s 3M 4,6,8M 5,7,9M
Succeeding Space

2S

3S

4S 3

>5S Iffﬁfffffﬁﬁﬁﬁfﬁ‘ﬁfffff’\@ﬁfﬁffj[fffqujfff
This table shows the dependence of the dT g value for each Mark that is going to be written,
on the preceding and succeeding Spaces..Jhe-area denoted by " e " accomodates the anchor values
and the area denoted by "w " includes.thiesoffset values.
P w _|The areawith this pattern includes the offset values, which are represented by '|w .
| e |The aréawith this pattern includes the anchor values, which are represented by|" e "

Thevalue "u=w +e " shall satisfy -62 < u < 30.

(see F.3)
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Byte 85:

Byte 86:

The first 6 bits (bits by to by) of this byte shall specify the start-time offset of the
erase level for recording Marks of run-length 2T with a succeeding 2T Space and a
preceding 2T Space. In case this byte applies, the anchor position is specified in
byte 57 (dTe for a 2T Mark with a preceding 2T Space and a succeeding >5T
Space).

The last 2 bits (bits b; to bg) of this byte shall be Reserved.

The first 6 bits (bits b7 to by) of this byte shall specify the start-time offset of the
erase level for recording Marks of run-length 2T with a succeeding 2T Space and a

preceding >3T Space. In case this byte applies, the anchor position is specified in
byte 58 (dTe for a 2T Mark with a preceding >3T Space and a succeeding >5T

Byte 87:

Byte 8§:

Byte 89

Byte 90:

118

Space).

The last 2 bits (bits b1 to bo) of this byte shall be Reserved.
The first 4 bits (bits b7 to bs) of this byte shall specify the start-timeyoffset of the
erase level of the multi-pulse train for recording of Marks of run{ength 3T with a

succeeding 2T Space. In case of these bits (bits b; to bs), the anchor position|is
specified in byte 59 (dTe for 3T Mark with a succeeding >5T Spaee).

The last 4 bits (bits bs to bg) of this byte shall specify the start-time offset of the
erase level of the multi-pulse train for recording Marks_of run-lengths [4T, 6T, §T]
with a succeeding 2T Space. In case these bits (bits bz to bg) apply, the anchor
position is specified in byte 60 (dTe for a [4T, 6T, 8T] Mark with a succeeding >pT
space).

The first 4 bits (bits b; to bs) of this byte,shall specify the start-time offset of the
erase level of the multi-pulse train for recording Marks of run-length [5T, 7T, 9T] wjth
a succeeding 2T Space. In case these bits (bits b7 to ba) apply, the anchor positipn
is specified in byte 61 (dTe for af5T, 7T, 9T] Mark with a succeeding >5T Space).

The last 4 bits (bits bs to bo)* of this byte shall specify the start-time offset of the
erase level for recording Marks of run-length 2T with a succeeding 3T Space and a
preceding 2T Space:.ln'case these bits (bits bs to bg) apply, the anchor position| is
specified in byte 57 (dTe for a 2T Mark with a preceding 2T Space and a succeedinhg
> 5T Space).

The first 4 hits (bits by to bs) of this byte shall specify the start-time offset of the
erase level-for recording Marks of run-length 2T with a succeeding 3T Space and a
precéding > 3T Space. In case these bits (bits b7 to bs) apply, the anchor position is
specified in byte 58 (dTe for a 2T Mark with a succeeding > 5T Space and a
preceding > 3T Space).

The last 4 bits (bits bz to bg) of this byte shall specify the start-time offset of
erase level, of the multi-pulse train, for recording Marks of run-length 3T wit
succeeding 3T Space. In case these bits (bits bz to bg) apply, the anchor positio
specified in byte 59 (dTe for a 3T Mark with a succeeding >5T Space).

The first 4 bits (bits by to bs) of this byte shall specify the start-time offset of the
erase level, of the multi-pulse train, for recording Marks of run-lengths [4T, 6T, 8T]
with a succeeding 3T Space. In case these bits (bits b7 to bs) apply, the anchor
position is specified in byte 60 (dTe for a [4T, 6T, 8T] Mark with a succeeding >5T
Space).

The last 4 bits (bits bs to bg) of this byte shall specify the start-time offset of the
erase level, of the multi-pulse train, for recording Marks of run-lengths [5T, 7T, 9T]
with a succeeding 3T Space. In case of these bits (bits bs to bg) the anchor position
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is specified in byte 61 (dTe for a [ST, 7T, 9T] Mark with a succeeding >5T Space).

The first 4 bits (bits b7 to bs) of this byte shall specify the start-time offset of the
erase level for recording Marks of run-length 2T with a succeeding 4T Space and a
preceding 2T Space. In case these bits (bits b to bs) apply, the anchor position is
specified in byte 57 (dTe for a 2T Mark with a succeeding >5T Space and a
preceding 2T Space).

The last 4 bits (bits bz to bg) of this byte shall specify the start-time offset of the
erase level for recording of Marks of run-length 2T with a succeeding 4T and a

Byte 93

Byte 93

Byte 93 (I

Bytes 94

Bytes 10d

(msb, 4 bits):

b, 4 bits):

0 99:

to 111:

Reserved

preceding >3T Space. In case these bits (bits bz to bo) apply, the anchor position| is
specified in byte 58 (dTe for a 2T Mark with a preceding >3T Space~and| a
succeeding >5T Space).

The first 4 bits (bits b7 to bs) of this byte shall specify the start-time offset of the
erase level of the multi-pulse train for recording Marks of runzlength 3T with a
succeeding 4T Space. In case these bits (bits b7 to bs) apply, the anchor position| is
specified in byte 59 (dTe for a 3T Mark with a succeeding >5T«Space).

The last 4 bits (bits bz to bo) of this byte shall specify (the' start-time offset of the
erase level of the multi-pulse train for recording Marks_of run-lengths [4T, 6T, §T]
with a succeeding 4T Space. In case these bits (bits bs to bo) apply, the anchor
position is specified in byte 60 (dTe for a [4T, 61, 8T] Mark with a succeeding >pT
Space).

The first 4 bits (bits by to bs) of this\byte shall specify the start-time offset of the
erase level of the multi-pulse train for recording Marks of run-lengths [5T, 7T, 9T]
with a succeeding 4T Space.. (n case these bits (bits b7 to bs) apply, the anchor
position is specified in byte.61 (dTe for a [5T, 7T, 9T] Mark with a succeeding >pT
Space).

These bits shall*be set to 0000.

Reseryed
These-bytes shall be set to 00h.

DI-Unit footer
See 15.8.3.2.
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15.8.3.5 Write-strategy requirements

Disks according to this International Standard shall contain at least one DI Unit for each Recording Layer as
depicted in Figure 79. Additional DI Units, containing alternative write-strategy parameter sets, may be added
in order of preference, see Figure 79.

DI Unit according to DI Unit according to

15.8.3.3 15.8.3.4

(hl EFormat 4. (nl Eormat 5.

Extended N-1 write Extended N/2 write

strategy) strategy)

for 2x Recording Optional? Optional?

Velocity
a At least one of these two shall be present.

Figure 79 — Write-strategy type requirements

15.8.3.6 |Usage of DI Units

By using the concept of multiple DI Units, identified by their DI-format Number (byte 2), the BD system
facilitates fhe (future) use of disks for different Recording Velocities and*with three or more Recording Layers$
while keeping backwards compatibility in the best possible way.

Generally| each different Recording Velocity might need a different write strategy (different set of parameters$
which writg strategy furthermore can depend on the applied technology.

~—

Additionally, each Recording Layer might need a different‘set of values for the write strategy parameters.
Byte 3 shall be set according to the specifications jn\15.8.3.2.
Byte 5 shall be used according to the descriptionin 15.8.3.2.

In all DI Upits, for defining parameters fof2X Recording Velocity, bytes 28 and 29 shall be set to 02 E2h to
indicate a[Nominal Recording Velocity of*7,38 m/s.

An example of those assignments\s shown in Figure 80.
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2x disk (TL) with 2x EX N-1& N/2 write strategy

byte 2: DI-Format Number 4
byte 3: # of DI's/L# 6/0
byte 4: --- 00h
byte 5: sequence # 0
msb of byte 6: 0
byte 28 to 29: Velocity 2X
byte 42 to 98:WS EX_N-1
byte 2: DI-Format Number 5
byte 3: # of DI's/L# 6/0
byte 4: --- 00h
byte 5: sequence # 1
msb of byte 6: 0
byte 28 to 29: Velocity 2x
byte 42 to 93:WS EX_N/2
byte 2: DI-Format Number 4
byte 3: # of DI's/L# 6/1
byte 4: --- Q0h
byte 5: sequence # 2
msb of byte 6: 0
byte 28 to 29: Velocity 2X
byte 42 to 98:WS EX_N-1
byte 2: DI-Format Number 5
byte 3: # of DI's/L# 6/1
byte 4: --- 00h
byte 5: sequence # 3
msb of byte 6: 0
byte 28 to 29¢{ Velocity 2X
byte 42 to 93;WS EX_N/2
byte 2:-DI-Format Number 4
byte 3: # of DI's/L# 6/2
byte 4: --- 00h
byte 5: sequence # 4
msb of byte 6: 0
byte 28 to 29: Velocity 2X
byte 42 to 98:WS EX_N-1
byte 2: DI-Format Number 5
hytn - #ofDl's/l# 62
byte 4: --- 00h
byte 5: sequence # 5
msb of byte 6: 0
byte 28 to 29: Velocity 2X
byte 42 to 93:WS EX_N/2
Repeat

Figure 80 — Example of DI sequence
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16 General description of Information Zone

16.1 General

The Information Zone, which contains all information on the disk that is relevant for data interchange, is
located in the Information Area extending from dg to dio (see 10.8.1 and Figure 11).

The inner partoftmmerZome 0 (Protection-Zome = PIC)shatttontaim #FvGrooves whichtarm ot

replicated|information about the disk. The outer part of the Inner Zone 0, the other Inner Zones, Data Zones
and Outer| Zones constitute the Rewritable Areas in which the information is recorded on the Wobbled
Grooves Using the Phase-Change effect.

16.2 Format of Information Zone

=

The Information Zone is divided into nine parts: a Lead-in Zone (part of Inner Zone 0), Data Zone 0 and Outs
Zone 0 onf Layer LO, Outer Zone 1, Data Zone 1 and Inner Zone 1 on Layer L1, and-uner Zone 2, Data Zon
2 and a Lead-out Zone on Layer L2 (see Figure 81, Figure 82 and Figure 83).

o

Data Zong 0, Data Zone 1 and Data Zone 2 are intended for recording User Data. The Lead-in Zone contains
replicated|and Rewritable Control Information and an area for disk and drive testing. The Inner part of Inner
Zone 0, Inner Zone 1, Inner Zone 2, Outer Zone 0, Outer Zone 1 and Outer Zone 2 allow for a smooth run-
in/run-out [for their respective layers and also contain Control Information.

17 Layopt of Rewritable Area of Information Zone

The Rewrftable Area of the Information Zone is constituted,from part of the Inner Zones, the Data Zones ang
the Outer Zones. The start radii for the Zones indicated-in Figure 81, Figure 82 and Figure 83 are the noming
values of the centre of the first/last Groove Track of‘that Zone.

The Physical ADIP Addresses (PAA) listed arethe first/last address in the Groove Tracks of each Zone. Als¢
the numbgr of Physical Clusters (RUBSs) that can be recorded per Zone are indicated.

122 © ISO/IEC 2016 — All rights reserved


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

ISO/IEC 30193:2016(E)

Nominal First PAA
Layer LO Description | starting radius of Zone Number of
(mm) . Phys.
' Clusters
Last PAA
of Zone
First transition Area ending radius 11,5 mm
Clamping Zone starting radius 11,5 mm
ending radius 16,5 mm
Second transition Area starting radius 16,5 mm
ending radius 21,0 mm
startin “wide pitch”
radiusg Groolzles BCA
21,0 mm
Protection- 22,2
Zone 1 -
St (First AUN = 00
HFM 0C 04 80h I
(HEM i 22,510 : laks)
Groove) Last AUN = 00
0C 19 BEh)
Protection - 001 83 38h
Lead-in Zoned 23,068 : 300
Zone 001 87 E6h
(part of 00187 E8h
Inner Buffer 23,107 : 3078
Zone 0) 001 B7 FEh
0 01 B8 00h
INFO 2 23,468 : P56
| 001 BB FEh
\ 001 BC 00h
Information OPCO 23,498 : 4048
Zone 0 01 DB FEh
Information l 0 01 DC 00h
Area tracking Reserved 23,736 : 4048
direction 001 FB FEh
0 01 FC 00h
Rewritable INFO 1 23,971 : 256
001 FF FEh
(Wobbled 24,000 0 02 00 00h
Groove) Data : 549 152
Zone 0 :
LAA
INFO 3/4 LAA *2h
58,000 :
LAA + 4 98h po4
Outer LAA + 4 9Ah
Zone 0 DCZz0 58,014 : 760
LAA + 10 78h
Pr;(t;cetlgn— 58,050 LAA + -10 7Ah .
ending radius
58,5 mm
Rim Area starting radius 58,5m| | |

Figure 81 — Layout of Information Zone on Layer LO
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Nominal Last PAA
Descrip- ending of Zone Number of
Layer L1 tion radius : Phys.
(mm) First PAA Clusters
of Zone
ending radius ~ “wide pitch”
21,0 mm Groove
‘V‘\I’UIUIUiUd FIULGbliUII 44,4
Groove -Zone 1
0 7E C5 B8h
Buffer 0 7E C5 B6h
22,510 : 4104
0 7E 85 98h
0 7E 85 96h
OPC1 23,004 ; 2 048
O\ZE 65 98h
0 7E 65 96h
Reserved 23 246 : 1894
0 7E 48 00h
Inner Zone 0 7E 47 FEh
tracking 1 INFO 2 23,468 : 256
direction 0 7E 44 00h
0 7TE 43 FEh
T Reserved 23,498 : 4 096
Information 0 7E 04 00h
Information Zone 0 7E 03 FEh
Area Rewritable INFO 1 23,971 : 256
T 0 7E 00 00h
(Wobbled 24,000 0 7D FF FEh
Groove) Data 509 152
Zone 1 :
FAA2
FAA — 2h
INFO 3/4 58,000 : 294
FAA — 4 98h
Outer FAA — 4 9Ah
Zone 1 DCz1 58,014 : 760
FAA — 10 78h
Protection FAA — 10 7Ah
Zone 3 58,050 ;

starting radius

58,5 mm

a FAA =LAA +180 00 O1lh (see 15.7.4.3).
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Figure 82 — Layout of Information Zone on Layer L1
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Nominal First PAA
Descrip- starting of Zone Number of
Layer L2 tion radius : Phys.
(mm) Last PAA Clusters
of Zone
starting radius  “wide pitch”
21,0 mm Groove
FIULCL,liUII 44,4
Wobbled -Zone 1
Groove
0 81 3A48h
Buffer
22,510 : P00
0.81'3D 66h
081 3D 68h
Inner Zone | OPC2 22,535 : 2048
2 081 5D 66h
081 5D 68h
Reserved | ¢22,782 : 1600
081 76 66h
08176 68h
INEO2 22,973 : D56
081 7A 66h
| 081 7A68h
‘L Reserved 23,004 : 2048
Information 081 9A 66h
Information Zone 081 9A 68h
Area Buffer 23,246 : g 246
tracking 081 FB FEh
direction 081 FC 00h
Rewritable INFO1 23,971 : b6
0 81 FF FEh i
(Wobbled 24,000 0 82 00 00h
Groove
) Data 500 152
Zone 2 :
LAA22
58,000 LAA2 + 2h
INFO 3/4 : D94
Lead-out LAA2 + 4 98h B
Zone LAA2 + 4 9Ah
(Quter DCZz2 58,014 : 760
Zone 2) LAA2 + 10 78h
Protection CAAZ + 10 7Ah
Zone3 | 8050 :
ending radius
58,5 mm
Rim Area starting radius 58,5 mm
a LAA2 =LAA +0800000h (see 15.7.4.3).
Figure 83 — Layout of Information Zone on Layer L2
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Physical-Sector numbering

Each Cluster contains 32 Physical Sectors, and each Physical Sector contains 2K data bytes. Although these
numbers are not included in the data recorded on the disk, each Physical Sector is associated with a (virtual)
Physical-Sector Number (PSN).

The PSN increase by one for each successive Physical Sector in the tracking direction of the related

Recording

Layer.

The PSN

Bits PSa;
Bits PS27 1

The first A
The last P

01
The first A

0?
The last P
The first A
The last P

09

Df the first Physical Sector of each Physical Cluster is a multiple of 32.
0 PSys of the PSN shall be Reserved.
0 PS5 of the PSN shall be set to the Layer number.
SN in the Data Zone 0 is 00 10 00 0O0h.
SN in the Data Zone 0 is 8 x LAA + 15, which is
08 9B FFh.
SN in the Data Zone 1 is 8 x FAA, which is
F7 64 00h.
SN in the Data Zone 1 is 03 EF FF FFh.
SN in the Data Zone 2 is 04 10 00 00h.
SN in the Data Zone 2 is 8 x LAA2 + 15, whichis

08 9B FFh,
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setto
PSN
) Iirnmber Py .
MSB l LSB
= FT [F[F P P F P 7 EF‘ F
5 5| [s|s g 5 5 5 5 5 5
3 2| [2(2 1 1 B 7| [5]4 0
1 7l |54 5
In Cluster
mqpt ':,ZERD”
dress Unit Mumber
YYYYYYYY 1rrrrﬂi'i YYYYYYYY r v Lll'r
u 0| [uu u 8 ﬂ U L} uﬂ AR
3 3 (2 2
1 7 53 3 ] % g URiE 1|0
setfo
00, 01, A0
consecutively
: Yy r rvr¥vYyyy ﬁl’
fa ) »H $ g A pliﬂ.ﬂ
3 E 7l6 5 ! 1)

Physical ADIP Address

Figure 84 — Physical ADIP Addresses derived from PSNs

THese PSNs are converted to Address-Unit,Numbers, which shall be recorded in the BIS columns of the ECC
Clusters (see 13.9.2.3).

Fimally, a Physical ADIP Address is, derived from the PSN/AUN as defined in Figure 84. 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 (part of Inner Zgne 0). On
Layer L1 and'ayer L2, they are called Inner Zone 1 and Inner Zone 2.

Inper,Zone 0 (in its Lead-in Zone part) contains an Embossed HFM Area and a Rewritable Area Inngr Zone 1
andYnner Zone 2 (in its Lead-out Zone part) contain embossed wobbled parts and Rewritable Areas|(see
Figure 85, Figure 86 and Figure 87).

In the Embossed HFM Area on Layer LO, all Grooves shall be encoded according to the format as defined in
15.5 and with its other subclauses.

0,0
On Layer LO, this encoding shall start at a radius 22, 2_0 1 mm, such that the first AUN of the first Cluster

shall be 00 OB F8 E2h.
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The addresses shall be continuously increasing as described in 15.5.3.2 and shall end with AUN = 00 0C 19
BEh in the last 4K Cluster at the outermost radius of the PIC Zone.

In Protection-Zone 1 of Inner Zone 0, the content of the Data Frames can be set to all 00h or they can be
equal to the content in the PIC Zone.

Protection-Zone 1 is intended to be a Protection Area against overwriting of the PIC Zone by the BCA code.

In the Permanent Information and Control data (PIC) Zone, general information about the disk and various
other information can be stored in the Embossed HFM Groove.

In the Revritable Area and the Wobbled Grooved Area (Protection-Zone 1 on Layer L1 and Layer L2), all
Grooves ghall be wobbled as defined in 15.6.
The Rewrftable Areas of each Inner Zone are used to execute OPC (Optimum Power Control) ptocedures ahd
to store specific information about the disk, such as Disk Management Information and Controllinformation.
Also, a Zgne has been reserved where drives can store their own specific information.
Lead-in Description First PAA Number of Purpose
ZYone of Zone Phys.Cluste
(s
Protection-
Zone 1
Empossed PIC . . Permanent Information &
HFM Control data Zone
Protection- 0 01 83:38h 300
Zone 2
Buffer - 001 87 E8h 3078 -
Reserved 8 0 01 B8 00h 32 future extension
Reserved-7 0 01 B8 80h 32 future extension
Reserved 6 0 01 B9 00h 32 future extension
INFO2 Reserved 5 0 01 B9 80h 32 future extension
PAC 2 001 BA0Oh 32 Physical-Access Control
A2 DMA 2 0 01 BA 80h 32 Disk Management
Reyvritable Control Data 2 001 BB 00h 32 data information
J Buffer 2 001 BB 80h 32 -
tracking Test Zone 001 BC 00h 2048 OPC testing
difection OPCO
Reserved -—- 0 01 DC 00h 2048 future extension
Buffer 1 001 FC 00h 32 -
Drive Area 0 01 FC 80h 32 Drive-specific Information
Reserved 3 0 01 FD 00h 32 future extension
Reserved 2 0 01 FD 80h 32 future extension
INFO1 Reserved 1 0 01 FE 00h 32 future extension
DMA 1 0 01 FE 80h 32 Disk Management
Control Data 1 0 01 FF 00h 32 data information
PAC1 0 01 FF 80h 32 Physical-Access Control
(Data Zone 0) 0 02 00 00h
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Figure 85 — Lead-in Zone
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Inner Description First PAA Number of Purpose
Zone 1 of Zone Phys.
Clusters
(Data Zone 1)
PAC 1 0 7E 00 00h 32 Physical-Access Control
Control Data 1 0 7E 00 80h 32 data information
DMA 1 0 7E 01 00h 32 Disk Management
Roserved 1 004 80!"‘. 32 future oxtensiaon
INFO1 7
Reserved 2 0 7E 02 00h 32 future extension
Reserved 3 0 7E 02 80h 32 future extension
Drive Area 0 7E 03 00h 32 Drive-specific Information
Buffer 1 0 7E 03 80h 32
J Reserved 0 7E 04 00h 4 096 future extension
Buffer 2 0 7E 44 00h 32
Rewritable Control Data 2 0 7E 44 80h 32 data information
J DMA 2 0 7E 45 00h 32 Disk Managemerjt
PAC 2 0 7E 45 80h 32 Physical-Access Control
INFO2 Reserved 5 0 7E 46 00h 32 future extension
Reserved 6 0 7E 46 80h 32 future extension
Reserved 7 0 7E 47 06h 32 future extension
tracking Reserved 8 0 7E 47.80h 32 future extension
direction
Reserved -—- Q 7E 48 00h 1894 future extension
OPC1 Test Zone 0 7E 65 98h 2048 OPC testing
Buffer 0 7E 85 98h 4104
e
Figure 86 — Inner Zone 1
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Inner Description First PAA Number of Purpose
Zone 2 of Zone Phys.
Clusters
Wobbled Protection-
Zone 1
Grooves
Buffer 0 81 3A 48h 200
OPC2 Test Zone 081 3D 68h 2048 OPC testing
Reserved 081 5D 68h 1600 future extension
Reserved 8 081 76 68h 32 future extension
Reserved 7 081 76 E8h 32 future extension
Reserved 6 08177 68h 32 future extension
Reserved 5 081 77 E8h 32 futufe extension
INFO2
Reserved 081 78 68h 32 future extension
N DMA 2 08178 E8h 32 Disk Management
Reyvritable Control Data 2 081 79 68h 32 data information
N Buffer 2 081 79 E8h 32
tr:rcking Reserved - 081 7A68h 2048 future extension
difection
Buffer 0 81 9A68h 6 246
Buffer 1 0 81'FC 00h 32
Drive Area 081 FC 80h 32 Drive-specific Information
Reserved 3 0 81 FD 00h 32 future extension
Reserved 2 0 81 FD 80h 32 future extension
INFO1
Reserved 1 0 81 FE 00h 32 future extension
DMA 1 0 81 FE 80h 32 Disk Management
Control Data 1 0 81 FF 00h 32 data information
Reserved 0 81 FF 80h 32 future extension
(Data Zone 2) 082 00 00h

Figure 87 — Inner Zone 2

18.2 Permanent Information and Control data (PIC) Zone

18.2.1 General

The Permanent Information and Control data (PIC) Zone is an Embossed HFM Area with data for various
purposes, such as Disk Information. If no specific PIC data is supplied, all User-Data bytes (before

scrambling) shall be set to 00h.
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The PIC Zone shall consist of 5 repetitions of a PIC-Info Fragment, where each PIC-Info Fragment consists of
544 PIC Clusters (for a total of 2 720, see Figure 88). The PIC Clusters shall be formatted as described in
15.5.

The PIC-Info Fragments shall start on Layer LO at AUNs: 00 0C 04 80h, 00 0C 08 COh, 00 OC 0D 00h, 00 0C

11 40h and 00 OC 15 80h.

TH
the
sh

up

TH
se)

PIC-Info Fragment PIC-Cluster AUN
number number on Layer LO

0 00 OC 04 80h
1 00 0C 04 82h
IFO 2 00 0C 04 84h
543 00 OC 08BEh
0 00,0C 08 COh

IF1 : :
543 00 0C OC FEh
0 00 0C 0D 00h

IF2 : :
543 00 0C 11 3Eh
0 00 0C 11 40h

IF3 : :
543 00 0C 15 7Eh
0 00 OC 15 80h

IF4 : :
543 00 0C 19 BEh

e first PIC Cluster of each-Info Fragment shall contain a copy of the Disk-Information Block as cor
e ADIP Aux Frames (see 15.8.3 and Figure 89). Only the first 112 bytes of each Disk Information A
all be included (excluding the 32 parity bytes). If less than 32 DI Units are present then the remain

Figure 88 — PIC Zone

to byte 3 584 shall-be set to 00h.

e last 512 hytes of the first PIC Cluster of each Info Fragment shall contain the Emergency-Brake

e 18.2.3 and Figure 89.
Byte position Content
in PIC Cluster Number of bytes
Oto 111 DI Unit 0 112
112 to 223 DI Unit 1 112
: : 112x28
3360to 3471 DI Unit 30 112
3472t0 3583 Reserved 112
3584 to 4 095 EB Data Set 512

Figure 89 — First PIC Cluster of each Info Fragment
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All other PIC Clusters shall be Reserved, unless otherwise specified by the Application.

18.2.3 Emergency Brake

As a protective measure, a data set is defined that can be used by specific drive models to recognize disks

that need special handling to prevent destructive malfunction. This data is called Emergency Brake (EB) data.

EB data is specified in bytes 3 584 to 4 095 of the first PIC Cluster of each Info Fragment. It consists of an EB
Header, EB-Data field(s) and an EB Footer. EB-Data fields shall be included only after mutual agreement
between the disk manufacturer and the drive manufacturer involved, when specific drives require special

actions wh

Data field$ may be applied. The Emergency-Brake data shall be implemented as depicted in Figure 90.
Byte number Function Definition Number-of bytes
3584 t0 3585 Identifier 2
3 586 EB Version 1
3587 Reserved 1
Header _
3588 List length 1
3589 to 3591 Reserved 3
359210 3593 Drive-Manufacturer 1D 2
3594 to 3595 EB Drive-Model 2
3596 to 3 597 Data field 1 Firmware Version 2
3598 to 3599 Drive Actions 2
(3p84+ix8)to (3584 +ix8)+1 Drive-Manufacturer ID 2
(3584 +ix8)+2t0(3584+ix8)+3 EB . Drive Model 2
- - Pata field i - -
(3584 +ix8)+4t0(3584+ix8)+5 1<i<N) Firmware Version 2
(3584 +ix8)+61t0(3584+ix8)+7 - Drive Actions 2
(35984 +Nx8)to (3584 tNyx8) +1 Drive-Manufacturer 1D 2
(3584 + N x8)+2to (3684 +N x 8) + Drive Model 2
3 EB
(3584 + N x 8) +.4%0 (3584 + N x 8) + | Data Field N Firmware Version 2
5 (N <62)
(3584 + Nix.8) + 6t0 (3584 + N x 8) + Drive Actions 2
7
[3 587 F (NFI) x 8] EB Footer rerminator 3
to [3584 + (N+1) x 8] + 7
[3584 + (N+2) x 8] to 4 095 Reserved 512 — (N+2) x 8

132

Figure 90 — Definition of Emergency-Brake data
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Bytes 3 584 to 3 585: EB Identifier
These bytes shall be set to 45 42h, representing the characters “EB”.
Byte 3 586: EB Version

This byte shall be set to 01h, representing Version 1 of the Emergency Brake format.

Byte 3 587: Reserved

THhis pytle shidall De Set 10 UUTLL

Byte 3 588: EB list length N

This byte shall represent the number of EB-Data fields.

This byte shall be set to 00h when no EB-Data fields are present.
Bytes 3 589 to 3 591: Reserved

These bytes shall be set to 00 00 00h.

Bytes (3584 +ix8)to (3584 +ix8)+1(1<i<N): Drive-ManufacturerlD

The format and the content of these 2 bytes require agreement, between the interchange pdrties, else
these bytes shall be set to all 00h.

Bytes (3584 +ix8)+2to (3584 +ix8)+3(1L<i<N):Drive-Model number

These two bytes represent the Drive-Model number’and shall be defined by the drive manufacturer.
This International Standard does not specifythé’ format and the content of these bytes. |t shall be
ignored in interchange.

Bytes (3584 +ix8)+4to (3584 +ix8)+5(1<'i <N): Drive-Firmware Version

These two bytes represent the DriveEirmware Version and shall be defined by the drive manufacturer.
This International Standard does jnot specify the format and the content of these bytes. |t shall be
ignored in interchange.

Bytes (3584 +i x 8) + 6 to (3584 i x 8)+ 7 (1 <i<N): Drive-Manufacturer Actions

These two bytes represent the actions to be performed by the drive model to handle this disk. These
bytes shall be defined by the drive manufacturer. This International Standard does not specify the
format and the eontent of these bytes. It shall be ignored in interchange.

Bytes [3 584 + (N+1) x 8] to [3584 + (N+1) x 8] + 7 (0 <N < 62): EB Terminator
These bytes shall be set to FF FF FF FF FF FF FF FFh to indicate the end of the EB data.
Bytes [3584 + (N+2) x 8] to 4 095 (0 <N < 62): Reserved

These bytes are Reserved.

18.3 Rewritable Area of Inner Zone(s)
18.3.1 Protection-Zone 2

This Zone of 300 Physical Clusters starts at PAA 0 01 83 38h on Layer LO and is intended to be a buffer Zone
for the transition from the Embossed HFM Area to the Rewritable Area (see 15.4.4).
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18.3.2 Buffer

This Zone has 3 078 Physical Clusters starting at PAA 0 01 87 E8h on Layer LO, 4 104 Physical Cluster
starting at PAA 0 7E 85 98h on Layer L1, and 200 Physical Clusters starting at PAA 0 81 3A 48h plus 6 246
Physical Clusters starting at PAA 0 81 9A 68h on Layer L2 and shall be left unrecorded.

18.3.3 INFO 2/Reserved 8

This Zone of 32 Physical Clusters starting at PAA 0 01 B8 00h on Layer LO, at PAA O 7E 47 80h on Layer L1
and at PAA 0 81 76 68h on Layer L2 is Application dependent.

For the digks with BCA code, if this setting is not specified by the Application these bytes shall be left
unrecorded.

For the digsks without BCA code, this Zone shall be recorded all 00h before shipping.
18.3.4 INFO 2/Reserved 7

This Zone|has the size of 32 Physical Clusters starting at PAA 0 01 B8 80h on Layer L.Q;vat PAA 0 7E 47 00h
on Layer f1 and at PAA 0 81 76 E8h on Layer L2 and shall be left unrecorded.

18.3.5 INFO 2/Reserved 6

This Zone|has the size of 32 Physical Clusters starting at PAA 0 01 B9,00h on Layer LO, at PAA 0 7E 46 80
on Layer {1 and at PAA 0 81 77 68h on Layer L2 and shall be left untecorded.

18.3.6 INFO 2/Reserved 5
This Zone|has the size of 32 Physical Clusters starting at PAA-0 01 B9 80h on Layer LO, at PAA 0 7E 46 00k

on Layer {1 and at PAA 0 81 77 E8h on Layer L2 and is Application dependent.
For the digks with BCA code, this Zone shall be left unrecorded unless otherwise specified by the Applicatio

—

For the digsks without BCA code, this Zone shall be reeorded all 00h before shipping.
18.3.7 INFO2/PAC 2
This Zone|of 32 Physical Clusters starts at PAA 0 01 BA 00h on Layer LO and at PAA O 7E 45 80h on Layer

L1 and is |ntended to be used for storing.Physical-Access Control (PAC) Clusters (see 21.2). Unused Clusters
in this Zor]e shall contain all 00h or teft-inrecorded.

18.3.8 INFO2/Reserved
This Zone|has the size of 327Physical Clusters starting at PAA 0 81 78 68h on Layer L2 unrecorded.
18.3.9 INFO2/DMA 2

This Zone|of 32.Physical Clusters starts at PAA 0 01 BA 80h on Layer LO, at PAA 0 7E 45 00h on Layer L1
and at PAA 0°81'78 E8h on Layer L2 and is intended for use by the Disk Management system (see 22.2).
Unused Clusters in this Zone shall contain all 00h or left unrecorded

18.3.10 INFO2/Control Data 2

This Zone of 32 Physical Clusters starts at PAA 0 01 BB 00h on Layer LO, at PAA 0 7E 44 80h on Layer L1
and at PAA 0 81 79 68h on Layer L2 and is intended to store Control Information. Unused Clusters in this
Zone shall contain all 00h.

18.3.11 INFO2/Buffer 2

This Zone with the size of 32 Physical Clusters starts at PAA 0 01 BB 80h on Layer LO, at PAA 0 7E 44 00h
on Layer L1 and at PAA 0 81 79 E8h on Layer L2 and shall be left unrecorded.
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18.3.12 OPC/Test Zone

The Test Zone of 2 048 Physical Clusters starts at PAA 0 01 BC 00h on Layer LO, at PAA 0 7E 65 98h on
Layer L1 and at PAA 0 81 3D 68h on Layer L2 and is Reserved for testing and/or OPC procedures.

After using any part of this area, the used tracks shall either be erased by irradiating these tracks using only
the optimum erase powers or be overwritten with Clusters containing arbitrary user data using the optimum
write powers.

18.3.13 Reserved

a-Closters
ayer bl\a|

on L nd 1 600

b8h on

h on

D3 00h on
drive-
allocate

0 in

18.3.15.2 Format of Drive-specific Information

Drjve-specific Information shall be contained in one 2K Data Frame. The first 128 bytes of such a Dgta Frame
shill contain a signature of the drive that has created the related Data Frame, according to the following
fogmat:

—1 48 bytes for the Manufacturer’s name, represented by characters from the ISO/IEC 646 character set;
—1 48 bytes of additionalidentification, represented by characters from the ISO/IEC 646 character set;
—1 32 bytes for a unigue serial number of the drive.

THe format of therémaining 1 920 bytes of the Data Frame is not defined and can be chosen freely by each
drive designet!

Dnjve-speeific Information of the last 32 drives that have used this option shall be stored in one Phys|cal
Cluster. Each time a new drive is going to write its Drive-specific Information, the oldest Drive-specif
Information tocated i Data Frame 31 of the l-'nysical Ciusteris removed frorm the l-'nysical CIUStET, The
content of Data Frames 0 to 30 are moved into Data Frames 1 to 31 and the new information is written in Data
Frame 0O (see Figure 91).

(¢

For robustness reasons, the Physical Cluster containing the Drive-specific Information frames is written on the
disk twice.
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Initially, the two Physical Clusters starting at PAA 0 01 FC 80h and 0 01 FC 84h shall be used to store Drive-
specific Information. When both Physical Clusters become unreliable, the next two Physical Clusters of the
Drive Area can be used to store the Drive-specific Information. For a fast and efficient access to the Drive
Area, the DDS in the DMA Zones contain an address pointer to the first valid Physical Cluster in the Drive
Area.

Drive Area Phys. Cluster l“shift in” Data Frame
damaged drive i Manufacturers name
One x 2K
Addrgss ive i- iti
poinfer damaged drive i-1 Sector Additional ID
32 x 2K .
> i i Unique Ser. Num.
n Valid Drive Info Sectors l qa
DDS Copy Drive Info Drive-specific
shift at P

information

each update .
P in free fermat

spares

drive i-31

l “shift out”

Figure 91 — Format of Drive Area(example)
18.3.16 INFO1/Reserved 3

This zone|of 32 Physical Clusters starting at PAA 0 01 FD’00h on Layer LO, at PAA O 7E 02 80h on Layer L1
and at PAA 0 81 FD 00h on Layer L2 shall be left unrecorded.

18.3.17 INFO1l/Reserved 2

This zone|of 32 Physical Clusters starting at PAA 0 01 FD 80h on Layer LO, at PAA 0 7E 02 00h on Layer L1
and at PAA 0 81 FD 80h on Layer L2 shall*be left unrecorded.

18.3.18 INFO1/Reserved 1

This Zone|has the size of 32.Rhysical Clusters starting at PAA 0 01 FE 00h on Layer LO, at PAA 0 7E 01 80h
on Layer f1 and at PAA @"81“FE 00h on Layer L2 shall be left unrecorded.

18.3.19 INFO1/DMA-L

This Zone|of 32\Physical Clusters, which starts at PAA 0 01 FE 80h on Layer LO, at PAA 0 7E 01 00h on
Layer L1 and.at PAA 0 81 FE 80h on Layer L2, is intended for use by the Disk Management system (see

h P WS | Lol " HY ... L Il P [TIFaYaY) 1 [ 'l !
C apter ZI_.L}. UTIUSTU CTIUSITTS T UTS LUTIT STidll LuTiain’ ain Juit Ul cairt g ITit urirccurucu.

18.3.20 INFO1/Control Data 1

This Zone of 32 Physical Clusters, which starts at PAA 0 01 FF 00h on Layer LO, at PAA 0 7E 00 80h on
Layer L1 and at PAA 0 81 FF 00h on Layer L2, is intended to store Control Information.

Unused Clusters in this Zone shall contain all 00h.
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18.3.21 INFO1/PAC 1

This Zone of 32 Physical Clusters, which starts at PAA 0 01 FF 80h on Layer LO and PAA 0 7E 00 00h on
Layer L1, is intended to be used for storing Physical-Access Control (PAC) Clusters (see 21.2). Unused

Clusters in this Zone shall contain all 00h or can be left unrecorded.

18.3.22 INFO1/Reserved

This Zone of 32 Physical Clusters, starting at PAA 0 81 FF 80h on Layer L2, shall be left unrecorded.

19

TH

20

20

Ouiter Zone 0 and Outer Zone 1 function together as a Transition Area between the Data Zones on L
d Layer L1. Outer Zone 2 functions as a Lead-out Zone (see Figure 92.and Figure 93).

an

Data Zone

Outer Zone(s)

.1 General

e Data Zone can contain a total of 1 527 456 Clusters of User Data.

ayer LO

Outer Description First PAA Number of Purpose
Zone 0/2 of Zone Phys. Clusters
Buffer 3 LAAN + 2h 32
INFO 3 DMA 3 LAAN + 82h 32 Disk Management
v Control Data 3 LAANn + 1 02h 32 data information
Rewritabled Angular baffer | LAANn + 1 82h 102
tracking DMA-4 LAAN + 3 1Ah 32 Disk Management
direction INFO 4 Caontrol Data 4 | LAAn + 3 9Ah 32 data information
Buffer 4 LAANn + 4 1Ah 32
DCZz0/2 Test Zone LAAN + 4 9Ah 760 Drive calibrafion
Protection-Zone 3 |LAANn +10 7Ah
LAAnN is LAA in Quter Zone 0 and LAA2 in Outer Zone 2.

Figure 92 — Outer Zone 0/2 (Lead-out Zone)
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Outer Description First PAA Number of Purpose
Zone 1 of Zone Phys. Clusters
Protection-Zone 3
DCZz1 Test Zone FAA — 10 78h 760 Drive calibration
! Buffer 4 FAA — 4 98h 32
Rewritable INFO 4 Control Data 4 FAA — 4 18h 32 data information
! DMA 4 FAA —398h 32 Disk Management
Angular buffer FAA —318h 102
tr.e cki.ng Control Data 3 FAA —1 80h 32 data information
diection | |\Fo 3 DMA 3 FAA — 1 00h 32 Disk Management
Buffer 3 FAA - 80h 32

Figure 93 — Outer Zone 1
20.2 INFP3/Buffer 3

This Zone|of 32 Physical Clusters shall be left unrecorded.
20.3 INFP3/DMA 3

This Zone|of 32 Physical Clusters is intended for use by the DiskManagement system (see 22.2). Unused
Clusters in this Zone shall contain all 00h or can be left unrecorded.

20.4 INFP3/Control Data 3

This Zone|of 32 Physical Clusters is intended to stere Control Information.
Unused Clusters in this Zone shall contain all-00h.

20.5 Andular buffer

This Zone|of 102 Physical Clustérs shall be left unrecorded.

20.6 INFD4/DMA 4

This Zone|of 32 Physical Clusters is intended for use by the Disk Management system (see 22.2). Unused
Clusters in this Zore shall contain all 00h or can be left unrecorded.

20.7 INFD4/Control Data 4

This Zone of 32 Physical Clusters is intended to store Control Information.
Unused Clusters in this Zone shall contain all 00h.

20.8 INFO4/Buffer 4

This Zone of 32 Physical Clusters shall be left unrecorded.

20.9 DCZO0/Test Zone, DCZ1/Test Zone and DCZ2/Test Zone

These Test Zones of 760 Physical Clusters are Reserved for drive calibrations.
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20.10 Protection-Zone 3

This Zone contains an unrecorded Groove.

All ADIP units in the Grooves in this Zone shall be modulated by MSK-cos only and not by HMW (see 15.6.2).

21 Physical-Access Control Clusters

21.1 General

PRhysical-Access Control (PAC) Clusters provide a structure on the Disk for the exchange of addition

in

th

In

D
the
de

ap

Dr
ap
an
ar

N(

21

Th

sl

rmation between interchange parties. PAC Clusters shall be recorded in the INFO1/PAC1 Zene and
backup copies shall be recorded in the INFO2/PAC2 Zone. All PAC Clusters shall have the same fonmat for

first 384 data bytes, which constitute the PAC Header.
the future, new PACs can be defined for specific applications/functions.

ves designed before the introduction date of a new PAC will in general not b&.able to interpret it a

fined in the header of the PACs, compatibility problems and unwanted-destruction of data of speci
plications can be avoided as much as possible.

d apply the rules defined in the “PAC-specific information®-fields of the PAC. For such “Known PA

DTE To preserve compatibility
from the point of view of Zone layout, PAC1 and PAC2 are allocated only on Layer LO and Lay
the corresponding Zone on Layer L2.is Reserved, and
from the point of view of PAC content, there are no additional Unknown-PAC Rules for this rese
and this reserved Zone is out of PAC control.

.2 Layout of PAC Zones

e INFO1/PAC1 Zoneson-Layer LO and Layer L1 form one area of 64 Clusters available for the stg

P/
st

Edch PAC Cluster-shall be recorded in both Zones INFO1/PAC1 and INFO2/PAC2, so there will alw

C

bd copiedito the INFO2/PAC2 Zone, which eases the handling of possible power-down failures. The
Update Count of the PAC Cluster recorded in the INFO2/PAC?2 Zone shall be the same as the PAC-
Cqunt/of the PAC Cluster recorded in the INFO1/PAC1 Zone.

C and the INFO2/RAG2 Zones on Layer LO and Layer L1 form another area of 64 Clusters availa
rage of PAC.

ies of eaCh'PAC Cluster recorded. A PAC shall always be updated first in the INFO1/PAC1 Zone

b No physical access restrictions unless specified otherwise in the “PAC-specific information” fields.

brefore shall treat such a PAC as a so-called “Unknown PAC”. By obeying standard “Unknown- PAC Rules”,

.

C

ves designed after the introduction date of a new PAC can berassumed to be familiar with the spgcific
plication/function connected to the new PAC. Such drives-can therefore ignore the “Unknown-PA( Rules”

~

Cs”, there

er L1, and

rved Zone

rage of
ble for the

hys be 2
and then
PAC-
Update

If a PAC Cluster is found to be defective during recording, the defective Cluster shall be skipped and indicated
as invalid in the DDS (see Figure 94). A replacement PAC should be recorded in the next available Cluster.

The status of all locations in both the INFO1/PAC1 and INFO2/PAC2 Zones shall be indicated in the DDS
(see 22.2.2) by a 2-bit pattern as follows:
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b(n+1),bn

Content in PAC location

00

unrecorded

(also to be used if layer not present)

01

available for re-use?

10

contains an invalid PAC2

11

contains a valid PAC

a PAC Clusters with status 01 or 10 as indicated in the

DDS shall not be transferred outside the drive, although
overwriting is allowed (independent on the setting of bit
bo and b; of the Unknown-PAC Rules).
Figure 94 — Status of PAC locations
21.3 Gerleral structure of PAC Clusters
The User Pata of the PAC Clusters shall be formatted according to Figure 95. The first\384 bytes constitute
the PAC Header.
Byte position
Dpta Frame | in Data Frame Content Number of bytes
0 0to2 PAC_ID 3
0 3 PAC format 1
0 4t07 PAC-Update;Count 4
0 8to 11 Unknown-RAC Rules 4
0 12 Unknown-PAC Entire_Disk_Flags 1
0 13to 14 Reserved 2
0 15 number of Segments 1
0 16 to 23 Segment_0 8
0 24t0 31 Segment_1 8
0 32 to 263 : 29 x 8
0 264 to 271 Segment_31 8
0 272 10.388 Reserved 112
0 384 Known-PAC Entire_Disk_Flags 1
0 385 to 387 Reserved 3
0 388 to 2 047 PAC-specific information 1660
1 0to 2047 PAC-specific information 2048
30 0to 2047 PAC-specific information 2048
31 0to 2047 Reserved 2048

Figure 95 — General layout of PAC Clusters

140

© ISO/IEC 2016 — All rights reserved


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

ISO/IEC 30193:2016(E)

The PAC_ID shall identify the specific type of PAC Cluster.

— if set to 00 00 00h, the PAC Cluster is unused.

The PAC_ID of all subsequent PAC Clusters in the INFO1/PAC1 Zone or INFO2/PAC2 Zone shall be

set to 00 00 00h or those subsequent Cluster locations shall be left unrecorded.
—  if setto 50 52 4Dh, the PAC Cluster is the Primary PAC as defined in 21.4.
— if set to 44 57 50h, the PAC Cluster is the DWP PAC as defined in 21.5.

— ifsetto 4953 31h _the PAC Cluster isthe IS1 PAC as defined in 21.6

— if set to 49 53 32h, the PAC Cluster is the 1S2 PAC as defined in 21.6.
— if set to FF FF FFh, the PAC Cluster is unused.

The PAC was previously used and is now available for re-use.

Other values for the PAC_ID can be assigned in future releases of this International Standard.

Edch new PAC added to the INFO1/PAC1 Zone or INFO2/PAC2 Zone shall bexrecorded at the first qvailable

Cluster in these Zones (indicated by status 00 or 01 in the DDS, see Figure\94).
THe PAC-format field shall indicate the version number of the specificPAC.

THe PAC-Update Count shall specify the total number of update operations of the current PAC. Thi

5 field

shgll be set to 00 00 00 00h during the first format operation-only, and shall be incremented by one gach time

thé current PAC is re-written.

THe Unknown-PAC Rules shall specify the required actions when the content and use of the PAC gre

unknown (i.e. the PAC_ID is not set to a known value). These bytes form a field consisting of 32 indi
(bit bs; shall be the msb of byte 8 and bit by shall\be the Isb of byte 11). The actions described below
taken (when the PAC is unknown) for any Cluster contained within the related area (see Figure 96).
actions described for the User-Data Area.shall be taken only within the specified Segments if Segme
been defined; else these actions shall be.taken for any Cluster contained within the full User-Data Al

If & drive encounters multiple unknown PACs on one disk, it shall use the OR-function of the Unknov
rules (in other words, if one of the'PACs excludes an action, the same rule of the other PACs is irreld

vidual bits
shall be
The

nts have
ea.

n-PAC
vant).
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Control Mandatory
Area Bits type setting
b31 to baa Reserved 0000 0000
b write -
Reserved 8 2
b2 read -
b write ONE
Reserved 7 b21 oad
INFO 2 2 :
b1 write ONE
Reserved 6 — —
U188 rcau =
b rite -
Reserved 5 = Ll
bie read -
. b1s write ZERO
INFO 1 Drive Area
b14 read ZERO
b write ONE
Reserved 3 =
b1z read -
b write ONE
INFO 1 Reserved 2 =
bio read -
by Write ONE
Reserved 1
bs read -
DMA Zones (not including the .
INFO 1,2,3,4 DDS: see 22.2) b7 write -
Reserved
unless
bs otherwise -
specified by
the Application
bs write -
INFO 1,2,3,4 | Control Data Zones
bs read -
b3 write -
Data Zones User-Data Area/Segments
b2 read -
b1 write -
INFO 1&2 PAC Cluster
bo read -
“’I means: no mandatory setting specified, as well ZERO as ONE can be allowed depending
orn specific PAC.
Figure 96 — General bit assignments for Unknown-PAC Rules
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r all Zones/areas, except the PAC Cluster, the bits have the following meaning:

Control type = write
—  if setto ZERO: indicating that writing in the related Zone/area is allowed,
—  if setto ONE: indicating that writing in the related Zone/area shall not be allowed.

Control type = read

Fd

Th

™
P/

—  if setto ZERO: indicating that reading in the related Zone/area is allowed,

— ITsetto 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
related area(s) are not allowed to be transferred outside the drive or presented to the user.)

r the PAC Cluster, the bits have the following meaning:

Control type = write

—  if setto ZERO: indicating that overwriting the current PAC E€luster or changing its

in the DDS is allowed,

—  if setto ONE: indicating that overwriting the current PAC Cluster and changing its

in the DDS shall not be allowed, exeept during Re-Formatting.

Control type = read

—  if setto ZERO: indicating that reading and-transferring the content of the curre

outside the drive is allowed,

—  if setto ONE: indicating that the content of the current PAC Cluster, except for th

bytes of the first\Data Frame, shall not be transferred outside the d
enforced by setting all bytes not belonging to the PAC Header to (
passing the content of the Cluster.

e Unknown-PAC Entire_Disk_Flags.byte specifies Unknown-PAC Rules that cover the entire di
Bits b7 to ba: These hits.shall be Reserved.
Bit bo: Re-jnitialization
—  if setto ZERO; indicating that Re-initialization is allowed, if not blocked by any g
protect mechanism for the entire disk,
—  if set'tQ/ONE: indicating that Re-initialization shall not be allowed if the PAC is U

the drive.

n the

status bits

status bits

nt Cluster

P first 384
rive, to be
Oh before

SK.

ther write

hknown to

e numberof Segments shall specify the total number N (0 < N < 32) of Segments specified in the current

C.Mareover, the total number of Segments defined for all PACs on a disk shall not exceed 32.

z number of Segments in PAC; <32

over allPACs
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The Segment_i field shall specify the starting and ending address of a contiguous range of Clusters, called a

Segment.

Segments shall be assigned, starting from Segment_0 to Segment_(N-1) (N < 32).

Segments specified within one PAC shall not overlap and shall be sorted in ascending order according to their
addresses. Segments shall only start and end at Cluster boundaries. All Segment i fields, where i > N, shall
be set to all 00h.

— the first four bytes of the Segment _i field, if used, shall contain the first PSN of the first Cluster belonging
to the Segment, and

— the lapt four bytes shall contain the last PSN of the last Cluster belonging to the Segment.

These Se

Clusters &
overlap argas.

The Known-PAC Entire_Disk_Flags byte specifies rules for the entire disk in case the drive’is able to
interpret the PAC.

— Bits
— Bit

The PACH
21.4 Prin
The Primag

was initial
layout of t

jyments shall only be applied to the Unknown-PAC Rules. If overlapping Segments in different PA

b7 to by: These bits shall be Reserved.
bo: Re-initialization
if set to ZERO: indicating that Re-initialization is allowed))if not blocked by any other wri
protect mechanism for the entire disk,
if set to ONE: indicating that Re-initialization shall:not be allowed.
specific information fields contain information thatis specific to the current PAC.

nary PAC Cluster (mandatory)

ry PAC Cluster shall be included on eachdisk to provide information about the date when the disK
y recorded and to identify each recorderthat has recorded individual Clusters on the disk. The
ne Primary PAC Cluster shall be formatted as depicted in Figure 97.

\NC

re encountered, the drive shall apply the OR-function to the related Unknown-PAC:rules in the

e_
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Byte position Content
Data Frame | in Data Frame Number of bytes
0 Oto2 PAC_ID 3
0 3 PAC format 1
0 4t07 PAC-Update Count 4
0 8to11 Unknown-PAC Rules 4
0 12 Unknmownm-PAC Entirte_Disk_Ftags T
0 13 tol4 Reserved 2
0 15 number of Segments 1
0 16 to 23 Segment_0 8
0 24to 31 Segment_1 8
0 32t0 263 : 29 x 8
0 264 to 271 Segment_31 8
0 272 to0 383 Reserved 112
0 384 Known-PAC Entire_Disk&Flags 1
0 385 to 387 Reserved 3
0 388 to 389 number of Recorder/ID entries 2
0 390 to 393 Year/Month/Daté\of initial recording 4
0 394 Re-initialization RID_Tag # 1
0 39510 511 Reserved 117
0 512 to 639 Reeorder ID for RID_Tag 01h 128
0 640 to 767 Recorder ID for RID_Tag 02h 128
0 768 to 896 Recorder ID for RID_Tag 03h 128
1920 to 2047 : 128
0 to 127 Recorder ID for RID_Tag xxh 128
15 1(920 to 2 047 Recorder ID for RID_Tag FCh 128
16 0to 2 047 Reserved 2048
3t 0to 2 047 Reserved 2048
Figure 97 — Layout of Primary PAC Cluster

The PAC_ID shall be set to 50 52 4Dh, representing the characters “PRM”.

The PAC-format field shall be set to 00h, indicating this is a Primary PAC Version 0.

The PAC-Update Count shall specify the total number of update operations of the current PAC. This field
shall be set to 00 00 00 00h during the first format operation only, and shall be incremented by one each time
the current PAC is re-written.
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The Unknown-PAC Rules shall be set as shown in Figure 98

Control Mandatory
Area Bits type setting
bs1 to bos Reserved 0000 0000
bo3 write ZERO
Reserved 8
b2> read ZERO
bo1 write ONE
Reserved 7
Ce o b20 read ZERO
I rU £ .
b1g write ONE
Reserved 6
big read ZERO
b17 write ZERO
Reserved 5
bis read ZERO
INFO 1 Drive Area bas write RERO
D14 read ZERO
b1z write ONE
Reserved 3
b2 read ZERO
b11 write ONE
INFO 1 Reserved 2
b1o read ZERO
bg write ONE
Reserved 1
bg read ZERO
DMA Zones (not including the .
INFO 1,2,3,4 DDS: see chapter 22.2) b7 write ZERO
b Reserved unless otherwise
e specified by the Application
bs write ZERO
INFO 1,2,3,4 | Control Data Zones
b4 read ZERO
b3 write ZERO
Data Zones User-Data Area/Segments
b read ZERO
b1 write ZERO
INFO 1&2 PAC Cluster
bo read ZERO
Figure 98 =~Bit assignments for Unknown-PAC Rules for Primary PAC
The Unknjown-PAC Entire_Disk_Flags byte shall be set to 00h indicating Re-initialization of the disk is
allowed if fhis PAC-is Unknown to the drive and there are no other mechanisms blocking Re-initialization.
The numierof Segments shall be set to 00h.

The Segment_i fields shall all be set to all 00h.

The Known-PAC Entire_Disk_Flags byte shall be set to 00h indicating Re-initialization of the disk is allowed
in case the drive is able to interpret this PAC and there are no other mechanisms blocking Re-initialization.

The number of Recorder ID entries field shall specify the number (<252) of 128-byte Recorder IDs
contained in bytes 512 to 2 047 of Data Frame 0 and bytes 0 to 2 047 of Data Frames 1 to 15. The maximum
number of available locations is 252 (see also description at Recorder ID for RID_Tag xxh).
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The Year/Month/Date of initial recording fields shall indicate the year (4 digits BCD), the month (2 digits
BCD) and the date (2 digits BCD) when the very first recording on this disk was made.

If a drive is not able to correctly set this field, these bytes shall be set to 00h.

The Re-initialization RID_Tag # shall specify the Recorder-ID Tag number of the recorder that last (Re-
)Formatted the disk.

The Recorder ID for RID_Tag xxh fields shall contain the 128-byte drive signatures of all recorders (up to a
maximum of 252) that have made any recordings on this disk. Such drive signatures shall be according to the
following format (see 18.3.15.2):

—1 48 bytes for the Manufacturer's name, represented by characters from the ISO/IEC 646 Character set;
—1 48 bhytes of additional identification, represented by characters from the ISO/IEC 646 _echaracter set;
—1 32 bytes for a unique serial number of the drive.

THe first time a recorder writes data to a disk, it shall add its Recorder ID to thislist. There shall be np
duplicate entries and new entries shall only be appended to the end of theist. This list shall not be sprted or

changed in any other way, since the relative location of each entry determines the RID_Tag value (sge Figure
97) assigned to each specific recorder. After all available Recorder/D fields have been used, recorders whose
Recorder ID cannot be registered in the PAC anymore shall useithe RID_Tag value FFh.

THe RID_Tag value assigned to a specific recorder shall be recorded in the Address Units as defined in
13.9.2.3 to indicate that the Cluster has been recorded by that recorder.

215 Disk Write-Protect PAC Cluster (optional)

THe Disk Write-Protect (DWP) PAC Cluster is.optional and can be used to protect a disk against uniftended
wijte actions or write actions by unauthorized-persons. For the latter purpose, a password can be ingluded. If
a yalid DWP PAC Cluster exists on the disk, products that understand the PAC shall follow the rules|indicated
bylthe WP control byte, else they shall follow the Unknown-PAC Rules. The layout of the DWP PAC|Cluster
shgll be formatted as depicted in kigure 99.
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Byte position Content
Data Frame | in Data Frame Number of bytes
0 Oto2 PAC_ID 3
0 3 PAC format 1
0 4t07 PAC-Update Count 4
0 8to11 Unknown-PAC Rules 4
0 12 Unknmownm-PAC Entirte_Disk_Ftags T
0 13tol4 Reserved 2
0 15 number of Segments 1
0 16 t023 Segment_0 8
0 24to 31 Segment_1 8
0 32t0 263 : 29%x8
0 264 to 271 Segment_31 8
0 272 to0 383 Reserved 112
0 384 Known-PAC Entire_Disk_Flags 1
0 385 to 387 Reserved 3
0 388 WP control byte
0 389 to 395 Reserved
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 99— Layout of the DWP PAC Cluster
The PAC |ID shall be set to 44 57 50h, representing the characters “DWP”.
The PAC-format field shalllae set to 00h, indicating this is a DWP PAC Version 0.
The PAC-Update Count shall specify the total number of update operations of the current PAC. This field

shall be s

the current PAG:isre-written.

t to 00 00.00 00h during the first format operation only, and shall be incremented by one each time
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The Unknown-PAC Rules shall be set as Figure 100:

Control Mandatory
Area Bits type setting
b31 to baa Reserved 0000 0000
b3 write ZERO
Reserved 8
b2 read ZERO
D21 WItE ONE
Reserved 7
b2o read ZERO
INFO 2 -
big write ONE
Reserved 6
bis read ZERO
Reserved 5 b17 write ZERO
bie read ZERO
. bis write ZERO
INFO 1 Drive Area
D14 read ZERO
b rite ONE
Reserved 3 B i
b1 read ZERO
b1a write ONE
INFO 1 Reserved 2
D1y read ZERO
bg write ONE
Reserved 1
bs read ZERO
DMA Zones (not including the . L
INFO 1,2,3,4 DDS; see chapter 22.2) b7 write ZERO/ONE
Reserved unless
otherwise |
be specified by the ZERO/ONE
Application
bs write ZERO/ONE
INFO 1,2,3,4 | Control Data Zones
by read ZERO
bs write ZERO/ONE
Data Zones User-Data Area/Segments
b, read ZERO
by write ONE
INFO 1&2 PAC Cluster
bo read ONE

Figure 100 — Bit assignments for Unknown-PAC Rules for DWP PAC

Bits bz, be, bs and bz shall be set to ZERO it bit bo of the WP control byte is set to ZERO (WP off) and bits b,
be, bs and bz shall be set to ONE if bit by of the WP control byte is set to ONE (WP on).

The Unknown-PAC Entire_Disk_Flags byte shall be set to 01h indicating Re-initialization of the disk is not
allowed if this PAC is Unknown to the drive.

The number of Segments shall be set to 00h.
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The Segment_i fields shall all be set to all 00h.

The Known-PAC Entire_Disk_Flags byte shall be set to 00h indicating Re-initialization of the disk is allowed
in case the drive is able to interpret this PAC and there are no other mechanisms blocking Re-initialization.

The WP control byte shall specify the allowed and required actions (see Figure 101).

—  Bitsbstobs: These 5 bits shall be Reserved.
—  Bitbh:: This bit indicates WP with/without password (PWD).

— | Ifitis setto ZERO, no checking of the password is needed.

— | Ifitis set to ONE, in case bit by is set to ONE, the write protection is switched on, ofly hoft-
initiated write actions shall be allowed if the password supplied by the host matches thg passward
contained on the disk.

=

—  Bitha: This bit indicates the method of write protection.

— | If set to ZERO, this bit indicates Virtual WP. After executing the required{actions as specified|in
the table of Figure 101, host-initiated write actions shall be executed without changing the wrte
protection settings on the disk.

— | If set to ONE, this bit indicates the Physical WP. After executing the required actions as specified
in the table of Figure 101, host-initiated write actions shall only be executed after setting bit bo|to
ZERQO, indicating that the write protection is switched off.

—

— Bit Ipo: This bit indicates Write Protect on/off,

— | If setto ZERO, it indicates that write protection issswitched off (WP off) and the host-initiated wifite
actions is allowed without any restrictions.

—

— | If set to ONE, it indicates that write protection is switched on (WP on), meaning that all wrjte
actions initiated by the host shall be blocked by the drive and the host-initiated write actions gre
only allowed after executing the required actions as specified in the table of Figure 101.

— | If the write protection is switched an; re-initializing the disk shall not be allowed.

The WP cpntrol byte shall only be changed after executing the required actions as specified in the table of
Figure 101.

The WP plassword can consistof up to 32 characters from the ISO/IEC 646 character set. Trailing bytes no
used shall be set to 00h. The"WP password shall never be transferred outside the drive.

If all byteq of the WP password field are set to 00h, then the WP password feature is inactive and bit b, of the
WP contrql byte shallbe set to ZERO.

If the WP password field is set to all FFh, then the disk is permanently write protected and further host-initiated
write actions-en the disk shall not be allowed. Bits b, b; and bo of the WP control byte shall be set to 111.
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21

Th
Un
sh

TH

WP control Status Actions
- for changing WP control
b | by | bo for writing data bits or the password
0(0]|0 no PWD/virtual/WP off allowed allowed
. allowed after confirmation | allowed after confirmation
0(0]1 no PWD/virtual/WP on by the host by the host
010 no PWD/physical/WP off allowed allowed
allowed after confirmation allowed after confirmation
0O(11 no PWD/physical/WP on by the host and changing
by the host
to WP off
allowed after.confirmation
1,01]0 with PWD/virtual/WP off allowed of the passwerd supglied
by thehost
allowed after confirmation | allewed after confirmation
1101 with PWDJ/virtual/WP on of the password supplied |of the password supglied
by the host by the host
allowed after confirmation
1]11]0 with PWD/physical/WP off | allowed of the password supglied
by the host
allowed aftergonfirmation ) .
. allowed after confirmation
1|11 with PWD/physical/WP on of the pasqyord suppll.ed of the password supglied
by the host and changing by the host
to WReff

e IS1 PAC and 1S2 PAC may be recorded on an Unrecorded disk. When BCA code is not recorde]

Figure 101 — Status and allowed actions defined by Write-control bits
6 1S1 and IS2 PAC Clusters

recorded disk, IS1/1S2 PAC structures shall be recorded in INFO 1/PAC 1 and INFO 2/PAC 2 befpre
pping. When BCA code is recorded on an Unrecorded disk, 1S1/IS2 PAC structures shall not recofded.

e layout of the IS1 PAC.and IS2 PAC Cluster shall be formatted as depicted in Figure 102.
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Byte position
Data Frame | in Data Frame Content Number of bytes

0 Oto2 PAC_ID 3

0 3 PAC format 1

0 4t07 PAC-Update Count 4

0 8to11 Unknown-PAC Rules 4

0 12 Unknown-PAC Entire_Disk_Flags 1

0 1310 14 Reserved 2

0 15 number of Segments 1

0 16 to 23 Segment_0 8

0 24 to 31 Segment_1 8

0 32 to 263 : 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 385to0 2 047 Reserved 1663

1 0to 2 047 Reserved 2048

31 0to 2 047 Reserved 2048

Figure 102 — General layout of IS1 and\S2 PAC Clusters
The PAC |ID shall be set to 49 53 31h, representing the characters “IS1” for IS1 PAC. The PAC_ID shall be

set to 49 §

The PAC-format field shall be set to 00h for bethi PACs, indicating this is Version 0.

The PAC-Update Count shall be set to 00°00 00 00h for both PACs.

The Unknjown-PAC Rules shall be,set00 AA 2A 00h for an IS1 PAC and shall be set 00 AA 2A CBh for an
1IS2 PAC.

The Unknjown-PAC Entire Disk_Flags byte shall be set to 01h for IS1 PAC and shall be set to 00h for 1S2
PAC.

The number of Segments shall be set to 00h for both PACs.

The Segnjent, ifields shall be set to all 00h for both PACs.

The Known=PAC Fntire Disk Flags byte shall he set to 01h for hoth PACs

3 32h, representing the characters “IS2” for,|S2 PAC.

22 Disk Management

22.1 General

Disk Management defines and controls methods of recording data on the disk including Defect Management.
Defect Management is used to solve problems related to areas on the disk that may have become defective or

unreliable through damages or contamination.
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Depending on the Application and/or the applied File System, Defect Management can be handled by the
drive or by the File System.

The data originally intended to be recorded at a defective location is recorded at an alternative location that is,
determined by the File System.

In the Defect List, according to this International Standard, 2 types of defects can be distinguished (see
22.2.3.3):

— defects that are indicated as NRD: Non-Re-allocatable Defect; and
—1 unreliable areas on the disk, called PBA: Possibly Bad Area. Before using such a PBA for the|allocation
of data, the reliability of the area should be checked.

222 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 (DHL). The
Disk-Definition Structure consists of one Cluster which shall be repeated 4 times, for robustness reasons, and
the Defect List consists of 8 consecutive Clusters.

Whenever a disk leaves a recorder, all DMS shall correctly reflect the ‘eurrent status of the disk.

All 4 occurrences of the DMS, recorded in the DMA Zones in the Inner and Outer Zone(s), shall contgin the

same information, except for the First PSN of the Defect Listy(see 22.2.2, byte 24 of Data Frame 0). The DMA
Zdnes shall be updated in the order DMA 1, DMA 2, DMA 3, DMA 4 for ease of handling possible pagwer-down
faijures. After such an update, all DDS Update Counts\(see 22.2.2, byte 4 of Data Frame 0) shall be the same
and all DFL-Update Counts (see 22.2.3.1, byte 4 of{Data Frame O/Cluster 0 and 22.2.3.2, Defect-Lis}
Tdrminator) shall be the same.

DMS

THe DMA Zones consist of 96 consecutive Clusters divided over the 3 Recording Layers as indicatedl in
Figure 103.

Tracking direction

Layer LO Cluster Cluster Cluster Cluster Cluster
1 2 3 31 32
Tracking direction
Layer L1 Cluster Cluster Cluster Cluster Cluster
64 63 35 34 33
Tracking direction
Layer L2 Cluster Cluster Cluster Cluster Cluster
65 66 67 95 96

Figure 103 — Clusters of DMA Zones
The DDS shall always be recorded in the first 4 Clusters of each DMA Zone. The next 4 Clusters are
Reserved.

The DFL is recorded initially in Clusters 9 to 16 of each DMA Zone. Whenever any of the 8 Clusters of the
DFL in a DMA Zone starts to become unreliable, the complete DFL is moved into the next 8 Clusters of the
DMA Zone concerned (see Figure 104). The position of the valid DFL is indicated in the DDS.
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Cluster 1to 4

DDS (4 repetitions)

Cluster5to 8

Reserved

Cluster 9 tol6

1st position of DFL

damaged DFL

Cluster 17 to 24 2nd position of DFL valid DFL
Cluster 25 to 32 31 position of DFL empty
Cluster 89 to 96 11" position of DEL empty

22.2.2 Di

The DDS
DDS is de

fined in Figure 105.

154

Figure 104 — Example of DMA Zone
Ek-Definition Structure (DDS)

specifies the format and status of the disk with relation to the Disk Management.. The format of the
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Byte position Content
Data Frame | in Data Frame Number of bytes
0 Oto1l DDS identifier 2
0 2 DDS format 1
0 3 Reserved 1
0 4t07 DDS Update Count 4
0 8to 15 Reserved 8
0 16 to 19 First PSN of Drive Area 4
0 20 to 23 Reserved 4
0 24 to 27 First PSN of Defect List 4
0 28t0 31 Reserved 4
0 32t0 35 Location of LSN 0 of User-Data Area 4
0 36to0 39 Last LSN of User-Data Area 4
0 40to0 43 Reserved unless otherwise specified by the 4
Application
0 44 to 47 Reserved unless otherwise specified hy.the 4
Application
0 48 to 51 Reserved unless otherwise specified by the 4
Application
0 52 Flag A 1
0 53 Reserved 1
0 54 Reserved unless othérwise specified by the 1
Application
0 55 Reserved 1
0 56 to 59 Reserved unless otherwise specified by the 4
Application
0 60 to 63 Reserved 4
0 64to 71 Status-bits of INFO1/PAC1 locations on Layer 8
LO
0 7210 79 Status bits of INFO2/PAC2 locations on Layer 8
LO
0 80 to'8Y Status bits of INFO1/PACL1 locations on Layer 8
L1
0 88 to 95 Status bits of INFO2/PAC?2 locations on Layer 8
L1
0 96 to 2 047 Reserved 1952
1 0to 2047 Reserved 2048
31 0to 2 047 Reserved 2048

Figure 105 — Format of DDS

The DDS Identifier shall be set to 44 53h, representing the characters “DS”.
The DDS format field shall be set to 00h, identifying a DDS.

The DDS Update Count shall specify the total number of update operations of the DDS. This field shall be set
to 00 00 00 00h during the first format operation only, and shall be incremented by one each time the DDS is
re-written.
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The First PSN of Drive Area field shall specify the first PSN of the first Cluster of the pair of Clusters that
contains the Drive-specific Information Frames.

If the Drive Area is unrecorded, this field shall be set to 00 00 00 00h.

The First PSN of Defect List field shall specify the first PSN of the Defect List in the DMA Zone containing

this particular DDS.

The Location of LSN 0 of User-Data Area field shall specify the PSN of the first User-Data Frame in the first
Cluster and shall be set to 00 10 00 00h unless otherwise specified by the Application.

The Last [ SN of User-Data Area field shall specify the Logical-Sector Number (LSN; see Clause 23) ofithe
last sectol| available for the storage of User Data and shall be set to 02 E9 D3 FFh unless otherwise specifie

by the Application.

The 8-bit [Flag A field specifies the status of the TL disk. Bits by and bs shall be Reserved. Bits bs, ba, bz, by,
b1, and bolshall be set to ONE unless otherwise specified by the Application.

The Statuls bits of INFO1/PAC1 locations on Layer LO field shall specify the recording’status of all 32
Clusters in the INFO1/PAC1 Zone on Layer LO (see Figure 106). The bit pairs shall\be set as defined in 21.3.

o

Byte position Bits INFO1/PACLlocation PAA
64 b7 be 0 01 FF 80h
64 bs bs 001 FF 84h
64 bs b 0 01 FF 88h
64 b1 bo 0 01 FF 8Ch
65 b7 be 0 01 FF 90h
70 b1 bo 001 FF ECh
71 b7 be 0 01 FF FOh
71 bs 2 0 01 FF F4h
71 bs b 0 01 FF F8h
71 b1 bo 001 FF FCh

Figure 106 — Status bits and related INFO1/PAC1 address locations on Layer LO
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The Status bits of INFO2/PAC2 locations on Layer LO field shall specify the recording status of all 32
Clusters in the INFO2/PAC2 Zone on Layer L0 (see Figure 107). The bit pairs shall be set as defined in 21.2.

Th
Cl

Byte position Bits INFO2/PAC?2 location PAA
72 b7 be 0 01 BA 00h
72 bs bs 0 01 BA 04h
72 bs b2 0 01 BA 08h
72 b1 bo 0 01 BAOCh
73 b5 -0+ BA16h
78 b1 bo 0 01 BA6Ch
79 b7 be 0 01 BA 70h
79 bs bs 0 01 BA 74h
79 bs by 0 01 BA 78h
79 b1 bo 001 BA 7Ch

Figure 107 — Status bits and related INFO2/PAC2 address’locations on Layer LO

e Status bits of INFO1/PAC1 locations on Layer L1 field shall'specify the recording status of al
Isters in the INFO1/PAC1 Zone on Layer L1 (see Figure 108): The bit pairs shall be set as defined

Byte position Bits INFO1/PAC1 location PAA
80 b7 be 0 7E 00 00h
80 bs b 0 7E 00 04h
80 ba-b. 0 7E 00 08h
80 b1 bo 0 7E 00 OCh
81 b7 be 0 7E 00 10h
86 b1 bo 0 7E 00 6Ch
87 b7 be 0 7E 00 70h
87 bs bs 0 7E 00 74h
87 bs by 0 7E 00 78h
87 b1 bo 0 7E 00 7Ch

Figure 108 — Status bits and related INFO1/PAC1 address locations on Layer L1
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The Status bits of INFO2/PAC2 locations on Layer L1 field shall specify the recording status of all 32
Clusters in the INFO2/PAC2 Zone on Layer L1 (see Figure 109). The bit pairs shall be set as defined in 21.2.

Byte position Bits INFO2/PAC?2 location PAA
88 b7 be 0 7E 45 80h
88 bs bs 0 7E 45 84h
88 bs b2 0 7E 45 88h
88 b1 bo 0 7E 45 8Ch
89 b5 O-FE4596h
94 b1 bo 0 7E 45 ECh
95 b7 be 0 7E 45 FOh
95 bs bs 0 7E 45 F4h
95 bs by 0 7E 45 F8h
95 b1 bo 0 7E 45 FCh

Figure 109 — Status bits and related INFO2/PAC2 address locatiohs on Layer L1
22.2.3 Ddfect List (DFL)

The first Qata Frame of the 8 Clusters constituting the DFL contains a Defect-List Header followed by a List pf
Defects. The List of Defects shall be terminated by a Defect-List Terminator.

The DFL ghall be composed as shown in Figure 110.

Cluster Start byte position Content
number/ in Data Frame Number of bytes
Data Ffame
0/d 0 Defect-List Header 128
0/d 128
: : List of Defects 65 408
0/31
1/q 0
: : List of Defects 65 536
1/31L
K/ 0
: List of Defects nx8
nx8 Defect-List Terminator 8
: (n+1) x8 set 00h
K/31
K=7.

Figure 110 — Format of DFL
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The Defect-List Header (DLH) identifies the Defect List and contains information about the composition of the
List of Defects (see 22.2.3.1).

The List of Defects contains a list of Clusters determined to be defective during use of the disk (see
22.2.3.2).

The Defect-List Terminator closes the List of Defects and shall be written immediately following the actual
last entry in the List of Defects. The Defect-List Terminator can be located in any of the 8 Clusters constituting

the DFL, depending on the number of entries in the List of Defects. All remaining bytes following the Defect-
List Terminator shall be set to 00h

222.3.1 Defect-List Header (DLH)

THe format of the DLH is defined in Figure 111.

THe DFL Identifier shall be set to 44 4Ch, representing the characters “DL”.
THe DFL format field shall be set to 00h, identifying a DFL.

THe DFL-Update Count shall specify the total number of update operations,of the Defect List. This fjeld shall
be set to 00 00 00 00h during the first format operation only, and shall be incremented by one each fjme the
DKL is re-written.

THe number of DFL entries shall indicate the total number of ‘entries in the DFL and shall be
N |DFL = No. of NRD + No. of PBA unless otherwise specified by the Application

N |DFL < 65 519
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Cluster Byte position Content
number/ in Data Frame Number of bytes
Data Frame
0/0 Oto1l DFL identifier 2
0/0 2 DFL format 1
0/0 3 Reserved 1
0/0 4t07 DFL-Update Count 4
0/0 8to 11 Reserved 4
0/0 12 tol5 number of DFL entries (N DFL) 4
0/d 16to 19 Reserved unless otherwise specified 4
by the Application
0/d 20to 23 number of NRD entries 4
0/d 24 to 27 Reserved unless otherwise specified 4
by the Application
0/d 28to 31 number of PBA entries 4
0/q 32t0 35 Reserved unless otherwise specified 4
by the Application
0/d 36 to 63 Reserved 28
0/d 64 to 67 Reserved unless otherwise specified 4
by the Application
0/d 68to 71 Reserved unless otherwise specified 4
by the Application
0/q 72t0 75 Reserved unless otherwise specified 4
by the Application
0/q 76t0 79 Reserved unless atherwise specified 4
by theApplication
0/d 80 to 83 Reserved unless otherwise specified 4
by'the Application
0/d 84 to 87 Reserved unless otherwise specified 4
by the Application
0/d 88 to 127 Reserved 40
Figure 111 — Format of DLH
The numBer of NRD entries shallspecify the total number of NRD entries in the DFL.
The number of NRD entries.is a variable number that can change during the use of the disk.
The number of PBA entries shall specify the total number of PBA entries in the DFL.
The number of PBA-entries is a variable number that can change during the use of the disk.
22.2.3.2 |list of Defects

The format of the List of Defects is shown in Figure 112.
The DFL shall be updated after formatting and each time an entry is added, removed or changed (change in
Status or address).

The DFL entries shall be formatted as specified in 22.2.3.3. DFL entries consist of 8 bytes and these entries
shall be recorded contiguously, even across the borders of Data Frames and Clusters.

The Defect-List Terminator shall be composed of two 4-byte parts:
— the first 4 bytes shall be set FF FF FF FFh;
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— the second 4 bytes shall be equal to the DFL-Update Count in the header of the DFL (can be used to
check the validity of the Defect List at power-down failures).
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162

Cluster Start byte position Content Number of
number/ in Data Frame bytes
Data Frame
0/0 128 DFL entry O 8
0/0 136 DFL entry 1 8
0/0 ix8+128 DFL entry i 8
0/0 2032 DFL entry 238 8
0/0 2040 DFL entry 239 8
0/1 0 DFL entry 240 8
0/1 8 DFL entry 241 8
0/1 2040 DFL entry 495 8
0/n 0 DFL entry n x 256 - 16 8
0/31 2040 DFL entry.8 175 8
m/0 0 DFL@ntry m x 8 192 - 16 8
m/0 jx8 DFL entrym x 8192 - 16 + | 8
m/0 2040 DFL entry m x 8 192 - 16 + 255 8
m/1 0 DFL entry m x 8 192 - 16 + 256 8
m/1 2 040 DFL entry m x 8 192 - 16 + 511 8
m/n 0 DFL entry m x 8 192 + n x 256 - 16 8
m/31 2 040 DFL entrym x 8192 + 8 191 - 16 8
KA [(N_DFL —1)x8 +128 DFL entry (N_DFL — 1) 8
K>m) —nx 2048 — K x 65 536]
K/n (N_DFL x 8 +128 DFL terminator 8
—n x 2048 — K x 65 536)
K/n [(N_DFL +1) x 8 + 128
—nx 2048 — K x 65 536] set to 00h
K/(n+1)
0 K/31 0 set to 00h 2048
K=7

Figure 112 — Format of List of Defects
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Each DFL entry shall be formatted as shown in Figure 113. The bytes of the DFL entry are converted into a
64-bit sequence with the msb’s first.

The List of Defects shall be sorted in ascending order as if each entry were a single 64-bit unsigned integer of
which the msb is ignored (always supposed to be 0), which means: first sorted by Status 1, and within Status
1 by Defective Cluster first PSN, and within Defective Cluster first PSN by Status 2 and within Status 2 by

n

TTher of SuTTeESSive CluSteTs:

Byte O/bit 7..4
of DFL entry i

Byte 0/bit 3..0 & byte 1 to 3
of DFL entry i

Byte 4/bit 7..4
of DFL entry i

Byte 4/bit 3..0 & byte 5
of DFkéentry i

to7

bs3

beo

Psg

b3z | ba1 bos | b2z

bo

Status 1

Defective Cluster first PSN

Status 2 Number of successive C

usters

TH
ing
bit
TH
po
St
un

TH

Figure 113 — DFL entry format

e Defective Cluster first PSN shall identify the PSN of the first.Rhysical Sector of the Cluster to &
icated. Only the 28 least-significant bits of the PSN shall betored in bits bsg .. bz, (the 4 most-sig
5 are discarded). Each Defective Cluster shall appear only<ence in the List of Defects.

e number of successive Clusters field shall indicateithe number of successive Clusters covered
ssibly bad area (the value 0 00 00 00h indicates that'the number of unreliable Clusters is unknowr
htus 1 field is set to 0100 (see Figure 114). When:Status 1 field is not set to 0100, this field is Resg
less otherwise specified by the Application.

e Status 1 field shall indicate the status.of the entry as shown in Figure 114.

e
hificant

by the
) when
erved

Status 1

Status 2

Type

Definition

0001

0000

NRD

The entry identifies a defective location.

0100

0000

or

0100

PBA

The entry identifies an area on the disk that might be
defective and has to be checked. The Defective Cluster
PSN shall identify the PSN of the first Physical Sector of
first Cluster related to an error event.

PBAs shall not include any NRD locations.

irst
the

Other

Reserved

acc
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The Status 2 field shall indicate the status of the entry as shown in Figure 115.

Status 2 | Definition

0000 This (default) setting shall be used if none of the following settings is valid.

0100 (Only allowed in combination with Status 1 = 0100 unless otherwise specified by
the Application.)

FhemtheClusters donotcontamany retevant-User Data Durmg Read=ivtodify=
Write actions the content of such Clusters can be discarded (related status bits
Sai1/Saip at new location can be setto 11).

If the Clusters covered by a PBA might contain valid User Data, the Status 2.0f
such a PBA shall be set to 0000.

Dther Reserved unless otherwise specified by the Application.

23 Assig

Logical-Se
S0 starting
is assigne
(at PSN =

The last L

Frame in the last Cluster before the Outer Zone 0

(at PSN =

The first L

Data Franpe in the first Cluster after the OuterZone 1

(at PSN =

The last L

Frame in the last Cluster befarethe Inner Zone 1

(at PSN =

The first L

(at PSN =

Figure 115 — DFL-Entry Status 2 definition

nment of Logical-Sector Numbers (LSNSs)

ctor Numbers shall be assigned contiguously over all Clusters available for storage of User Data,
from LSN 0 and increasing by one for each successive User-Data Frame ( see Figure 116 ). LSN
d to the first User-Data Frame in the first Cluster after L&ad-in Zone
00 10 00 00h).

SN on Layer LO is equal to 8 x LAA + 15 — 00, 18;00 00h and is assigned to the last User-Data
8xLAA + 15 = X).

SN on Layer L1 shall be one higherthan the last LSN on Layer LO and is assigned to the first Use

8xFAA = X+FC 00 00 O0OhY):
SN on Layer L1 is equahto 16 x LAA + 31 — 00 20 00 00h and is assigned to the last User-Data

03 EF FF FFh),

0471000 00 h).

SN on Layer;L2 shall be one higher than the last LSN on Layer L1 and is assigned to the first Usef
Data Frame in the-first Cluster after the Inner Zone 2

The last LSN on Layer L2 = 24xLAA + 47 — 00 30 00 00h and is assigned to the last User-Data Frame in the

last Cluster before the Lead-out Zone

(at PSN =

164

04 00 00 00h + 8xLAA + 15 = X + 04 00 00 00h).
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Inner Outer Outer Inner Inner Outer
radius Layer LO radius radius Layer L1 radius radius Layer L2 radius
A— A A —
- ~ ~ — —~
n
iT User-
Data
Area
User- | [ [ | eeeeeeeeesnnns 1 .
Data
Area User-
Data
........................... 4 Area
/|
<
o
g Lead-in Outer Outer Inner Inner Leadfout
S| Zone Zone O |y| Zonel Zonel [y| Zone?2 Zone
=3 Llj ]
S 1 ) ___t 4 4 .
© 00 10 00 00h X X + FC 00 00 00h O3 EF FF FFh 04 10 00 00h PSN

Figure 116 — Assignment of Logical-Sector Numbers

24 Characteristics of Grooved Areas
Inthis International Standard, two types of signals are distinguished:
—{ signals generated by the Groove structures on the disk, and

—1 signals generated by User-written Marks.

In|Clauses 25 to 27, the signals generated by the Grooverstructures are defined and specified (the format of
th¢ Grooves has been defined in Clause 15).

All requirements in Clauses 25 to 27 shall be fulfilled in all layers independent of the recording statug of other

Recording Layers (whether unrecorded, recorded or partially recorded) from the inner radius of the Embossed
HEM Area(s) (start/end of the PIC Zone) at nominal radius 22,4 mm up to the inner radius of the Outer
Zdgne(s) + 20 ym (dpzo/2 + 20 um). It is.recommended that the requirements are also fulfilled in the remainder
of the Outer Zone(s).

25 Method of testing for Grooved Area
251 General

THe tests shall be perfofmed in the Rewritable Areas. The write and read operations necessary for the tests
shall be made on the"same Reference drive.

When measuringthe signals, the influence of local defects, such as dust and scratches, are excludefl. Local
defects might,cause tracking errors, erroneous ADIP information or uncorrectable Data (see Clause 33).

25.2 Environment

All sighals shall be within their specified ranges if the disk is in its range of allowed environmental copditions
as defined in 8.1.1.

25.3 Reference drive

25.3.1 General

All signals shall be measured in the appropriate channels of a Reference drive as specified in Clause 9 and in
Annex H.
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25.3.2 Read power

The read power is the optical power, incident on the Entrance surface of the disk. The read power shall be
(1,44 £ 0,10) mW for Layer LO and Layer L1 and (1,00 + 0,10) mW for Layer L2 except when measuring Push-
Pull signals. For measurement of Push-Pull signals, the read power shall be (0,70 + 0,10) mW.

25.3.3 Read channels

The drive shall have 2 read channels as defined in 9.5 and 9.6. The HF signal from the HF read channel shall
not be equalized.

o tha rand channale chAll 1
oy o oo trarT eSS a1

P

For measyremenrteHhePushPul-sign
30 kHz.

For measudirement of the wobble signals, the read channels shall be filtered by a first order LPF with fz3a8' = 1|6
MHz.

25.3.4 Tracking requirements

During mgasurement 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 begm
and the centre of the track shall be maximum 16 nm.

Local defdcts that cause large axial tracking errors shall be taken into account as.described in Annex |.

25.3.5 Scdanning velocities

The actua) rotation speed of the disk shall be such that it results in an average Channel-bit rate of 132,000
Mbit/s or @n average wobble frequency of 1 913,043 kHz except when measuring Push-Pull signals. For the
measurenpent of Push-Pull signals, the actual rotation speed of the disk shall be such that it results in an
average (Jhannel-bit rate of 66,000 Mbit/s or an average wobbledfrequency of 956,522 kHz.

25.4 Definition of signals

The amplifudes of all signals are linearly related to currents through a photodetector, and therefore, linearly
related to the optical power falling on the detector.

Some sigipals are normalized relative to the totaldetector current in an Unrecorded, Grooved Area.
This total fletector current is referred to as
le = ( 1+ |2)groove-

Push-Pull signal:

The PushiPull signal is the Low-Pass’Filtered sinusoidal difference signal (I1 - I2) in the radial PP read chanrjel
(see Figune 4), when the focus-of-the optical beam converges on the Tracks. The Push-Pull signal can be
used by the drive for radial tracking (see Figure 117).

In general) the difference'signal (I1 - 1) is normalized relative to the Low-Pass Filtered total detector current (l1
+ 15). The peak-to-peak value of this real-time normalized Push-Pull signal is defined as:

op. _Pl(t)—b(t” =(Il—lz)att2 _(|1—|2)a“l

rm_Lllkt)ﬂzuupeak-peak_Ul+|2)att2 U1+|2)attl
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(MA)
(I +15)
sum signal
I1 = 12)max
Q . :
(IL=12) t ' to : _ _.’.\
difference signal ! 1 radial position
i [ (time)
! i
(I = 12)min ' ;
on Track on Track

Figure 117 — Definition of Push-Pull’signals

be 1.9).

bbble signal:

the radial PP read channel (see Figure 4), when_the focus of the optical beam follows the Tracks g
25.3.4. See also Annex E and Annex M for a mieasurement method.

e signal shall be normalized by the peak-to-peak value of the Push-Pull signal (I1 - I2) pp:
NWS = Wep
(Il 2 )pp
Signals from HFM Grgoyes
.1 Push-Pull polarity

e polarity of the\Push-Pull signal is said to be positive if the signal has the same polarity as the Pu

“On-Groove recording” (see 15.2),

e real-time normalized Push-Pull signal (PPnorm) shall be convérted for the photodetector size of 2b

e wobble signal lwpp is the peak-to-peak value of thé\band-pass filtered sinusoidal difference signal (1. - I2)

ccording

sh-Pull

the Single pass phase depth of the Grooves is less than 90°.

The polarity of the Push-Pull signal on each Recorded Layer of the disk shall be indicated in the
Disk Information (see 15.8.3).

26

.2 Push-Pull signal

The peak-to-peak value of the real-time normalized Push-Pull signal (PPnorm,1rm)conv Shall meet the following
requirements:

in the Embossed HFM Areas 0,26 < (PPnorm,HeM)conyv < 0,52.
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26.3 Wobble signal

The Normalized HFM-Wobble Signal (NHWS) is a measure of the deviation of the Groove Track from its
average centrelines. Due to interference with the wobbles of adjacent tracks, the amplitude of the HFM
wobble signal shows a variation (called “wobble beat”).

At locations where the HFM wobble signal shows minimum amplitudes due to the wobble beat,

the NHWS shall be: 0,30 £ NHWSnin < 0,60.

At locations where the HFM wobble signal shows maximum amplitudes due to the wobble beat, the
NHWS shpll be: NHWSmax £ 3 X NHWSin.

NOTE Because the shape of the HFM wobble signhal detected in the Embossed HFM“Areas diffe
significantly from the wobble signal in the Rewritable Areas, the measurement procedureyas described
Annex E i$ not suitable for measuring these HFM wobble signals.

=

S
n

26.4 Jitter of HFM signal

The binarized wobble signal from the HFM Grooves represents the Embossed-HFM information in the PIC
Zone. Thq jitter of the leading edges and the jitter of the trailing edges of this binarized signal shall be
measured|separately relative to a PLL clock.

Both the lgading-edge jitter and the trailing-edge jitter shall be <4,5 %:
The jitter ghall be measured under the following conditions:

— ac coppling (High-Pass Filter): first order, f_sqs = 20 kHz,

— no equalization,

— normdlized by 18T clock period (see 15.5.4.2).

27 Signals from Wobbled Grooves
27.1 Phgse depth

The singlg-pass phase depth of the,Groove shall not exceed 90°.

27.2 Push-Pull signal

The peak+to-peak value-ofithe real-time normalized Push-Pull signal (PPnorm)conv Shall meet the following
requirements in each tayer:

— in Unfecorded-Areas (all neighbouring Tracks unrecorded):

0,21 S (PPnorm,unrec )conv. S 0,45

1 H £ D Dl H 1 sklas 10 T 1 H L1 daal A
— maX|r i variauuirrT ur ruorrrun DIUIIG,I vWILNINT LU TTAUROS T UTIHTUUTUTU ATTAOS.
(Ppnorm,unrec )max '(Ppnorm,unrec )min
<0,18
PP ) +(pP )
( norm,unrec max norm,unrec min

— maximum variation of Push-Pull signal within one layer in Unrecorded Areas:

(PPnorm,unrec )max B (Ppnorm,unrec )

min_ < g, 25,

PP ) +(PP )
( norm,unrec max norm,unrec min
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— in Recorded Areas (all neighbouring Tracks recorded):
0121 < (Ppnorm,rec )conv.s 0,45

— ratio of average Push-Pull signals in Recorded and Unrecorded Areas within one layer:

PP
0,75 < normrec <1 2s..

Ppnorm,unrec

27.3 Wobble signal

27.3.1 General

THe NWS is a measure of the deviation of the Groove Track from its average centrelines. The|distance that
th¢ actual centre of the Wobbled Groove Track deviates from the average Track centre ling.¢an be calculated
according to Annex M.

27.3.2 Measurement of NWS

Dye to interference with the wobbles of adjacent Tracks, the amplitude of the wiabble signal shows a|variation
(called “wobble beat”). The wobble signals shall be measured in an Unrecorded Area while continuopsly
trdcking the Spiral Groove. A measurement procedure is described in AnnexE.

Atllocations where the wobble signal shows minimum amplitudes (excluding the effects of MSK Marks), the
NWS shall be: 0,20 < NWSin < 0,55.

At[locations where the wobble signal shows maximum amplitudes-due to the wobble beat, the
NVVS shall be: NWSmax < 3 X NWShn.
27.3.3 Measurement of the wobble CNR

THe narrow band SNR (or CNR) of the wobble signal after recording at Nominal Recording Velocity ¢f the disk
as|defined in 15.8.3, shall be greater than 29 dB at;the locations where the wobble signal shows minimum
amplitudes.

THe carrier shall be measured at 1 913,043 kHz, and the noise level shall be measured at 1 MHz
(§ee Annex E).

27.3.4 Measurement of harmonic distortion of wobble

Td guarantee a minimum qualityzef the HMW modulation, the Second-Harmonic Distortion of the wobble
signal shall be sufficiently low‘compared with the Second-Harmonic Level originating from the HMW
maodulation.

THe Second-Harmonic-kevel (SHL) and the Second-Harmonic Distortion (SHD) shall be determined |by
measuring the fundamental wobble frequency level and the second harmonic frequency level at two [locations
of the disk. Both-eyels shall be measured in the Data Zone and in Protection-Zone 3.

THe ratio of the”SHD and SHL, normalized to the local fundamental wobble frequency level, shall mget one of
the following.requirements:

— SHD/SHL < -12 dB with zero radial tilt;

SHD/SHIL < -6 dB within + Q. 70° of radial tilt

The measurements shall be made using a spectrum analyzer (see Annex E).
28 Characteristics of Recording Layer
In this International Standard, two types of signals are distinguished:

— signals generated by Groove structures on the disk;
— signals generated by User-written Marks.

Clauses 28 to 31 specify a series of tests to assess the phase change recording properties of the Recording
Layer, as used for writing data.
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All requirements in Clauses 28 to 31 shall be fulfilled in all layers independent of the recording status of other
Recording Layers (whether unrecorded, recorded or partially recorded) from the inner radius of the Rewritable
Area (start/end of the INFO/OPC Zone) at nominal radius 23,2 mm up to the inner radius of the Outer Zone(s)
+ 20 um (dpzo/2 + 20 ym). It is recommended that the requirements are also fulfilled in the remainder of the
Outer Zone(s).

29 Method of testing for Recording Layer
29.1 General

The tests ghall be performed in the Rewritable Areas. The write and read operations necessary for the tests
shall be mjade on the same Reference drive.

When meagsuring the signals, the influence of local defects, such as dust and scratches, are excludedLocal
defects m|ght cause tracking errors, or uncorrectable Data (see Clause 33).

29.2 Environment
All signalg shall be within their specified ranges with the disk in the range of allowed environmental conditiors
as defined in 8.1.1.

29.3 Reference drive

29.3.1 Gdneral

All signalg shall be measured in the appropriate channels of a Reference drive as specified in Clause 9 and |n
Annex H.

29.3.2 Rdad power

The read power is the optical power, incident on the Entrance‘surface of the disk and only used for reading
the informjation. The read power shall be (1,44 + 0,10) m\A~for Layer LO and Layer L1 and (1,00 + 0,1) mW fpr
Layer L2.

29.3.3 Rdad channels

The drive ghall have 2 read channels as defined(n 9.5 and 9.6. The HF signal from the HF read channel shal
not be eqyalized, except when measuring i-NILSE (see Annex H).

29.3.4 Tracking requirements

During thg writing and reading of the-signals, the axial tracking error between the focus of the optical beam
and the Recording Layer shall be-miaximum 55 nm and the radial tracking error between the focus of the
optical be¢m and the centre of-the/Track shall be maximum 16 nm.

Local defdcts that cause large axial tracking errors shall be taken into account as described in Annex |.
29.3.5 Scanning velo€iti€s

All write tgsts shall be carried out at the speeds defined in each of the DI Units that are present on the disk
(see 15.8.8).

During reddingy the actual rotation speed of the disk shall be such, that it results in an average Channel-bit
rate of 132.000 Mbit/s or an average waohble frr-\nlllpn(‘y of 1913 043 kHz

29.4 Write conditions

29.4.1 Write-pulse waveform

Marks and Spaces are written on the disk by pulsing a laser. The laser power is modulated according to one
of the write-pulse waveforms given in Annex F. A 2T to 9T NRZI run-length is written by applying a multi-pulse
train of write and erase pulses.

The write/erase power has four levels:

— the write peak power Pw;
— the bias write power Pgy;
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— the cooling power Pg;
— the erase power Pg;

which are the optical powers incident on the Entrance surface of the disk.

Marks are created by the write peak power Py, Spaces are created by the erase power Pe.
The values of Pw, Pew, Pc and Pe shall be optimized according to Annex G.

The actual powers Pw, Psw, Pc, and Pg for testing shall be within £5% of their optimum values, where Pgw, Pc
and Pe shall be proportional to Pw according to the ratios € as specified in the Disk Information (see 15.8.3.3
and 15.8.3.4).

29.4.2 Write powers

THe optimized write powers Pwo, Pewo, Pco, and Peo shall meet the conditions as shown imFigure 118.

2
;f Disk Type TL
>
Power (mW) Min. Max:
Pwo (mW) 8,0 28,0

2X | Pawo (mW) 0,10 16,8

Peo (MW) 060 16,8

Pco (MW) 0,10 16,8

Figure 118 — Write powerrequirements for Triple Layer disk
Injaddition to the conditions shown in Figure 118, the write powers shall be such that:

PwWo > Peo = Pco and Pwo 2 Pewo.

29.4.3 Average power
Average write power (Pave) shall be equal or less than 14,0 mW.

29.4.4 Write conditions for_i-MLSE measurement

THe test for i-MLSE (Integrated-Maximum Likelihood Sequence Error Estimation) shall be carried ouf on any
grpup of five adjacent.Tracks, designated (m-2), (m-1), m, (m+1), (m+2) in the Rewritable Areas of the disk.

THe five Tracks-are/recorded consecutively with random data with a write power Pw = Pwo as specifigd in
29.4.1. To measure the i-MLSE after n overwrites (i-MLSE @ DOW(n)), all five Tracks are overwrittgn n times
with randomn, data with a write power Pw = Pwo.

29.4.5, Write conditions for cross-erase measurements

Tl'-r\ tact for orocc araca chall ha ~coreind Hopn-anv L araria-aof-fis discantTracl dacianatad-aa-2) Im_l m
LI \ 3 L]

ol ol n oo o a
CC oo CTrooo Cioot o ot CarmC o oot ooty grooup—o veTaOoe T T rratKko Ot ogratC o=

(m+1), (m+2), in the Rewritable Areas of the disk.

To initialize the measurement, the five Tracks are recorded 10 times repeatedly with random data with a write
power Pw = Pwo as specified in 29.4.1. After that, the initial values of the needed parameters are measured.
This initial condition is defined as the DOW/(0)xe condition.

To measure the cross-erase after n overwrites (cross-erase @ DOW(n)xe), the Tracks (m-1) and (m+1), are
overwritten n times with Pw = 1,1 x Py (all power levels shall be proportional to Pw, see 29.4.1.
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29.5 Definition of signals

The amplitudes of all signals are linearly related to currents through a photodetector, and therefore, linearly
related to the optical power falling on the detector.

i-MLSE:

i-MLSE is a quality indicator of the signal in PR(1, 2, 2, 2, 1) ML reproduction system with 17PP modulation

code. It is defined by standard deviation (o) that correlate with the error probability of specific patterns in PR(1,
2,2, 2, 1) ML reproduction signals (see Annex H).

30 Signals from Recorded Areas
30.1 HF gignals
The HF signal is obtained by summing the currents of the four elements of the photodetector. TheSe current

get modulpted by the different reflectivity of the Marks and Spaces representing the informatien’on the
Recording Layer (see Figure 119).

U7

30.2 Modulated amplitude

The modulated amplitude lgyp, is the peak-to-peak value of the HF signal generated*by the largest Mark and
Space lengths. The peak value lgy is the peak value of the HF signal before ac coupling.

The modylated amplitude lspp is the peak-to-peak value of the HF signal, 'generated by the second smallest

Mark and|Space lengths. The 0 level is the signal level obtained from.thé measuring device when no disk|is
inserted.
NOTE In the Sync patterns, run-lengths of 9T do occur. Hewever, the recurrence of these 9Ts is very lpw

and thereflore their influence on the HF peak-to-peak signal is‘negligible.
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Figure 119 — Schematic representation of HF signal from Marks and Spaces

Because the I3pp is a relatively small signal, its amplitude cannot be determined reliably from a random HF
signal. Therefore, it is recommended, for observation of Ispp / lgpp, to record an area with consecutive 3T Marks
and Spaces only and to record an area with consecutive 8T Marks and Spaces only. The signals can now be
measured accurately with appropriate measuring equipment.

The modulation signal lgpp / Isn shall be converted by the photodetector size of 25 pm? (see 1.6).

The modulation signals shall meet the following requirements:
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— lgpp /lgn = 0,40,

— |3pp / |8pp 2 0,040,

The variations of the modulation signals shall be:

—  (Isrmax — lgrmin)/lsimax <0,33 within one layer at DOW(0)(continuously recorded),

—  (Isrmax — lsnmin)/lshmax <0,15 within one revolution at DOW/(0)(continuously recorded).

THe ratio between the actual modulation signals (Isna) on each layer shall be:

—0,25 < (IgHay,Lj— lsHa,Lk) / (IsHa,Lj + lgHak) < + 0,25 at DOW(0) (continuously recorded),

where

IsHa,Lj @and lsHak are measured at the same position, both in radial and in tangential direction.
j=1,2 k=0,1j>k

THe ratio between the reflectivity on each layer shall be

—0,33 < (Rgn,Lj— Rsn,k) / (Ren,Lj + Ren,ik) < + 0,33 at DOW(0) (continuously recorded),

where

Rsh.j and Rgn, .k are measured at the same positionghoth in radial and in tangential direction.

lsHa= Ren x Read power
i=1,2 k=0,1 j>k
30.3 Reflectivity-Modulation product

THe reflectivity of the disk multiplied by/the Is modulation (= normalized ls,, modulated amplitude) shgll be
(s¢e Annex B):

|
RxM = R8H X 8PP , With 0,006 4 <R x M < 0,019 for Layer LO and Layer L1

I
8H Jconv

0,009 1 <R x M <£0,027 for Layer L2
THe reflectivity 8f the disk multiplied by the Is modulation (= normalized I3, modulated amplitude) shall be:

I
RXxl3 =Rg, X 3ep with R x 13> 0,000 48 for Layer LO and Layer L1

I
8H Jconv

Rxlz > 0,000 68 for Layer L2

30.4 Asymmetry

The HF signal asymmetry shall be measured by averaged levels using combination of decoded signal and HF
signal without any equalization (see 1.7)

The HF signal asymmetry shall meet the following requirement:

-0,10 < Asymmetry < +0,15
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30.5 i-MLSE@DOW(n)

The Tracks on which the i-MLSE is to be measured shall be recorded as specified in 29.4.4.

The i-MLSE shall be measured on the centre Track m of the five recorded Tracks at 2 times Reference
Velocity.

After n overwrites (0 < n < 10) Track m, the i-MLSE in Track m shall fulfill the following requirements:

On Layer LO:

<11 U % when measured using the Circuit Specitied in Annex H.
On Laygr L1:
<115 % when measured using the circuit specified in Annex H.
On Laygr L2:
<12,0 % when measured using the circuit specified in Annex H.
30.6 Crops-erase @ DOW(n)xe

The Tracks on which the cross-erase is to be measured shall be recorded @s specified in 29.4.5. After n
overwriteqd (0 < n < 100) Tracks (m-1) and (m+1), the modulation and i-MLSE in Track m shall fulfill the
following Hequirements:

:|8pp /|8H )atDOW(n)XE >0.90

[|8pp /|8H )at DOW(0) ye

After n overwrites, the i-MLSE shall fulfil the following requirements:
On Laygr LO:
<1145 % when measured using the circuit specified in Annex H.
On Layqgr L1:
<1210 % when measured’using the circuit specified in Annex H.
On Laydgr L2:
<125 % when/measured using the circuit specified in Annex H.

30.7 Redd stability

Up to 108 successive reads from a single Track with a dc read power and an HF-modulated read power,

1,44 mW for Layer LO and Layer L1 at 2 times Reference Velocity reading and
1,00 mW for Layer L2 at 2 times Reference Velocity reading.
The disk shall remain within all specifications in the operating environment.

Higher dc read powers and higher HF-modulated read powers shall be applied when specified in DI byes 30
to 31 (see 15.8.3.3 and 15.8.3.4).

The modulation should fulfil the following requirements (see Figure 120):
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Ad

[Efuivalent to <317 counts (= 4,2 x 102 x 75 392 bytes)].
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modulation frequency (= 1/Thr-laser) (400 £ 40) MHz;
ratio of peak power and average power 2,0+£0,2.
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Figure 120 — Schematic representation of light pulses4{rom Laser Diode
ditionally, the SER (see 34.2) shall be <4,2 x 102 in any LDC Block.

order to prevent the recorded signals from degrading, it issstrongly recommended that dc read p
--modulated read powers of drives should not exceed theypowers provided in DI bytes 30 to 31
ference Velocity.

Local defects

fects on the Recording Layer or in the Tragsmission Stack, such as “air bubbles” or “black dots” (s

st enclosures in the Transmission Stack.or pin holes in the Reflective Layer), shall not cause any
intended track jumping or uncorrectable errors (see also 33.4 and Clause 34).
e size of such defects shall be?

air bubbles: diameter <100 pm,

black dots with birefringence: diameter <150 pm,

black dots without'birefringence: diameter <150 pm.

Characteristicsof User Data

huses 32«0y34 describe a series of measurements to test conformance of User Data on the disk w
cument~They check the legibility of User-written Data. The data is assumed to be arbitrary.

er-written Data may have been written by any drive at any speed in any operating environment.

bwers and
At 2 times

such as

ith this

33
33

Method of testing for User Data

.1 General

The read tests described in Clauses 32 to 34 shall be performed on the Reference drive.

Whereas, Clauses 24 to 30 disregard local defects, Clauses 32 to 34 include them as unavoidable
deterioration of the read signals. The gravity of a defect is determined by the correctability of the ensuing
errors by the error detection and correction circuit in the read channel defined below. The requirements in
Clauses 32 to 34 define a minimum quality of the data, necessary for data interchange.
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33.2 Env

ironment

All signals shall be within their specified ranges with the disk in the range of allowed environmental conditions
as defined in 8.1.1.

33.3 Reference drive

33.3.1 General

All signals

33.3.2 Re

shall be measured in the appropriate channels of a Reference drive as specified in Clause 9.

The read
(1,44 0,1

33.3.3 Rd
The drive
The HF si

bower is the optical power, incident on the Entrance surface of the disk. The read power shall be
|0) mW for Layer LO and Layer L1 and (1,00 + 0,10) mW for Layer L2.

ad channels
Khall have 2 read channels as defined in 9.5 and 9.6.

jnal from the HF read channel shall not be equalized and filtered before processing. For

measurenpent of the disk quality, the characteristics of the HF signal pre-processing shall be the same as

specified i
33.34 Er

Correctior
on the def]

33.35 Tr

During me
Recording
and the ce

33.3.6 Sc

The actual
132,000 M

h Annex H for the i-MLSE measurement.
or correction

of errors in the data bytes shall be carried out by an error detection.and correction system based
nitions in Clause 13.

hcking requirements

asurements of the signals, the axial tracking error between the focus of the optical beam and the
Layer shall be maximum 55 nm and the radial trackingerror between the focus of the optical beal
ntre of the track shall be maximum 16 nm.

anning velocities

rotation speed of the disk shall be such that it results in an average Channel-bit rate of
bit/s or an average wobble frequency of 1'913,043 kHz.

33.4 Definition of signals

Byte errof:

A byte err
detection

br occurs when one or mare_bits in a byte have a wrong value, as detected by the related error
hnd/or correction circuits.

Burst err
A Burst e
any two e
they were

The lengt
separated
that is sep

176

DI
or is defined to be-a-Sequence of bytes where there are not more than two correct bytes between
roneous bytes<For determining burst errors, the bytes shall be ordered in the same sequence as
recorded on the disk (see 13.1 and 13.8).

of a burst error is defined as the total number of bytes counting from the first erroneous byte that
by atleast three correct bytes from the last preceding erroneous byte, until the last erroneous byt
arated by at least three correct bytes from the first succeeding erroneous byte.

is

\1%
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<«——— burstlength = 9 bytes ———

number of erroneous bytes in burst = 6

C = correct byte; x = erroneous byte

Figure 121 — Example of burst error

Symbol Error Rate:
THe Symbol Error Rate (SER) averaged over N LDC Blocks is defined as the total number of-all_erropneous
bytes in the selected LDC Blocks divided by the total number of bytes in those LDC Blocks:

N
zEai
i=1

Nx75392

where
E is the number of all erroneous bytes in LDC Block i;
a.
|
N is the number of LDC Blocks.

Rgndom Symbol Error Rate:
THe Random Symbol Error Rate is defined as the Symihol Error Rate where all erroneous bytes contpined in
burst errors of length 240 bytes are counted neitheriin the numerator nor in the denominator of the SER

cajculation:

Nx75392- > E,
|
i=1

where
E is the number of all erroneous bytes in LDC Block i;
a.
|
E, is(the’number of all erroneous bytes in burst errors 240 bytes in LDC Block i;
[
N is the number of LDC Blocks.
34 PV‘I;II;IIIUIII quallty Uf LA>AYAVA] dCd ;III‘UI IIIQt;UII
34.1 General

When checking the quality of the disk, the area selected for determining SER and burst errors shall be
overwritten 10 times with arbitrary User Data.

34.2 Random Symbol Error Rate

Random SER after 10 times overwrites shall fulfil the following requirements:
Random SER < 2,0 x 10~*averaged over any 10 000 consecutive LDC Blocks.
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34.3 Maximum burst errors

In each Recording-Unit Block, the number of burst errors with length 240 bytes shall be less than 8 and the
sum of the lengths of these burst errors shall be <600 bytes.
34.4 User-written Data

User-written Data in a Recording-Unit Block (RUB) as read in the HF read channel shall not contain any byte
errors that cannot be corrected by the error correction system defined in Clause 13.

35 BCA
The Zone|between r, and rs is reserved for use as a Burst-Cutting Area (BCA) (see 15.2 and Figure 52).

The BCA shall be used to add information to the disk after completion of the manufacturing process:

"2

The BCA ¢ode can be written by a high-power laser system or by the initialize in the case of Rewritable disk

All information in the BCA code, shall be written in CAV mode, where every revolution has €xactly the same
content, which content shall be radial aligned (see Figure 122).

)" mm on Layer LO.

0,0 +0

The BCA pode shall be located between radius 21,3 5 mmand radius 22,0
(The BCA code is allowed to overlap the Protection-Zone 1 partially.)

The BCA ¢ode shall be written on the Layer L0, but some effect of writing-thie BCA code on Layer LO could he

visible on the other Layers.

The BCA tode shall be written as a series of low-reflectance stripes-arranged in circumferential direction.
Each of thie stripes shall extend fully across the BCA in the radial direction.

The infornpation in the BCA code can be read by a drive at any'radius between radius 21,3 mm and radius
22,0 mm ¢n Layer LO.

The decisjon to record BCA code is Application dependent. BCA code shall not be recorded in the BCA unless
otherwise [specified by the Application. The format and content of the BCA code is defined by agreement
between the interchange parties.

Burst Cutting Area

BCA code

Figure 122 — Schematic representation of BCA
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Annex A
(normative)

Thickness of Transmission Stacks in case of multiple layers

A.1 General

In[case the total Transmission Stack consist of K Tayers, the Tollowing procedure shall be applied in
determining the thickness of the individual layers:

—1 the values d; .. dk represent the thicknesses of layers 1 ..k;

—1 the values n; .. nk represent the refractive indices of layers 1 ..k;

— let D(n) be the nominal thickness at refractive index n according to Figure 13,

— for a TL disk, the curves show the thickness of equivalent spherical aberration;
—1 D(n) can be expressed using the function g in Clause 12, as D(n) = D(1,6) x Q(n);

k-1
o
—{ then the thickness dk of layer k should be equal to: d, =D (nk )x 1- z !

A.P Refractive Index njof all layers in Cover and Spacer Layers

THe refractive index ni of each layer in the Cover and Spacer,shall be: 1,45 < ni <1,70.

A.B Thickness variation of Transmission Stack
k
THe Relative Thickness of the Transmission Stack jis defined as: RTJ. =Z !

THe Relative Thickness RT of the Transmission Stacks, measured over the whole disk, shall fulfil the following
requirements:

a)| The Relative Thickness RTg-af the Transmission Stack TS0 shall be: 94,0 £100,0 x RTp 5106,0,
b)| and the Relative Thickness RT: of the Transmission Stack TS1 shall be: 69,0 <75,0 x RT; < 81,0,

c)| and the Relative Thickness RT- of the Transmission Stack TS2 shall be: 52,0 57,0 x RT, £ 52,0.

NOTE The thiekness of Recording Layer is very thin and negligible in the calculation of the thickpess.

A Thickness variations of Spacer Layers

k
THe efféctive thickness of the Spacer Layer j is defined as: ES; = Zdi xf(n;)
i=1

E( 1. Effcut;vc thlblr\l 1ICOoOo Uf thC Spabcl LayCI 1
ES,: Effective thickness of the Spacer Layer 2
ES.: Effective thickness of TS2 or Cover Layer

Function f(n) is defined in Clause 12 and shown in Figure 14. The effective thickness means imaginary value
when refractive index is assumed to be 1,60.

The actual thickness (that can be measured by the method described in Annex K) under arbitral refractive
index is converted to the effective thickness under standard refractive index of 1,60. Defocus values of both
the actual and effective thickness are the same. In this Annex, defocus is defined as focus position movement
of the light going through the transparent medium with each thickness and each refractive index.
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The effective thicknesses shall meet the requirement ES;- (ES1+ ESy) > 1,0 um, ES:1—ES>> 1,0 um.

A.5 Example of thickness calculation

Assume a Cover sheet with refractive index n; = 1,52 and a nominal thickness of 55,0 uym is attached to the
Substrate which has Layer L2 by a gluing sheet with a refractive index n, = 1,58. In this case, the nominal
thickness of Cover Layer at index n; = 1,52 and 1,58 are calculated as follows.

D(1,52) = D(1,6) x g(1,52) = 56,35 um,

D(1,58) F-B{H6)g(58)—=—56-81pr-

where
D(1,6’[ = 57,0 um, g(1,52) = 0,988 6 and g(1,58) = 0,996 6 (see 12.3).

Then the pominal thickness of the gluing sheet is calculated as follows.

55
d2 =56, 8[Lx [1-?j=1,36 pm and the effective thickness of Cover Layer (ES¢{ Cover sheet + gluing
56,35

sheet) is dalculated as follows.
ESc#55x%x1,07/57+ 1,36 x 1,017 7 = 60,55 pym
where
f(1,59) = 1,075 7 and f(1,58) = 1,017 7 (see Clause 12).

The resulfshows that effective thickness ES. is larger when refractive index n is smaller. Then it is better that
refractive [ndex of Cover Layer (n¢) is smaller than those of Spacer Layers (nsi, nsz, nNs3) from the the view
point of the requirement of ES. -(ES:1+ ES>) >1,0 wm, and the following conditions are preferable from the vigw
point of the requirement of ES; — ES; > 1,0 uny

Ns2, > Ns1 P N
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Annex B
(normative)

Measurement of reflectivity

B.1 General

The reflectivity of a disk can be measured in several ways. The two most common methods are the following:

J— pnrnllnl method.

focused method.
THe reflectivity of the disk is measured by the focused method with the help of a Reference disk_-with{known
reflectivity, while the reflectivity disk is calibrated by the parallel method.
When measuring the reflectivity in the focused way, only the light returned by the Reflective Layer of|the disk
(R will fall onto the photodetector. The reflected light coming from the front surface)ofthe disk and|the light
coming from the parasitic reflectance’s inside the disk will mainly fall outside the photodetector. Becjuse in
the parallel method only the “total” reflectance (R;) can be measured, a calculation’is needed to detgrmine the
“main” reflectance from the Reflective Layer.
B.p Calibration method
A pood Reference disk free of birefringence shall be chosen, for inStance with a 0,1 mm glass Cover|Layer
with a golden reflective mirror. This Reference disk shall be measured by a parallel beam as shown In
Figure B.1.
R//to Rnt .....
detector
IB
ncident
beam
Figure B.1 — Reflectivity calibration

In Figure B.1, the following applies:
R = reflectivity of the Recording Layer (including the double pass Transmission Stack transmission);
r = reflectivity of the Entrance surface;
Riet =  reflectivity as measured by the focussed beam (is by definition = Ry / Ig);
I = incident beam;
Rs = reflectance caused by the reflectivity of the Entrance surface;
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Rm
Rint

Ry

= main reflectance caused by the reflectivity of the Recording Layer;

= reflectance caused by the internal reflectance’s between the Entrance surface and the Recording

Layer;

= measured value (Rs + Rm + Rint).

The reflectivity of the Entrance surface is defined by:

The main reflectance Rm = Ry — Rs —Rint which leads to:

The Reference disk shall be measured on a Reference drive. The total detector current (the sum of all 4
quadrants|= lota) Obtained from the Reference disk and measured by the focused beam is equated to
Rm as detgrmined above.

Now, the arrangement is calibrated and the focused reflectivity is aJlinear function of the reflectivity of the
Recording Layer and the double pass Transmission Stack transmission, independently from the reflectivity df
the Entrarjce surface.

B.3 Meas(iring method
Reflectivity in Unrecorded, virgin Rewritable Aréas

A method |of measuring the reflectivity using the Reference drive.

Reflectivity in Unrecorded, Erased Rewritable Areas

A method lof mpacllring the rpflpr‘fi\/ify ||Qing the Reference drive

182

a)
b)

a)
b)

c)

n-1
= , Where n is the index of refraction of the Cover Layer.

i

...1}

ref
R
B 1—r><[2— ij
— IB -

Measure the total detector current (I1+ I.)ref from the Reference disk with calibrated reflectivity Ryes.
Measure the total detector current.(l1 + I2)c from a Groove Track in an area of the disk under
inyestigation where the Groove)Track and the two adjacent Tracks on each side of the Groove Trac
ngver have been recorded hor erased.

Calculate the unrecorded virgin disk reflectivity Rg.v in the Groove Tracks of the Rewritable Area as
follows:

_('l+'2)c;

_V_—
9 (| +1

XR
1 2)ref

ref

Measure the total detector current (I1 + I2)ref from the Reference disk with calibrated reflectivity Ryes.

Measure the total detector current (I + I2)c from a Groove Track in an area of the disk under
investigation where the Groove Track and the two adjacent Tracks on each side of the Groove Track
to be measured have been erased. Erasure of these tracks shall be done by irradiating the tracks
using only the Pe power as determined from the OPC algorithm (see Annex G).

Calculate the unrecorded erased disk reflectivity Rg.e in the Groove Tracks of the Rewritable Area as
follows:
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(| 1 )
1 2
R :—GxR

g-e (
|+|)
1 2ref

Reflectivity in Recorded Rewritable Areas

ref

A method of measuring the reflectivity using the Reference drive.

a) Measure the total detector current (11 + I2)rer from the Reference disk with calibrated reflectivity Ryer.

b) Measure g4 from a recorded Groove Track in an area of the disk under investigation where at least
tha twn adiacant Tracke an aach cida af tha Groovae Traclk alea hava haon racaordad DRaocardi fth
the-two-adiacentFracks-on-each-side-otthe-Groove Frack-alse-have-beenrrecorded—Resording of the
Tracks shall be done using the optimum powers as determined from the OPC algorithm (Seq

Annex G).
c) Calculate the recorded disk reflectivity Rgy in the Groove Tracks of the Rewritable Area as fqllows:

|
R :LxR

8H (I 4l ) ref *
172 ref

Remark: When measuring the reflectivity on a Recording Layer, make sure {that the corresponding pprtions of
alllother layers are unrecorded.

B.p Procedure for compensating stray light effect from observed reflectivity

THe reflectivity obtained by applying the measuring method described in B.3 is influenced by the strgy lights
which are caused by the reflection from other Layers (see kigure B.2). Therefore, the observed refle¢tivity
shall be compensated to decrease the influence. Hereafter, the reflectivity obtained by applying the measuring
method described in B.3 shall be referred as the observed reflectivity and the reflectivity compensatgd using
the procedure below shall be referred as the compensated reflectivity.

f\ Layer LO
Layer L1
\\
Layer L2
Stray lights Reflection from the layer being readout

Disk surface

[\

Incident beam —

Focused on Observed reflectivity
Layer L1
Frigure B-2—mftoenceof stray tightsfromothertayers

The observed reflectivity of the Reproduction Layer can be compensated by the procedure below.
Following conditions are assumed.

a) Multiple reflection can be ignored.
b) Observed light is the sum of reflection from Reproduction Layer and all stray lights from all other Layers.

c) Effects of coherent optical interference on the detector surface is ignored.
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d) The intensity of the stray light spot projected on the detector is uniform. Thus, the detector output of the
single stray light is proportional to the ratio of area of the stray light spot and photodetector.

— PO
— M:

In geometrical optics view, the radius of the stray.light spot projected on the Reproduction Layer Liis 2 x r a

shown in §

The areal
Layer, ist

The observed lightis the sum of reflection from the Reproduction Layer and all stray lights from all other

Layers. Th

Disk ) Reflection from PD
Layer Li  ——*—, Layeit] reproduction layer

PD PD

l:i;;b: - Stray Ilight

Figure B.3 — Ray trace of stray light

Layer index of Reproduction Layer,

Layer index of other Layers,

refractive index of the Transmission Stack,

angle of incidence beam at interior of the disk, sina ZINA/n,

physical distance between Layer Li and Layer Lj;
spot radius on the other Layer: r = dij tanas,
norm:  Size of detector projected on the Repraoddction Layer (see 9.4),

transversal optical magnification of.the optical system.

Figure B.3.

ratio of the stray light spot frem*Layer Li and the detector, both projected on the Reproduction
nen derived as below:

norm _ norm

Tr(2r)2 1T(2dijtana)2

us;‘the observed reflectivity of the Reproduction Layer Li is then expressed with the following

formula.

S, =

where

Si
Ri

184

N
R, + ¥ RA (N=23)
. 1
j=0
[j#i]

is the observed reflectivity (R m,g-v: R m,g-e, R msn) Of Layer Li (including influence of stray light);

is the compensated reflectivity (Rg.v, Rg-e, Ren) Of Layer Li;
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N is the number of Recording Layers of disk (2 for a TL disk).

For Rg.v, this formula can be rewritten as Sq.v =A * Ry.v using the vector and matrix representation where

S g is the observed reflectivity vector in the Unrecorded Virgin Layer, Rq.v is the compensated reflectivity

vector in the Unrecorded Virgin Layer, and A is the areal ratio matrix.

Thus, the compensated reflectivity vector Ry., can be derived as:

Fg
fol

wh

Fa

wh

I Rg-e, the compensated reflectivity in the Unrecorded Erased Layer (Rgy.e) can be expressed-as\th
owing formula.

ere

Sg-e is the observed reflectivity of the Unrecorded Erased Layer Li.

r Rsn, the compensated reflectivity in the Recorded Layer (Rgy) €Can be expressed as the following

2

Remi = Seri - 2, Rg Ay (N=2.3)
i=0
[i=i]

ere

Sen is the observed reflectivity 0f the Recorded Layer Li.

U

formula.

© ISO/IEC 2016 — All rights reserved

185


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

ISO/IEC 30193:2016(E)

Annex C
(normative)

Measurement of scratch resistance of Cover Layer

C.1 General

The Entrance surface of the disk has sufficient scratch resistance, which may be improved by a protective
coating.

C.2 Taberl Abrasion test

The followling so-called “Taber Abrasion” test verifies whether the scratch resistance of the Entrance surface

of the dis is sufficient.
Two whegls covered with abrasive material are applied to the disk under test with a specified Joad (see Figufe

C.1).

rotation axis of disk

rotation axis
Q\of wheels

~.
~

rotation
direction
of disk

line through
T _Centre of disk

~.
~.

~

projection of e
! rotation axis of wheels

Figure C.1 — Typical abrasive test setup

Conditions for the test:
The test setup shall be according to ISO 9352 with the following details:

— type of wheels: CS10F,
— load applied to each wheel: 25N,
— number of revolutions: 5.

The abrasion test shall be applied before the necessary recordings are made.
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Results after test:
The i-MLSE as specified in Annex H, when measured on Layer LO, shall be <14 %.

Treatment of the abrasive wheels

Treatment of the abrasive wheels should be based on ASTM D1044.[1
Before performing a Taber Abrasion test, each time both abrasive wheels should be refaced by an ST-11
refacing stone:

— new wheels shall be refaced for 100 cycles,
— wheels that have been used before shall be refaced for 25 cycles.
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Annex D
(normative)

Measurement of repulsion of grime by Cover Layer

D.1 General

This Annex describes a method of applying an Artificial Finger Print (AFP) to the disk for the purpose of
determining the disk’s sensitivity to fingerprints. Figure D.1 shows the basic procedure.

49N 49N
10 $econds 10 seconds

J J

stamp

-
- > - =

Ink pad Disk under test Disk under test
adlesion of ink to stamp stamping with AFP

Figure D.1 — Applying AFP to_disk
After applying the AFP, the Random SER (see 33.4) in each Physical Cluster in the AFP-Printed Area, wher
measured|on Layer L0, shall be <4.2 x 10=2 when recording and#eading through the AFP. In each Physical

Cluster, tHe number of burst errors with length 240 bytes shall\be less than 8 and the sum of the lengths of
these burgt errors shall be <800 bytes.

D.2 Specifications of stamp
The silicome rubber stamp shall have the following specifications (see Figure D.2):

— dimensions: stamp shape ®16 mm x ®12 mm x 20 mm height,
— Shorg hardness is A60.

\_/V

Figure D.2 — Stamp shape and preparation

To provide the stamp with random scratches, it shall be abraded with sandpaper #240.

The sandpaper is moved slowly in one direction between 10 times and 20 times. The force on the sandpaper
shall be between 4,9 N and 9,8 N.

Then the stamp is rotated over an arbitrary angle and the previous process is repeated.

Rotating and abrading shall be repeated at least 30 times.
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3 Preparation of ink

The ink to print the AFP shall be composed of the following components:

Th

M Methoxy Propanol (1-Methoxy-2-Propanol),
T Triolein (purity of at least 60%),
D Standard Dust (according to specifications defined in JIS Z 8 901, selected grade

: class 11

KANTO loam). For further information, contact the Association of Powder Process Industry and

Engineering, JAPAN (http://www.appie.or.jp/english/).

e components M, T and D shall be mixed in the mass ratio 240:20:8. The mixture shall be stirred rapidly

us
clg

D

Tdg
sh
the

W
inK

Af
the
he

ng a plastic stick for at least 15 seconds by hand. Every time mixing the solution, the stirring stick
aned by ethyl alcohol.

A Preparation of ink pad

guarantee a fixed amount of ink taken up by the stamp, the ink is spin coated onto‘the ink pad, w
all be an injection-molded polycarbonate Substrate without any Pit or Groove pattern. Just before
e ink on the disk, it shall be stirred very well, e.g. by ultrasonic vibration for atdeast 30 seconds.

hile rotating the Substrate on a spinner at 60 revolutions per minute, within"10 seconds, at least 2
solution is applied on it at a radius of about 12 mm (see Figure D.3).

solution
put on
Substrate

spreading
the solution
by spinnig

Figure D.3 — Spin coating ink pad

Id for 1 second (se€ Figure D.4). The spin-down time is not critical.

shall be

hich pad
applying

nl of the

er applying the ink on(the disk, the rotational speed shall be 100 revolutions per minute for one sefcond,
bn the speed shall bedincreased linearly to 5 000 revolutions per minute in 5 seconds, which speed shall be

5000
pouring the r/min
ink solution

<100 100
r/min  r/min
60 r/min
<« D> > P>
0,1s~1s 1s 5s 1s

Figure D.4 — Speed profile for spin coating ink pad
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D.5 Using ink pad and stamp
The recommended location for applying ink to the stamp is around radius 30 mm.
The stamp can be cleaned with lint-free tissues, such as BEMCOT.

The stamp can be cleaned first with a tissue wetted with ethyl alcohol, after which it can be wiped off with a
dry tissue.
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Annex E
(normative)

Measurement of wobble amplitude

E.1 Measurement methods

The wobble signal and the Push-Pull signal shall be filtered before measurement. The wobble signal shall be
filtered through a 16 MHz Low-Pass Filter, the Push-Pull signal through a 30 kHz Low-Pass Filter.

Be
SIg
w(
trg

St

Ur
Wi

ur
(s¢

cause of the wobble beat and the modulation of the Grooves, it is very difficult to determine the(w.
nals sufficiently accurately by normal oscilloscope measurement. Therefore, it is prescribedto'me

bble signals by means of a spectrum analyzer according to the following procedures (whilé|contin
cking the Spiral Groove):
ep 1) Measurement of non-NWS
der the tracking requirements of 25.3.4, the Push-Pull signal shall be measured-by-‘a spectrum an
h the following settings:

Centre frequency: 1 913,043 kHz;

Span: zero span;

Resolution bandwidth: 30 kHz;

Video bandwidth: 100 Hz;

Sweep time: set it such that several beats.in the wobble signal can be observed.

der these conditions, the spectrum analyzer shows the;RMS value of the input signal as a functio
be Figure E.1).

Mkrl 533 ms —39,6 dBV

Ref -32 dBV Atten 0 dB Mkr2 367 ms —46,4 dBV
Log
2 dB/
Mkrl
A A @ A

WLAN N W

bbble
asure the
Lously

alyzer

h of time

Mkr2

Centre 1 913,043 kHz Span 0 Hz
Res BW 30 kHz VBW 100 Hz

Figure E.1 — Example of spectrum analyzer showing wobble signal
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| level at marker Mkr2 represents the minimum wobble signal WSmin in dBV. Because the spectrum

analyzer measures RMS values, a multiplication factor of 2 x \/E shall be added to translate the measured

value into

Step 2) M

volts peak-to-peak (-46,4 dBV in the example corresponds to 13,5 mVpp).

easurement of the non-normalized Push-Pull signal

Next the open-loop Push-Pull signal (I — I2)pp is measured (see 25.4):

Suppose for this example the value is 30 mVpp.

Step 3) C

NWS . =

Step 4) D

The sigha
The wobb

WS4

Step 5) Mpasurement of the CNR of the wobble signal

Under the|tracking requirements of 25.3.4, the Push-Pull signal shall be jeasured by a spectrum analyzer
with the fgllowing settings:

— Certre frequency: 1 MHz;

— Spdn: zero span;

— Redolution bandwidth: 30 kHz;

—  Vid¢o bandwidth: 10 Hz;

— SwIep time: set it such that several beats in the wobble signal can be observed.

Under thepe conditions, the spectrum analyzer shows the RMS value of the noise signal in the band around|1

MHz as a

ptermine the wobble beat

level at marker Mkrl1 represents the maximum wobble signal WSnax in dBV.
e beat is now:

- WSmin = 6,8 dB or NWSmax = 2,2 X NWSmin,

function of time (see Figure E.2).
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Mkrl 1,27 seconds —75,4 dBV

Ref —60 dBV Atten 0 dB
Log
2 dB/

Mkrl

—— | — L —
Centre 1,0 MHz Span 0 Hz
Res BW 30 kHz VBW 10 Hz Sweep+1,767 seconds

Figure E.2 — Example of spectrum analyzer showing noise signal

THe signal level at marker Mkrl represents the level of the*neise signal in dBV.
THe wobble CNR can now easily be calculated to be:

WSmin — NoiseLevel = — 46,4 + 75,4 = 29 dB (according to the example values).

Step 6) Measurement of the SHD/SHL

THis measurement shall be performed as.indicated in 27.3.4.
Under the tracking requirements of 25.34; the Push-Pull signal shall be measured by a spectrum anglyzer
with the following settings:

Fgr fundamental frequency level measurements:

— Centre frequency: 1 913,043kHz;
—|  Span: zero span;

—|  Resolution bandwidth: 10 kHz;

—  Video bandwidth: 1 Hz;

—|  Sweepitime: about 5 seconds.

Fdr Second-Harmonic Level measurements:

— Centre frequency: 3 826,0 kHz;

—  Span: zero span;

— Resolution bandwidth: 10 kHz;

—  Video bandwidth: 1 Hz;

—  Sweep time: about 5 seconds.

Under these conditions, the spectrum analyzer shows the RMS value of the fundamental frequency levels in
the Data Zone and Protection-Zone 3 as functions of time, see Figure E.3.
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A-view B-view

In Figure
Area of th

In Figure

Ref =10 dBm Atten 10 dB
Log Frz3
10 dB/ ¥
Fpz
Centre 1 913,043 kHz Span 0 Hz
Res BW 10 kHz VBW 1 Hz Sweep 5 seconds

Figure E.3 — Example of fundamental wobble frequeney level measurement

F.3, the lower trace represents the fundamental-frequency.level measurement in any Rewritable

e Data Zone, indicated as Fpz.

F.3, the upper trace represents the fundamental-frequency level measurement in Protection Zone B,

indicated @s Fpzs.

Fpz and Fgz3 values are determined at the average levels of the Fpz and Fpzs traces.
Likewise, the spectrum analyzer shows the RMS value of the Second-Harmonic Levels in the Data Zone angl
ProtectiontZone 3 as functions of time, see Figure'E.4.
A-view B-view
Ref -10 dBm Atten 10 dB
Log
10dB
SDZ
1 -10,9dB
L - - e - -
Spz3
Centre 3826kHz Span0Hz
Res BW 10 kHz VBW 1 Hz Sweep 5 seconds
Figure E.4 — Example of Second-Harmonic Level measurement
194 © ISO/IEC 2016 — All rights reserved


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

ISO/IEC 30193:2016(E)

In Figure E.4, the upper trace represents the Second-Harmonic Level measurement in any Rewritable Area of
the Data Zone, indicated as Spz.

In Figure E.4, the lower trace represents the Second-Harmonic Level measurement in Protection Zone 3,
indicated as Spzs.

Spz and Spzs values are determined at the average levels of the Spz and Spz; traces.
SHD/SHL is calculated as follows:

SHD
—— (SD7Q —Sz \)_(FD7Q _ Fn7\)'
SHL
Intthe sample
SHD

2= =(-10,9)- (3) = -13,9 dB.
SHL

E.P Calibration of filters

THe shape of the resolution bandwidth filter for noise measurement is ideally fectangular. Because such a
filter cannot be realized, the actual filter of the spectrum analyzer will influence the measured values] To
determine the real RMS value of the noise, a correction factor should be applied. Such a correction factor is
usually given by the manufacturer of the equipment and depends-on the actual filter shape and filter type.
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Annex F
(normative)

Write-pulse waveform for testing

F.1 General write-pulse waveform
This International Standard specifies two different write strategies.

a) An Extended N-1 write strategy, see Figure F 1
b) An Extended N/2 write strategy, see Figure 3.

In the destription of these write strategies, the N represents the run-length of the NRZI data pulses expressed
in Channdl clock cycles (T).

F.2 Extemded N-1 write strategy

An example of the write-pulse waveform obtained from the NRZI data and the Channekglock is shown in
Figure F.1. It consists of write pulse trains, which write the Marks storing the NRZ|.sighal high level. These
write pulsg trains are connected by a fixed erase level (Pg), which writes (or in fact-erases) the Space storing
the NRZI g$ignal low level. At the high to low transition of the NRZI signal, the pulse train and the erase level
are concafenated by a so-called “cooling level” (Pc).

The write|pulse train

The first-write-pulse has a width Tiep, the last write pulse (in case 6f'N > 3) has a width T.p and the write
pulses in hetween (in case of N > 4) have a width Typ. The first-Write-pulse for a Mark length N starts at a start
time dTwp|relative to 1T after the start of the NRZI pulse, and each successive write pulse starts at 2T, 3T ..
(n=1)T after the start of the NRZI pulse except for the last-write pulse. The last write pulse for a Mark length N
starts at a|start time dT.r relative to 1T before the end of the NRZI pulse.

Depending on the preceding and/or succeeding Space length, the width (Tip) and the start position (dTop) df
the first-wfite-pulse can be adapted for optimumithermal balancing. Also, depending on the succeeding Spage
length, the width (T.p) and the start position (dT_p) of the last write pulse can be adapted for optimum thermal
balancing

The write pulses shall have a power-level Py, while in between these pulses the bias power shall be Pgw. The
power level preceding the first-write-pulse shall be Pe. The power level between the last write pulse and the
erase levql shall be Pc.

The erasq level
The erase| level Pe starts at a start time dTe relative to the end of the NRZI pulse and continues until the nexf

first-write-pulse. Depending on the succeeding and/or preceding Space length, the start time (dTg) of the
erase levgl cande.adapted for optimum thermal balancing.
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Figure F.1 — General write-pulse waveform for Extended N-1 write strategy
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